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SUMMARY
Coeliac disease is a disease of the small intestine, characterised by villous 

atrophy and crypt hyperplasia. The disease can be defined as an intolerance in 

genetically susceptible individuals to certain storage proteins such as gliadin found in 

wheat, barley and rye. In most cases the best treatment for patients is a gluten free diet. 

Coeliac disease can effect up to 1 in 132 individuals in Ireland. Symptoms of coeliac 

disease can include weight loss, vomiting, diarrhoea and abdominal bloating. The 

pathophysiology of gluten enteropathy is widely accepted as secondary to 

immunological mechanisms primarily related to T cell mediated events. Genetic 

susceptibility to coeliac disease is associated with the combination of the MHC 

HLADQA1*0501 and HLADQB1*0201 molecules which are coded for in the class II 

region of the HLA on chromosome 6. This combination has been found in 95% of 

coeliac patients. However, this is not the only susceptibility factor as a) approximately 

30% of the normal population possess this allelic combination and do not have the 

disease and b) coeliac disease occurs in patients without this combination. The search 

for other HLA and non-HLA susceptibility genes has been intense. Genome scans have 

identified regions on 5q, 6p and 1 Iq. However, replication of results in such studies has 

proved difficult. Candidate gene studies have also investigated the role of CTLA4 on 

chromosome 2 with conflicting results. Whereas, studies on the IL -lip  gene on 

chromosome 5 found no association.

The aim of this study was to investigate the role of the TNF region in 

susceptibility to coeliac disease. TNF is a good candidate for the involvement in an 

autoimmune disease such as coeliac disease. The TNF gene is located in the class III 

region of chromosome 6. TNF is a pro-inflammatory cytokine, which plays a major role 

in inflammation, endotoxic shock, cachexia, and tumour cell growth. Elevated levels of 

TNF have been demonstrated in the small intestine of coeliac patients. Moreover, the 

gene for TNF also contains many DNA polymorphisms which may effect the expression 

of the TNF protein. CAT-reporter assays have described increased rates of transcription 

of TNF from B cells with the TNF-308-2 promoter polymorphism. In addition, studies 

on patients with IDDM observed a relationship between the TNFa2 allele of the TNFa



microsatellite polymorphism and high TNF secretion, and the TNFa6 allele with low 

secretion.

In this study, we isolated DNA from 100 healthy controls and 120 treated coeliac 

patients (on gluten-free diet). We then genotyped these individuals for three single 

nucleotide polymorphisms (SNPs); TNF-308, TNF-238, and TNFB and five

microsatellite polymorphisms; TNFa, b, c, d, and e, in the TNF region. Our results 

indicate that these polymorphisms are individually associated with coeliac disease. The 

strongest associations were seen with the TNF-308-2, TNFBl, TNFhS and TNFdl 

alleles. (OR>4.0).

We also investigated TNF-a production by PBMC from these controls and 

coeliac patients. TNF-a production was significantly higher by PBMC from coeliac 

patients compared to controls, resting or activated with either PMA, LPS, 0KT3, or 

combination o f 0KT3 and LPS (p<0.02 for all conditions tested). This suggests that 

PBMC from treated coeliac patients are programmed to mount a substantial TNF 

response upon activation. However, no direct relationship between TNF-a levels and 

TNF polymorphisms was found.

Haplotype analysis o f the TNF polymorphisms and HLADQBl was also 

performed in the confrol and patient group. Our results demonsfrate that the coeliac 

associated haplotype extends right through the TNF region. The most common 

haplotype in patients was the combination of TNFa2, TNFb3, TNFcl, TNFdl, TNFe3, 

TNF-308-2, TNF-238-1, TNFBl, HLADQBl *0201 alleles, termed the TA^201 

haplotype. This haplotype was present in 10.0% of healthy controls compared to 32.8% 

of coeliac patients, p(c)<0.006. The TNF alleles on this haplotype were also present in 

17.2% of coeliac patient who did not carry *0201. Overall the 77VF haplotype is present 

in 50% of coeliac patients compared to 14.4% of controls, p(c)<0.001. Interestingly, 

some of the TNF alleles on the TA^0201 haplotype are present independently o f the 

*0201 allele. This suggests that a susceptibility site for coeliac disease may be in or near 

the TNF region or sfrongly linked to it.

Overall, the results of this study provide strong evidence that the TNF region is a 

good candidate for involvement in the pathogenesis of coeliac disease. Further studies 

on the regulatory region of the TNF-a gene may shed more light on it’s involvement.
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Chapter One 

Introduction



1.1 COELIAC DISEASE
1.1.1 General Description of Coeliac Disease

In the second century AD, Aretaeus from Cappadocia described what is 

believed to be the first report of a gastrointestinal condition resembling coeliac 

disease (Thomas et al, 1945). Aretaeus noted that ‘if the stomach be irretentive of the 

food and if it pass through undigested and crude, and nothing ascends into the body, 

we call such persons coeliacs’. Coeliac disease is an enteropathy affecting mainly the 

upper small intestine. It is the major nutrient-induced disease of the small intestine. 

Other nutrient-induced injuries include: cow’s milk enteropathy, soybean enteropathy 

and chicken-induced enteropathy. Coeliac disease can be defined as an intolerance in 

genetically susceptible individuals to certain storage proteins such as gliadins found 

in the cereals wheat, barley and rye. The disease involves the interaction of genetic, 

dietary, and environmental factors (Marsh, 1992), this interaction is crucial to our 

understanding of the pathogenesis of this condition.

One of the main features of the disease is the development of villous atrophy 

in the small intestine in response to the ingestion of dietary proteins contained in the 

grains mentioned above (Kelly et al, 1990) (Trier, 1991). This leads to the 

development of the characteristic flat mucosa, which can be detected using a biopsy 

of the intestine as shown in figure 1.1. Villous atrophy in turn results in 

malabsorption of essential nutrients with the development of steatorrhea, weight loss, 

and specific deficiency syndromes. Pathophysiology of gluten enteropathy is widely 

accepted as secondary to immunological mechanisms primarily related to T-cell 

mediated events. The treatment for coeliac disease involves primarily the strict 

adherence to a diet, which is free of all gluten containing foods. Coeliac patients 

usually recover to full health, with return of the normal villous structure and 

diminished symptoms once they adhere to a gluten free diet. This recovery after 

gluten withdrawal is convincing evidence that the enteropathy is gluten induced.

Dermatitis herpetiformis is a disease, which is closely related to coeliac 

disease (Fry et al, 1997). Patients with dermatitis herpetiformis have a skin rash and a 

similar small intestinal enteropathy to that of coeliac patients. These symptoms also 

respond well to the withdrawal of gluten from the diet.
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Coeliac
Patient

Normal
Individual

Fig. 1,1: Haematoxylin and Eosin Stain of Sections from D2 Biopsies of Small 

Intestine. (lOOx) The characteistic flat villi are clearly seen in the coeliac mucosa (top 

panel) compared with the tall extended villi in the healthy control (bottom panel). 

(Courtesy of Prof. Dermot Kelleher, Consultant Gastroenterologist, St. James’ Hospital, 

Dublin 8.)



1.1.2 History of Coeliac Disease

Samuel Gee described coeliac disease with great accuracy more than a 

century ago (Gee, 1888). The central role of ingested wheat gliadin as the harmful 

agent in the pathogenesis of coeliac disease was not truly recognised until the 1940’s 

/ 50’s (Dicke et al, 1950) and (Van de Kamer et al, 1953). Soon after this discovery, 

the cornerstone for making an accurate diagnosis was introduced, peroral small- 

bowel biopsy.

Although coeliac disease was considered to be a disease of children it became 

evident by 1960 that some adults who had previously been diagnosed in an 

amorphous group termed idiopathic steatorrhea had an identical condition by virtue 

of a similar lesion of upper jejunal mucosa (Rubin et al, 1960; Shiner, 1960). Thus 

coeliac disease came to be regarded as a Ufe long disorder (Mortimer, 1968).

1.1.3 Symptoms of Coeliac Disease

A range of symptoms and signs may be associated with untreated coeliac 

disease. A summary of these symptoms is shown in table 1.1. The symptoms can 

generally be divided into two categories; those associated with intestinal features and 

those which are caused by malabsorption (Cooke et al, 1984), (Marsh, 1992) and 

(Kelly et al, 1990). It should be emphasised, however, that many patients especially 

those presenting in adulthood have minimal or atypical symptoms (Logan et al, 

1992). In infants less than two years of age, a more fulminant presentation of coeliac 

disease is likely, and chronic diarrhoea, failure to thrive, abdominal distension, and 

vomiting may occur (Visakorpi et al, 1997). This clinical presentation is now 

uncommon, many paediatric patients tend to present at a later age (median 4 years) 

and features such as loss of appetite and short stature may predominate (Greco et al, 

1992). Intestinal symptoms may be absent in adults with coeliac disease, but in many 

clinically overt cases oral ulceration, dyspepsia, abdominal bloating, and diarrhoea 

may be present (Cooke et al, 1984, Marsh, 1992, Kelly et al, 1990). In some patients 

manifestations caused by malabsorption such as anaemia or osteoporosis may be 

found, whereas in others the predominant features may be of a disorder associated 

with coeliac disease such as dermatitis herpetiformis with the typical rash (Fry et al, 

1997).
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Symptoms

Infancy

Childhood

Aduhhood

Diarrhoea (miserable, pale) 
Abdominal distension (enlarged 
abdomen)
Failure to thrive (low weight, lack of 
fat, hair thining)
Anorexia, vomiting

Diarrhoea or constipation 
Anaemia
Loss of appetite (short stature, 
osteoporosis)

Diarrhoea or constipation 
Anaemia
Aphthous ulcers, sore tongue and 
mouth (mouth ulcers, glossitis, 
stomatitis)
Dyspepsia, abdominal pain, bloating 
(weight loss)
Fatigue, infertility, neuropsychiatric 
symptoms (anxiety, depression) 
Bone pain (osteoporosis)
Weakness (myopathy, neuropathy)

Table 1.1: Possible Presenting Symptoms of Untreated Coeliac Patient



1.1.4 Epidemiology of Coeliac Disease

In 1973 the incidence of coeUac disease was reported as 1 in 300 in the west 

of heland (Mylotte et al, 1973). However, this study was performed using paediatric 

data. A recent large -scale study on the incidence of coeliac disease in healthy blood 

donors in Northern Ireland gave a prevalence of at least 1 in 122 (McMillan et al, 

1996). This is the highest prevalence figure reported to date for the disease in a 

random sample of the general adult population, and was based on a screening 

programme for antibodies associated with coeliac disease. Consenting individuals 

from the original study with positive serological tests were called back for intestinal 

biopsy analysis. These biopsy results confirmed the original prevalence figure of 1 in 

122 (Johnston et al, 1997).

A large multi-centre study promoted by the European Society for Paediatric 

Gastroenterolgy and Nutrition (ESPGAN) involving 36 centres from 22 countries has 

recently determined that the average incidence of coeliac disease in Europe is 1 case 

in every 1000 live births (Greco et al, 1992), with a range from 1 in 250 (observed in 

Sweden) to 1 in 4000 (observed in Denmark); 95% confidence intervals of observed 

rates in each region did not support the existence of significant inter-country 

differences. Comparable rates have been found in North Afiica and South America.

During the 1980’s and 1990’s it became apparent that coehac disease is under 

diagnosed and that the clinical features of the disease have changed. It has been 

recognised that diagnosis of the disease involves the awareness of the clinician that 

the disease can present itself in many forms. Figure 1.2 describes the ‘iceberg model’ 

this is a common model used to explain the epidemiology of coeliac disease (Maki & 

Collin, 1997). In this model we can see that clinically diagnosed coeliac disease is 

only the tip of the iceberg. Lying unseen are cases of silent coeliac disease where the 

patient has the disease but may not be showing the typical symptoms but is unwell 

and is not diagnosed until a biopsy and antibody tests are performed. Latent coeliacs 

are people who show very little symptoms of the disease at the present time in their 

lives but may go on to do so at a later stage of life. These patients may have a very 

low level of inflammation in the intestine due to the disease such as: raised 

intraepithelial cell counts especially o f the gamma/delta receptor type, abnormal 

jejunal permeability, and increased levels of specific antibodies to gliadin (Ferguson 

etal, 1993).
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Manifest
mucosal
lesion

Clinical 
Coeliac Disease

DR3-DQ2
DR5/7-DQ2
DR4-DQ8

Silent 
Coeliac Disease

Coeliac Disease Latency
Normal
mucosal
morphology

Healthy Individuals

Fig, 1,2 : The Coeliac Disease ‘Iceberg Model’. (Reproduced from Maki and Collin, 
1997)



Significantly different prevalence figures are observed in populations when 

active screening strategies are applied, hi fact, asymptomatic or silent cases of coeliac 

disease have been identified by screening programs in groups at risk (e.g., first- 

degree relatives or patients affected by diseases known to be associated with coeliac 

disease) or even in individuals who appear quite healthy. A recent screening study 

found a prevalence of subclinical or silent coeliac disease to be 1 case in 300 among 

school students with no symptoms in Italy (Catassi et al, 1994).

The prevalence of coeliac disease has always been reported to be very rare in 

the United States even in those populations that have the same genetic background as 

European populations with a high rate of coeliac disease. Recently a study measuring 

antiendomysial antibodies found positive antibodies in 8 out of 2000 healthy blood 

donors in the United States (Not et al, 1996). If presumed diagnosis of coeliac 

disease is confirmed in these individuals then the prevalence of coeliac disease in the 

United States is comparable to that in Europe. These studies show the true value of 

screening studies, individuals who are found to have increased coeliac type immune 

responses in screening studies should also undergo intestinal biopsy as a 

confirmatory tool in the diagnosis.

In the late 1970s, a sudden and pronounced decline in the incidence of coeliac 

disease was reported in Britain and other European countries. It is not clear whether 

this decrease in the frequency of at least classical coeliac disease represents a real 

reduction in prevalence or a delay in the age of onset of the disease. There are 

environmental factors that might affect the prevalence of coeliac disease or change 

the age of onset. A more attractive explanation is the alteration in the pattern of 

infant feeding: prolonged duration of breast-feeding has been found to be associated 

with a reduced risk of the development of coeliac symptoms (Auricchio et al, 1983). 

In contrast, the incidence of coeliac disease in children in the Netherlands has 

increased between 1975-1994 from 0.18/1000 births to 0.54/1000 [George et al, 

1997). A recent study of coeliac disease in children between the ages of 2-4 years has 

found the prevalence to be 1: 198 (Cassandra et al, 1999). The variable results of 

these epidemiology studies show the need for a thorough diagnosis and follow up of 

patients in order to correctly find the true prevalence figures and determine the trends 

of the disease.
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Coeliac disease is not only a disease of Caucasians. The disease has been 

reported in Indians, Arabs, Hispanics, Israeli Jews, Sudanese, and people of 

Cantonese extraction. Prevalence of the disease is apparently much lower in these 

ethnic groups. It occurs rarely in people of Afro-Caribbean origin. The incidence of 

the disease is generally thought to be 2:1 female to male ratio.

1.1.5 Morphology of the Coeliac Lesion

The lesion in coeliac disease shown in fig. 1.1 is localized in the proximal 

part of the small intestine. Distinct patterns of abnormalities in the small intestine of 

patients are observed upon histological examination. These include: partial to total 

villous atrophy, crypt cell hyperplasia, elongation of the crypts due to an increased 

mitotic index, lymphocytic infiltration of the epithelium with an increased density of 

various leukocytes in the lamina propria. These abnormalities describe the classic 

textbook type lesion with the flat villous structures (Trier, 1991).

The mucosal pathology can have a wide spectrum. One end of the spectrum 

is classified into three different stages by Marsh (Marsh, 1992), the infiltrative, the 

hyperplastic, and the destructive. The infiltrative lesion is characterised by 

infiltration of small nonmitotic lymphocytes in the villous epithelium without any 

other sign of mucosal pathology. The hyperplastic lesion is similar to the infiltrative 

lesion but in addition has hypertrophic crypts whose epithelium may be infiltrated by 

lymphocytes. The destructive lesion is synonymous to the classic lesion described in 

textbooks. Oral challenge experiments with gluten have demonstrated that these 

stages are dynamically related (Leigh et al, 1985). The existence of a spectrum of 

pathological stages in coeliac disease is interesting when the polygenic nature of 

coeliac disease is considered. It is conceivable that in coeliac disease different 

susceptibility genes contribute at different stages to the development of the end-stage 

disease.
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1.1.6 Diagnostic Criteria

a) Small Intestinal Lesion

One of the main diagnostic factors in coehac disease is the presence of a flat 

small intestinal lesion as seen in Fig. 1.1. Paulley first described this lesion in 1954 

(Paulley et al, 1954). In 1974, Visakorpi defined coehac disease as a permanent 

gluten intolerance producing a flat small intestinal mucosa (Hekkens, 1974). In the 

early 1970s, the European Society for Paediatric Gastroenterology and Nutrition 

(ESPGAN) established a diagnostic protocol for coeliac disease which included the 

taking of three small intestinal biopsies: initially upon presentation, during treatment 

on gluten-fi-ee diet, and again after gluten challenge. Recent epidemiological data, 

described in section 1.1.3 are challenging these standards. Low prevalence of 

transient gluten intolerance was established and thus rebiopsy and challenge were no 

longer considered mandatory for diagnosis in most cases (ESPGAN 1990). There is a 

change of clinical pattern as discussed previously fi'om classical forms to atypical 

manifestations that makes diagnosis more difficult. In addition, modified gluten 

sensitivity (late response to challenge, dose effect, mucosal improvement on gluten) 

has challenged current concepts.

The relevance of screening groups at risk and widespread screening of the 

general population is growing. Still today an initial small intestinal biopsy showing a 

flat lesion is the gold standard for diagnosis.

b) Serological Tests

In untreated coeliac disease there is extensive infiltration of the small 

intestinal lamina propria with plasma cells producing large amounts of serologic 

antibodies of the IgG, IgA, and IgM isotypes. These antibodies are generated against 

gluten peptides or connective tissue autoantigens. They are also present in the saliva 

and serum of untreated patients. Antibodies against gliadin, reticulin, jejunum, and 

endomysium (tTG (tissue transglutaminase)) have been detected and tests have been 

developed to screen individuals for these antibodies. Antibody levels usually return 

to normal when a patient is on treatment of a gluten free diet.

c

6



i) Anti-reticulin antibodies (ARA)

Anti-reticulin antibodies were described in 1971. These antibodies are 

detectable by a standard indirect immunofluoresence method with rat tissues as 

antigens. Earlier studies suggest a low sensitivity. However, when IgA class R1 type 

reticulin antibodies have been looked for, the sensitivity and specificity of the test has 

been over 90% (Maki, 1995). ARA antibody testing has been superceded in recent 

years by antiendomysial and antitissue transglutaminase tests. An example of ARA 

immunofluoresent staining is shown in fig. 1.3.

ii) Anti-gliadin Antibodies (AGA)

In 1962, antibodies to crude wheat peptides (gliadin) were identified in the 

sera of patients with coeliac disease (Heiner et al, 1962). Serum gliadin antibody 

tests, by enzyme-linked immunosorbant assays (ELISA) such as a-gliadin antibody 

(AGA) test, are the most widely used tests for coeliac disease (Salvilahti et al, 1983). 

These antibodies are detected frequently in the serum of individuals with untreated 

coeliac disease or patients who do not adhere strictly to a gluten-fi^ee diet. These tests 

are suitable for disease screening. The use of both IgA and IgG antibodies is 

recommended, as it is for all antibody based tests as 2-3% of individuals with coeliac 

disease are IgA deficient. The sensitivity and specificity of these tests are good, 70- 

100%; however, in some studies the sensitivity and especially the specificity have 

been found to be significantly lower; this probably depends on the selection of the 

study group. Care should be taken in the interpretation of positive results as gliadin 

antibodies are frequently found in other diseases such namely Crohn’s disease, 

eosinophililic enteritis, tropical sprue and some apparently healthy individuals 

(Committee, 2001).

Hi) Anti-endomysial Antibodies (EMA)

Serum fi*om patients with coeliac disease reacts not only with rodent, but also 

with primate and human tissues. These antibodies are directed against endomysium, a 

connective tissue protein found between myofibrils in the gastrointestinal tract of 

primates. An endomysial antibody test is both sensitive and specific for untreated 

coeliac disease and is highly predictive in clinical practice. However, the 

disadvantage of the test is a high cost and the poor availability of the substrate, which
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Fig. 1.3: Photograph of Anti-Reticulin Antibody (ARA) Immunofluorescent 
Staining of Rat Kidney Tissue (lOOX). Positive staining for reticulin surrounding 
tubules. (Photograph courtesy o f Dr. Jean Dunne, Dept, of Immunology, St. James’ 
Hospital, Dublin 8.)

Fig. 1.4: Photograph of Endomysial Antibody (EMA) Immunofluorescent Staining 
of Monkey Oesophagus Tissue (lOOX). Positive staining at edge of muscle fibre 
(Photograph courtesy o f Dr. Jean Dunne, Dept, o f Immunology, St. James’ Hospital, 
Dublin 8.)



is monkey oesophagus. An endomysial antibody (EMA) test with human umbilical 

cord as the antigen has given comparable results and may replace the reticulin and 

conventional endomysial antibody tests in the near future (Ladinser et al, 1994). An 

example of the staining pattern for EMA is shown in fig. 1.4.

The sensitivity and specificity of EMAs are reported as 97-100% and 98- 

99%, respectively. EMAs seem to be superior to AGAs for screening populations 

with a high prevalence of coeliac disease. The combination of AGAs and EMAs has 

positive and negative predictive values approaching 100%. Thus if either test is 

positive, the patient should be referred for a small intestinal biopsy. However, if both 

tests are negative, it is highly unlikely that the individual has coeliac disease. Another 

point to keep in mind is the increased association of coeliac disease with selective 

IgA deficiency, as this may be a potential source for false negative IgA EMA 

(Polanco et al, 1991).

Whelan et al has demonstrated the use of cell culture derived human 

umbilical vein endothelial cells (HUVECs) as a substrate for EMAs, with a 

sensitivity and specificity of 100% (Whelan et al, 1996). In contrast to the monkey 

oesophagus, HUVEC offer an easily available antigen for the serological diagnosis of 

coeliac disease. However, figures obtained from other laboratories may fall as low as 

50%.

iv) Anti-Tissue Transglutaminase antibodies (tTG)

In 1997 it was demonstrated that the antigen for EMA was in fact tissue 

transglutaminase (tTG) (Dieterich et al, 1997). tTG is a calcium-dependent enzyme 

and is widely expressed in the human body (Thomazy et al, 1989). The enzyme 

exhibits multiple biochemical activities, including catalysis of protein cross-linking 

and hydrolysis of GTP. The enzyme is involved in several fundamental biological 

processes, such as cell differentiation and apoptosis. Very different protein levels of 

tTG can be measured in various cells under different cell growth conditions and in 

different human organs and tissues (Thomazy et al, 1989). The enzyme is expressed 

at low levels in the healthy small intestine, is mainly in the submucosa, but its 

activity is greatly increased in several pathological conditions, including coeliac 

disease (Bruce et al, 1985). Bruce et al demonstrated for the first time that tTG 

activity is increased in coeliac disease and these authors suggested that its activity
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could be responsible for coeliac disease. Importantly tTG selectively deamidates 

epitopes of the gliadin molecule which are then specifically recognised by gluten 

specific T cells (Molberg et al, 1998). A more detailed description of tTG and its 

involvement in coeliac disease is described in section 1.1.9.

These crucial findings in coeliac research have lead to the development of 

ELISAs for both IgA and IgG tTG as diagnostic tests used to screen for the disease. 

Initially, these ELISAs used tTG from guinea pig liver as the antigen, and lead to 

assay sensitivity and specificity in the range 85-98% and 90-98% respectively 

(Sulkanen et al, 1998; Brusco et al, 1998; Vitoria et al, 1999). However, assays 

involving human tTG as the antigen have a sensitivity of 99% and specificity of 

100%. Sardy et al compared the guinea pig and human tTG ELISAs. They found that 

the human tTG ELISA was somewhat superior to the guinea pig ELISA, and it was 

as sensitive and specific as the EMA test (Sardy et al, 1999). They suggest that the 

human tTG ELISA should be the assay of choice for easy and non-invasive screening 

and diagnosis of coeliac disease. Another group investigated the suitability of the 

human ELISA for use in diagnosis of children with untreated coeliac disease, it found 

the assay to be a highly discriminatory test for diagnosis, with the human erythrocyte 

IgA tTG ELISA performing the best (Hansson et al, 2000). The tTG human ELISA 

has also been used to monitor compliance to the gluten free diet. Data indicated that 

serum tTG antibody levels are a good marker for compliance to a gluten free diet, 

they recommend that this test in conjunction with a dietetic interview should be used 

before any other procedure in performing an accurate follow-up (Ciacci et al, 2002).

The selection of a serological test depends on the population to be screened 

and laboratory resources. The use of the AGA and tTG tests in parallel would be 

ideal for screening.

c) Haematologic and Biochemical Abnormalities

The characteristic blood picture from a coeliac patient is of a mild dimorphic 

anaemia, with severe anaemia occurring uncommonly. The blood film may exhibit 

target cells, Howell-Jolly bodies, siderocytes, irregular and crenated cells, Heinz 

bodies, microspherocytes, acanthocytes, occasional erythroblasts, with possible 

evidence of hyposplenism. The serum levels of iron and folic acid are usually low. A 

macrocytic megablastic anemia may occasionally occur. Examination of the bone
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marrow usually reveals megaloblastic erythropoiesis when iron and folic acid are 

invariably reduced and 14% of patients have a B12 level that is lower than controls, 

h-on and folic acid should be therapeutically replaced, and possibly B12, although 

levels normally rise without replacement.

1.1.7 Treatment of Coeliac Disease

Current treatment of coeliac disease involves the lifelong exclusion of gluten 

from the diet. Commercially available gluten-free products are widely available and 

patients should consult with dieticians in order to adapt their diet and to increase 

awareness of everyday gluten containing foods. The clinical response to gluten 

withdrawal is usually dramatic. Up to 70% of patients respond well to a gluten free 

diet, with improvement in general health within two weeks. The histology of the 

small intestine usually returns to normal within approximately six months of 

introduction of the diet.

hi some cases this recovery does not occur, usually due to non-compliance 

with the diet. Compliance in maintaining a strict gluten free diet seems to be at it 

lowest in young adult coeliac patients. Kumar et al found that only 44% of young 

adult patients adhered to a strict diet (Kumar et al, 1988). Sensitivity to other dietary 

proteins, immune deficiency or the presence of lymphoma may also explain a poor 

response to treatment. Poor diet compliance by patients can be associated with 

complications such as risk of anaemia, infertility, osteoporosis and intestinal 

lymphoma (Maki, 1997).

Foods which contain wheat, barely or rye are toxic for coeliac patients. Rice, 

potato and maize can be used as wheat substitutes in a gluten free diet. The toxicity 

of oats in the coeliac diet has been a controversial issue. Many studies including a 

study by Srinivasan et al demonstrated that the inclusion of oats in the diet of adult 

coeliac patients in remission on gluten free diet had no unfavourable effects on their 

recovery (Srinivasan et al, 1996; Hallhert et al, 1999; Holm et al, 1998). In subjects 

with newly diagnosed disease oats did not delay mucosal healing (Janatuinen et al, 

1995). However, avenin which is the prolamin containing fraction of oat proteins 

was found to activate mucosal cell-mediated immunity in in-vitro cultured coeliac 

biopsy specimens (Troncone et al, 1996). Conflicting results have recently been 

shown by Kihnartin et al. In this study avenin failed to induce a Thl response in
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coeliac biopsy cultured in-vitro (Kilmartin et al, 2002). A recent long term study by 

Janatuinen et al confirms the safety of the inclusion of oats in the coeliac diet after 

five years (Janatuinen et al, 2002).

If oats are to permitted as part of a gluten-lree diet then this will improve the 

choice of foods available to patients. It will also provide another source of fibre in the 

diet. The purity of oats consumed by patients is important. Oats that are milled using 

the same manufacturing lines as wheat or grains, or even in close proximity to the 

milling of wheat could cause cross-contamination. This may lead to an unfavourable 

reaction in a sensitive patient. It is essential that oats used in a gluten-fi-ee-diet be of 

the highest quality.

Failure of patients to respond to a gluten fi-ee diet can usually be related to 

poor compliance with their diet. However, some patients present with severe 

symptoms or in a life-threatening situation then corticosteroids may be used. Coeliac 

disease can also be treated with systemic steroids with rapid cessation of diarrhoea, 

weight gain, and improvement of fat absorption. However, within a few days of 

stopping treatment, there is usually deterioration. Long-term steroids are rarely 

required in coeliac disease but are given to complement a gluten-free diet in cases in 

which the serum albumin is markedly depressed.

1.1.8 Refractory Coeliac Disease

A small proportion of coeliac patients, 7-8% do not respond to any of the 

above measures (O'Mahony et al, 1996). They are resistant to a gluten-free diet; they 

are described as refractory sprue (Ryan et al, 2000). Refractory sprue is a rare 

disorder, mainly described in adults and defined as a severe villous atrophy refractory 

to a gluten-free diet. Prognosis for refractory sprue is not promising. Diagnosis of 

refractory sprue is with great care, as all other possible causes of a coeliac-like 

enteropathy must be eliminated. Refractory sprue can be classified as either 

refractory coeliac sprue or unclassified sprue. The most common form is refractory 

coeliac sprue. This is a coeliac disease related disorder characterised by either the 

presence of circulating anti-gliadin or anti-endomysial antibodies and /or HLADQ2/8 

status, and/or an increased number o f intraepithelial lymphocytes (lEL) and /or an 

initial reponse to a GFD. Refractory coeliac sprue may be classified according to the 

lEL phenotype, which may exhibit a clonal configuration associated with an aberrant

11



phenotype (intra-cellular CDS expression and absence of surface CDS expression) in 

almost 80% of refractory coeliac sprue. This aberrant clonal lEL population may 

disseminate to the blood and to the whole intestinal tract and is frequently 

complicated by ulcerative jejunitis and / or invasive overt T-cell lymphoma (Cellier 

et al, 2000). Refractory coeliac sprue with a clonal lEL configuration may be 

considered as a cryptic enteropathy-associated T-cell lymphoma and may be one for 

the missing links between coeliac disease and overt lymphoma complicating coeliac 

disease. Treatment for refractory sprue involves nutritional therapy and 

immunosuppressive therapy such as the use of cyclosporine and azathioprine, but 

normally the prognosis is poor. A pilot study using recombinant IL-10 administered 

to refractory sprue patients for three months showed no clear beneficial effects on 

symptoms or mucosal pathology with only one of the ten patients improving on 

treatment (Mulder et al, 2001). The best treatment for refractory coeliac sprue 

remains elusive.

The second less common form of refractory sprue or unclassified sprue is not 

related to coeliac disease and comprises several very rare disorders, such as auto

immune enteropathy, common variable immunoglobulin deficiency and T-cell small 

intestinal proliferation of the lamina propria.

1.1.9 Environmental Influences in Coeliac Disease 

a) Gliadins

i) General Description of Gliadins

The protein fractions of wheat, gluten, barely, and rye are well characterised 

environmental agents central to causation of coeliac disease. The issue of oats 

toxicity is less clear, several recent studies indicate that oats are not harmful to 

coeliac patients or to those with dermatitis herpetiformis as described in section 

1.1.8. Wheat, rye and barley are members o f the grass family and are quite closely 

related to one another according to various schemes of plant classification 

(taxonomy). However, not all members of the grass family have proteins capable of 

damaging the intestines of coeliac patients. Rice and com, for example, are 

apparently harmless. In plant taxonomy, the grass family belong to the plant kingdom 

subclass known as the monocotyledonous plants (monocots) (see fig. 1.5).
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[plant Taxonomy in Relation to Coeliac Toxicity]

Subclass

Seed Plants

Flowering Rants

Monocots

Class

Division

PLANT KINGDOM

Order

Family

Graminales
I

Gramineae (Grasses)

Dicots

X
Caryophyllales 

Polygonaceae Chenopodiaceae Amaranthaceae

Species I
Wheat
Rye
Barley

4
Rice
Com
Millet
Job’s Tears
Ragi
Teff
Sugarcane
(Oats)

I
Buckwheat
Rhubarb

i
Quinoa
Spinach

i
Amaranth
Pigweed

Fig. 1.5: Taxonomy Map of Plants in Relation to Coeliac Toxicity.
The grains known to exacerbate coeliac disease are shown in red text (Reproduced from 
http://wheat.pw.usda.gov/ggpages/topics).



Many other grains have not been subjected to controlled testing or to the same 

scrutiny as wheat, rye, barley, oats, rice, and com in relation to coeliac disease. If we 

accept rice and com as safe, then members of the grass family that are more closely 

related to these species (on the basis of taxonomy) than to wheat are likely to be safe. 

Such grasses include sorghum, millet, teff, ragi, and Job’s tears, which appear to be 

reasonably related to com, and wild rice, which is closely related to cultivated rice. In 

some cases, there are protein structure studies that support this conclusion, although 

the studies are not sufficiently complete to provide more than guidance. Scientifically 

controlled feeding studies with coeliac patients would provide a better answer. 

However, such studies are not likely to be carried out in the foreseeable future 

because of high costs and the difficulty of obtaining patient participation.

The scientific name for bread wheat is Triticum aestivum, species falling in 

the genus Triticum are almost certain to be harmful to coeliac patients. Grain proteins 

of these species include the various types characteristic of the gluten proteins found 

in bread wheats, (including the a-gliadins) that cause damage to the small intestine in 

coeliac disease. Some Triticum species of current concem include Triticum spelta 

(spelt or spelta), Triticum polonicum (Polish wheat or Kamut), Triticum monococcum 

(einkom or small spelt). Rye {Secale cereale) and barley (Hordeum vulgare) are also 

toxic in coeliac disease even though these two species are less closely related to 

bread wheat than spelta and Kamut. They belong to a different genera, Secale and 

Hordeum, respectively, and lack a-gliadins, which may be an especially toxic 

fraction.

Some other species about which coeliac patients have questions are actually 

dicots, which places them in a very distant relationship to the grass family. Such 

species include buckwheat, amaranth, quinoa and rape. The seed of the last plant the 

rape plant is not eaten but an oil is pressed from the seeds that is becoming 

commonly used in cooking. This oil is being marketed as canola oil. Because of their 

very distant relationship to the plant family and to wheat, it is highly unlikely that 

dicots will contain the same type of protein sequence found in wheat proteins that 

causes problems for coeliac patients.

It is the storage proteins in the causative species that contain the toxic 

proteins or peptides. The alcohol-soluble fraction, known as the prolamins that 

appear to be most responsible for triggering, or exacerbating, the disease. In wheat,
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these are known as gliadins. Although the structure and sequence of many gliadins 

are now known (Shewry et al, 1995) and their role in the disease was identified more 

than 45 years ago (Van de Kamer et al, 1953), the exact mechanism responsible for 

the enteropathy is still unknown. Most interest has involved the a-gliadins (see fig. 

1.6). The seed storage proteins were initially separated depending on their physical 

properties, and the major groups include albumins, globulins and prolamins. The 

globulin and albumin proteins are widely distributed among flowering plants, but the 

alcohol-soluble prolamin proteins are thought to be responsible for the toxicity; they 

are known in wheat, barley, rye and oats as gliadins, hordeins, secalins and avenins 

respectively. They can be further divided into three groups: sulphur-rich (e.g., a/p- 

gliadins and y-gliadins), sulphur-poor (e.g., ro-gliadins), and high-molecular-weight 

prolamins.

These proteins appear late in the evolutionary process and seem to have 

evolved from duplication of a gene encoding a sulphur-rich or cysteine-rich protein 

and repeated duplications of short DNA sequences encoding for glutamine and 

proline (Shewry et al, 1995). For instance, the sulphur-rich proteins in wheat like y- 

gliadin consist of an N-terminal repetitive domain, based on repeats of the 

heptapeptide Pro-Gln-Gln-Pro-Phe-Pro-Gln, and a nonrepetitive C-terminal domain 

with three broadly conserved cysteine-rich regions, designated A, B and C. The 

sulphur-poor proteins consist of repetitive sequences alone, containing repeats, such 

as the octapeptide Pro-Gln-Gln-Pro-Phe-Pro-Gln. The high content of Pro and Gin, 

mainly found in these striking repetitive sequences, and the paucity of charged 

residues make these storage proteins particularly unique.

The different classes of proteins can be separated using physical techniques, 

such as ion-exchange chromatography, and both the sulphur-poor and sulphur-rich 

classes seem to be toxic.

ii) Deamidated Gluten Peptide Recognition

Initially it was difficult to reconcile the DQ2 (and DQ8) binding motifs with 

the presentation of gluten peptides because gluten proteins have an unusual scarcity 

of negatively charged residues. A clue to help explain this paradox came from the 

observation that the stimulatory capacity of gliadin preparations for gliadin-specific 

intestinal T cells was significantly enhanced following treatment at high temperatures
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and low pH (Lundin, 1997). These conditions are known to cause non-specific 

deamidation of glutamines to glutamic acid and may thus convert gliadin from a 

protein with very few peptides with the potential to bind to DQ2/DQ8 into one with 

many such. An important and general rule for deamidation of gluten for T cell 

recognition was sustained by analysis of the response pattern of a panel of polyclonal, 

gliadin-specific T cell lines derived from biopsies (Sjostrom et al, 1998). All the 

lines responded poorly to a  gliadin antigen prepared under conditions of minimal 

deamidation, compared to the same antigen when fiirther heat-treated in an acidic 

environment.

The characterisation of gluten epitopes recognised by intestinal T cells has 

extended the knowledge of the importance of deamidation for their T cell 

recognition. So far five unique epitopes that are recognised by gut T cells have been 

identified; three restricted by DQ2 and two restricted by DQ8 (Sjostrom et al, 1998; 

van der Wal et al, 1998; Molberg et al, 1998). The three DQ2 restricted peptides, one 

from y gliadin and two from a  gliadins fail to stimulate T cells in their native form 

but are potent antigens when a single glutamine residue is exchanged with glutamic 

acid in certain position. The recognition of one of the DQ8-restricted peptides from 

a-gliadins is augmented by introduction of negatively charged residues , whereas this 

is not seen for another DQ8-restricted peptide of glutenin (van der Wal et al, 1998). 

These data demonstrate that most, but not all, gluten-specific intestinal T cells from 

CD patients recognise gluten proteins only after they have undergone deamidation. 

Amino acid sequence of some toxic gliadin peptides are shown in fig. 1.7. Moreover, 

the results with the glutenin epitope demonstrate that intestinal T cells can recognise 

gluten proteins other than gliadins. This raises the question of whether glutenins are 

also able to precipitate the disease.

Hi) Involvement of Tissue Transglutaminase tTG Enzyme

The deamidation of gliadin may take place in the acidic environment of the 

stomach. Alternatively, it can be mediated by the enzyme tissue transglutaminase 

(tTG) as demonstrated by Molberg et al (Molberg et al, 1998). tTG is expressed in 

many tissues and organs; in the small intestine it is expressed just beneath the 

epithelium in the gut wall. Notably, the activity of tTG is elevated in the small 

intestinal mucosa of CD patients in both the active disease phase and in remission
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31 L-G-Q-Q-Q-P-F-P-P-Q-Q-P-Y-P-Q-P-Q-P-F 49 

31 L-G-Q-Q-Q-P-F-P-P-Q-Q-P-Y 43 

44 P-Q-P-Q-P-F-P-S-Q-Q-P-Y 55

P = PROLINE 

Q = GLUTAMINE 

F = PHENYLANANINE 

L = LEUCINE 

Y = TYROSINE 

G = GLYCINE

Fig. 1.7 : Alpha-Gliadin Peptides (synthetic) for which there is in -  vivo evidence of 

activity in Coeliac Disease (Reproduced from http://wheat.pw.usda.gov/ggpages 

/topics).



(Bruce et al, 1985). The enzyme is present both intracellularly and extracellularly, in 

the extracellular environment tTG plays a role in extracellular matrix assembly, cell 

adhesion and wound healing (Aeschlimann et al, 1994). The calcium dependent 

transglutaminase activity of tTG catalyses selective cross-linking or deamidation of 

protein-bound glutamine residues (Folk et al, 1983). Notably, tTG is the same protein 

that Dietrich found to be a major focus of the antibody response in CD (Dieterich et 

al, 1997). In contrast to the nonenzymatically mediated deamidation that results in a 

near random deamidation of the often numerous glutamine residues in gliadin 

peptides, tTG appears to carry out an ordered deamidation of some few specific 

glutamines (Molberg et al, 1998). For all the three DQ2-restricted gliadin epitopes 

recognised by gut T cells and the DQ8 gliadin epitope the residues critical for T cell 

recognition are all targeted by tTG . Interestingly, the deamidation of glutamines that 

are not targeted by tTG can be deleterious for T cell recognition (Quarsten et al, 

1999). Additional evidence for a role of tTG comes from experiments where T cell 

lines have been established from biopsies challenged with a minimally deaminated 

gliadin antigen and then tested for recognition of this antigen or the same antigen 

treated with tTG. In 14 out of 15 patients the T cell lines responded better to the 

antigen that had been subjected to treatment with tTG. Similarly, T cell lines 

established from two DQ2 positive patients by stimulating biopsies with a 

chymotrypsin -digested recombinant a-gliadin were found to recognise synthetic 

peptides representing the DQ2 a-gliadin-I and a-gliadin II epitopes, but not the 

corresponding non-deamidated peptides. Taken together these results indicate that 

deamidation in vivo is mediated by tTG.

b) Viral Theories

It is not known how initial sensitisation to gluten occurs. There may be an 

underlying increase in the intestinal permeability to macromolecules with 

inappropriate presentation of gliadin to the immune system. It has been suggested 

that a viral infection may act as a trigger to initiate gluten sensitivity via ‘molecular 

mimicry’. Molecular mimicry is a theory which is used to explain why an 

inappropriate immune response occurs directed against an inappropriate target, for 

eg. in autoimmune disorders. Molecular mimicry is thought to occur due to sequence 

similarity between external antigen and self components. Kagnoff et al described
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sequence homology between the ElB protein o f adenovirus 12 and a dodecapeptide 

found in the ghadin molecule (Kagnoff et al, 1987). Furthermore, serological studies 

have demonstrated an increased frequency of exposure to adenovirus 12 in patients 

with coeliac disease as compared to controls (Lahdeaho et al, 1993). It was 

postulated that the immune response initially developed against the viral protein, 

causes an inappropriate response against the normally tolerated gliadin protein. 

However a study involving the PCR based detection of adenovirus demonstrated that 

prior exposure to AD 12 was not implicated in pathogenesis of coeliac disease 

(Lawler M, 1994). Although not necessarily initiating the disease, Ufe events like 

surgery, childbirth, gastroenteritis, and antibiotic therapy can precipitate the onset of 

symptoms in latent gluten sensitivity.

1.1.10 Animal Model of Coeliac Disease

A gluten sensitivity-like enteropathy has been described in a specific strain of 

Irish setter (Batt et al, 1987). This is characterised by failure to thrive, diarrhoea, 

partial villous atrophy, crypt hyperplasia, chronic inflammation of the small intestinal 

mucosa, and diminished intestinal alkaline phosphatase activity. While the cellular 

responses to gluten are similar to that of humans, the dogs do not seem to mount a 

humoral response to gliadin or to tissue autoantigens (Hall et al, 1992). It has been 

suggested that these animals have naturally increased intestinal permeability. This 

may result in increased exposure to gluten antigen as the basis for development of 

gluten sensitivity (Hall et al, 1991a). Withholding gluten from young animals may 

down-modulate expression of the trait later in life (Hall et al, 1992). These animals 

seem to outgrow the condition (Hall et al, 1991b). Cost and the lack of 

immunological markers impede investigation of this animal model.

1.1.11 Pathological Features of Coeliac Disease 

a) Classic Pathology

The classic pathological abnormality in the small bowel consists of villous 

atrophy, crypt hyperplasia, and increased numbers of lymphocytes infiltrating the 

epithelial cell layer and lamina propria (LP). These lymphocytes exhibit mitotic 

figures and occasional blast-like transformation, which may distinguish the flat 

mucosa of coeliac disease from other causes of atrophic mucosa (Marsh, 1982).
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Lesser degrees of mucosal damage are described in patients with dermatitis 

herpetiformis (DH), patients with gluten sensitive diarrhoeal symptoms without 

malabsorption, and asympthomatic relatives of patients with coeliac disease (Copper 

et al, 1980; Holm et al, 1994).

Gluten-related intestinal damage progresses through several stages of 

architectural change. These stages are termed: preinfiltrative, infiltrative, 

hyperplastic, destructive, and hypoplastic. Patients with coeliac disease that strictly 

avoid gluten have normal appearing small bowel mucosa (preinfiltrative). On 

controlled reexposure to gluten, these patients progress through stages of bowel 

inflammation (Marsh, 1992; Marsh, 1995). The earliest histological change in the 

mucosa is lymphocytic infiltration of the surface epithelial cell layer (infiltrative 

stage). This is followed by crypt hyperplasia and eventually villous atrophy 

(destructive). Long-standing untreated coeliac disease may evolve into a hypoplastic- 

type epithelium associated with refractory malabsorption and a poor outcome.

b) Collagenous Sprue

Collagenous sprue is a rare condition that resembles coeliac disease 

pathologically, except that there is a thick layer of collagen deposited under the 

surface epithelium of the small bowel. Symptoms often do not respond just to the 

withdrawal of gluten, but also may require potent immunosuppression. The collagen 

layer can resolve along with the other inflammatory changes (Hafkemeyer et al, 

1995). While some suggest that this entity is distinct from coeliac disease, it probably 

represents an additional manifestation of gluten sensitivity.

c) Ulcerative Jejunitis

In a small number of coeliac patients, the intestinal lesion may result in 

mucosal ulceration. These ulcerations are often discontinuous and occasionally 

circumferential. When present in the proximal duodenum, they may be mistaken for 

peptic ulcer disease. When present in the more distal small bowel, they may be 

difficult to distinguish from ulcers of Crohn’s disease. Ulcerative jejunitis is more 

common in the elderly. This lesion likely represents the end-stage hypoplastic 

mucosal response to gluten (Marsh, 1995). Complications of ulcerative jejunitis 

include perforation, stricture formation, obstruction, and occasionally haemorrhage.
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One study (Baer et al, 1980), suggested that many patients with ulcerative jejunitis 

would either have or soon develop intestinal T-cell lymphoma.

d) Enteropathy-Associated Lymphoma

Coeliac disease is associated with a greatly increased risk for intestinal T-cell 

lymphoma. The risk seems to be related to a long history of untreated coeliac disease. 

Lymphoma can even be the first clinical presentation of coeliac disease (Murray et al, 

1995). This association is also seen in a cohort of patients described as refractory 

coeliac patients as discussed in 1.1.8.

LL12 Immunology of Coeliac Disease 

a) Characteristics of Intestinal Cells

The pathological alterations and the type of cellular infiltrate seen in the 

classical flat-destructive lesion are well characterised. They include changes 

involving the following : (i) the enterocytes, (ii) the intraepithelial lymphocytes 

(lELs), (iii) lamina propria leukocytes (LP) and also (iv) in the extracellular matrix.

(i) Enterocytes

In coeliac disease there is an increased loss of epithelial cells and proliferation 

of epithelial cells in the crypts. Both these factors have been used to explain the 

villous atrophy found in the coeliac lesion (Booth, 1970; Walker-Smith et al, 1989). 

It is not clear whether the two phenomena are causally linked, and if so which of 

them is primary or secondary. The increased epithelial cell loss probably reflects 

increased apoptosis of enterocytes (Moss et al, 1996), whereas the increased 

enterocyte proliferation appears to be due to an increased production of keratinocyte 

growth factor (KGF) by stromal cells (Bajaj-Elliott et al, 1998). Several molecules 

with immune function are known to have altered expression in coeliac disease. 

There is increased epithelial expression of HLA class II molecules with strong 

expression of DR and DP molecules, but with little or no expression of DQ 

molecules (Scott et al, 1987; Marley et al, 1987). The expression of the polymeric Ig 

receptor is also upregulated (Scott et al, 1981). Notably, the enhanced expression of 

this receptor is accompanied by increased transport of IgA and IgM into the gut 

lumen (Colombel et al, 1990).
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(ii) Intraepithelial Lymphocytes

Three major hneages of intraepithehal lymphocytes (lELs) occur in the 

normal human small intestine; the most prominent is the TCRap+ CD8+CD4- 

population, while the TCRa(3+ CD8-CD4+ population and the TCRy5+ CD8-CD4- 

populations are expanded in coeliac disease, hi contrast, to the TCRaP+ CD8+ lELs 

that return to normal when gluten is removed from the diet, the TCRy5+ lELs appear 

to remain at an elevated level (Kutlu et al, 1993). However, lELs from both the 

TCRaP+ CD8+ and TCRy6+ lineages express the Ki67 proliferation marker, 

suggesting intraepithelial proliferation of both populations in CD (Halstensen et al, 

1993). Interestingly, the majority of TCRy5+ EELs express the V61 TCR variable 

region (Spencer et al, 1989; Halstensen et al, 1989). Spies and co-workers have 

demonstated that y6 T cells expressing this variable region recognise MICA and 

MICB molecules (Groh et al, 1998) that are mainly expressed by intestinal epithelial 

cells (Groh et al, 1996). Activated human lELs are able to produce a number of 

cytokines including IFN-y, IL-2, D -̂8 and TNF-a and are known to have a lytic 

potential (Lundqvist et al, 1996). Furthermore, in CD, but not in giardiasis, the lELs 

stain positive for granzyme B and TiA (a marker characteristic for cytotoxic 

lymphocytes), indicating that some lELs in coeliac lesion may be activated cytotoxic 

T cells (Oberhuber et al, 1996).

(iii) Lamina Propria Leukocytes

A marked infiltration of TCRaP+ T cells appears in the lamina propria in the 

active lesion. These T cells are mostly CD4+ and carry a memory phenotype 

(CD45RO+) (Halstensen et al, 1990). Notably, an increased percentage of these 

lamina propria T cells express the CD25 (IL2R a-chain) activation marker but lack 

the Ki67 marker associated with proliferation (Halstensen et al, 1993). Thus, gluten 

appears to induce a proliferative activation of CD4+ lamina propria T cells. This fits 

in well with the results of several studies reporting increased cytokine production by 

T cells in the lamina propria (Kontakou et al, 1994; Kontakou et al, 1995; Nielsen et 

al, 1998). There seems to be a particular increase in cells producing IFNy whereas, 

no increase appears in cells producing EL-4 or IL-10 (Nielsen et al, 1998; Beckett et 

al, 1996). mRNA for IFNy has been found to be increased more than 1000 fold in
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untreated disease related to a small increase in the message for IL-2, IL-4, IL-6 and 

TNF-a (Nielsen et al, 1998). Furthermore, the IFNymRNA level of biopsies of 

treated patients has been demonstrated to reach that of untreated patients by in vitro 

stimulation with gluten (Nielsen et al, 1998). Altogether, these results are consistent 

with the concept that gluten-reactive T cells in the lamina propria have a cytokine 

profile dominated by production of IFNy.

A characteristic of the CD lesion is an accumulation of IgA-, IgM-, and IgG- 

producing plasma cells (Baklien et al, 1977). The specificities of the antibodies 

produced by these cells have been only partly characterised; however, in vitro culture 

of biopsies has demonstrated that antibodies to gliadin (Falchuk et al, 1974) and 

endomysium (i.e.tTG) (Picararellli et al, 1996) are produced.

Just beneath the epithelium in the normal mucosa a high number of 

macrophage/dendritic like cells stain positive for CD68 (Nagashima et al, 1996). It is 

conceivable that these cells are involved in sampling of luminal antigens. The 

expression of the HLA class II, ICAM-1 and CD25 molecules is increased in these 

macrophage/dentritic like cells, suggesting that they are activated in the disease state 

(Scott et al, 1987; Halstensen et al, 1993; Sturgess et al, 1990).

iv) The Extracellular Matrix

In the normal small intestine extracellular matrix formation (ECM) by 

stromal cells balances ECM degradation mediated by matrix metalloproteases 

(MMPs). Increased ECM degradation has been suggested to play a role in the villous 

atrophy of CD. This is supported by the demonstration of a decreased ratio of cells 

expressing collagen 1 and tissue inhibitor of metalloproteinases (TIMP)-l mRNA to 

those expressing matrix metalloproteinase (MMP)-l and -3 mRNA in untreated CD 

(Daum et al, 1999). Expression of MMP-1 and MMP-3 mRNA is mainly localized to 

subepithelial fibroblasts and macrophages. It is likely that the increased expression of 

metalloproteinases is related to activation of mucosal T cells.

b) Humoral Immunity

In untreated coeliac disease, there is extensive infiltration of the small 

intestinal lamina propria with plasma cells of the IgG, IgA, and IgM isotypes. They 

generate large amounts of antibody, some directed against gluten peptides or
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connective tissue autoantigens as discussed in 1.1.6. These antibodies are present in 

the saliva and serum of most coeliac patients consuming gluten. However, these 

antibodies are probably not central to the pathology, since classic coeliac disease can 

develop in individuals with selective IgA deficiency or panhypogammaglobulinemia. 

The humoral response may have a role in the extraintestinal manifestations of coeliac 

disease like hyposplenism, IgA nephropathy, hyperparathyroidism, and DH (Beutner 

et al, 1986).

1.1.13 Dermatitis Herpetiformis

Dermatitis herpetiformis (DH) is a disease where the most prominent 

symptom is usually an itchy bullous skin rash affecting predominantly the exterior 

surfaces of the arms, legs, trunk, and scalp. A DH patient with the typical rash is 

shown in fig. 1.8. The first description of the link between this condition and a small 

intestinal lesion was by Marks et al (Marks et al, 1966). hi 1967, Fry and colleagues 

suggested that the intestinal lesion which is seen in approximately two-thirds of DH 

patients, was due to gluten sensitivity (Fry et al, 1967). When gluten was withdrawn 

from the diet of DH patients, healing of the intestinal lesion was observed along with 

disappearance of the rash (Fry et al, 1969; Marks et al, 1969). However, this 

improvement may take anywhere fi-om five months to over three years (Fry et al, 

1982). Direct cutaneous or even intradermal injection of gluten does not elicit a 

reaction, while consuming this antigen will precipitate DH (Garioch et al, 1995). hi 

the majority of DH patients, the symptoms of the enteropathy are not as severe as 

with coeliac disease, the symptoms are suggestive of a latent form of coeliac disease.

The DH rash is a sub-epithelial bullous eruption with collections of 

polymorphonuclear cells and eosinophils in the dermal papillae. It is also 

characterised by the deposition of IgA in a granular pattern at the dermo-epidermal 

junction (Van der Meer et al, 1969). These deposits are also found in the normal 

uninvolved skin. It is unknown if these deposits are IgA-gluten immune complexes 

or if the IgA recognise skin autoantigen. The reaction to the IgA deposits is 

neutrophilic with a variable T-cell infiltrate (Garioch et al, 1994). The diagnosis of 

DH is made by a simple skin test, a small piece of skin approximately 3 mms in 

diameter is taken fi'om an unaffected area, i.e. normal looking skin. The skin is 

examined for the presence of IgA by direct immunofluorescence. Diagnosis can also
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Fig. 1.8: Photograph of Dermatitis Herpetiformis Patient with typical rash on legs 
and arm. (Reproduced from www.dhcondition.plus.com)



be confirmed using the same tests as for coeUac disease, described in section 1.1.6. 

Like coeliac disease, the gold standard in detecting the enteropathy in DH is by small 

intestinal biopsy. The drugs most commonly used for the treatment of DH are 

Dapsone, sulphapyridine, and sulphamethoxypyridazine. All are very weak 

antibiotics dating back to the 1930’s and 40’s. Although the drugs control the rash of 

DH very quickly, within days in most cases, the rash will recur quickly upon 

cessation of the drugs. The adherence to a gluten-free diet in DH patients is therefore 

essential in order to keep the major symptom, in most cases, the rash at bay.

The involvement of tTG as the autoantigen of coeliac disease has initiated 

much debate as to its involvement in DH. While sera from patients with DH and 

coelaic disease react with tissue transglutaminase and the related enzyme epidermal 

(type 3) transglutaminase. Antibodies in patients with DH show a markedly higher 

avidity for epidermal transglutaminase. Furthermore, these patients have an antibody 

population specific for this enzyme (Sardy et al, 2002). The authors of this study also 

show that this enzyme is present in the IgA deposits in the dermis of DH patients. 

They suggest that this transglutaminase is the dominant form in DH and explains 

why skin symptoms of DH only show in a proportion of gluten sensitive individuals.
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1.2 THE MAJOR HISTOCOMPATIBILITY COMPLEX (MHC)
1.2.1 General Background

The human MHC, or human leukocyte antigen (HLA) region, encompasses 

over 4 Mb of DNA on the short arm of chromosome 6 and is traditionally divided 

into the class I, class II and class HI regions. These genes code for proteins with both 

immunological and non-immunological functions. The complex is present in all 

vertebrates studied so far (Trowsdale, 1995). Recently, the entire MHC was 

sequenced, defining approximately 220 genes (see http ://www.sanger.ac.uk/HGP/ 

Ch6/MHC.shtml). It was discovered during transplantation studies in mice (the MHC 

is known as the H-2 complex) by Peter Gorer in the Lister Institute in London in 

1937 (Gorer, 1937). The first human MHC antigen termed ‘Mac’ (now known as 

HLA-A2) was described by Jean Dausset (Dausset, 1959), followed by the discovery 

of 4a and 4b (HLA-Bw4 and -Bw6) by the Leiden group led by Jon van Rood (van 

Rood et al, 1962).

The function of the MHC can be described as pleiotropic, it is best known for 

its role in histocompatibility and in immune regulation (Snell, 1981; Zinkemagel et 

al, 1997), with many other functions not yet appreciated (Powis et al, 1995; 

Zavazava et al, 1997). The main function of the MHC molecules is in peptide 

binding and presentation to T lymphocytes. Among the non-immune functions, the 

noteworthy ones are interactions with other receptors on the cell surface (Edidin, 

1988), in particular with the transferrin receptor (TfR), epidermal growth factor 

(Schreiber et al, 1984) and various hormone receptors, and signal transduction 

(Schafer ef a/, 1995).

The HLA is located on chromosome 6p21.31 and is divided into three main 

regions: class I, II and HI, as first proposed by Klein in 1977. The telomeric region to 

the classical HLA complex is now called the class lb region; and there has also been 

a suggestion for a class IV region located at the telomeric end of the class III region. 

The classical HLA antigens encoded in each region are HLA-A, -B, and -C  in the 

class I region, and HLA-DR, -DQ, and -D P in the class II region. All class I genes 

are between 3 and 6 kb in size, whereas, class II genes are 4-11 kb long. The 1998 

Nomenclature commitee recognised more HLA genes all of which are in the class I 

and Ib regions: HLA-E, -F, -G, -H, -J, -K, and -L. Among those, only HLA-E, -F, and 

-G  are expressed. The class HI region has the highest gene density but some genes
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are not involved in the immune system. Among the genes which are of interest, 

HSP70, TNF, C4A, C4B, C2, BF and CYP21 should be mentioned.

A striking feature of the MHC is the high degree of polymorphism of the 

genes in the class I and class II regions (Bodmer et al, 1991). There are, for example, 

more than 70 alleles of HLA-A, and the polymorphic stretches of these genes encode 

the cleft in which processed antigen is presented to the T-cell receptor (Sinha et al, 

1990; Nepom, 1991).

Another important feature is the strong linkage disequilibrium between 

particular alleles of genes across the MHC. Thus, for example, haplotypes HLA-Al- 

B8-DR3-DQ2 and HLA-A2-B44-DR4-DQ8 occur more frequently than the products 

of their individual allelic frequencies would suggest (Tiwari et al, 1985). 

Recombination over the whole of the MHC is not significantly different ft’om that of 

any other region of the human genome (Trowsdale, 1993), so that the explanation for 

the strong disequilibrium is not clear, but it may be due to selection by infectious 

agents, as seen in parts of Africa in which Malaria is endemic (Hill et al, 1991).

Genes in the class m  region have also been shown to be polymorphic. The 

complement cluster, containing the genes for the two isotypes of C4: C4A and C4B, 

as well as the genes for C2 and factor B, lies at the centromeric end of this region in 

close proximity to the two steroid 21-hydroxylase genes (Campbell et al, 1988). 

These genes are also highly polymorphic, with large deletions involving several 

genes associated with particular MHC haplotypes (Braun et al, 1990; Schneider et al, 

1986). Within the central class III region lies the 40-kd heat-shock protein, which 

contains a restriction fragment length polymorphism (RFLP) (Pugliese et al, 1992) 

and at the telomeric end lies the TNF locus, which is also polymorphic.

1.2.2 Organisation of the MHC

The MHC is localised on the short arm of chromosome 6 in band 21.3. It 

extends over 4 megabases of DNA, which have been extensively studied for several 

decades. Detailed physical maps have been derived and the entire complex has been 

cloned in cosmid and yeast artificial chromosome (YAC) vectors. Over 200 genes 

have been identified so far, which include the genes encoding the class I or classical 

transplantation antigens, the class II immune response genes, the class III genes 

originally defined by complement components and a number of novel genes involved
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in antigen processing or of unknown function (Trowsdale, 1991). The layout of the 

MHC is shown in fig. 1.9. It is intriguing that so many genes involved in immune 

responses are closely linked to each other in the genome. The class 1 and class II 

sequences have been maintained together through evolution and can be found on the 

same chromosome in species like chicken, mouse, and humans.

1.2.3 The Human Class I Region

The class I region is 2 Mb in length and contains the class I multigene family 

comprising about 20 non-allelic DNA sequences. These can be divided into the 

polymorphic classical transplantation antigen genes HLA-A, HLA-B and HLA-C and 

the non-classical class I genes, the HLA-E, HLA-F and HLA-G genes and including a 

number of pseudogenes like HLA-J and HLA-H (Roller, 1989). MHC class I 

molecules bind to and present endogenous antigens e.g. viral peptides or tumour 

antigens synthesised within the cytoplasm of the cell, to CD8+ cytotoxic T cells. 

Their function is the activation of cytotoxic T-lymphocytes to kill cells compromised 

through environmental effects which may be infection, irradiation, chemical 

modification or some other causes of malignancy.

The HLA class I and II proteins have similar structures with subtle fiinctional 

differences. Class I molecules are made up of one heavy chain (45kD) encoded 

within the MHC and a light chain called a P2 -microglobulin (P2IT1; 12kD) whose gene 

is on chromosome 15. The basic structure of the class I molecule is shown in fig. 

1.10. The class I heavy chain has three domains of which the membrane- distal first 

(a l)  and the second (a2) are the polymorphic ones. Within these domains, 

polymorphisms concentrate on three regions: positions 62 to 83; 92 tol21; 1135 to 

157. These areas are called hypervariable regions (HVR) (Steinmetz et al, 1983). The 

two polymorphic domains are encoded by the exons 2 and 3 of the class I gene 

(Steinmetz et al, 1983; Le Bouteiller, 1994). Diversity in these domains is very 

important in that these two domains form the antigen binding cleft (ABC) or peptide 

binding region (PBR) of the MHC class I molecule. The sides of the cleft is formed 

by a l  and a l,  while the floor of the cleft is comprised of eight anti-parallel P sheets 

(Bjorkman et al, 1987). The antigenic peptides of eight to ten amino acids (typically 

nanomers) bind to the cleft with low specificity but high stability (Rammensee et al, 

1995). The a3 domain contains a conserved seven amino acid loop (positions 223 to
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Fig. 1.9: Complex Map of the Human Leukocyte Antigen (HLA) on Chromosome 6.
(Reproduced from: The MHC Consortium, 1999).
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229) which serves as a binding site for CDS (Salter et al, 1990). This domain also 

contains the TAP interaction site between amino acid positions 219 and 233 (Kulig et 

al, 1998). Another site in this segment is also of importance. The amino acid residue 

at position 227 (in the a3 domain) is critical for the interaction of MHC class I 

molecule with the chaperone calreticulin (Harris et al, 1998). On the other hand, 

class I heavy chain residues of 77 to 83 (of the a l  helix) are important in natural 

killer (NK) cell recognition (Gumperz et al, 1997).

The MHC class I molecule is synthesised in the rough endoplasmic reticulum 

(RER). It is the signal peptide encoded by the first exon of the class I molecule which 

directs the insertion of the molecule into the RER during translation. The 

intracellular proteins are targeted for degradation to the RER by binding of ubiquitin. 

The peptide/ubiquitin complex is transported to the proteasome complex where it is 

degraded by low molecular mass polypeptide (LMP2 and LMP7) proteasome 

(Monaco et al, 1995). Both LMPs required for this function are encoded within the 

class n  region. The resulting antigenic peptides are then transported into the RER by 

the heterodimer of transporters-associated-with-antigen-processing (TAPI and 

TAP2) whose genes are also in the MHC class II region (Powis et al, 1992). Newly 

synthesised class I heavy chain -(32m dimer first associates with the ER chaperone 

calnexin and calreticulin acting sequentially (Harris et al, 1998). In the presence of 

tapasin (encoded just outside the class region), empty MHC class I molecules 

complexed with calnexin/calreticulin and the reductase Erp57 can then associate with 

TAP transporters. Peptide binding releases the class 1 pam dimer from all auxiliary 

molecules for transport to the cell surface via the Golgi body, while lack of binding 

results in proteasome-mediated degradation (van Endert, 1999).

The role of class I molecules as indicators of the intracellular protein 

composition is reflected in this scheme which does not allow them to leave the ER 

unless they have bound to a peptide with sufficient affinity. Cytotoxic T cells 

regularly patrol to see if  any of the presented peptides are non-self In healthy cells, 

the peptides are derived from normal cellular proteins, and the immune system is 

rendered tolerant to these peptides during its development. Therefore, the complexes 

of self peptides and MHC molecules are necessary to establish the repertoire of T cell 

receptors (TCR). It is believed that this fact has been the limiting factor in the 

number of HLA class I loci in evolution (Parham, 1994). Having the maximum
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number of antigen presenting MHC alleles would result in maximum number of T 

cells (interacting with self MHC) positively selected, but, at the same time it would 

reduce the number due to negative selection (elimination of T-cells reacting with 

self-peptides) to avoid autoimmunity. Depending on the heterozygous allele 

combination, the net effect could be a reduced number of T cells compared to a 

homozygous situation. In no species, more than three classical class I loci have been 

found so far. This suggests that further expansion is deleterious possibly due to the 

erosion of the TCR repertoire. Because of the negative selection of self reactive T 

cells during ontogeny, the more MHC molecules present the fewer T cells that are 

available (Vidovic et al, 1988). Therefore, in heterozygotes, there is a trade-off 

between an advantage as an increased ability to present foreign peptides and 

disadvantage as an erosion of the T cell repertoire. Considering heterozygosity as an 

ability to mount twice as potent an immune response as the homozygote may 

however be too simplistic.

Cytotoxic T cells can recognise the non-self peptides only in conjunction with 

the self MHC molecule (Zinkemagel et al, 1974). The only exception to that is a non 

self MHC molecule (as in the case of a mismatched transplantation) which does not 

require presentation by the host MHC molecules (Eckels, 1990). The obligate 

recognition of foreign peptides in the context of MHC molecules is called ‘MHC 

restriction’ of T cell recognition (Steinmetz et al, 1983; Zinkemagel et al, 1974; 

Zinkemagel et al, 1997). It is estimated that there are up to 250,000 of each HLA 

class I molecules on the surface of a somatic cell (Parham, 1996). MHC class I 

molecules are unstable in the absence of a bound peptide. Once formed, the complex 

of antigenic peptide and MHC are generally very stable with a half life of about 24 

hours. Typically the population of molecules of a single allele will have 

approximately 1000 different peptides bound on any cell. The expression patterns of 

each class of MHC molecules are different. Nearly all somatic cells express class I 

molecules but it would be wrong to say that class I molecules are ubiquitously 

expressed since there are certain cell types that lack expression (Le Bouteiller, 1994). 

It is believed that having no DNA, red cells cannot support virus replication, thus 

they do not need class I molecules. HLA-C expression is low and about 10% of the 

average level of HLA-A and —B (Le Bouteiller, 1994). This is because HLA-C heavy 

chains inefficiently assemble with Pzm (Neeles et al, 1988) and also the cis-
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regulatory element of transcriptional control called enhancer A (or region 1) is 

mutated in the promoter of HLA-C which effects the expression (Tibensky et al, 

1990).

1.2.4 The Human Class II region

Class II molecules consist of one a  (34kD) and one (5 chain (30kD) both of 

which are encoded within the MHC. The basic structure of the class II molecule is 

shown in fig. 1.11. The a  and p chains are polymorphic. In these chains a l  and pi 

domains form the ABC, therefore, diversity is located mainly in these domains 

(except in HLA DRa which is not polymorphic). These domains are encoded by the 

exon 2 of their class II A or B genes. Hypervariable regions tend to be found in the 

walls of the cleft. Antigenic peptides of 12 to 24 amino acids long bind to the cleft 

and extend on either side (Rammensee et al, 1995). In a region analogous to the 

CD8-binding site on class I molecules, a major CD4-binding site is contained within 

residues 241 to 255 in p2 domain (Konig et al, 1992). In the same domain, the 

polymorphic residues between positions 180 and 189 determine the quality of CD4 

interaction (Fleury et al, 1995). Among the class II molecules, HLA-DR53 is known 

to interact poorly with CD4 (Fleury et al, 1995).

MHC class II molecule expression is more restricted than that of class I. 

MHC class II genes are regulated in a tissue-specific manner, normally in a co

ordinate fashion (Guardiola et al, 1993). Only antigen presenting cells (APC) express 

class II molecules. These are B cells, macrophages, Langerhans and related dendritic 

cells and activated T cells. Unscheduled expression of class II genes has been 

observed in autoimmunity (Guardiola et al, 1993). Normally the level of expression 

decreases in the order of DR > DP > DQ (Glimcher et al, 1992). Both chains of the 

class II molecules are synthesised in the ribosomes which are associated with the 

RER. They enter the RER and are brought together with the assistance of a chaperone 

molecule. When the a  and P chains join together, a segment of the invariant chain (li 

or CD74) blocks the peptide binding site temporarily to prevent the acquisition of 

immunogeneic peptides. The nested set of peptides that are derived from amino acids 

80 to 104 of li are called CLIP (class H-associated invariant chain peptides) 

(Bertolino et al, 1996). The class E CLIP complex is then transported to the 

specialised endosomal compartment MIIC (MHC class Il-containing compartment),
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Fig. 1,11: A diagram of a MHC class II molecule. MHC class II molecules comprise 
two non-identical peptides (alpha and beta) which are non-covalently associated and 
traverse the plasma membrane with the N terminus to the outside of the cell. The 
domains closest to the membrane in each chain are structurally related to 
immunoglobulins. With the exception of the alpha 1 domain, all domains are stabilized 
by disulfide bridges (red). Both the alpha and beta chains are glycosylated. The beta 
chain is shorter than Ihe alpha chain (beta mol. wt = 28,000) and contains the 
alloantigenic sites. There is some polymorphism in the alpha chain of some MHC H 
molecules



a subpopulation of lysosomes (Harding et al, 1996). It is in this lysosomal 

compartment that the complex meets with the antigenic peptides entered the cell in 

membrane vesicles. The acidic conditions of the compartment causes the CLIP to be 

released, and the peptide with the appropriate sequence motif binds to the class II 

molecule. The non-classical class II molecule HLA-DM acts as a dedicated 

chaperone in the lysosomal compartment to prevent functional inactivation and 

aggregation of empty HLA-DR a  (3 dimers (Kropshofer et al, 1997). These empty 

class II molecules that are chaperoned by HLA-DM enable the antigen-processing 

system to respond promptly to the challenge by newly entering antigens. The DR- 

peptide complex is transferred to the cell surface by means of membrane bound 

vesicles. Class II molecules present the peptide to CD4+ T-helper cells. Class II 

molecules often occur in the cell membrane as a dimer of dimers. In this case, the 

two molecules must be identical to be recognised by the TCR.

T cell activation occurs following recognition o f peptide/MHC complexes on 

an APC. T cell activation can be viewed as a series of intertwined steps, ultimately 

result in the ability to secrete cytokines, replicate, and perform various effector 

functions. During antigen presentation, CD4 and CDS are intimately associated with 

the TCR and bind to the MHC molecule. Besides this interaction between T cells and 

APCs, ligation between counter-receptors on the T cell and accessory molecules on 

the APC is also required as additional signals for T cell activation. The major 

accessory molecules and their receptors are: B7-1/2 (CD80/86) and CD28/CTLA-4; 

ICAM-1/2/3 (CD54/102/50) and LFA-1 (CDlla/CDlS); LFA-3 (CD58) and CD2 

(Chambers et al, 1997; Croft et al, 1997). Among these CD28 engagement of its 

ligands, the B7 molecules, represent the main-co-stimulatory interactions (June et al, 

1994; Henry et al, 1999). Co-stimulatory activity largely involves the coupling of 

many intracellular signalling pathway that form an integrated network, eventually 

leading to the production of interleukin-2 (IL-2) and proliferation. The importance of 

co-stimulation is that TCR occupancy in the absence of adequate co-stimulation fails 

to generate T cell responses, and may result in the induction of anergy in T cell 

clones (Schwartz et al, 1996). Another implication is that the mere expression of 

class II molecules does not necessarily make a cell a functional APC.
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The expression of MHC molecules on the cell surface is also important for 

natural killer (NK) cell activity. Non-specific immunity provided by NK cells is 

governed by the expression levels of MHC molecules. Normally, the presence of 

class I molecules provide inhibitory signals for NK cells. When the expression is 

down-regulated as happens in viral infections or malignant transformations, NK cells 

are activated by the lack of inhibitory MHC antigens (missing self) and they 

eliminate such cells (Lanier, 1997). NK cells have different membrane receptors that 

bind to MHC class I ligands which inhibit the lysis of class I bearing target cells. 

Each family of these receptors interacts with different class I molecules. Human NK 

cells express receptors encoded by the Killer Inhibitory Receptor (KIR) gene family 

present on chromosome 19ql3.4 (Lanier, 1998). Different KIR molecules are 

displayed on overlapping subsets within the total NK cell population and the 

repertoire of expressed receptors is heterogeneous in different individuals. The 

specificity of KIRs maps to the al domain of HLA-C and HLA-B molecules (Bottino 

et al, 1995). Another group of human NK cell inhibitory receptor is CD94/NKG2 

which is specific for non-classical class I molecule HLA-E (Braud et al, 1998). This 

recent understanding of the regulation of NK cell function implies an important role 

for MHC class I molecules in tumour immunity. The loss of MHC class I molecules 

may help a transformed cell escape from cytotoxic T cell attack but makes it 

susceptible to NK cell-mediated lysis.

1.2.5 The Human Class III region

The class III region of the HLA is extremely dense with one gene every 10 kb 

on average and many of the genes are very closely packed. For example, G ll  and C4 

are separated by 611bp while the 3’ untranslated region of PBX2 overlaps the 

promoter of RAGE (Sargent et al, 1994). The 140 kb segment of DNA containing the 

duplicated 0 1 1/C4/Z/CYP21/X/Y gene cluster, which varies in size from 142 to 214 

kb, is probably the most complex in the human genome (Yu, 1998). The recent direct 

sequencing of the MHC has revealed that there are at least 62 genes in the class III 

region. The known or putative function of some of these genes are discussed below.

The NOTCH-4 gene encodes a member of a family of transmembrane 

proteins typified by the Notch protein of Drosophila (Sugaya et al, 1997). Notch and 

its homolgues are widely expressed during embryonic and adult development and
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participate in cell-cell interactions, mediating a variety of regulatory events such as 

cell differentiation and development (Fortini et al, 1993). The murine mammary 

tumour gene, int-3 encodes the intracellular domain of Notch4 and there is evidence 

that Notch4 is important in regulating branching morphogenesis of epithelial cells 

during the development of the mammary gland (Robbins et al, 1992; Uyttendaele et 

al, 1998).

The RAGE gene encodes a member o f the immunoglobulin (Ig) superfamily, 

which acts as a receptor for advanced glycosylation end products of proteins (RAGE) 

(Neeper et al, 1992). AGEs accumulate in vascular tissue as a result of aging, and at 

an accelerated rate in diabetes, due to the prolonged exposure of proteins to aldoses. 

The interaction of RAGE with AGEs is involved in mediating effects such as 

monocyte migration and activation, increased vascular permeability and the 

activation of NFkB in endothelial cells. RAGE may contribute to diabetic 

complications by modulating cellular function following interaction with AGEs and 

expression of RAGE is upregulated in the vasculature of vasculopathies, in 

artherosclerotic vascular lesions and in immune inflammation vasculitides (Schmidt 

et al, 1995; Schmidt et al, 1999).

Three components of the complement system, which is the principal effector 

mechanism of humoral immunity and is important in the clearance of immune 

complexes, opsonization and cell lysis, are encoded in the class III region (Reid et al, 

1993). C2 and C4 participate in the classical pathway, which is activated by the 

binding of Cl to antigen-antibody complexes or following the interaction of mannan 

binding protein with carbohydrate ligands. Factor Bf is a component of the 

alternative pathway, which is activated by a diverse set of substances including 

components of yeast and bacterial cell walls. Most human chromosomes carry two 

C4 genes, C4A and C4B, which form part of a duplicated segment of DNA spanning 

75 kb (Reid et al, 1993). However, the number of expressed C4 genes can range from 

none to four. Complete deficiency of C4, which correlates with severe immune 

complex diseases, is rare while partial deficiency of C4 is more common and is 

thought to be associated with an increased susceptibility to systemic lupus 

erythematosus (SLE), scleroderma and primary biliary cirrhosis (Hauptmann et al, 

1993).
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SK12W encodes a protein that contains an RNA helicase domain and two 

leucine zipper motifs and shows extensive similarity to the yeast antiviral protein 

Ski2p (Dangel et al, 1995). Helicases play essential roles in unwinding DNA during 

replication, repair, recombination and transcription, and RNA during splicing and 

translation. Ski2p exerts its antiviral action by translational inhibition of viral RNA 

that lacks a poly-A tail. Ski2w has been shown to hydrolyse ATP, an important 

energy source for helicases, and has beeen localised to the nucleolus and cytoplasm 

where it is thought to be associated with ribosomes and polyribosomes (Dangel et al, 

1995).

The HSP-70-1 and 2 genes both encode the major heat inducible 70kDa heat 

shock protein (HSP70) while HSP70-Hom encodes a non-heat inducible protein that 

is 90% identical to HSP70-1/2 (Milner et al, 1990). All hsp70s can bind unfolded 

proteins and peptides and act as chaperones in the synthesis, folding, assembly, 

translocation and degradation of proteins during normal cellular processes and 

following stress.

The G5a gene encodes the casein kinase II (ckll) (3 subunit . Ckll is a highly 

conserved serine protein kinase, consisting of a heterodimer of a  and a l  catalytic 

subunits and two regulatory p subunits. The (3 subunit is required for high activity 

phosphorylation of the a  subunit (Pyerin, 1994). Many of the substrates of ckll, such 

as insulin, epidermal growth factor and a variety of cellular and viral oncoproteins, 

play key roles in cell growth and metabolism (Tuazon et al, 1991). Ckll activity 

appears to be upregulated in the neurofibrillary tangles in the brains of Alzheimers 

disease (AD) patients (limoto et al, 1990).

The cytokines TNF, LTa and LTp belong to the TNF ligand superfamily 

(Gruss et al, 1995). TNF occurs as membrane bound and secreted homotrimers, both 

of which are biologically active. LTa also forms secreted homotrimers, but can be 

retained at the cell surface as heterodimers with LTp. TNF is produced by a variety 

of cells and exhibits numerous inflammatory and immunomodulatory activities as 

well as being involved in tumour cachexia. LTa is expressed exclusively by 

lymphocytes. It shows similar activity in vitro but is often less potent than TNF. 

Recent studies suggest a unique role for secreted LTa in the generation of germinal 

centres, and membrane bound LTa has been implicated in the development of the
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spleen, lymph nodes and Peyer’s patches (Matsumoto et al, 1996; Neumann et al, 

1996; Pasparakis et al, 1996). TNF as one of the main subjects of this thesis is 

discussed in more detail in section 1.4.

1.2.6 MHC in Autoimmune Disease

The molecular basis of many genetic diseases in man have been identified 

through gene cloning. For the most part, these diseases conform to the principles of 

Mendelian segregation. Diseases of the autoimmune type do not conform to the same 

genetic principles. They do not segregate in a simple Mendelian pattern, they caimot 

be easily classified as dominant or recessive (they have complex segregation 

patterns) and are not single gene disorders. The underlying molecular pathology is 

different in that common functional variants of particular genes (polymorphisms or 

‘aetiological mutations’) which are neither necessary nor sufficient in themselves to 

account for disease, are present at increased frequency in patients. These interact 

epistatically with other genes and gene variants to predipose to disease. The word 

‘predipose’ here allows for the likely involvement of ubiquitous environmental 

factors.

A large number of studies have demonstrated associations of MHC alleles 

with many of the common autoimmune disease; indeed, of the 40 or so diseases 

classified as autoimmune in nature, almost all show some association of 

susceptibility, or in the case of rheumatoid arthritis of clinical severity, with alleles of 

genes encoded within the MHC (Sinha et al, 1990). The strength of association 

varies from relatively weak, as with systemic lupus erythematosus and myasthenia, to 

very strong with ankylosing spondylitis, in which carriage of the HLA B27 allele rises 

from 8% in normals to 96% in patients (Tiwari et al, 1985). In addition, studies of 

HLA-identical and non-identical sibs have demonstrated that genetic factors in other 

regions of the genome also contribute to many of these diseases.

Susceptibility is, however, multifactorial, as shown by studies of concordance 

rates for disease in monozygotic twins. If a disease were purely genetic then a 

concordance rate of 100% would be expected. However, the rate varies from 5% for 

multiple sclerosis to 30% for rheumatoid arthritis. These observations indicate that 

additional environmental factors, perhaps viral or bacterial, are important in disease 

susceptibility. In rheumatoid arthritis, severe progressive forms of the disease are
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associated with two DR(31 molecules, encoded by the DRB 1*401 and DRB1*0404 

genes (Oilier et al, 1992). A closely related DRBl allele 0402 is not associated with 

rheumatoid arthritis but is found with high frequency associated with pemphigus 

vulgaris (Scharf et al, 1988). A different HLA class II haplotype, encoding the 

DRBl *1501 and DRB5*0101 alleles is highly associated with multiple sclerosis 

(Tiwari et al, 1985). The DQB1*0302 allele is the principal, although not the only 

class II gene associated with type I diabetes (Nepom, 1993).

There are many genetic elements both within and outside the MHC region 

which can modify or influence the penetrance of a disease-associated HLA allele. 

The role of non-MHC encoded genes is best demonstrated in animal models, such as 

the spontaneously diabetic NOD mouse. While the NOD MHC class II molecules are 

absolutely required for diabetes in this strain, it functions as a permissive genetic 

element, necessary but not sufficient for disease. This is experimentally observed in 

congenic and back crossed strains, in which the NOD MHC put onto other strains by 

itself is not sufficient for disease. Rather, several non-MHC genes on different 

chromosomes are also required (Yvse et al, 1996).

It is highly likely that the same type of non-MHC genetic influences are 

present in human autoimmune disease. Indeed, this may be a significant part of the 

explanation for different degrees of HLA disease association in different ethnic 

groups. Other genetic influences within the MHC may also modify the penetrance of 

a particular diseases susceptibility allele. For example, with the DQB1*0302 disease 

susceptibility gene in type I diabetes, it has been suggested that linked genes inherited 

at both the DRBl and DQAl loci on the same haplotype may influence the degree of 

disease risk (Nepom, 1991). In addition, the observation of different mechanisms 

among transcriptional MHC alleles suggests the possibility that transcriptional 

regulatory influences associated with particular disease susceptibitlity genes may also 

contribute to expression and potentially modulate risk (Beaty et al, 1995).

In most autoirrmiune diseases, it is not yet clear precisely which gene withm 

the MHC is the most likely candidate disease susceptibility allele. The difficulty in 

ascertaining gene specific risk derives from the fact that the human MHC exhibits a 

high degree of linkage disequilibrium between alleles at different loci. In other 

words, while each locus is highly polymorphic, the combinations of different genes at 

distinct loci is non random. Particular haplotypes are fixed in the population, in
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which clusters of genes are tightly linked. Thus for example the HLADR2 haplotype 

associated with multiple sclerosis expresses both the DRB1*1501 and the 

DRB5*0101 genes encoded by the tightly linked DRBl and DRB5 loci respectively. 

This combination present as a single haplotype in the population is associated with 

multiple sclerosis, but it is not yet clear precisely which of these two genes (or 

possibly both) is primarily responsible for the disease risk.

Another example comes from studies of autoimmune diseases such as 

Graves’ disease, systemic lupus erythematosus, myasthenia gravis, coeliac disease 

and autoimmune hepatitis, which are all associated with HLA-DR3, present on a 

specific haplotype which carries the HLA class I genes A1 and B8 as well as linked 

class II alleles, DQB1*0201 and DQA1*0501, and DRB1*0301. the identity of the 

true disease causing gene on this haplotype in these diseases has not yet been 

clarified.

1.2.7 MHC in Coeliac Disease

The HLA class II molecule is a heterodimer, comprising of one a  and one 

(5 chain , which are encoded by distinct a  and P  genes, respectively. Thus, it is not 

surprising that, in some cases, susceptibility appears to be due to combinations of 

a  and (3 loci inherited together. Because HLA alleles are codominantly expressed, the 

a  and (3 loci do not necessarily need to be linked on the same haplotype in order to 

form a class II heterodimer. The most straightforward example of this phenomenon 

appears to be with coeliac disease. It has been known for much time that coeliac 

patients carry the DR3 haplotype containing the DQB1*0201 gene. In addition, 

several investigators have noted that the majority of non-DR3 patients with coeliac 

disease are heterozygous for DR5 and DR7 haplotypes (Sollid et al, 1989). Analysis 

of these DR5 and DR7 haplotypes has shown that within the DQ/DR linkage cluster, 

the heterozygous combination of a DR5 and a DR7 haplotype reconstitiutes an intact 

combination which is also found on DR3 haplotypes. The same DQa and P 

chains which are encoded in cis or on a DR3 haplotype {DQA1*0501, DQB1*0201) 

also occur in trans in a DR5/7 heterozygote, where the DR5 haplotype contributes the 

a  chain and the DR7 haplotype contributes the P chain. Taking this observation into 

account more than 90% of patients with coeliac disease contain this one DQ 

heterodimer, suggesting that this indeed is a candidate susceptibility molecule
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potentially encoded by multiple haplotypes. A more in depth description of the 

involvement of the MHC in coeliac disease can be found in the following section.

1.3 Genetics of Coeliac Disease 

1.3.1 History of Genetics of Coeliac Disease

Geographically the incidence of coeliac disease is particularly high in 

northern Europe. There is a clear genetic predisposition to the disease. The tendency 

of the disease to run in families is well recognised as first reported nearly 70 years 

ago (Thaysen, 1935). The disease is found in approximately 10% of first degree 

relatives of coeliac patients, indicating a strong genetic predisposition to the disease 

(Ellis, 1981; Marsh, 1992). The strong genetic influence in coeliac disease is further 

supported by studies in twins. A recent large-scale study by Greco et al has shown 

that there is a 75%i concordance rate between identical twins (Greco et al, 2002). This 

monozygotic concordance rate is high for a multifactorial disease. Forty seven twin 

pairs were studied, twenty monozygotic and twenty seven dizygotic pairs. The 

concordance rates in other multifactorial diseases vary from 13% for insulin 

dependent diabetes mellitus (Kaprio et al, 1992), 12.3% for rheumatoid arthritis (Aho 

et al, 1986), 26.1% for multiple sclerosis (Ebers et al, 1994), 11.1% for systemic 

lupus erythematosus (Jarvinen et al, 1992), 16%> for ulcerative colitis and 20% for 

Crohn’s disease (Thompson et al, 1996). The concordance rate in the dizygotic 

coeliac twin pairs studied was 11%. The MZ (monozygotic or identical) versus DZ 

(dizygotic or non-identical) concordance rate provide a reliable estimate of the size of 

the genetic component in a disease whereas the DZ twins versus ordinary siblings 

concordance rate gives an estimate of the effect of a shared environment. The DZ 

twins; siblings ratio appears to be close to 1 as the incidence of the disease in siblings 

was above 11.1% which is very close to that observed in the DZ twins. This suggests 

that a shared environment (gluten antigen aside) has little or no effect on the 

concordance of DZ twins reared together. There is a chance that discordance rates for 

twin studies may not be 100% accurate, this is due to the possibility that the so called 

unaffected twin may go on to develop the disease at a later stage in life i.e. they may 

have been a ‘silent coeliac’ at the time of study. The study by Greco et al is the 

largest twin study to date, it confirms the findings of earlier smaller studies. The
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results support the hypothesis that coeliac disease is a heritable disorder, but also that 

environmental factors play an important role.

1.3.2 Human Leukocyte Antigen (HLA) and Genetics of Coeliac Disease

Genetically the disease has been strongly associated with human leukocyte 

antigen (HLA) molecules, which are coded for by genes in the major 

histocompatibility complex (MHC) on chromosome 6 (Kagnoff et al, 1991). (See fig. 

1.12). HLA molecules have been known to exist for several decades and were 

initially recognised as the major target antigens in transplantation rejection. The role 

of the MHC molecules in normal immune fiinction, and particularly their importance 

in disease, has been recognised quite recently. At least one hundred and twenty eight 

functioning genes have been identified in the HLA complex. Approximately 40% of 

these code for immunologically important molecules. A more detailed description of 

the features of the MHC are described in Section 1.2.

The first report linking coeliac disease with certain HLA antigens was three 

decades ago (Falchuk et al, 1972), (Stokes et al, 1972). This first association was 

shown with the class I region of the HLA, specifically the B8 molecule. This 

molecule showed an abnormally high frequency in patients with coeliac disease. 

Investigators interpreted this as indicating the presence of an abnormal ‘immune 

response (IR) gene’, leading to the production of pathogenic anti-gluten antibody, or, 

alternatively, a particular membrane configuration leading to binding of gluten to 

mucosal cells with subsequent tissue damage. In 1976, a stronger association to the 

class II molecule DR3 (now termed DR17) was found (Keuning et al, 1976). 

However, the proportion of coeliac patients possessing HLA-DR17 varied 

considerably between populations (65-95%), with a higher frequency among patients 

with a Northern ancestry. Other studies based on patients with a Mediterranean 

ancestry demonstrated an increase in DR11/DR7 or DR12/DR7 heterozygosity (DRl 1 

and DR12 formally were termed DR5) (Demarchi et al, 1983; Morellini et al, 1988; 

Mearin et al, 1983). Subsequently it became evident that the strongest association 

between HLA and coeliac disease was with the serological marker DQ2 (Tosi et al, 

1983). The DQ2 molecule encoded by the alleles DQB1*0201 and DQA1*0501 is 

possessed by 95% of coeliac patients, compared to 20-30% of healthy controls 

(Sollidera/, 1989).
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Non-identical siblings who share HLA type have 40% disease concordance 

suggesting a strong HLA association (Henker et al, 1989), but HLA may not be the 

sole genetic factor determining predisposition. Siblings that do not share some class 

II HLA markers have a concordance rate of 10% (Anstey et al, 1991). The prevalence 

of disease in other first-degree family members is somewhat less certain (Table 1.2). 

Family members may have latent asymptomatic disease with subtle inflammatory 

changes in the intestine evidenced by increased expression of the HLA class II DP 

and DR antigens and cells bearing IL-2 receptor in the lamina propria.

Relationship to Index Case Risk of Coeliac Disease

Identical twin 70%

HLA class II similar sibling 30-40%

HLA unmatched sibling 10%

Child/Parent 5-10%

Table L2: Familial Risk of Coeliac Disease

Note. McKenna et al (1983), Henker et al (1989), Anstey et al (1991), Victoria et al 
(1994).

In most populations studied, coeliac disease is associated with the extended 

HLA haplotype B8, DR3, DQw2. Nearly all patients with coeliac disease possess the 

HLA class II phenotype DQw2 as encoded by the DQ heterodimer DQal*0501 and 

DQP 1*0201. These alleles may be configured either in the cis form associated with 

DR3 (70%) or less commonly in the trans form associated with DR5/DR7 (30%) 

(Ploski et al, 1993), see Fig. 1.13. Individuals homozygous for DQal*0501  are at 

increased risk for coeliac disease, and individuals homozygous for DQal*0501, 

DQpi*0201 may develop symptomatically more severe disease (Congia et al, 1994), 

(Ploski et al, 1993). Also other HLA-associated genes may increase the genetic 

susceptibility for coeliac disease (Fernandez-Arquero et al, 1995).

It has been postulated that the gliadin peptide fragment is complexed with a 

specific HLA DQw2 molecule encoded by the DQal*0501, DQP1*0201
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heterodimer, and that this complex is presented to DQw2-restricted gluten-responsive 

T cells (Kagnoff et al, 1992; Gjertsen et al, 1994). Gliadin specific T cells have 

been isolated from the intestine and peripheral blood of coeliac patients (Jensen et 

al, 1995) and the majority of these cells are DQw2 restricted. However, no specific 

T-cell receptor usage has been defined (Roschman et al, 1993).

1.3.3 Genome Scans and Linkage Analysis in Coeliac Disease

Other genes in the MHC or indeed other non-MHC genes may also 

predispose to coeliac disease. The identification of additional susceptibility genes in 

coeliac disease is currently being pursued by many investigators. One way of 

identifying such genes is using whole genome scans. The first of such studies was in 

1996 by Zhong et al, this studied presents evidence for linkage of at least one non- 

HLA locus to coeliac disease (Zhong et al, 1996). They used a three-step genome 

screening protocol to identify loci that contribute to coeliac disease in the western 

counties of Ireland. The most significant of several possible non-HLA loci that they 

found was on chromosome 6p about 30 cM telomeric from HLA. It had a multipoint 

maximum lod score of 4.66 (compared to 4.44 for HLA-DQ) and appeared to have a 

recessive mode of inheritance. However, an independent study was unable to 

replicate these results (Brett et al, 1998). This study granted that the difficulties 

involved in analysing complex diseases means that one cannot be certain that the 

regions pointed to in the earlier study did not harbour susceptibility loci at least in 

some families.

In linkage anaylsis of 28 coeliac disease families, Houlsten et al could find no 

support for a predisposition locus telomeric to HLA on 6p (Houlsten et al, 1997). 

There was also no significant evidence in favour of linkage to 8 other chromosomal 

regions that had previously been suspected. There was, however, excess sharing of 

alleles close to D15S642. The maximum nonparametric linkage score was 1.99 

(P=0.03). Although the evidence for linkage of coeliac disease to 15q26 was not 

strong, the well established association between coeliac disease and IDDM, together 

with the mapping of an IDDM susceptibility locus (termed IDDM3) to 15q26, 

provides indirect support for this as a candidate locus conferring susceptibility to 

coeliac disease in some families.
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To determine the location of genetic risk factors in addition to HLA, Greco et 

al performed a systematic screening of the genome in 110 affected sib pairs and their 

parents (Greco et al, 1998). Systematic linkage analysis was first performed on 39 

pairs in which both sibs had a symptomatic form of the disease. Replication of these 

regions of interest was then carried out on 71 pairs in which 1 sib had a symptomatic 

form and another a silent form of coeliac disease. In addition to the HLA loci, this 

study suggested that a risk factor in 5qter is involved in both forms of coeliac disease. 

Furthermore, a factor on 1 Iqter possibly differentiated the two forms.

Based on a sib recurrence risk of 10% and a population prevalence of 0.0033, 

the overall sib relative risk for coeliac disease is 30. Bevan et al examined haplotype- 

sharing probabilities across the MHC region in 55 families with the disease (Bevan et 

al, 1999). Based on these probabilities, they calculated the sib relative risk of coeliac 

disease associated with the MHC region to be 3.7. They combined this result with 

published data and estimated the sib relative risk associated with the MHC region to 

be 3.3. Under the assumption of a multiplicative interaction between HLA- and non- 

HLA linked loci, they concluded that MHC genes contribute to no more than 40% of 

the sib familial risk of coeliac disease and that non-HLA-Mvked. genes are likely to be 

the stronger determinant of coeliac disease susceptibility.

Bourgain et al developed a method, the maximum identity length contrast 

(MILC) statistic, for the study of multifactorial diseases in isolated populations 

(Bourgain et al, 2000). The major characteristic of MILC is that, unlike most 

previously proposed methods for the study of complex diseases in founder 

populations it does not make the assumption that all carriers of a susceptibility allele 

inherited it from a single common ancestor. Although this assumption may be true 

for the rare mutations involved in monogenic diseases, it is likely to be irrelevant for 

many genetic risk factors involved in complex diseases. The MILC method relies on 

the fact that, even though not all affected individuals carrying the susceptibility allele 

had received it from the same single ancestor, they have a stronger kinship 

coefficient at the disease locus than do unaffected individuals. Affected individuals 

are thus more likely to share common haplotypes in the vicinity of the disease locus 

than are control subjects. The MILC approach compares the identity length of 

parental haplotypes that are transmitted to affected offspring with the identity length 

of those that are not transmitted to affected offspring. In 2001, this group used the
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MILC approach to analyse the role of HLA in coeliac disease and showed that the 

effect of HLA may be detected with the MILC approach by typing only 11 affected 

individuals who were part of a single large scale Finnish pedigree (Bourgain et al, 

2001).

King et al reviewed various studies on linkage to non-HLA loci for coeliac 

disease (King et al, 2001). Their own genome wide linkage study genotyped 16 

highly informative pedigrees for 400 microsatellite markers spanning the entire 

genome with an average marker spacing of 10 cM (King et al, 2000). They identified 

17 potentially linked regions with lod scores significant at p less than 0.05. In a later 

study (King et al, 2001), they investigated these 17 regions in a larger set of 

pedigrees using more frequently spaced markers. The study involved 34 additional 

highly informative pedigrees to a total of 50 multiply affected families. By 2-point 

and 3-point linkage analysis using classic and model-free methods, they identified 5 

potential susceptibility loci with heterogeneity scores greater that 2.0. The most 

significant was a heterogeneity lod of 2.6 at D11S914 on 1 Ip l 1. This marker mapped 

to a position implicated in 1 of the 2 previous genome scans. Taken together, these 

results provide strong support for the existence of a susceptibility locus in that 

region.

However, attempts to match predisposing genes by linkage analysis have with 

the exception of the HLA, failed to reveal unambiguous candidate genes or 

chromosomal regions. This suggests that each of the yet unmapped predisposing CD 

genes has only a minor genetic influence. Indications for susceptibility regions at 

5qter and llq ter are weak (Houlsten et al, 1997). As with other polygenic 

inflammatory diseases, little is known about the non-HLA susceptibility genes.

1.3.4 Candidate Gene Analysis in Coeliac Disease

Conceivably, however, the gene products of many of these genes have 

immune related functions. In the case of CD, the HLA genes and the non-HLA genes 

shape the immune response to gluten so that immunopathology is produced in the 

small intestine. So therefore another approach to investigate genetic factors in coeliac 

disease involves analysis of candidate genes that are directly related to autoimmune 

disorders, using the case control association method or familial studies.
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Cytotoxic T lymphocyte-associated antigen-4 (CTLA4) on chromosome 2q33 

is a Ukely candidate gene for autoimmune diseases because of its role in controlling 

the T cell proliferative response. The CTLA4 gene encodes a T lymphocyte surface 

molecule which is expressed exclusively on activated CD4+ and CD8+ T cells. It 

binds the ligands B7-1 and B7-2 as does another cell surface molecule CD28. 

CTLA4 binds these ligands with a 20-50 fold higher affinity than CD28 (Lindsey et 

al, 1994). However, whereas CD28 provides a critical costimulatory signal essential 

for the initiation and progression of T cell immunity, data indicate that CTLA-4 may 

actually ftinction to down regulate T cell function (Krummel et al, 1995). CTLA4 

deficient mice develop a lymphoproliferative disease with multiorgan lymphocytic 

infiltration and tissue destruction (Tivoli et al, 1995). Association of DDDM and 

Graves’ disease with a point mutation in exon 1 of CTLA4 (position 49 A/G) leading 

to a Thr/ Ala substitution in the leader peptide has recently been described in several 

different populations by combined association and linkage studies (Yanagawa et al, 

1995; Nistico et al, 1996; Djilali-Saiah et al, 1998). A recent report by Djilah-Saiah 

et al (1998) show an association of the ‘A’ allele with predisposition to coeliac 

disease. The fi'equency of this allele was not due to the presence of the classic HLA 

alleles but independent of DQ, this suggests that the effects of the HLA and CTLA4 

loci are independent (Djilali-Saiah et al, 1998). A family based linkage study of the 

CTLA4 region, including the exon 1 SNP and polymorphisms in the 3’ UTR of the 

gene has found significant evidence for linkage to coeliac disease (Holopainen et al, 

1999). Other chromosome 2 genes which may be of interest in coeliac disease 

susceptibility include CD28 and IL-1 gene cluster (IL-loc, IL-lp, IL-1 R l, IL-1R2 and 

IL-IRA).

A recent study on the IL-12p gene which is located on chromosome 5 

{5q3I.I-33.I), a region where there is evidence for linkage with coeliac disease found 

no association between a 3’ UTR SNP and susceptibility to coeliac disease (Louka et 

al, 2002).

Other genes of interest in coeliac immunopathogenesis also include genes on 

chromosome 6 such as MICA, MICE, TNF. The role of intraepithelial TCRy6 T cells, 

which are notably increased in coeliac patients, is one of the unanswered questions 

about the disease. Recently, Groh and colleagues proved that a group of these T cells, 

expressing diverse V6y5 T cell receptors recognise MHC class I chain related
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molecules MICA and MICB, two non- classic HLA proteins mainly expressed by 

enterocytes under stressful conditions (Groh et al, 1998). MICA is almost exclusively 

expressed in the gastrointestinal epithelium. MICA is a polymorphic gene located 47 

kb centromeric to HLA-B. The high degree o f linkage disequilibrium between MICA 

and HLA-B, and the particular tissue expression pattern of this molecule, are 

important in considering MICA as an additional gene in the development of coeliac 

disease. In fact, recent studies show a clear relation between a MICA TM 

(transmembrane region) polymorphism and IDDM (Gambelunghe et al, 2000), 

autoimmune Addison’s disease (Gambelunghe et al, 1999) and psoriatic arthritis 

(Gonzalez et al, 1999). The MICA-A5.1 allele carries a nucleotide insertion resulting 

in a premature stop codon which may encode a secreted form of the MICA molecule. 

The MICA-A5.1 soluble form may protect against the development o f typical coeliac 

disease by blocking or inhibiting enterocyte recognition and destruction by Ty6Y or 

CDS- activated cells as recently suggested in a study by Lopez-Vazquez et al (Lopez- 

Vazquez et al, 2002).

The tumour necrosis factor (INF) genes lie in the class III region o f the HLA 

complex on chromosome six. TNF is a proinflammatory cytokine and aberrant 

expression o f this molecule has been implicated in the immunopathogenesis o f many 

autoimmune diseases including rheumatoid arthritis, systemic lupus erythematosous 

(SLE) and EDDM. Many polymorphisms have been identified in the TNF gene 

region, in fact some o f these polymorphisms have been associated with variable TNF 

production. The biology and the genetics o f the TNF region are described in detail in 

section 1.4 o f this thesis.

A biallelic SNP in the promoter region o f the TNF-a gene at position -308  

has been associated with a variety o f autoimmune and infectious diseases. This ‘rare’ 

TNF2 allele has also been associated with higher levels o f constitutive and inducible 

TNF in CAT assays (Wilson et al, 1997). This allele is also closely associated with 

the HLA-A1-B8-DR3-DQ2 coeliac disease haplotype (Wilson et al, 1993). A study by 

McManus et al investigated the relationship between the 77V F-a promoter 

polymorphism TNF-308 and coeliac disease (McManus et al, 1996). The TNF2 allele 

was significantly increased in coeliac patients. This association was 100% linked to 

the HLADQ  susceptibility alleles and therefore it is not an independent association. 

The TNF2 allele is part o f the coeliac disease haplotype, however, it may be a passive
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component. Similar results were obtained by de la Concha et al, they found the TNF2 

allele to be significantly increased in coeliac disease. However, their findings suggest 

that this increase was independent of the HLA DR and DQ alleles (de la Concha et al, 

2000).

Other polymorphisms in the TNF region have also been associated with 

coeliac disease. Analysis o f the TNFa and TNFb microsatellite polymorphisms in an 

Irish coeliac population suggested an association with a specific TNF-a response 

(McManus et al, 1996). This case-control study discovered an independent 

association between the TNFa2 allele and coeliac disease. This allele was previously 

correlated with high TNF production in a study of IDDM patients (Pociot et al, 

1993). It was postulated that an exaggerated TNF-a response partially underlies the 

genetic predisposition to coeliac disease. The previously described independent 

association with the TNFa2 microsatellite allele and coeliac disease was not found in 

a study of Finnish coeliac patients (Polvi et al, 1998). The discrepancy between the 

two studies was suggested to be due to population differences.

1.3.5 Genetics of Dermatitis Herpetiformis

DH is a rare disorder with the incidence of the disease about 1:15,000 in the 

U.K.. It may present at any age but most commonly begins between the ages of 15-40 

years. Unlike coeliac disease, it is slightly more common in males than females at a 

ratio of 3:2. The disorder has also been strongly associated with the autoimmune 

related HLA haplotype: A l, B8, DRS and DQ2 (Otley et al, 1991; Ahmed et al, 

1993). The linkage to DQ is very strong with 100% of Spanish DH patients capable 

of producing DQ alpha 1*501-DQ beta 1*02 heterodimers. Comparison of observed 

and expected DQAl-DQBl genotype distributions (using Hardy-Weinberg 

equilibrium), showed that there was excess of patients with DQBl *02 (Balas et al, 

1997). There is some evidence, however, that the MHC disease susceptibility gene 

for DH lies closer to the complement cluster, which is in the class in region of the 

MHC, rather than the class II region containing the DR and DQ genes (Ahmed et al, 

1993).

Dermatitis herpetiformis has also been linked to the TNF genes in the class III 

region of the MHC. The rare TNF2 and TNFBl alleles from polymorphisms in the 

TNF region are increased in DH patients (Messer et al, 1994). The predominance of
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the ‘high response’ TNF-308 allele in DH patients may represent a genetic basis for 

the chronic inflammatory response in the skin and mucosal tissues in this condition. 

However, Wilson et al suggest that the TNF2 allele is not a major disease marker in 

DH but it may play a minor role (Wilson et al, 1995).

1.4 TUMOUR NECROSIS FACTOR (TNF)
1.4.1 General Background

Infection, cancer, or inflammation triggers production of immunological 

mediators termed cytokines. These hormone-like peptides may enter the blood stream 

to alter the biology of distant tissues, or they may behave as paracrine mediators that 

act only locally. In some diseases, cytokines are beneficial to the host, representing 

an integral component to the immunological defense network. In other cases, 

however, cytokines actually cause the most striking manifestations o f the disease 

(e.g. shock, tissue injury, weight loss). One cytokine that has been widely studied for 

its role in human disease is tumour necrosis factor (TNF). TNF has many broad- 

ranging functions from the regulation of endothelial cell adhesion molecules to 

facilitate entry of leukocytes into tissues, to the direct induction of cellular 

cytotoxicity. This diversity of function potentially attributable to TNF makes this 

cytokine especially important as a potential therapeutic target.

1.4.2 History of Tumour Necrosis Factor

The name ‘tumour necrosis factor’ (TNF) was introduced by Lloyd Old and 

co-workers in 1975 to indicate a protein identified in serum which was able to cause 

haemorrhagic necrosis in methylcholanthrene-A (MethA)-induced, transplantable 

sarcoma tumours in mice (Carswell, 1975). This was the culmination of over two 

centuries of clinical observations and experimentation. In the 18* century, a number 

of cases were reported where coincidental infection of a cancer patient led to 

regression of the tumour (Nauts, 1989). Many examples were described where an 

induced infection was used successfully as a cancer treatment. Such observations led 

William B. Coley to use local administration of bacterial extracts, ‘Coley s Toxins , 

for cancer therapy (Coley, 1893). Although largely anecdotal, the list of successful 

cases is impressive. It may be noted that the treatments usually involved local 

administration (presumably local TNF production) and resulted in high fever (tumour
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cells are more susceptible to TNF at higher temperatures). The Coley toxin 

preparations contained filtrates from Streptococci (isolated from erysipelas) and 

Serratia marcescens. Later more controlled studies were carried out in animal model 

systems. For example, in 1936 Shwartzman and Michailovsky obtained 

haemorrhagic necrosis of a sarcoma in mice by parenteral injection of extracts from 

Meningococci (Shwartzman et al, 1936). It should not be concluded that these effects 

were simply due to TNF. We now know today that under such conditions a variety of 

cytokines are induced but TNF is the key actor in the cast.

Not only Upopolysaccharide (LPS) derived from Gram-negative bacteria was 

active in these in-vivo systems, also many studies were carried out using Bacillus 

Calmette-Guerin (BCG). These may have been based on a belief held in the previous 

century, when some physicians were convinced of an inverse correlation between 

tuberculosis and cancer. BCG as well as Corynebacterium parvum (CP) and zymosan 

(yeast cell walls) are immuno-stimulants: they cause reticulo-endothelial hyperplasia 

and hepatosplenomegaly. As such, these treatments have a modest anti-tumour 

activity. But mice primed in this way for two to three weeks, become hypersensitive 

to LPS. This led to the key finding in 1975 that mice primed with BCG and then 

treated with LPS, release within hours in their serum a factor which causes 

haemorrhagic tumour necrosis in MethA-sarcoma-bearing mice (Carswell et al, 

1975). This factor, a high molecular weight protein, was given the name tumour 

necrosis factor or TNF. The factor was shown to be cytotoxic for murine L cells and 

this provided a quantitative assay system. It could be determined that the TNF titre in 

the serum upon LPS injection is 100 to 1000-fold higher in BCG- or C. parvum- 

primed animals as compared to controls (Gifford et al, 1987). Using this convenient 

in vitro assay, pure TNF protein was obtained from animals and cultured cell lines, 

partially sequenced, and on this basis TNF cDNA was cloned both from human and a 

number of animal species (Pennica et al, 1984). Further research also demonstrated 

that TNF was well expressed in Escherichia coli. Therefore, large quantities of TNF 

became available for research and clinical use.

In a parallel line o f research, Cerami et al attempted to identify the underlying 

cause of wasting in chronic infectious disease (Rouzer et al, 1980). Rabbits infected 

with Trypanosoma brucei developed severe cachexia losing, despite low parasitic 

load, up to 50% of their live weight. Paradoxically, the final stage of wasting was
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marked by a profound accumulation of triglycerides in the serum. A systemic 

deficiency in the enzyme, lipoprotein lipase, was shown to be responsible for this 

hypertriglyceridaemia. The factor responsible for metabolic suppression of this 

enzyme was also induced in certain endotoxin-sensitive mouse strains (C3H/HeN) by 

LPS and the activity was transferable to LPS-resistant strains (C3H/HeJ) (Kawakami 

et al, 1981). The fact that this substance could completely block lipase activity 

(Kawakami et al, 1982) was exploited in development of a sensitive bioassay for a 

molecule called cachetin (Beutler, 1992; Beutler et al, 1994).

Endotoxin-treated macrophages were found to be a major source of the TNF 

and ‘cachectin’ activities (Mannel et al, 1980; Torti et al, 1985) and cachectin 

exhibited a strong cytotoxic activity for WEHI 164 cells in vitro indicating a high 

degree of homology (Beutler et al, 1985). Identity of the two proteins as the same 

molecule was finally established by molecular cloning and expression (Pennica, 

1984; Wang et al, 1985).

A third route of research led to the discovery of lymphotoxin or TNF-p. 

Activated lymphocytes are toxic to certain, even allotypic cell types (Rosenau et al, 

1961) and it was found that toxicity was mediated by a protein, named lymphotoxin 

(Ruddle et al, 1968). A cytotoxic factor released by lymphocytes after mitogenic 

stimulation, e.g. by phytohaemagglutinin, had also been described (Granger et al, 

1968; Granger et al, 1978). In 1984, Aggarwal and colleagues isolated lymphotoxin 

(Aggarwal et al, 1984) and cloned the gene (Gray et al, 1984).

1.4.3 Structure of the Tumour necrosis Factor Protein

There are two forms of TNF, a 26-kDa transmembrane pro-TNF and a 17- 

kDa secreted mature TNF. Pro-TNF, the precursor of mature TNF, is a type II 

transmembrane protein with its N-terminus inside the cytoplasm and C-terminus 

outside the cells. Newly synthesized pro-TNF is first displayed on the plasma 

membrane and then cleaved proteolytically between alanine (-1) and valine (+1) in 

the extracellular domain to release the mature TNF (Kriegler et al, 1988). The 17- 

kDa mature TNF is the active form mediating the biological effects. The 26 kDa 

transmembrane pro-TNF, however, is also active and has been shown to mediate the 

cytotoxic effect of TNF through cell-cell contact (Knegler et al, 1988).

48



Bioactive secreted TNF is a trimer in solution as shown by analytic 

ultracentrifugation (Wingfield et al, 1987), gel filtration chromatography and cross- 

linking (Smith et al, 1987). Crystallographic studies of TNF structure revealed TNF 

as a p-sheet protein that self-associates non-covalently into a symmetrically compact, 

bell-shaped trimer (Eck et al, 1992). Each subunit consists almost entirely of 

antiparallel p-pleated sheets, organized into a ‘jellyroll P-sandwich’. The C-terminus 

of each subunit is embedded in the base of the trimer, and the N-terminus is relatively 

free from the base of the trimer. Thus, the N-terminus does not participate in trimer 

interaction and is not critical for TNF biologic activity (Creasey et al, 1987). Detailed 

structural analyses suggest that mutations that destabilize the trimeric association of 

monomers result in the loss of TNF biologic activity (Lin et al, 1992), suggesting that 

the trimeric structure of TNF is important for its biologic function.

The multiple activities of TNF are mediated through two distinct but 

structurally homologous TNF receptors, type I (p60 or p55) and type II (p80 or p75) 

with molecular masses of 60 and 80 kDa, respectively. Both are type I 

transmembrane glycoproteins and members of the TNF receptor superfamily 

characterised by the presence of multiple cysteine-rich repeats of about 40 amino 

acids in the extracellular amino-terminal domain (Mallet et al, 1991). TNFRl and 

TNFR2 are present on virtually all cell types except for red blood cells (Hohmann et 

al, 1989). TNFRl is more ubiquitous, but TNFR2 is more abundant on endothelial 

cells and cells of haematopoietic lineage (Hohmann et al, 1989; Brockhaus et al, 

1990; Porteu et al, 1991). Both receptors can bind to TNF with high affinity, and the 

dissociation constants (Kd) are 2-5 x 10'̂ *̂  and 3-7 x 10“' ' ,  respectively. These high 

affinity receptors share 28% homology in their extracellular domains but have no 

intracellular homology. In the murine system, mTNFRl has a similar affinity for both 

mTNF-a and hTNF-a, whereas mTNFR2 shows strong specificity for recombinant 

mTNF-a.

Several studies have been carried out to establish the relationship between 

TNF structure and its biologic activities. The results from mutation analysis of 

mature TNF indicate that each TNF trimer has three receptor interaction sites located 

in the intersubunit grooves near the base of the trimer (Zhang et al, 1992). Two 

different mutations of TNF, L29S and R32W, exhibit decreased binding to TNFRl 

and mutations of TNF at W32T86 and N143R145 render it TNFRl or TNFR2
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specific respectively (Loetscher et al, 1993). These results indicate that it is possible 

to increase or decrease some particular TNF functions through genetic engineering. 

In fact, studies of TNF structure-function relationship have been mostly driven by 

trying to redesign a TNF molecule with maximum efficacy as an antitumour agent, 

with minimal side effects. As TNFR2 was believed to be the major mediator of TNF 

cytotoxicity, there has been widespread interest in identifying a TNFRl-specific TNF 

molecule. Unfortunately, TNFRl-specific mutants were found to exhibit similar 

toxicity in vivo (Van Zee, 1994). Recently, one TNF mutant has been shown to 

decrease toxicity in mice without any loss of its antitumour effects (Kuroda et al, 

1995).

Transmembrane pro-TNF is also biologically active, but less is known about 

its structure and structure-function relationship. Recently, it was found that human 

pro-TNF, like secreted mature TNF, also has a trimeric structure, which is assembled 

intracellularly before transport to the cell surface and is apparently required for its 

biologic activities (Tang et al, 1996). A structure-function model has been proposed 

in which the mature TNF domains of the pro-TNF are arranged as a compact bell

shaped trimer, very similar to the arrangement in the mature TNF crystal (Eck et al, 

1989). The mobile N-terminus from each subunit is linked to the 20-residue linking 

sequence, which, in turn, is connected to the transmembrane domain. When effector 

cells are juxtaposed to the target cells, pro-TNF on the effector cells can interact with 

TNF receptors on the target cells, thereby inducing TNF responses via receptor 

aggregation. Thus, pro-TNF trimers may interact with the extracellular domains of 

TNF receptor, much as mature TNF does. The leader peptide sequence may be 

involved in facilitating trimer formation of pro-TNF, but it may not be required for 

trimer formation (Kriegler et al, 1988). It is possible that membrane TNF is more 

potent than mature TNF in activating TNF receptor 2 (TNFR2) (Grell et al, 1995).

Although TNF is a P-sheet protein, it can be a helical trimer at acidic pH 

(Narhi et al, 1996). TNF is the only protein to date that has no a  helix in its native 

structure but forms an a-helical structure in the molten globule (an intermediate 

structure produced by acid-induced unfolding of proteins). Under acidic conditions, 

TNF undergoes a conformational change which results in an increase in surface 

hydrophobicity and a simultaneous increase in cytolj^ic activity, membrane insertion 

^ d  lipid vesicle binding (Chang et al, 1990). The inserted proteins appear to be
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capable o f functioning as an ion channel (Baldwin et al, 1996). These data have led 

to a hypothesis that the increased cytolytic activity seen at low pH is due to an acid- 

induced conformational change which allows TNF to insert into lipid membranes and 

function as a Na+ channel. This conformation may also allow TNF to penetrate 

directly into the target cells, where neutral pH in the cytosol restores the original 

structure and activity (Kagan et al, 1992). Importantly, the conformational change at 

low pH may be physiologically relevant, as a pH o f about 3.6 has been reported in the 

space between macrophages and their substrates (Silver et al, 1988).

1.4.4 Biosynthesis and Regulation of Tumour Necrosis Factor

TNF has been shown to be produced by numerous immune cells including 

monocytic cells, natural killer (NK) cells, B cells, T cells, basophils, eosinophils, 

neutrophils, and non-immune cells including mast cells, Kupffer cells, astrocytes, 

granulosa cells, fibroblasts, osteoblasts, smooth muscle cells, spermatogenic cells, 

retinal pigment epithelial cells, keratinocytes, glia, neurons, and many kinds of 

tumour cells. TNF synthesis can be stimulated by a wide range o f stimuli in different 

cell types. For example, in macrophages, TNF synthesis can be induced by biologic, 

chemical and physical stimuli including viruses, bacterial products, parasite products, 

tumour cells, cytokines (interleukin-1 (IL-1), IL-2, interferon-y (IFN-y), granulocyte- 

macrophage colony stimulating factor (GM-CSF), M-CSF, leukemia inhibitory factor 

(LIF) and TNF itself), complement, cGMP, X-ray radiation, ischemia and trauma. 

Among these stimuli, lipopolysaccharide (LPS) in monocytic cells, engagement of 

the T-cell receptor in T lymphocytes, cross-linking o f surface immunoglobulin (sig) 

in B lymphocytes, ultraviolet light in epithelial cell, and phorbol ester and viral 

infections in a variety o f cell types have been studied most widely. Suppressors of 

TNF expression in macrophages are also highly diverse and include prostaglandin E2 

(PGE2 ), transforming growth factor-P (TGF-p), IFN-a, IFN-P, IL-4, IL-6, IL-10, G- 

CSF, certain viral products such as adenoviral proteins, dexamethasone, 

glucocorticoids, cyclosporin A, spermine, pentoxifylline and cAMP.

The biosynthesis o f  TNF is tightly controlled at many different levels to 

ensure the silence o f the TNF gene under normal circumstances. Therefore, TNF is 

produced in vanishing small quantities in quiescent cells, but is one o f the major 

secretory factors in activated cells (Beutler et al, 1985). The TNF gene is one of the
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immediate early genes induced by a variety of stimuli, and TNF mRNA levels 

increase strikingly within 15-30 min with no requirement of de novo protein 

synthesis, suggesting that the factors necessary for the induction of TNF expression 

pre-exist in unstimulated cells. The cell-type specific regulation of TNF synthesis is 

reflected not only by diverse distribution of TNF receptors, but also by the 

differential use of regulatory elements on TNF biosynthesis in different cells. Each 

one of the synthetic steps fi-om sensing the presence of a stimulus to TNF secretion is 

controlled by different molecular events regulating the TNF gene, mRNA and 

protein.

a) Transcriptional Regulation

At the transcriptional level, besides a TATA box promoter located 20 base 

pairs (bp) upstream from the transcription start site, a number of regulatory sequences 

are also found upstream of the TNF gene including three nuclear factor (NF)-kB sites 

k 1, k 2 and k 3 (Goldfield et al, 1993); three nuclear factor of activated T cells 

(NFAT) binding sites for NFATp, NFAT-149, NFAT-117 and NFAT-76 (Tsai et al, 

1996a; Tsai et al, 1996b); one ‘Y ’ box; one cAMP-responsive element (CRE) for 

activation transcription factor-2 (AFT-2)/Jun (Tsai et al, 1996a); two SV40 

promoter-1 (SP-1) sites (Kramer et al, 1994); one activating protein-1 (AP-1) and 

one AP-2 binding site for Fos/jun (Leitman et al, 1992); one E26 transformation- 

specific (Ets) binding site (Kramer et al, 1995); and an early growth responsive-1 

(Egr-1) binding site (Kramer, 1994). A model of the TNF promoter is shown in fig. 

1.14. Although k 3 matches the binding consensus sequence for the transcription 

factor NF-kB, it is beheved k 3 mainly binds to NFATp instead of NF-kB. The CRE 

element in the TNF promoter binds mainly to AFT-2/Jun instead of Fos/Jun. In 

addition, genetic studies discussed below have demonstrated that other regulatory 

elements such as -308 may be important in regulating TNF transcription (Cavender, 

1988; Lattime et al, 1988; Wong et al, 1988). Although TNF expression at the 

transcriptional level has also been shown to be negatively regulated (Rhoades et al,

1992), the details are less well characterised.

The regulation of TNF synthesis is cell-type specific, partially because of 

differential use of regulatory elements on the TNF promoter. In calcium- or T cell 

ligand activated Ar-5 T lymphocytes, a functional interaction between NFATp on the
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Fig. 1.14: Model of the TNF promoter. Putative cis-acting consensus sequences are denoted by boxes and numbers identify the 
position in relation to the transcription start site. (Reproduced from Zhang M. and Tracey K. J., 1998).



k3 site and AFT-2/Jun on the CRE element, but not AP-1 or AP-2, play a crucial role 

in the induction of TNF expression (Tsai et al, 1996a; Tsai, 1996b). ]n calcium 

activated A20 B lymphocytes, however, NFATp on the k3 element is not required, 

but NFATp on NFAT-76 plays a more important role in the induction of TNF 

synthesis (Tsai et al, 1996b). In phorbol myristate acetate (PMA)-activated T cells, 

the interaction between Ets and ATF/Jun is essential for both basal and induced TNF 

expression. TNF induction in LPS-activated macrophages occurs in association with 

activation of NF-kB transcription factor, but the role of NF-kB in TNF induction is 

still obscure. Goldfield and colleagues have shown that the NF-kB sites are neither 

required nor sufficient for virus or LPS induction of TNF (Goldfield et al, 1990). 

However, TNF transcription inhibitors can inhibit the activation of NF-kB as 

discussed in the next section.

As the factors participating in the regulation of TNF synthesis pre-exist in 

unstimulated cells, modification of the transcription factors able to bind to the 

regulatory elements on the TNF promoter, such as NFATp, NF-kB and AP-1, has 

been implicated in the mechanism of TNF induction. Protein kinases and 

phosphatases are also involved in the induction of TNF (Sung et al, 1988; Chung et 

al, 1992; Lee et al, 1994), as well as proteases and phospholipase D (Balboa et al, 

1992). Some of these enzymes are able to modify the activity of TNF induction- 

related transcription factors such as NF-kB and AP-1. A pathway via mitogen- 

activated protein (MAP) kinase/extracellular signal-related kinase (ERK) kinase 

(MEKK) can activate a few TNF induction-associated transcription factors such as 

NF-kB, c-Jun and p38 (Cohen et al, 1996; Lee et al, 1996), and may play an 

important role in TNF regulation.

b) Translational Regulation

At the translational level, TNF synthesis is inhibited in quiescent cells but 

highly inducible upon stimulation. It is believed that the enforced inhibition is an 

important mechanism to protect the host from the harmful effects of TNF. In 

response to LPS stimulation, macrophages from C3H/HeJ mice or human monocytic 

cells pre-treated with dexamethasone, spermine or CNI-1493 (a tetravalent guanyl- 

hydrazone) fail to produce TNF protein (Beutler et al, 1986; Cohen et al, 1996, 

Zhang et al, 1997), but TNF mRNA is induced dramatically. A key element for
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translational regulation of TNF has been identified in the 3’ UTR of TNF mRNA, 

and is also found in the 3’ UTR of many other cytokines, growth factors and 

oncoproteins (Caput et al, 1986). It is an AU-rich sequence, UUAUUUAU, and has 

been shown to decrease mRNA stability or inhibit its translation (Shaw et al, 1986; 

Wilson et al, 1988). The mechanism of translational regulation by the AU-rich 

sequence has been suggested through physical interaction with the poly-A tail, 

resulting in the failure of the mRNA to form large polysomes (Grafi et al, 1993). It 

has recently been shown that the minimal motif that confers mRNA instability is the 

UUAUUUAUU nonanucleotide (Lagnado et al, 1994; Zubiaga et al, 1995), but the 

presence of a single octanucleotide UUAUUUAU in the 3’ UTR is sufficient to 

inhibit translation significantly (Kruys et al, 1989). The 3’ UTR of TNF has a 

TTATTTATTATTTATTTATTATTTATTTATTTATTTA sequence and, dependent 

on the cell system, TNF translation may be regulated either way through this 

sequence. Han and colleagues demonstrated that the 3’ UTR of TNF caused a 600- 

fold decrease in translational efficiency of TNF mRNA (Han et al, 1990a; Han, 

1990b). Although the stability of TNF mRNA can be modulated by IL-4, IFN-y and 

ameobic proteins (Seguin et al, 1995; Suk et al 1996), there is no definite evidence to 

demonstrate the role of the AU-rich element in the stability of TNF mRNA. It has 

been shown that the AU-rich sequence has no effect on TNF mRNA stability in 

RAW 264.7 macrophages (Han et al, 1991). Several factors have been identified that 

are capable of binding to the AU-rich sequence and may mediate the enforced 

inhibition of TNF translation (Malter, 1989; Bohjanen et al, 1991; Vakalopoulou et 

al, 1991; Zhang et al, 1993). It has been suggested that p38 MAP kinase may be 

critical in the translational control of TNF synthesis (Lee et al, 1994). The activation 

of this MAP kinase cascade enhances the translational efficiency of TNF mRNA. 

However, the direct connection between the binding factors and the p38 protein 

kinase remains to be elucidated.

c) Post-translational Regulation

TNF is initially synthesised as a 233-amino-acid membrane-anchored 

prohormone which is processed proteolytically to yield the mature 157-amino-acid 

cytokine. Analysis of cleavage site sequences in human TNF revealed significant 

homology with sites in collagen, ai-inhibitory proteins, and ai-macroglobulin, all
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known to be cleaved by matrix metalloproteinases (MMPs). The TNF-converting 

enzyme (TCE) has recently been identified as an MMP-like enzyme (Black et al, 

1997; Moss et al, 1997). Metalloproteinase inhibitors block TNF processing (Gearing 

et al, 1994). A serine protease, proteinase 3 (PR-3) has also been reported to be 

involved in TNF processing (Robache-Gallea et al, 1995), but possibly by 

modulating the activity of MMP-like enzyme (Gearing et al, 1995). Gearing and 

colleagues have found that TCE activity is expressed ubiquitously, even in HeLa 

cells that are believed not to produce TNF, and in insect cells where pro-TNF is 

expressed by means of a baculovirus system. Although the above results suggests that 

TCE is expressed constitutively, the expression and activity of TCE has also been 

reported to be regulated. Recent studies have demonstrated that LPS, TNF and other 

cytokines can modulate MMP levels (Panagakos et al, 1996), and plasminogen and 

plasmin not only increase secretion of MMPs but also induce cleavage to their active 

forms (Lee et al, 1996).

L4.5 TNF Receptors

The exact roles of the two TNF receptors in mediating the effects of TNF 

continue to be the focus of intensive study. It is generally believed that TNFRl is 

responsible for the majority of biologic actions of TNF. Direct signalling through 

TNFR2 occurs less extensively and appears to be confined mainly to cells of the 

immune system. It is suggested by studies on fibroblasts from TNFRl-deficient mice 

that TNFRl controls adhesion to leukocytes as well as intracellular adhesion 

molecule-1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), CD44 and 

major histocompatibility complex (MHC) class I upregulation, secretion of other 

cytokines, cell proliferation and NF-kB activation; however, TNFR2 stimulation in 

TNFRl-deficient fibroblasts has no effects on these functions (Mackay et al, 1994). 

Studies on TNFRl-selective TNF mutants also suggest that TNFRl is the sole 

mediator of TNF cytotoxicity and cytostasis, and a major mediator of neutrophil and 

endothelial activation, whereas TNFR2 by itself does not seem to be sufficient to 

stimulate these functions (Barbara et al, 1994). The role of TNFR2 may be to 

potentiate the effects of TNFRl. A unique ‘passing model’ has been suggested to 

explain the role of TNFR2 in mediating TNF responses (Tartaglia et al, 1993). The 

rapid rate of dissociation of the TNF-TNFR2 complex may facilitate the interaction
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of TNF with TNFRl, suggesting a role of TNFR2 in passing TNF to TNFRl, which 

has been postulated to be the main TNF signal transducer. M some cases, however, 

TNFR2 is also believed to mediate several TNF effects such as proliferation of T and 

B cells (Tartagha et al, 1991; Barbara et al, 1994), induction of NF-kB (Hohmann et 

al, 1990a) and cytotoxicity (Hohmaim et al, 1990a; Hohmann et al, 1990b; Grell,

1994). TNF receptor activities are also subject to regulation by a wide variety of 

agents such as PKC and PKA modulators, LPS, retinoid acid, glucocorticoids and 

cytokines including TNF, IL-2, IL-4, IL-6, IL-8, IFN-a, (3, y, GM-CSF and thyroid- 

stimulating hormone. The regulation of TNF receptor is cell type dependent; 

meanwhile, some agents can differentially regulate the expression of TNFRl and 

TNFR2.

Soluble receptors for TNF (sTNF, or TNF-BP for TNF binding protein) that 

bind and neutralise TNFR are derived from both TNFRl and TNFR2 by means of 

proteolytic processing. The proteases responsible for this process have not yet been 

identified, but the metalloproteinases implicated in processing TNF precursors have 

also been implicated in receptor processing: inhibitors of metalloproteinases can 

block the shedding of both the TNF receptors (Crowe et al, 1995; Mullberg et al,

1995). Soluble TNFRs retain the capacity to bind TNF and act as inhibitors of TNF 

in experimental systems (Engelmarm et al, 1989; Seckinger et al, 1989; Kohno et al, 

1990. In vivo they may act to neutralise or modulate TNF activity (Aderka et al, 

1992; Mohler et al, 1993). In some cases, however, low levels of sTNFRs may 

stabilise the activity by stabilising the trimeric structure of TNF and providing a 

resevoir of TNF.

The proteolytic processing of TNFRs is a highly regulated event with 

important physiologic and pathologic significance. Both sTNFRl and sTNFR2 are 

normally present in blood and urine (Seckinger et al, 1989; Engelmann et al, 1990b), 

and may be produced by monocytes and macrophages; promonocytic THP-1 cells 

and monocytes can release sTNFRs spontaneously in vitro. Increased levels of 

sTNFRs are found in many human disease including rhematoid arthritis, systemic 

lupus erythematosus, malignancy, sepsis, after surgery and chronic infection. A 

number of stimuli have been identified that trigger the cleavage of the TNFRs, 

thereby causing an increase in the amount of sTNFRs in the circulation. These 

stimuli include TNF and other cytokines such as IL-1, PMA and LPS.
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1.4.6 Signaling of the TNF pathway

A summary of the signaling pathway of TNF is shown in fig. 1.15. Briefly, the 

binding of TNF to TNF-Rl promotes rapid formation of a receptor-proximal 

signaling complex containing the important adaptor molecule tumour necrosis factor 

receptor (TNFR)-associated death domain (TRADD). TRADD is responsible for the 

recruitment of the additional adaptor proteins receptor-interacting protein (RIP), 

TNFR-associated factor 2 (TRAF2), and fas-associated death domain (FADD), 

which in turn recruit additional key components to TNF-Rl responsible for initiating 

downstream events. For instance, FADD binds and recruits caspase-8 to the TNF-Rl 

complex, where caspase-8 becomes activated and initiates a protease cascade leading 

to apoptosis. TRAF2 presumably activates a mitogen-activated protein kinase kinase 

kinase (MAPKKK) [for example, mitogen-activated or extracellular signal-regulated 

kinase kinase kinase 1 (MEKKl) or apoptosis signal-regulating kinase 1 (ASKl) at 

the receptor complex, thereby tuming on a kinase cascade that ultimately causes the 

activation of c-Jun NH2-terminal kinase (JNK) and c-Jun. TNF-induced activation of 

NF-kB largely relies on phosphorylation-dependent ubiquitination and degradation of 

inhibitor of kappa B (DcB) proteins, which normally retain NF-kB within the 

cytoplasm in the resting cells. The inhibitor of kappa B kinase (IKK) complex, a 

multiprotein kinase complex responsible for TNF-induced phosphorylation of DcB, is 

also activated following its recruitment to TNF-Rl. This activation, which is RIP- 

dependent, likely occurs through an intermediate factor, perhaps a kinase (for 

instance, MEKK3). There is extensive cross talk between the apoptosis, NF-kB, and 

JNK signaling pathways that TNF activates. NF-kB activation protects cells from 

death, whereas caspase activation terminates NF-kB signaling through the proteolytic 

cleavage of enzymes (RIP and KKb) that are critical for activation of NF-kB. The 

products of several genes that are TNF-induced and NF-KB-regulated are known to 

inhibit JNK activation. NF-kB activation also prompts the resynthesis of IkB and 

other inhibitory molecules, thereby providing a feedback loop limiting the duration 

and amplitude of NF-kB signaling. The signal transduction pathways activated by 

TNF have provided a paradigm for elucidating molecular mechanisms of the 

signaling pathways by several other TNF-related proteins. Anti-TNF agents 

(antibodies and soluble engineered TNF receptors) that neutralize TNF have become
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effective agents in the treatment of recalcitrant inflammatory conditions such as 

rheumatoid arthritis and inflammatory bowel disease.

1.4.7 Biological Effects of TNF

Modulation of tumour growth as its name suggests is not the only activity of 

TNF. The protein has numerous biological roles including: a role in cellular growth, 

differentiation and metabolism in many cell types. It is produced during immune and 

host defence responses as a primary mediator of immune regulation and the 

inflammatory response. The biology of TNF is also characterised by its pathologic 

activities in many immune-mediated diseases. The net effects of TNF are influenced 

by a complex array of cell and tissue specific factors. The diverse role of TNF in 

mediating cellular responses is summarised in Table 1.3.

a) Biological effects of TNF on the Central Nervous System

Early studies of TNF indicated that systematic administration of TNF 

produces fever and anorexia via hypothalamic centres that regulate body temperature 

and appetite (Plata-Salaman et al, 1991). The anoectic effect of TNF is attenuated by 

insulin and appears to be independent of serotonergic signals (Tracey et al, 1990). 

Recently, the presence of TNF has been reported in various cells in the central 

nervous system (CNS) including microglia, astrocytes and neurons (Cheng et al, 

1994). Cells in CNS also express high affinity TNF receptors. Furthermore, raised 

TNF levels have been detected in brain injury and certain CNS diseases including 

meningococcal meningitis, human immunodeficiency virus infection, Alzheimer’s 

disease and multiple sclerosis. These findings strongly suggest that TNF is involved 

in various biologic processes within CNS.

The inflammatory effects of TNF are pivotal to the development of cerebral 

inflammation and edema during meningitis. High levels of TNF in cerebrospinal 

fluid during meningitis are predictive of poor outcome (Saukkonen et al, 1990). The 

inflammatory effects of TNF have also been implicated in the development of the 

characteristic plaques in patients with multiple sclerosis, and in ishaemia in 

experimental models of stroke, in which application of TNF antibody can reduce the 

severity of brain damage (Meistrell et al, 1997).
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Immune Cells Non-Immune Cells In Vivo

M onocytes-M acrophages
Activation and autoinduction o f  
TNF
Induction o f  IL-1, 6, 8, GM-CSF, 
MCSF, IFN-y, NGF, TGF-P, 
PDGF and PGEj 
Transmigration and chemotaxis 
Stimulation o f  metabolism  
Inhibition o f  differentiation 
Suppression o f  proliferation 
Internalisation o f  complement- 
coated virus

Polym orphonuclear
L eukocytes
Priming o f  integrin response 
Release o f  granule components 
Increasing phagocytic capacity 
Enhanced production o f  
superoxide
Increased adherence to 
extracellular matrix 
Suppression o f  chemotaxis to N- 
form yl-1 -phenylalanine 
Suppression o f  cell surface 
expression o f  sialophlorin CD43

L ym phocytes
Induction o f  T-cell colony
formation
Induction o f  superoxide in B 
cells
Activation o f  cytotoxic T-cell 
invasiveness
Induction o f  apoptosis in mature 
T cells

V ascu lar endothelial cells
M odulation o f  angiogenesis 
Increased permeability 
Enhanced expression o f  MHC I 
Procoagulant and antifibrinolytic 
Increasing permeabiHty o f  
albumin and water 
Suppression o f  proliferation 
Rearrangement o f  cytoskeleton  
Induction o f  N O  synthase, IL-1, 
IL-3 receptor, G-CSF, GM-CSF, 
ICAM-1, V CA M -1, P-and E- 
selectin, surface antigen, platelet- 
activating factor, prostacyclin 
Inhibition o f  integrin B 30, 
thromomodulin, glutathione, 
protein S

Fibroblasts
Induction o f  proliferation 
Induction o f  IL-1, 6, IFN-P2, 
leukaemia inhibitory factor, 
metalloproteinases (M M Ts)

A dipocytes
Enhanced release o f  free fatty 
acids and glycerol 
Suppression o f  lipoprotein lipase

E ndocrine system  
Stimulation o f
adrenocorticotrophic hormone 
and prolactin
Inhibition o f  thyroid stimulating 
hormone, fo llicle stimulating 
hormone and growth hormone 
Enhancing IL-1 inhibition o f  
steridogenesis

C entral nervous system
Fever
Anorexia
Altered pituitary hormone 
secretion

C ardiovascular
Shock
A R D S
Capillary leakage syndrome

G asrointestinal
Ischaemia
C olitis
Hepatic necrosis
Inhibition o f  albumin expression
Decreased catalase activity in
Hver
Suppression o f  H BV  gene 
expression

M etabolic
LPL suppression 
N et protein catabolism  
N et lipid catabolism  
Stress hormone release 
Insulin resistance

Inflam m atory
Activation o f  cell cytotoxicity 
Enhanced NK cell function 
Mediation o f  IL-2 tumour 
toxicity
Protective role in cutaneous 
leishmaniasis

Table 1.3: Some of the Biologic Effects of Tumour Necrosis Factor.
(Reproduced from Zhang M. and Tracey K. J., 1998).



Although TNF may play a pivotal role in tissue injury, the accumulating 

evidence also indicates that TNF is very important in the repair and regeneration of 

damaged tissue in the CNS. It is generally believed that high levels of TNF are 

injurious, but low levels can be beneficial (Tracey et al, 1989). TNF is able to 

stimulate the proliferation of astrocytes and neuronal progenitor cells, an effect that 

may be dependent on the activity of TNF as a stimulator to the production of nerve 

growth factor (NGF), which is protective in tissue damage (Matson et al, 1993). TNF 

can also prevent neuronal death following metabolic excitotoxic insults. Recently, a 

study using TNFR knockout (KO) mice (both TNFRl and TNFR2 deleted) has 

provided strong evidence that TNF can be protective in ischaemic brains (Bruce et al, 

1996). The results from this study have shown that neurons from the TNFR KO mice 

exhibit reduced survival in culture compared with those from wild-type mice, and 

doses of kainic acid that cause minimal damage in wild-type mice produce extensive 

neuronal loss in TNFR KO mice. The damage in the cortex caused by middle 

cerebral artery (MCA) occlusion is significantly greater in TNFR KO mice than in 

normal mice. This contrasts with the overexpression of TNF during cerebral ischemia 

in normal rats subjected to focal infarction, where TNF significantly increases brain 

damage (Meistrell et al, 1997).

b) Biological Effects of TNF in the Cardiovascular System

Normally endothelial cells provide a blood vessel lining that reduces the 

coagulation of blood, but TNF causes endothelial cells to increase procoagulant 

activity by enhancing the expression of tissue factor and suppressing cofactor activity 

for the anticoagulant protein C (Bauer et al, 1989). TNF can also induce 

rearrangement of actin filaments with structural damage of the endothelial cells and 

loss of tight junctions, which causes capillary leakage syndrome as plasma proteins 

and water leak into the tissues. TNF exerts a negative intropic effect on myocardial 

contractility. The exact mechanism for the negative intropic effect of TNF is 

unknown. Nonetheless, there is increasing evidence that production of nitric acid 

(NO) induced by TNF may be responsible. Both epithelial cells and cardiac myocytes 

express TNF receptors and are capable of synthesising TNF under certain forms of 

stress (Kapadia et al, 1995).
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Raised levels of TNF have been identified in patients with advanced heart 

failure (Matsumori et al, 1994). There is increasing evidence that TNF may play a 

primary pathophysiologic role in the development and pathogenesis of heart failure. 

Many of the clinical hallmarks of heart failure, including left ventricular dysfunction, 

cardiomyopathy and pulmonary odema, can be explained by the known biological 

effects of TNF such as negative inotropic effects (Pagani et al, 1992). Negative 

inotropic effects in isolated cardiac myocytes are reliably produced by TNF 

concentrations ranging from 0.7-1.4 X 10'^ M (Kapadia et al, 1995). These TNF 

concentrations have been reported in congestive heart failure (Levine et al, 1990).

Direct injection of TNF produces hypotension, metabolic acidosis, 

haemoconcentration and death within minutes, mimicking the cardiovascular 

response in endotoxin induced septic shock. This is caused by several TNF mediated 

effects including a decrease in peripheral vascular resistance, falling cardiac output 

and loss of intravascular volume through capillary leakage (Tracey et al, 1990). 

Endothelium-derived NO induced by TNF has been implicated in decreases of both 

peripheral vascular tone and cardiac fiinction, whereas TNF-induced rearrangement 

of actin filaments and loss o f tight junctions are responsible for the capillary leakage 

syndrome.

TNF is extremely toxic to the lungs and is pivotal in the development of adult 

respiratory distress syndrome (ARDS), a syndrome characterised by pulmonary 

odema, hypoxia and a high mortality rate. ARDS develops because of TNF-induced 

activation of pulmonary endothelium, margination of leukocytes with degranulation 

of granulocytes, and capillary leakage, which precipitates the collection of 

oedematous fluid in alveoli and prevents adequate perfiision and oxygeneration 

(Zheng et al, 1990).

1.4.8 TNF in Human Disease

Although TNF has theoretically evolved to preserve cellular and biochemical 

homeostasis by participating in tissue remodelling and host defence responses, 

overproduction of TNF has also been shown to be very harmful, even lethal, to the 

host. Therefore, either insufficient of excessive production of TNF will result in 

abnormal conditions such as infection, tissue injury, shock and death. TNF has
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directly been implicated in the pathogenesis of many disease states, as listed in Table 

1.4.

a) TNF in Septic Shock

It is well established that TNF plays a critical role in septic shock. First, TNF 

is acutely overproduced systematically during overwhelming sepsis and affects its 

clinical outcome. Persistent increase seems to be associated with mortality and 

multiple organ failure (van der Poll et al, 1995). Second, administration of TNF itself 

causes shock and tissue injury indistinguishable from septic shock syndrome. 

Meanwhile, TNFRl-deficient KO mice are resistant to endotoxic shock (Pfeffer et al, 

1993). Third, TNF is able to induce other mediators of sepsis such as IL-1, and 

infusion of TNF antibody attenuates these mediators. Finally, neutralisation of TNF 

with antibodies prevents septic shock syndrome during lethal bacteremia.

In sepsis, both TNF and soluble receptors of TNF (sTNFRs) are induced. As 

mentioned above, sTNFRs are inhibitors of TNF biologic activities but can also be a 

resevoir of TNF, and increased levels of sTNFRs have been found to correlate with 

TNF levels and outcome in severe meningococcemia (Girardin et al, 1992). The 

increase in sTNFR concentration is proportional to TNF increase when the TNF level 

is relatively low, but not when it is high. The imbalance between TNF and sTNFR 

seems to be pathophysiologically important, as reflected by the observation that their 

ratio on admission appeared to be of predictive value for clinical outcome.

Several strategies have been proposed to prevent TNF toxicity in sepsis. One 

approach is directly to inhibit TNF activity with antibodies or native and chimeric 

sTNFRs (Peppel et al, 1991). Another is to suppress TNF synthesis using 

glucocorticoids, pentoxifilline, spermine, thalidomide and cytokines such as IL-10 

(Zhang et al, 1997). The third approach is to induce TNF tolerance with repetitive 

administration of low-dose TNF. Finally, TNF cytotoxicity may be inhibited by 

targeting its secondary mediators such as IL-1 (McNamara et al, 1993). Some of 

these therapies have been demonstrated to have salutary effects in animal models of 

sepsis, yet preliminary clinical trials have not been as encouraging (van der Poll et al, 

1995). Further experimental studies and clinical trials may provide clues to the 

possibility of fine-tuning TNF bioactivities in the clinical syndrome of sepsis. 

Recently, inhibitors of receptor-mediated endocytosis of TNF have been shown to
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Infectious Diseases Autoimmune Diseases Cancer and Others

Bacterial
Meningococcal disease 
Leprosy 
Tuberculosis 
Septic shock syndrome 
Nocardia brasiliensis 
Cryptogenic fibrosing alveolitis 
Pnemocystis carinii pneumonia 
Dysentery (Shigella dysenteriae) 
Children with pertussis

Viral
AIDS
HIV-related lung disease
Measles
Hepatitis
Viral meningitis
Murine retrovirus infection

Parasitic
Cerebral malaria 
Toxoplasma gondii

Glomerulonephritis 
Guillian-Barre Syndrome 
Inflammatory Bowel disease 
Systemic lupus erythematosus 
Insulin-dependent diabetes 
melhtus
Rheumatoid arthritis 
Dermatitis 
Coeliac Disease 
Myasthenia gravis 
Systemic sclerosis

Hairy cell leukaemia
T-cell leukaemia
Chronic lymphocytic leukaemia
Malignant lymphoma
Colorectal cancer
Lung cancer
Cervical cancer

Euthyroid sick syndrome 
Hemorrhagic shock 
Disseminated intravascular 
coagulopathy 
Anemia
Myocardial ischemia
Obesity
Shock
Stroke
Rejection of transplanted organs
Pulmonery fibrosis
Chronic osteomyelitis
Graves’ disease
Asthma
Injury
Inflammatory hyperalgesia 
Downs’ syndrome 
Cachexia

Table 1.4: Some Tumour Necrosis Factor-associated Diseases.
(Reproduced from Zhang M. and Tracey K. J., 1998).



decrease TNF-induced gene expression, thus providing yet another potential point of 

intervention. In addition, pharmacologic inhibitors of metalloproteinases have been 

developed to inhibit TNF processing, although clinical efficiency has not been 

addressed (McGeehan et al, 1994)

b) TNF in Cancer

TNF was originally characterised as an antitumour protein inducing necrosis 

of Meth A sarcomas in vivo. TNF has been studied widely and considered as an 

antitumour drug; at present it is used as an intratumoral agent and has some efficacy. 

The therapeutic application of TNF as a single and systemic antitumour agent is 

limited by the toxic side-effects at tumouricidal doses. Several strategies have been 

proposed to avoid the limitations imposed by toxicity, including: (a) high dose 

administration of TNF intra-arterially directly into the tumour compartment; (b) 

identification of tumours sensitive to non-toxic levels of TNF; (c) administration of 

non-toxic doses of TNF in combination with other antitimiour agents, synergistic 

effects have been identified but enhanced side effects has also been reported. ;(d) 

redesign a TNF molecule with maximum efficacy as an antitumour agent but 

minimal side effects as described in the section on TNF structure. In addition 

chemical modification of TNF such as modification with polyethylene glycol (PEG) 

has been found selectively to increase its antitumour potency and effectively reduce 

its systemic toxic side effects (Tsutsumi et al, 1995).

A few mechanisms have been suggested for the tumouricidal effect of TNF, 

including direct cytotoxicity against tumour cells, activation of immune antitumour 

response and selective damage of tumour blood vessels. Direct c)4:otoxicity to tumour 

cells has been supported by most in vitro studies. TNF also activates other cytokines 

and other cytotoxic factors such as NO, which in turn participate in immune 

antitumour responses and direct tumour cell killing. A recent study has demonstrated 

that it may be feasible to use TNF gene-transduced tumour cells as a vaccine owing 

to the effect of TNF in activation of the immune response (Sato et al, 1996). TNF 

selectively eradicates vascularised tumours but is much less effective in killing 

avascular implants. In contrast, TNF is produced by some tumours or tumour cells, 

and can act as an autocrine growth factor (Buck et al, 1990; O Connell et al, 1995).
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1.4.9 The TNF Gene

By the mid 1980’s the TNF protein was purified, its gene cloned, sequenced 

and mapped to the MHC class m  region on the short arm of chromosome six. The 

tumour necrosis factor (TNF) locus which includes TNF-a, TNF-P or Lymphotoxin- 

a  and Lymphotoxin-p, is approximately 250 kilobases (kb) centromeric of the human 

leukocyte antigen (HLA)-B locus and 850 kb telomeric of the class U region (Carroll 

et al, 1987; Dunham et al, 1987). The genes for TNF-a and lymphotoxin-a (LT-a) 

lie within a 7-kb stretch and are separated by 1.1 kb in a tandem arrangement, LT-a 

lying telomerically. Both consist of four exons and three introns and encode short 5’ 

untranslated and longer 3’ untranslated stretches in the corresponding mRNA 

(Nedospasov et al, 1986; Nedwin et al, 1985). The most significant region of 

homology is found in the fourth exon, which encodes 80% and 89% of secreted LT-a 

and TNF-a, respectively.

1.4.10 77VF Polymorphisms

a) General Description of TNF polymorphisms

A number of polymorphisms have been described in the TNF locus, some of 

the main ones are shown in fig. 1.16. Two forms of polymorphism are described. 

Firstly, single-nucleotide polymorphisms (SNPs) are single-base changes that can be 

found at any site in the DNA, either in the 5’ regulatory sequences (promoter) or after 

the coding region (3’ untranslated region), or within the DNA which codes for the 

gene product. One example o f an SNP is the position -308  in the regulatory sequence 

of the TNF-a promoter. Here the base change from the common guanine (80% in 

Caucasians) to a rarer adenine (20% in Caucasians) alters the DNA sequence such 

that the DNA restriction enzyme Ncol can bind and cut the DNA at that position. 

Analysis by gel electrophoresis identifies the difference between the intact DNA m 

comparison to that which is cut. This type of polymorphism is also known as a 

restriction fragment length polymorphism or RFLP. At least ten SNPs have been 

described in the promoter o f the TNF-a gene. The -308 SNP has been the subject of 

many studies.
Another Ncol RFLP site is present in the TNF locus, this is located m the first 

intron of the LT-a gene at position 252. It was initially defined by southern
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TNFa TNFb
TNFe TNFd (AC/GT)n(TC/GA)n

-JU S (AHi)(TC/GA)n (TC/GA)n
TNFc
(TC/GA)n

^ r

TNF-betaLT-beta TNF-alpha
TNFB Ncol

-238 (A/G)

Fig. 1.16: Main Polymorphisms in the 77VF Region 
on Chromosome 6.



hybridisation with a TNF probe to give two alleles, one of 5.5 kb (termed the 5*7 

allele) and one of 10.5 kb (termed the B*2 allele). This polymorphic site resuhs from 

a guanine to adenine substitution. Messer et al also showed that this base change in 

the DNA is associated with an amino acid substitution at position 26 of the LT-a 

protein (Messer et al, 1991). The B*1 allele is associated with an asparagine at 

position 26 whereas the B*2 allele is associated with a threonine.

The second type of polymorphic variant is the DNA microsatellite. These are 

distributed on all chromosomes throughout the genome. These are repeat sequences 

(usually the bases C and T) of DNA found in the non-coding introns which are not 

transcribed into mRNA. They can be of variable length in each individual, a 

difference that can be detected by gel electrophoresis. Although they are not 

transcribed to make up any part of the messanger RNA, the insertion of 

microsatellites may alter DNA folding, and have implications for DNA-binding 

proteins and enzymes that might affect the rate of transcription. Examination of the 

genes within the ‘'TNF locus'" revealed five microsatellites (termed; TNFa, b, c, d  and 

e respectively), their positions in relation to the TNF-a gene are shown in fig. 1.16. 

(Uldova et al, 1993). These involve a variable copy number of dinucleotide repeats. 

Two lie adjacent to each other, approximately 3.5 kb upstream of the LT-a gene; 

TNFa consists of a (CA) n sequence, it is the most polymorphic within the TNF 

locus, having thirteen possible different alleles or sizes (TNFal-13), TNFb (CT) n 

sequence has 7 alleles (Jongeneel et al, 1991). The TNFc microsatellite (CT)n has 

only two variants consisting of 9 or 10 repeats (TNFcl and TNFc2, respectively). 

TNFd and TNFe lie 8-10 kb downstream of the TNF-a gene; both consist of (CT) n 

sequences and have 6 and 4 alleles, respectively (Udalova et al, 1993).

Typing of these microsatellites and of the LT-a Ncol RFLP has defined at 

least 35 distinct TNF haplotypes, making these markers very usefiil in genetic 

analysis of the importance of this region in MHC-related diseases (Udalova et al, 

1993). Furthermore, linkage disequilibrium has been demonstrated between 

microsatellites and extended MHC haplotypes (Jongeneel et al, 1991). Three RPLPs 

have been described in the LT-a gene. The rare allele of the Ncol RFLP TNFB I is 

associated with the HLA-A1-B8-DR3 haplotype (Messer et al, 1991). The association 

of TNFBl with phenotype is not clear; however, one study demonstrating association

64



with high LT-a production and no association with TNF-a production (Messer et al, 

1991), while another demonstrated association with low TNF-a production, except 

when it is found on the extended haplotype HLA-A1-B8-TNFB1-DR3-DQ2, when it 

is associated with high production (Pociot et al, 1993). Two other RFLPs are known 

in the LT-a gene, (1) a rare EcoRl RFLP generated as a result of a polymorphism in 

the untranslated region of the fourth exon, although its low carriage rate (1% in 

normal individuals) limits its use as a marker (Partanen et al, 1988); and {2)anAsphl 

RFLP, due to a single base polymorphism in the first intron, which has also been 

described, the rare allele of which is in linkage disequilibrium with HLA-B27 

(Ferencik et al, 1992).

Regulation of TNF production occurs at the transcriptional and post- 

transcriptional levels (Sariban et al, 1988). Sequences within the 5’ DNA control the 

rate of transcription (Goldfield et al, 1991). The TNF-308-2 allele described eariier 

was found to be strongly associated with the HLA-A1-B8-DR3-DQ2 haplotype 

(Wilson et al, 1993), raising the possibility that the association of this haplotype with 

autoimmune disease and high TNF-a production may be related to polymorphism 

within the TNF locus. Constructs involving the two TNF-308 allelic variants TNFl 

and TNF2 upstream of a CAT reporter system resulted in a 6-7 fold increase in 

transcription in both PH A stimulated and PH A unstimulated Raji B-cell line 

transfected with the TNF2 bearing promoter (Wilson et al, 1997). However, studies 

by a group in the Netherlands on similar CAT constructs have failed to show a 

similar effect (Brinkman et al, 1996).

A second polymorphism has recently been described in the 77VF-« promoter 

region at -238  (D’Alfonso & Richiardi, 1994). It has been shown that changes in 

nucleotide sequence can result in changes of the superhelical structure of genomic 

DNA and that these changes can influence the electrophoretic mobility. This region 

of the promoter forms part of the highly conserved Y box which has been shown to 

be essential for MHC class II promoter function. This polymorphism also forms part 

of an extended MHC haplotype and the authors report a number of associations 

including the rare -238 A ’ allele with the HLA-DR3 region.

A large number of studies have examined the importance of TNF genetics in 

susceptibility to autoimmune diseases. These have mostly involved comparison of 

the fi'equency of alleles between different cohorts of unrelated affected individuals

65



and a “normal” control population. The advantage of this type of study is that DNA 

collections are easier to establish than in extended family studies or sib-pair analysis. 

However, it is very important to ensure that the controls are ethnically similar to the 

affected group. This is the most common type of study used in the examination of the 

MHC associations with autoimmune diseases.

b) TNF Polymorphisms and Disease Susceptibility

Due to its location in the MHC and the high degree of polymorphism found in 

this area and in the TNF locus itself the involvement of TNF in disease susceptibility 

has been intensely studied over the last few years. The TNF polymorphisms have 

been linked to variable TNF production in different individuals. As TNF production 

has been implicated as an important factor in the immune regulation and the 

inflammatory response, and affects the outcome o f human diseases, the 

polymorphism within the TNF locus is considered as a possible genetic basis for 

these diseases. Some studies have indicated that genetic variation of TNF and closely 

linked loci is important in determining susceptibility to a significant number of 

human diseases, including autoimmune diseases such as diabetes, rheumatoid 

arthritis and multiple sclerosis; infectious diseases such as different parasitic, 

bacterial and viral infection; and cancer.

TNF responsiveness is controlled by variable genetic elements within the 

MHC region. The polymorphism at —308 in the promoter of the TNF-a gene, has 

been reported to affect TNF production directly, and TNF2 is associated with higher 

constitutive and inducible levels than the TNFl allele (Wilson et al, 1997). There is 

also a correlation of human leukocyte antigen DR2 with low TNF production, and of 

HLA-DR3 and HLA-DR4 with high TNF production (Jacob et al, 1990). These 

polymorphisms have been shown to be associated with the susceptibility of certam 

diseases. Thus, the TNF locus may contribute to the pathogenesis o f diseases by 

influencing the TNF levels produced in those diseases.

i) Susceptibility to Infectious Disease
MHC alleles affect outcome in several infectious diseases. TNF2 

homozygotes associated with higher TNF levels are at an increased risk of cerebral 

malaria (Me Guire et al, 1994). This is consistent with the phenotypic observation
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that Gambian children with cerebral malaria have higher TNF levels than children 

who die or develop neurologic sequelae due to cerebral malaria. In contrast, several 

forms of malaria have been shown to be protected by HLA-B53 (Hill, 1992). The 

TNFB2 allele, also associated with higher levels of production, is linked to lower 

survival in patients with multiple organ failure secondary to sepsis (Stuber et al, 

1996). Susceptibility to mucotaneous leishmaniasis, which is accompanied by high 

circulating TNF levels, is linked directly with the regulatory polymorphisms affecting 

TNF production (Cabrera et al, 1995). In addition, HLA-DQ and HLA-DP alleles are 

associated with generalized and localised forms of onchocerciasis (Meyer et al, 

1994).

ii) Susceptibility to Cancer

Alleles of HLA-A, -B and -DR  loci are associated with resistance to lung 

cancer. Recently, investigators located one such element to the TNF locus and found 

that TNFB2 homozygosity is associated with disease resistance and a better prognosis 

in patients with lung cancer (Shimura et al, 1994), in keeping with a previous study 

that demonstrated a strong association of HLA-Al with a lower 1-year survival rate. 

As TNFB2 is associated with higher levels of TNF production, these results are 

consistent with the original characterisation of TNF as an antitumour factor.

It has been reported that germline allelic frequencies for the TNF locus are 

significantly different in patients with colorectal cancer compared with those in 

normal controls. Most strikingly, the TNFaS microsatellite allele in patients with 

colorectal cancer has an allelic frequency of nearly 30% but is not detected in the 

normal control group (Campbell et al, 1994). Other studies have shown that class II 

haplotypes such as DRB1 *0501-DQB1*0602 are positively associated with the 

development of cervical cancer, but that Z)i?7 3-positive haplotypes are negatively 

associated (Apple et al, 1994).

Hi) Susceptibility to Autoimmune Diseases

The importance of TNF genetics in susceptibility to autoimmune diseases is 

suggested by a large number of studies. Two recent studies have located an RA 

element to the TNF locus and demonstrated that the cJ allele but not the TNFa allele 

appear to influence susceptibility to RA (Mulcahy et al, 1996). Other studies have
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demonstrated that both TNFBl and TNF2 are associated with systemic lupus 

erythematosus, but the association is not independent of HLA-DR3 (Wilson et al, 

1993). In another study, 123 patients with SLE and 199 matched controls were 

analysed. Three TNF-238/A homozygous patients but no homozygous controls were 

detected, suggesting that the TNF-238/AA genotype is a marker of a particular 

clinical subtype (D'Alfonso et al, 1996). Because TNF has been implicated as a 

mediator of SLE, additional studies are now being undertaken to assess the 

contribution of the TNF locus in these diseases.

TNF has also been implicated in the pathogenesis of IDDM as a mediator in 

the immune-mediated destruction of pancreatic (3 cells (Mandrup-Poulsen et al, 

1987). Studies of TNF genetics in patients with IDDM show a weak association 

between TNF2 and IDDM (Cox et al, 1994). However, another study demonstrated a 

higher frequency of the TNFa2 allele in DR3-DR4 heterozygotic patients with IDDM 

than in controls. As this marker is associated with higher TNF production 

independently of class II alleles, the TNF locus may play a direct role in 

susceptibility to IDDM (Pociot F, 1993).
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Rationale For Study

TNF is a proinflammatory cytokine with multiple cellular effects ranging 

from cytotoxicity to proliferation even within the same cell type. The aberrant 

expression of a cytokine such as TNF could lead to the extensive type of damage 

seen in the intestine in coeliac disease. Genetics of coeliac disease are not clear, no 

other true candidates for coeliac disease susceptibility genes apart from HLA-DQ 

show potential. TNF is a gene with good criteria as a candidate gene in coeliac 

disease susceptibility, due to its location and pivotal role in the immune system. 

Previous studies on the TNF gene region in coeliac disease have linked some TNF 

polymorphisms to coeliac disease. These studies have however, used a small sample 

number or a limited number of DNA markers. The purpose of this study was to 

expand on a previous study of the TNF region by our group. In this study, we 

investigated the role of eight polymorphic sites, three SNPs and five microsatellite 

polymorphisms of the TNF region in coeliac disease. We established if these sites are 

individually associated with coeliac disease, hi addition, we investigated the 

relationship between these polymorphisms and TNF-a production. We also 

determined if the coeliac associated haplotype extends throughout the TNF region.
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Chapter Two 

Methods



2.1 Recruitment of Subjects for Study
The recruitment of individuals for this study was approved by the ethics 

committee of St. James’ Hospital, Dublin. Individuals who agreed to participate in 

this study were given a consent form and an information sheet which contained 

details about the study and their involvement in the study.

2.1.1 Coeliac Patient Selection

One hundred and twenty coeliac patients attending the Coeliac Out-patient 

Clinic of St. James’ Hospital consented to taking part in this study. These patients 

were treated coeliac patients who were adhering to a strict gluten-free diet for at least 

one year or more, they were in relatively good health with no abdominal symptoms 

and were not taking any medication. Approximately 40 mis of blood was taken from 

each person for the purpose of this study. Blood was also taken for the measurement 

of anti-gliadin antibodies (AGA) and anti-endomysial antibodies (EMA).

2.1.2 Healthy Control Selection

One hundred individuals comprising of employees of the hospital, laboratory, 

phone exchange and healthy visitors to the hospital were chosen as healthy controls 

in this study. Individuals were included in this study if they fulfilled the following 

criteria; they had no illness of any kind at the time of sampling including flu, colds, 

no disease of any kind including autoimmune disorders or family history of such 

disorders, and were not taking medication of any kind. We also selected volunteers in 

a way which allowed us to age and gender match the controls with the patient study 

group.
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2.2 Restriction Fragment Length Polymorphism (RFLP) Analysis of the TNFB 

Polymorphism in Coeliac Patients and Healthy Controls

2.2.1 DNA Extraction from Whole Blood

Blood was taken from coeliac patients and healthy controls by a qualified 

phlebotomist. Approximately 40mls of blood was taken into lithium heparin 

vacutainers for the purposes of our study. lOmls of whole blood was first taken aside 

and stored in cryostat tubes at -70°C for DNA. Two different DNA extraction 

methods were used over the course of this study. The first method involved a 

standard protocol with lysis and Proteinase K digestion (Blin et al, 1976). The second 

method used in the latter half of the study involved the use of a kit which gave good 

yields of DNA. Occasionally, when the standard protocol was used it was necessary 

to perform re-extractions, this was virtually eliminated when extractions were 

performed using the kit.

(a) Standard Cell Lysis and Digestion Protocol for Extraction of DNA from 

Whole Blood

1ml of Ix red cell lysis buffer [Appendix II] was added to a sterile 1.5ml 

microcentrifuge tube containing 500fj,l of whole blood and gently mixed by inversion 

for 30 seconds. The leukocytes/nuclei were spun down at 12,500g for 2 minutes. The 

supernatant was removed and 1ml of sterile distilled water was added to the pellet 

and this was spun at 12,500g for 2 minutes. The supernatant was carefully discarded 

and the pellet was resuspended in 370|j,l of digestion buffer [Appendix II]. This was 

then incubated in a rotating oven at 55°C for at least one hour or overnight. The yield 

of DNA increased substantially when an overnight digestion was used. The samples 

were then cooled to room temperature. 100|al of saturated NaCl (approx. 6M) was 

added to the sample and shaken vigorously for 15 seconds. The precipitated protein 

was spun down at 12,500g for 6 minutes. The supematant was placed into a new 

sterile 1.5ml microfuge tube and spun at 12,500g for 3 minutes. The supematant was 

again transferred to a clean microfuge tube and 1ml of 99.5% ethanol at room 

temperature was added. The tube was gently inverted for a maximum of 2 minutes in 

order to allow the DNA to precipitate. The DNA was spun down at 12,500g for 2 

minutes. The supematant was carefiilly poured off and the DNA was washed with 1
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ml of ice cold 70% ethanol. The DNA was again spun down for 2 minutes at 

12,500g. The supernatant was discarded and the pellet of DNA was vacuum dried in 

a speed vac. 100^1 of sterile distilled water was added to the DNA and this was 

vortexed for 30 seconds. Resuspension of the DNA was aided by its incubation at 

55°C for one hour. The DNA was quantified as described below. The isolated DNA 

was stored at -20°C until use. When the DNA was required for frequent 

amplification, aliquots of the DNA were stored at 4°C to prevent damage by repeated 

freeze - thawing and reduce the risk of contaminating the DNA. DNA seimples which 

were for long term storage were resuspended in Tris-EDTA buffer pH 8.0.

(b) DNA Puriflcation from Whole Blood using Qiagen QIAamp Columns ™

The blood samples were equilibrated to room temperature and mixed on a 

roller. 200|al of the blood was placed into a 1.5ml microfrige tube. 200^1 of Buffer 

AL and 25|j,l o f QUIGEN Proteinase K were added to the sample. This mixture was 

vortexed immediately for 15 seconds. The tubes were incubated for 10 minutes in a 

waterbath at 70°C. 210|j1 of 100% ethanol was added to the sample and vortexed. A 

QIAamp spin column was placed into a collection tube and the mixture was added to 

the spin column. This was spun at 4000g for 1 minute. The column was placed into a 

clean collection tube. 500|j,l of Buffer AW was added to the top of the column and 

centrifuged at 4000g for 1 minute. The column was again placed into a clean 

collection tube and another 500)j,l of Buffer AW was added to the top of the column. 

The column was then centrifiiged at 10,000g for 3 mins. The column was placed in a 

clean labelled 1.5ml microfuge tube. The DNA was eluted by the addition of lOOfxl 

of sterile dH20 which had been pre-heated to 70°C. The column was incubated at 

70°C for 5 mins and then centrifuged for 1 minute at 4000g. The spin column was 

discarded and the DNA quantified. The DNA was stored as described above.

2.2.2 Visualisation of Extracted DNA
A 1.5% agarose solution was prepared and ethidium bromide added at a 

concentration of 0.5mg/ml [Appendix II]. The gel was poured and allowed to set at 

room temperature. The gel was covered with Ix TAE running buffer [Appendix II]. 

5-10(il of extracted DNA was mixed with 1/6 vol. of loading dye [Appendix II] and

72



loaded carefully into a well in the gel. The gel was run at 80 mA for 30 mins and the 

DNA was visualised under a UV box.

2.2.3 Quantification of Extracted DNA

The extracted DNA was diluted 1/100 in sterile dH20 and allowed to 

resuspend. The DNA was measured using a UVA^isible spectrophotometer at 260nm. 

The DNA concentration in the extracted DNA prep, was calculated using the fact that 

a reading of 1 OD unit at 260run is equal to 50 ng/ml o f double stranded DNA. A 

ratio of the readings at 260/280tmi was also taken as a measure of the purity of the 

DNA extracted, with pure samples in the range between 1.8-2.0.

2.2.4 Preparation of Reagents for Polymerase Chain Reaction (PCR)

The following section describes the preparation and handling of PCR 

reagents. The correct handling of reagents for PCR is critical since mishandling can 

lead to false reactions or indeed no reaction at all.

(a) Primers:

Primers were usually ordered in lyophilised form and resuspended in sterile 

dHaO and adjusted to appropriate stock concentrations (usually lOx of the working 

stock). A small aliquot o f the forward and reverse primers were run beside each other 

on a 1.5% agarose gel to check that the concentration of both primers were balanced. 

Working stock solutions of the primers were prepared and the balance of this 

working stock of primers was also checked in the same way. Finally the working 

stock of primer was aliquoted into small volumes and stored at -20°C until needed. 

An aliquot for frequent use was defrosted and kept at 4°C to prevent damage to 

primers by repeated freeze-thawing.

(b) dNTPs

dNTPs were usually ordered as stock solutions at a concentration of lOOmM 

each. A working stock solution at the required concentration was prepared and this 

was aliquoted and kept frozen at -20°C. An aliquot was also kept at 4 C for daily use. 

During the course of this study it was found that dNTPs tend to deteriorate rather 

quicker than other components of the PCR. Therefore, if  a problem occurred with the
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amplification of a target, one of the first troubleshooting steps was to prepare some 

fresh dNTPs.

(c) Taq Polymerase

The stock solution of Taq polymerase was always stored at -20°C as the 

enzymes activity is affected by an increase in temperature. Taq was only removed 

from the -20°C freezer just before it was required and placed immediately on ice. 

After use the aliquot was returned to -20°C. The Taq was never vortexed or mixed as 

the solution contains detergent.

(d)MgCh

The stock MgCb was vortexed, aliquoted and stored at -20°C. An aliquot was 

kept at 4°C for daily use. This aliquot was always vortexed thoroughly before use.

(e) 1 Ox Reaction Buffer

The lOx reaction buffer (50mM Tris-HCL, (pH 8.0 at 25°C), lOOmM NaCL, 

0.1 mM EDTA, ImM DTT, 50% glycerol and 1% Triton X-100) was aliquoted and 

stored at -20°C. An aliquot was also kept at 4°C for frequent use. This solution was 

never mixed or vortexed due to its content of detergent. The reaction buffer was 

always the last component added to the reaction mixes due to its high content of 

detergent which may damage the Taq polymerase.

(f) Sterile dHiO

All water used in this study was Dnase, Rnase free and UV irradiated. It was 

commercially bought and aliquoted upon arrival in a DNA laminar flow cabinet. The 

aliquots were stored at 4°C until required. If there was any suspicion of 

contamination then the aliquot was discarded and a fresh aliquot was used.

2.2.5 P-actin Polymerase Chain Reaction (PCR) on Extracted DNA

This procedure was performed to establish that the extracted DNA was of a 

sufficient quality to allow PCR amplification. If this procedure was not earned out 

and a product was not obtained after the specific PCR then it is not know if the target 

of interest is genuinely not present, or if  the reaction did not occur because the DNA
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is damaged in some way or if  a contaminant such as haemoglobin is present in the 

sample which can inhibit the PCR. Generally if  P-actin which is ubiquitous to all 

cells amplifies, one can be confident that the extracted DNA is of a sufficient quality 

to use in a PCR.

A PCR mix was set up containing the following components in a 25|il reaction 

volume:

Component Volume ((4,1) Concenti

DNA Template 1.0 ~100ng

2.5mM dNTP’s 2.0 0.2mM

25mM MgClz 2.0 2mM

50pmol Primer 1 0.15 0.3 i^M

50pmol Primer 2 0.15 0.3^M

Sterile dHaO 17.08

lOx Buffer 2.5 Ix

Tag DNA Polymerase

5 units/)o,l 0.125 0.625units

The above components were added in the order shown to a sterile 500|j,l eppendorf 

tube. All components were kept on ice and prior to use. A negative control was also 

set up replacing the template with sterile dH20 in the PCR mix. Where multiple 

reactions were performed the template DNA was added separately to each respective 

tube and a PCR mix was made for the number o f reactions required. If the reactions 

were amplified on a thermocycler which did not have a heated lid then a layer of 

mineral oil was then placed on top o f the mix, thus preventing both evaporation 

during the PCR reaction and inefficient amplification. The tubes were placed into the 

wells o f a programmable thermocycler when the denaturation temperature was 

reached. The thermocycling conditions were as follows:

94°C for 4 mins 

94°C for 30 secs }

56°C for 30 secs } x 40 cycles

72°C for 45 secs }

72°C for 7 mins
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4°C for infinity

The size o f the /3-actin PCR product is 220 base pairs long. In order to determine if 

the PCR was successful the product was run alongside a lOObp DNA ladder on a 

1.5% agarose gel.

2.2.6 Agarose Gel Electrophoresis of PCR Products

A 1.5% agarose gel containing ethidium bromide was prepared and allowed 

to set in the gel casting tray. The gel was covered with Ix TAE buffer. 5nl of a lOObp 

DNA ladder was mixed with loading dye and added carefully to the two outer lanes 

of the gel. lO^il of each PCR product was mixed with loading dye and added to the 

wells of the gel. The gel was electrophoresed at 80niA for approx. 30 minutes. The 

DNA products were visualised by placing the gel on a UV box.

Once a positive PCR for P-actin was confirmed and all controls were 

satisfactory the DNA was then used in further amplifications. If the extracted DNA 

did not amplify then further attempts at amplification were attempted by adjusting the 

concentration o f DNA in the P-actin reaction. If this failed then the sample was re

extracted.

2.2.7 Restriction Fragment Length Polymorphism (RFLP) Analysis of the 

TNFB Polymorphism

a) PCR of TNFB Biallelic Polymorphic Site

A 782bp fragment of extracted genomic DNA, containing the polymorphic 

Nco I  site was amplified using the polymerase chain reaction. This fragment was then 

digested with Nco I  (Stuber et al, 1996). lOOng o f DNA served as the template in a 

25|xl reaction volume. Amplification involved the use o f lOpmol o f each o f the 

following primers:

t n f b i  5’-c c g  t g c  t t c  g t g  c t t  t g g  a c t  A-3’

TNFB2 5’-AGA GGG GTG GAT GCT TGG GTT C-3’

A concentration of 2mM MgCl2 and 0.15mM dNTP’s was used in the reaction. A 

‘hot start’ procedure with Tag polymerase at a concentration o f 0.2 units per 25\i\ 

reaction was used.
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The PCR profile was as follows:

95°C for 3 mins 

80°C for 5 mins 

95°C for 1 min }

68“C for 1 min } x 37 cycles 

74°C for 1 min }

74°C for 6 mins 

4°C for infinity

10|il o f the amplified product was then run on a 1.5% agarose gel containing 

ethidium bromide. A  lOObp DNA ladder was also run along with the samples. The 

gel was then placed on a UV light box, positive samples with a product o f  782bp 

were then analysed by Â co /  restriction digest.

b) Nco I  digestion of PCR Product

The following components were added to a sterile 0.5ml eppendorf:

5.0|il o f PCR product 

3.8i^l o f  sterile dH2 0  

l.Of l̂ o f  Buffer H

0.2}̂ 1 o f Â co /  restriction enzyme (10units/|xl)

The eppendorf was then microcentrifuged for a few seconds in order to bring the 

contents to the bottom o f  the tube. This mixture was then incubated at 37°C 

overnight. A 10|al aliquot o f  the digest was then mixed 1 ;2 with loading dye and ran 

on a 1.5% agarose gel containing ethidium bromide. 5)al o f  a lOObp DNA ladder was 

run alongside the samples in order to accurately identify the size o f  fragments from 

the digest. Positive, negative and enzyme controls were run in each batch o f  

digestions. The gel was then placed on a UV light box and the digested fragments 

were analysed. The possible sizes o f  the digested products are shown in table 2.1.
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Genotype Homozygous Heterozygous Homozygous
TNFBl/TNFBl TNFBl/TNFBl TNFB2/TNFB2

Size of PCR product 782 bp 782bp 782bp

Size of bands after Ncol 782bp 782bp

digestion of PCR product

586bp 586bp

196bp 196bp

Table 2.1 Size of A^co/Digestion Products from TNFB PCR



2.3 Analysis of TNF Biallelic Promoter Polymorphisms TNF-238 and TNF-308 

using the Taqman 5' Nuclease Assay

2.3.1 Allelic Discrimination using the Taqman® 5' Nuclease Assay

(a) Background

Methods for mutation detection can be divided into two groups; scanning 

methods that can detect previously unknown nucleotide differences, and methods 

designed to detect specific, known mutations or polymorphisms. Methods for the 

detection of known nucleotide differences currently include the following techniques;

• Hybridization with allele-specific oligonucleotides (ASO)(Zhang et al, 1991)

• Allele-specific PCR (Gibbs et al, 1989)

• Solid-phase minisequencing (Syvanen et al, 1993)

• Oligonucleotide ligation assay (OLA) (Grossman et al, 1994)

• Allele-specific ligase chain reaction (LCR) (Abravaya et al, 1995)

For the analysis of genomic DNA, these methods involve amplification of a specific 

DNA segment, followed by detection analysis to determine which allele is present.

(b) Taqman® PCR

Taqman® PCR is a newly described technique which allows direct detection 

of PCR product by exploiting the 5' nuclease activity of Ampli-Taq DNA polymerase 

and by the target specific release of a fluorescent reporter molecule during the PCR 

reaction (Fig. 2.1). Taqman® PCR employs both conventional primer pairs and a 

normal oligonucleotide probe which is fluorescently labelled with a reporter dye (for 

example, FAM (6-carboxy-fluorescein)) at the 5' end and a 3' quencher dye (for 

example, TAMRA (6-carboxy-tetramethyl-rhodamine). The use of fluorogenic 

probes in the 5' nuclease assay combines PCR amplification and detection into a 

single step, hi the 5' nuclease assay as first described by Holland et al, a hybridization 

probe included in the PCR is cleaved by the 5’ nuclease activity of Taq DNA 

polymerase only if the probes’ target sequence is being amplified (Holland et al, 

1991). The target sequence in a Taqman® Assay consists of a nucleotide sequence, 

t'vo primers, and a probe. For allelic discrimination assays, each allele associated
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with a target will have a probe labelled with its own fluorescent reporter dye. The 

shortest amplicons work the best. Consistent results are obtained for amplicon ranges 

from 50-150bp. Primers will be common and have complete homology for both 

alleles.

When the probe is intact, the proximity of the quencher dye to the reporter 

dye is such that there is direct suppression of the fluorescence of the latter by Forster- 

type energy transfer (Lakowicz et al, 1983). During PCR, the probe will anneal 

specifically between the two primer pairs only if  the target sequence is present. 

Because o f the nuclease activity o f AmpliTaq DNA polymerase, the probe is cleaved 

and reporter fluorescence released only if  it is hybridised to its specific target. This 

obviates the need to perform gel analysis post-amplification.

The quantitative increase in reporter fluorescence can be detected reliably 

using a luminescence spectrometer (for example, Perkin Elmer LS-50B, ABI 

PRISM™ 7200,7700 or 7000). The magnitude o f the generated signal (ARQ) 

represents the difference between the sample RQ (RQ+) and the no template control 

RQ (RQ-), where RQ = emission intensity o f reporter divided by the emission 

intensity o f quencher. Using T distribution values (Beyer, 1984) it is possible to 

calculate a threshold ARQ above which samples are recorded as positive. It is 

mandatory to include at least three no template controls per microtitre plate assay. 

The design o f target specific primers and probe is dictated by the nearest neighbour 

method which calculates the optimal annealing temperature under defined solution 

phase kinetics (Rychlik et al, 1990).

The use o f the 5' nuclease assay in allelic discrimination assays involves the 

use of two probes (Livak, 1999). Each probe is specific for the target site and only 

differs by one base at the biallelic site. These probes are also labelled with different 

fluorescent dyes. For example the probe for allele 1 could be labelled with the TET 

dye and the probe for allele 2 could be labelled with the FAM dye. These dyes absorb 

at different wavelengths and are discriminated by the sequence detection system. 

Therefore, an allelic discrimination assay can be performed in one tube with the 

amplification o f the target site, specific annealing of flourescently labelled probes 

and the specific quantitative release o f reporter dyes. A high through-put of samples 

is possible with this assay due to the fact that it is carried out in 96-well plates.
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The amplified fluorescent signals from the reporter dyes are measured after 

the PCR step in a 7200 Sequence Detection System. This system measures a 

complete fluorescence spectrum from 500-650 nm directly in the well of the optical 

plate. The sequence detection software automatically processes the fluorescence data 

to make genotype calls. A typical example of the processed data that is generated by 

the software is shown in figure 2.2. Each point represents a different sample. Four 

distinct clusters of samples are observed- allele 1 homozygotes, allele 2 

homozygotes, heterozygotes, and samples where no amplification is observed (No 

Amp). In order to obtain the results shown in fig. 2.2, the software makes three 

separate calculations. First, using multicomponent analysis, the software determines 

the contribution of each component dye to the observed fluorescence spectrum. 

Second, these dye components are normalised based on controls reactions run on the 

same plate that contain no template, known Allele 1 template, or known Allele 2 

template. For each sample, an Allele 1 score (on a scale from 0-1) and an Allele 2 

score are calculated. Finally, based on the results of the no template controls the 

Allele 1 and 2 scores are normalised for extent of reaction. There is also an internal 

dye called Rox in the reaction. This dye is used to standardise the amount of 

fluorescence detected by the laser in each well, this controls for the variation in light 

that passes through the plastic caps on each plate. The amount of fluorescence 

detected after accounting for the internal Rox control is termed the Rn value.

Once a target site has been identified then the Taqman® probe(s) and primers 

are selected as shown in section 2.3.2. The assay is then optimised for optimal 

detection or discrimination (AD plate) by choosing correct probe and primer 

concentrations as well as optimal thermocycling conditions.

2.3.2 Optimisation of TNF-238 and TNF-308 Taqman® Assays

a) Selection of Taqman® Probes and Primers

The nucleotide sequence of the TNF-a gene was imported into Primer 

Express^^ which is a software package for designing primers and probes for many 

applications. The target sequences for the -238 and -308 biallelic sites in the TNF-a 

promoter were identified and the Taqman® probes and primers were designed using
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the guidelines in table 2.2. The target sequences for TNF-238 and TNF-308 in the 

TNF-a promoter region with chosen probes and primers are shown in Figure 2.3.

b) Probe Optimisation

The purpose of this procedure is to determine the probe concentrations that 

give the most reliable autocalls. The initial fluorescence signals from the two probes 

are matched approximately. The fluorescence is measured directly and no thermal 

cycling is required. The fluorescently labelled oligonucleotides were reconstituted in 

sterile distilled water and their concentration quantified by spectrometry. The probes 

were adjusted to a concentration of 5.0|j,M. The probes were then aliquoted and 

stored in the dark at -20°C. The FAM labelled probe was kept at a constant 

concentration of 50nM during this optimisation assay. The concentration of the TET 

labelled probe ranged from 50-350 nM. A plate was prepared as shown in table 2.3
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Recommended Guideline

Taqman

Probes

Taqman

Primers

♦ Keep the G-C content in the 20-80% range (if possible).

♦ Avoid runs of an identical nucleotide. This is especially 

true for guanine, where runs of four or more Gs should 

be avoided.

♦ Do not put a G on the 5’ end.

♦ Using Primer Express software, the melting temperature 

(Tm) should be 65-67“C.

♦ Select the strand that gives the probe with more Cs than 

Gs.

♦ Position the polymorphic site approximately in the 

middle third of the sequence.

♦ Adjust the probe lengths so that both probes have the 

same Tm.

♦ Keep the G-C content in 30-80% range.

♦ Avoid runs of an identical nucleotide. This is especially 

true for guanine, where runs of four or more Gs should 

be avoided.

♦ Using Primer Express software, the Tm should be 58- 

60OC.

♦ The five nucleotides at the 3’ end should have no more 

than two G and/or C bases.

♦ Place the forward and reverse primers as close as 

possible to the probe without overlapping the probe.

Table 2.2: Guidelines for Designing Taqman Probes and Primers for Allelic 
D iscrim ination  (Reproduced from Technical Data Sheet, Perkin Elmer©)



Base Count 

from Origin

241 ttagaaggaa acagaccaca gacctggtcc ccaaaagaaa tggaggcaat aggttttgag

301 gggcatg-g-gg acggggttca gcctccaggg tcctacacac aaatcagtca gtggcccaga 

^ -308 wild type (‘a’ = rare type)

361 agaccccct cggaatc-g-ga gcagggagga tgggagtgt gaggggtatc cttgatgctt
^  -238 wild type (‘a’ = rare type)

Figure 23: TNF-238 and-308 Target Sequences in TNF-a Promoter 

Probe sequences (red in fig. 2.3.1 above), -238 Tet-5' cct ccc tgc tcc gat tcc g 3'- Tamra 

(Allelel), Fam-5' tcc tcc ctg ctc tga ttc cga 3'-Tamra (Allele 2). -308 Tet-5'-acc ccg tcc 

ccatgc cc 3'- Tamra (Allele 1), Fam-5' aac ccc gtc ctc atg ccc c 3'-Tamra (Allele 2) 

Primer sequences -238 (pink in fig. 2.3.2 above) Forward -  gca tea agg ata ccc ctc aca. 
Reverse -  ate agt cag tgg ccc aga aga -308 (blue in fig. 2.5.2 above) Forward -  caa aag 

^  tgg agg caa tag gtt. Reverse -  ggc cac tga ctg att tgt gtg t. Sequence in puiple colour 

= overlap of primers.



Universal Final Final
PCR 5^M 5|xM Total FAM TET
Master FAM TET Volume Probe Probe
Mix 2X Probe Probe Deionized per Cone. Cone.

Wells (Ml) (Ml) Water (^1) Well

m
(nM) (nM)

A1 B1 Cl 12.5 0.25 0.25 12.00 25 50 50

A2B2 C2 12.5 0.25 0.50 11.75 25 50 100

A3 B3 C3 12.5 0.25 0.75 11.50 25 50 150

A4 B4 C4 12.5 0.25 1.00 11.25 25 50 200

A5 B5 C5 12.5 0.25 1.25 11.00 25 50 250

A6 B6 C6 12.5 0.25 1.50 10.75 25 50 300

A7 B7 C7 12.5 0.25 1.75 10.50 25 50 350

Table 2.3: Layout of 96-welI Plate for Probe Optimisation

The plate was then analysed for both TET and FAM dyes separately. The 

probe ratio at which the R„ values for both dyes were closest to each other was 

chosen as the optimal probe concentrations. In the case of the TNF-238 assay a ratio 

of 50nM FAM / 125 nM TET gave the best results with an average R„ value of 5.73 

for the FAM probe and approx. 6.0 for the TET labelled probe. In the case of the -  

308 assay a ratio o f 50nM FAM / 175 nM TET gave the best results with an average 

Rn value o f 5.0 for the FAM labelled probe and an average R„ value of 5.3 for the 

TET labelled probe. These probe ratios were used in future assays.

c) Primer Optimization

The oligonucleotides were reconstituted in sterile distilled water and 

quantified by spectrometry. The primers were adjusted to a concentration of lO^M, 

aliquoted and stored at -20°C. The purpose o f this optimization is to determine the 

niinimum primer concentrations that give the maximum Rn- In this optimization only 

one o f the AD probes is included with various combinations o f both forward and 

reverse primers as shown in table 2.4.
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Forward Primer (nM)

Reverse

Primer 50 300 900

(nM)

50 50/50 300/50 900/50

300 50/300 300/300 900/300

900 50/900 300/900 900/900

Table 2.4: Combinations of Primers used in Primer Optimisation

Table 2.5 shows how the primer optimisation plate was prepared.

Universal

PCR

Master

5 îM TET 

Probe Template Deionized

lOiaM

Forwar

d

10|uM

Reverse

Primer

Total

Volume

Per

Well

Wells Mix (|al) (^1) (^1) Water (̂ il) Primer (Ml) (Ml)

A1 B1 Cl 12.5 0.625 2.0 9.625

(Ml)
0.125 0.125 25

A2 B2 C2 12.5 0.625 2.0 9.000 0.125 0.750 25

A3 B3 C3 12.5 0.625 2.0 7.500 0.125 2.250 25

A4 B4 C4 12.5 0.625 2.0 9.000 0.750 0.125 25

A5 B5 C5 12.5 0.625 2.0 8.375 0.750 0.750 25

A6 B6 C6 12.5 0.625 2.0 6.875 0.750 2.250 25

A7 B7 C7 12.5 0.625 2.0 7.500 2.250 0.125 25

A8 B8 C8 12.5 0.625 2.0 6.875 2.250 0.750 25

A9 B9 C9 12.5 0.625 2.0 5.375 2.250 2.250 25

A, B,C 10 12.5 0.625

+ob 7.375 2.250 2.250 25

A, B,C 11 12.5 0.625 0.0* 5.375 2.250 2.250 25

Table 2.5: Layout of 96-weII plate for Primer Optimisation. 2.0^1 of water was 

added as a ‘no template control’ (NTC), *2.0^1 of 0.25% SDS was added as a ‘no

^plification control’ (NAG)
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The plate was then set up on a Perkin Elmer 9600 PCR machine with the following 

thermocycling conditions;

TNF-23S Assay

50°C for 2 minutes (This step allows optimal AmpErase activity)

95°C for 10 minutes (Allows activation o f AmpliTaq Gold DNA Polymerase)

95°C for 15 seconds }

63°C for 1 minute } x 40 cycles 

15°C Holding Temperature

TNF-308 Assay

50°C for 2 mins 

95°C for 10 mins 

95°C for 15 seconds }

58°C for 1 min } X 40 Cycles

15°C for infinity

A combination o f 900nM Forward/ 900nM Reverse primers yielded the 

average maximum Rn values of 8.60 for the TNF-238 assay and a combination of 

300nM Forward/300nM Reverse primers yielded the average maximum Rn values of 

4.05 for the -308 assay. These primer concentrations were then used in future assays.

At this point the TNF-308 assay did not require any further optimisation. The 

assay was performing well and there was good separation of the allele groups upon 

analysis. The TNF-238 assay however was not showing enough separation between 

the groups. In order to improve the separation we decided to adjust the annealing 

temperature o f the assay. The annealing temperature was decreased in steps until a 

final temperature o f 58°C gave the best separation of the groups.

2.3.3 Controls for TNF-238 and -308  Taqman® Assays

(a) Contamination controls- In order to ensure there was no DNA 

contamination in either the DNA controls or the sample DNA, 7 no template 

controls’ (i.e. sterile water in place o f the DNA in the well) and 1 no amplification
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contror(i.e. 0.25% SDS in place of the template in the well) were used on every 

plate.

(b) DNA controls- 8 rephcates of DNA from a known 1,1 homozygote, and 8 

replicates from a known 2,2 homozygote were run on every assay plate. TNF-238 

control DNA was gratefully obtained from Dr. P. MomigUano-Richiardi, Dept, of 

Medical Science, University of Torino, Milan, Italy. TNF-308 DNA controls were 

also gratefully obtained from Dr. Julian Sorrell and Dr. F.S. di Giovine. Dept, of 

Medical Genetics, University of Sheffield, U.K.

2.3.4 Optimised Protocol for TNF-238 and -308 Taqman® Assays

A master-mix was prepared as described below containing the pre-prepared 

universal mix, specific primers, specific probes and distilled water. Assay Control 

DNA and unknown sample DNA were diluted to a concentration of approx. 10ng/|iil 

(usually 1/10 of stock). A 96-well taqman® optical plate was then carefially set-up. A 

typical plate set-up is shown in figure 2.4. The prepared master-mix was added to the 

wells first, followed by the diluted DNA or ‘no template control’ (NTC) or ‘no 

amplification control’ (NAC).

Master Mix for TNF -238 Assay 

1 X 25ulrxn

Universal mix 12.5ul
For. primer (10|iM) 2.25

Rev.primer(10|j,M) 2.25

TET Probe (1) (5|xM) 0.625

PAM Probe (2) (5^M) 0.250

H2O 5.125

Template /ntc /nac (added separately to wells) _2____

25.0
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'igure 2.4: Typical plate set up for Taqman Allelic Discrimination Assay



Master Mix for TNF -308 Assay

1 X 25u lrxn

Universal mix 12.5ul

For. Primer (10|^M) 0.75

Rev. Primer (10|j.M) 0.75

TET Probe (1) (5nM) 0.875

FAM Probe (2) (5^M) 0.250

H2O 7.875

Template /ntc /nac (added separately to wells) 2.0

25.0

Strips o f optical caps were then carefully placed on the plate. It is important that the 

caps are placed correctly on the plate otherwise flourescently labelled probe may 

contaminate the platereader. The plate was then placed into the Perkin Elmer 9600 

thermocycler and run on the program required. The optimised thermocycling 

programs were as follows:

TNF-238 Assay

50°C for 2 minutes (This step allows optimal AmpErase activity)

95°C for 10 minutes (Allows activation o f AmpliTaq Gold DNA Polymerase)

95°C for 15 seconds }

58°C for 1 minute } x 40 cycles

15°C Holding Temperature

TNF-308 Assay 

50°C for 2 mins 

95°C for 10 mins 

95°C for 15 seconds }

58“C for 1 minute } X 40 Cycles

15”C for infinity
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After the thermocycling the plate was then placed into the 7200 detection 

system. The details o f the plate was set-up was entered in the software and the plate 

was analysed. The data obtained was saved and manipulated using the sequence 

detection system software. The autocalls were manually checked and a print-out o f  

the results for the plate was obtained. Plates were either read immediately or stored in 

a dark cold place for up to four days before reading.

2.4 Analysis of Microsatellites from the Tumour Necrosis Factor Region in 

Coeliac Patients and Healthy Controls using Radioactive PCR

Please Note: DNA controls of known genotype were included in all microsatellite 

PCRs and run alongside samples on gels. Control DNA was gratefiilly received fi-om 

Prof. Fergal O’ Gara, Microbiology Dept., U.C.C..

2.4.1 Typing of the TNFa Microsatellite

The TNFa locus is composed of a dinucleotide ''AC repeat. It ranges in size 

from 97 bp (base pairs) (a l) to 121 bp (al3). The following primers were used for the 

amplification o f the TNFa microsatellite (Jongeneel et al, 1991).

TNFab-2 5' -GCC TCT AGA TTT CAT CCA GCC ACA GA - 3';

TNFab-3 5' -CCT CTC TCC CCT GCA ACA CAC A - 3';

lOOng of DNA was amplified in an llp.1 reaction volume. A final concentration o f 

0.5|iM of primers 2 and 3 were used along with [MgCl2] o f 1.5mM. Products o f the 

reaction were radioactively labelled using ^^P-a dCTP. Non-labelled dNTP’s and 

non-labelled dCTP were used at concentrations o f 0.2mM and O.OlmM respectively. 

Taq polymerase was added at a concentration o f 0.28units/reaction.

A ‘hot start’ procedure was used for this amplification. This involves the 

addition of the Taq polymerase and the radioactively labelled P-dCTP at a 

temperature o f 80°C after the initial denaturation step. This helps prevent the 

occurance o f non-specific amplification during the initial steps of the PCR (D Aquila 

etal,  1991).

The PCR profile was as follows:
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94°C for 3 mins 

80°C for 5 mins 

94°C for 30 secs }

56°C for 50 secs } x 35 cycles 

72°C for 30 secs }

72°C for 5 mins 

4°C for infinity

The PCR products were then separated by Denaturing Gel Polyacrylamide 

Electrophoresis and Autoradiography.

2.4.2 Denaturing Gel Polyacrylamide Electrophoresis and Autoradiography

A 6% polyacrylamide gel was prepared [Appendix II] and allowed to set for 

approx. one hour. The gel was then transferred into a gel rig, and 1 x TBE [Appendix 

II] running buffer was poured into the upper and lower electrode compartments. The 

gel was heated by running it at 35mA for 30 minutes. A sample of each PCR reaction 

was diluted Vz in denaturing loading dye [Appendix II]. This was placed onto a 

heating block at 95°C for 5 minutes to denature the samples into ssDNA. The 

samples were then placed on ice. When the gel had reached an adequate temperature 

the wells o f the gel were carefully washed using a syringe filled with running buffer. 

It was necessary to do this before the samples were loaded as urea tends to deposit in 

the wells and this interferes with the running o f the sample through the gel. 5|j,l of 

each denatured sample was added to the appropriate well. Control samples, of known 

type were interspersed between the unknown samples in order to correctly type the 

unknowns. The gel was run for approx. 2 'A to 3 hours. The gel was then removed 

from the glass plates, placed on filter paper, covered with cling film and placed on a 

gel drier for 20 minutes.

Autoradiography

The gel was placed into a lead cassette and an x-ray film was carefully placed 

on top. The exposure times of the film ranged from 30 minutes to overnight at room 

temperature depending on the activity o f the ^^P-dCTP label. The film was developed
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in an automatic developer. Finally, the film was placed onto a light box so that the 

samples could be typed. The typing was confirmed by an independent observer.

2.4.3 Typing of the TNFb Microsatellite

The TNFb microsatellite consists o f a single T C ’ nucleotide repeat, ranging 

in size from 124 (bl) to 130 (b7) bp. Initially, this microsatellite proved difficult to 

amplify directly and was amplified in a two-stage procedure (Jongeneel et al, 1991). 

The primers used were as follows:

TNFab 1 5 GCA CTC CAG CCT AGO CCA CAG AGA - 3',

TNFab 2 5 '-  GCC TCT AGA TTT CAT CCA GCC ACA GA - 3',

TNFab 3 5 '-  CCT CTC TCC CCT GCA ACA CAC A - 3’,

TNFab 4 5'-TGT GTG TTG CAG GGG AGA GAG G - 3'.

Step one involved using primers 1 and 2 for an initial 18 cycles in a non-radioactive 

PCR. The product o f this reaction was diluted 1 in 10  ̂and amplified using primers 1 

and 4 in a radioactively labelled PCR. The pre-amplification step involved the 

amplificaton o f approx. lOOng of DNA in a 25|o.l reaction volume with primers 1 and 

2 at a concentration of 0.5uM each, [MgC12] o f 1.5mM, [Unlabelled dNTP’s] of 

0.16mM and [Tag polymerase] o f 1 unit per reaction. A ‘hot start’ procedure was 

also used for this amplification. The PCR Profile for the pre-amplification step was 

as follows:

94°C for 5 mins 

80°C for 5 mins 

94°C for 30 secs }

56°C for 50 secs } x 35 cycles 

72°C for 40 secs }

72°C for 5 mins 

4”C for infinity

The product o f the reaction was then diluted 1 in 10 with sterile dH20. l^il of 

this dilution was then used as the template for the internal amplification step of TNFb
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in a 25)il reaction volume. In this amphfication the diluted product from the first 

PCR was amplified using primers 1 and 4 at a concentration of 0.5mM each, 

[MgCL2] o f ImM, [unlabelled dNTP’s] of 0.2mM. A ‘hot start’ procedure was also 

used for this amplification with Tag polymerase at a concentration of 0.6 units per 

reaction and radioactively labelled ^^P-dCTP. In order to minimise the amplification 

of non-specific bands a ‘touchdown’ PCR procedure (whereby the annealing 

temperature was progressively reduced fi-om 70°C to 59°C) was incorporated into the 

PCR (Don eta l, 1991).

The PCR profile was as follows:

94°C for 3 mins 

80°C for 5 mins 

94°C for 30 secs 

70°C for 1 min (

72°C for 25 secs 

94°C for 30 secs 

58°C for 40 secs 

72°C for 59 secs 

72°C for 5 mins 

4°C for infinity

The products o f the reaction were then denatured and separated on a 6% denaturing 

polyacylamide gel and visualised by autoradiography as previously described.

2.4.4 TNFc Microsatellite Typing

TNFc has two alleles, a dinucleotide repeat of ‘TC” of 157(d) or 159(c2) bp. 

This microsatellite was amplified using the following primers (Uldalova et al, 1993). 

TNFcI 5’-GGT TTC TCT GAC TGC ATC TTG TTC C-3’,

TNFc2 5’-TCA TGG GGA GAA CCT GCA GAG AA-3’.

The microsatellite was amplified using approx. lOOng o f DNA in a 10 1̂ reaction 

volume. The concentration of each primer used in the reaction was 0.5^M, [MgCla]

}
- 0.5°C/ cycle) } x 22 cycles 

}

}
} X 20 cycles 

}
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of 2.5mM, and unlabelled dNTP s at 0.25mM. A ‘hot start’ procedure was used with 

Taq polymerase at 0.1 unit per reaction, and radioactively labelled ^^P-dCTP.

The PCR Profile was as follows:

94°C for 3 mins 

80°C for 5 mins 

94°C for 30 secs }

60°C for 1 min } x 30 cycles 

72°C for 1 min }

72°C for 5 mins 

4°C for infinity

The PCR products were denatured and separated by 6% denaturing polyacrylamide 

gel electrophoresis and visualised by autoradiography as described.

2.4.5 TNFd and TNFe Microsatellite Typing

The TNFd microsatellite consists of a ‘TC’ repeat of 124 (dl) to 134 (d6) bp. 

TNFe also consists o f a ‘TC’ repeat ranging in size from 101 (el) to 107 (e4) bp. The 

TNFd and TNFe microsatellite polymorphisms were amplified in a two-step PCR 

procedure which involved the initial preamplification of the area of the gene which 

codes for both TNFd and TNFe using external primers, and a further amplification of 

each respective microsatellite fi'om this initial product using internal primers 

(Uldalova et al, 1993). The following primers were used to amplify TNFd and 

TNFe-.

TNFd/e 1 5 ’-AGA TCC TTC CCT GTG ACT TCT GCT-3’

TNFd/e 2 5 ’-CAT AGT GGG ACT CTG TCT CCA AAG-3’

TNFd/e 3 5’-GTG CCT GGT TCT GGA GCC TCT C-3 ’

TNFd/e 4 5 ’-TGA GAC AGA GGA TAG GAG AGA CAG-3 ’

The preamplification PCR involved the amplification of approx. lOOng of DNA in a 

10(̂ 1 reaction volume. Primers 1 and 4 were used at a final concentration of l|o,M
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each, MgCh was used at 2.5mM and unlabelled dNTP’s at 0.25mM. A ‘hot start’ 

procedure was used with Taq polymerase of 0.5 units per reaction.

The PCR profile of this amplification was as follows:

94°C for 3 mins 

80°C for 5 mins 

94°C for 30 secs }

60°C for 1 min } x 30 cycles

72°C for 1 min }

72°C for 5 mins 

4°C for infinity

0.5 .̂1 of the product from the preamplification was then amplified using

primers 1 and 2 for TNFd and primers 1 and 3 for TNFe at final concentration of

l|aM each. The concentration of MgCla was 2.5mM and unlabelled dNTP’s were at a 

concentration of 0.25mM. A ‘hot start’ was used for both TNFd and TNFe 

amplifications with a Taq polymerase concentration of O.Sunits per reaction and 

radioactively labelled ^^P-dCTP.

The PCR profile for both amplifications was as follows;

94°C for 3 mins 

80°C for 5 mins 

94°C for 30 secs }

60°C for 1 min } x 35 cycles

72°C for 1 min }

72°C for 5 min 

4°C for infinity

The PCR products were denatured and separated by 6% denaturing polyacrylamide 

gel electrophoresis and visualised by autoradiography.
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2.5 Human Leukocyte Antigen (HLA)DQB Typing of Coeliac Patients and 

Healthy Controls

Please Note: The HLA DQB typing was gratefully carried out by Dr. Richard Hagan 

at the Irish Blood Transfusion Board.

2.5.1 Low Resolution HLADQBl Typing

The low resolution typing was performed using Inno-Lipa HLA typing kits 

[Appendix I]. This procedure was performed in two stages: the first stage is the 

amplification of the specific PCR product and the second stage involved the 

detection of the product. The amplification involved the addition of the following 

components to each well of a 96-well plate:

Amplification Buffer (AB)

ob

Primer Mix 10.0^1

MgCb Solution 10.0^1

Sterile Water 14.6^1

Taq 0.4|^1

DNA (0.16-0.3^g/^l) 5.0|al

Thermocycling was performed on a MJ Research PTC-225 DNA Engine Tetrad 

under the following conditions:

95°C for 5 mins 

95°C for 30 secs }

58°C for 20 secs } x 35 cycles 

72°C for 30 secs }

72°C for 10 mins

The detection test is based on the reverse-hybridisation principle. The 

amplified DNA material (i.e. exon 2 of DQBl-255 bp) from the first stage was 

hybridised with specific oligonucleotide probes (21 probes, a conjugate control line, 

an internal hybridisation control and a temperature control) immobilised as parallel 

lines on membrane based-strips. After hybridisation, streptavidin labelled with
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alkaline phosphatase is added and bound to any biotinylated hybrid previously 

formed. Incubation with BCDP/NBT chromogen results in a purple/brown precipitate. 

Interpretation of the positive reactions then gives you the DQBl type for the sample. 

The detection stage can be performed manually, but here it is performed using 

automated machinery. The instrument used is called the Auto-Lipa. The procedure 

takes about 2-2.5 hours. This kit allows the discrimination of 25/26 DQBl alleles and 

only DQBl *0201 and DQBl *0202 behave similarly since they have the same 

nucleotide sequence in exon 2. Some heterozygous combinations, however, yield 

ambiguous reactivity patterns. For these cases and the DQBl 0201/0202 alleles high 

resolution typing is required for unique allele designation.

2.5.2 High Resolution DQBl Typing

The DQBl high resolution typing was performed using Dynal (Norway) 

sequence specific (SSP) kits: DQBl802/04, DQBl *03. DQBl *05, DQBl *06. Each 

kit contains a number of tubes and each tube in the set contains a primer solution 

consisting of a specific primer mix i.e. the allele- and group- specific primers as well 

as a control primer pair that amplifies a 429bp segment of the human growth 

hormone gene. 5 |u,l of primer solution is used per PCR reaction.

DQBl *02/04 contains 6 tubes and identifies 0201/02/03 as well as 401/02 

DQBl *03 contains 8 tubes and identifies 0301/02/032/04/05/06/07 

DQBl *05 contains 4 tubes and identifies 0501/02/03/04

DQBl *06 contains 12 tubes and identifies 06011 /  012 /  013 /  02 /  03/ 04/ 051/ 052/ 

06/ 07/ 08/09/10/11/12/13/14

Each reaction included 3)al of PCR solution (contains buffer, MgCh, 

dNTPs), 1.9|il DNA at 50ng/^l, and 0.08|al Taq. For these reactions the reagents are 

all Advanced Biotechnologies products. The targets were amplified and the PCR 

products run out on a 2% agarose gel for 35 mins at 150V. The types were then 

interpreted by the pattern o f positive reactions for allele specific PCR products.
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2.6 Investigation of TNF-a Production by Peripheral Blood Mononuclear Cells 

(PBMCs) from Coeliac Patients and Healthy Controls

2.6.1 Preparation of Blood Samples

Blood was taken as described in section 2.2.1. The blood samples were 

immediately placed on crushed ice in order to prevent the spontaneous production of 

TNF-a. In the case of the coeliac patients blood was also taken in the appropriate 

vacutainers for measurement of AGA and EMA, by the routine immunology 

laboratory.

2.6.2 Isolation of Peripheral Blood Mononuclear Cells (PBMCs) from Whole 

Blood

PBMC’s were isolated from the whole blood as described by Boyum. 

(Boyum, 1968). Briefly, whole blood was diluted 50:50 with Hank’s Buffered Salts 

Solution (HBSS) containing O.IM Hepes [Appendix II]. The blood/HBSS was 

carefully layered onto Lymphoprep density gradient solution using a pasteur pipette 

(Approx. 20mls blood/HBSS on 5mls of lymphoprep). This was centrifuged at 300g 

for 25 mins at 4°C. The buffy layer containing the PBMCs was carefiilly removed 

using a pasteur pipette and diluted 1/5 with HBSS. The cells were centrifuged at 

800g for 15 mins. The supernatant was discarded and the cells were washed again by 

centrifugation at SOOg for 10 mins in HBSS. The supernatant was removed and the 

cells were resuspended in 2 mis of CO2 Independent RPMI 1640 (which was 

supplemented with foetal calf serum, penicillin, streptomycin L-glutamine and 2- 

mercaptoethanol [Appendix II]) and placed on ice.

2.6.3 Cell Enumeration and Viability using the Ethidium B r o m id e /A c r id in e  

Orange (EB/AO) Fluorescent Stain

Cell number and viability were assessed by fluorescent microscopy, using the 

EB/AO technique (Lee et al, 1975). 10|j1 of cell suspension was taken and mixed 

with 90ul of EB/AO working solution [Appendix II] and an aliquot was observed on 

a Neubaeur haemocytometer under ultraviolet (uv) light from a fluorescent 

microscope, a modification of the method described by Hudson and Hay. (Hudson & 

Hay, 1976).
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Viable cells admit AO which fluoresce green under uv light and exclude EB. 

Non-viable cells admit both EB and AO. EB however, has greater affinity for DNA 

that AO, and therefore presumably excludes AO. Dead cells therefore fluoresce 

orange. All enumerations were carried out in dupUcate. The number of viable 

cells/ml was calculated and adjusted to the required concentration.

2.6.4 Incubation and Stimulation of PBMCs for TNF-a Production

1 X loVml isolated PBMCs were incubated at 37°C for 24 hr (Mahida et al, 

1992) with medium alone or stimulated with either PMA 25 |^g/ml, LPS 250 pg/ml, 

0KT3 1/50 dilution [Appendix I] or with a combination o f LPS and 0KT3. 0KT3 is 

a monoclonal antibody to the TCR present in the supernatant from the T-cell 

leukaemia cell line J.CaM l.6 (ATCC cat. No. CRL-2063). Supernatants were 

removed after incubation and centrifuged at 800g for 10 mins to remove 

contamination with cells or cellular debris. The supernatants were then aliquoted into 

sterile cryostat tubes and stored at -70°C until required.

2.6.5 Measurement of TNF-a Production by PBMCs using a TNF-a ELISA

TNF-a was measured using a 3-Day ELISA which included antibody pairs 

from Pharmingen (c/o BD Biosciences, Palo Alto, C.A., U.S.A). An overview o f the 

ELISA is shown in Fig. 2.5. The stock purified anti-TNF capture monoclonal 

antibody (mAh) solution was diluted to a concentration o f 2mg/ml in coating buffer. 

50^1 of this mAb solution was added to all wells o f a 96-well ELISA plate except Al 

(Blank). The plate was covered and incubated at 4°C overnight. The following day 

the plate was washed 2x with PBS/Tween. Washing was performed on an automated 

platewasher. 200|al o f blocking buffer was then added per well [Appendix II]. The 

plate was covered and left at room temperature for 2 hours.

The wells were washed 2x with PBS/Tween. 100|il of C02-Independent 

medium (blank), TNF-a standards (1000-10 pg/ml) or samples were added to the 

Wells in triplicate. The TNF-a standard was recombinant human TNF-a and was a 

kind gift from Cetus Corporation, Emeryville, C.A., USA.

The preparation and storage of the standard is described in appendix II. In some cases 

it was necessary to dilute stimulated samples with medium in order to correctly
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Fig. 2.5: Principle ofTNF-a Sandwich Enzyme-Linked Immunosorbant Assay 
(ELISA), a) Anti-TNF coating antibody adsorbed onto plate, b) Wells blocked, c) 
Sample TNF/ Standard TNF binds to Ab, d) Biotinylated Anti-TW detecting Ab 
binds to TNF, e) Avidin Peroxidase binds to biotin and f) Substrate added, enzyme- 
substrate interaction results in colour development proportional to TNF level.



quantify the levels o f  TNF-a present (usually a 1/5 dilution was sufficient). Plates 

were covered and incubated overnight at 4°C.

The following day the plate was washed 4x with PBS/Tween. The stock 

biotinylated anti-TNF detecting mAb was diluted to l|xg/ml with PBS/10% FCS. 

lOOf̂ l o f  this mAb solution was added to the wells and incubated at room 

temperature for 45 minutes. The plate was washed 6x with PBS/Tween. 100^1 o f  

avidin peroxidase was added to the wells at a concentration o f 2.5|j,g/ml in PBS/10% 

FCS and incubated at room temperature for 30 mins. The plate was washed 8x with 

PBS/Tween. The 2,2-Azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) 

substrate [Appendix II] was defrosted within five minutes o f use. 10|u,l o f hydrogen 

peroxide per 10ml o f substrate was added and vortexed. 100|j1 o f  the substrate/H2 0 2  

was added to each well and the reaction was allowed to continue at room temperature 

until adequate colour development was observed (usually 80 mins). The colour 

reaction can also be stopped by the addition o f  50|o.l o f  stopping solution [Appendix 

II] if  necessary to each well.

The optical density (OD) o f  each well was then read at 405nm in a platereader 

[Appendix I]. The average reading was calculated from each triplicate, readings were 

only used if  the triplicate values were acceptable. A standard curve was drawn o f Log 

[TNF-a] pg/ml vs. Log OD at 405nm. Sample TNF-a concentrations were then 

calculated from this graph. An example o f a typical standard curve is shown in Fig. 

2 .6 .
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2.7 Comparison of TNF Production by EBV Transformed Human B-cell lines 

homozygotic for the TNF-308 ‘wild type’ Allele and the ‘rare type’ Allele

2.7.1 Source of Supernatants from TNFl/1 and TNF2/2 Homozygotic Human B- 

cell lines

Please Note: The supemantants from the following experiment were kindly sent to us 

from Dr. A.G. Wilson, Dept, of Medicine, Section of Molecular Medicine, 

University of Sheffield, Royal Hallamshire Hospital, Sheffield, England.

Human B-cells from individuals homozygotic for the TNF-308 wild type 

allele i.e. TNF 1/1 or homozygotic for the rare type i.e. TNF 2/2 were immortilised 

using Epstein Barr Virus (EBV). These cell lines were then cultured at 37°C in a 

resting state in medium alone or stimulated with PMA 50|4,g/ml. Supernatants were 

removed from the cells at time zero, 3 hrs, 6 hrs, 12 hrs and 24 hrs incubation. The 

supernatants were spun at 800g for 10 mins in order to remove any cells or cellular 

debris. The supernatants were then stored at -70°C. The supernatants were sent by 

courier on dry ice to our laboratory. Upon arrival the supernatants were again stored 

at -70°C. TNF levels in the supernatants were measured in our laboratory using the 

L929 bioassay as described below.

2.7.2 Principle of L929 Cytotoxicity Bioassay

TNF bioactivity was measured using a modified version of the L929 cell line 

toxicity assay (Green et al, 1984). This bioassay is based on the ability of TNF to be 

cytotoxic to certain transformed cell lines, in this case, the L929 murine 

fibrosarcoma. Cell viability after TNF incubation was measured by the rapid MTT 

colourimetric assay (Mosmann et al, 1983). % Cytotoxicity was calculated and the 

concentration of TNF in unknown samples obtained from a standard curve plotted 

from values obtained from wells containing a known concentration of TNF-a. L929 

cells were subcultured 24hrs prior to their use in order to ensure that the cells were 

subconfluent i.e. sensitive to TNF (Flick & Gifford, 1984).
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2.7.3 Maintenance of the L929 Murine Fibrosarcoma Cell Line

The L929 cell line was grown in complete medium, consisting of CO2- 

Independant RPMI 1640 medium, supplemented with 10% filtered foetal calf serum 

(FCS), 100 units/ml penicillin, lOOug/ml streptomycin, 2 mM L-glutamine and 5 x 

lO'^M 2-mercaptoethanol at 37°C (Harlow & Lane, 1988). The medium was stored at 

4°C and used within two weeks, as glutamine can become enzymatically converted 

by serum enzymes. To avoid the risk of contamination, multiple freezing/thawing 

and to ease labour, a stock of penicillin/streptomycin and L-glutamine was prepared 

and stored at -70°C [Appendix II]. Complement in the FCS was inactivated by 

incubation at 56°C in a waterbath for 45 mins: FCS was then stored in aliquots at - 

20“C until use. Cells were maintained in 80cm^ culture flasks in a 37°C incubator and 

examined by phase-contrast microscopy to determine their condition prior to 

experimental use.

When the L929 cells reached confluency the medium containing dead cells 

and metabolites was decanted off and the cells were removed from the plastic flasks 

by incubation for 10 mins with Ix trypsin at 37°C. The cells were then washed twice 

by centrifugation at 300g for 10 mins in HBSS (containing 0.02 M Hepes) to remove 

any remaining cell debris. Cells were resuspended in complete medium at 1 x 10̂  

cells/20ml o f medium. Cells between the 5*’’ and 15*’’ passage were used for 

experiments, as L929 cells have been reported to vary in sensitivity to the effects of 

TNF with serial passage in culture (Meager et al, 1989).

2.7.4 Cryopreservation of L929 cells

In order to maintain a stock of viable cells and TNF sensitive cells, the L929 

cells were frozen in filtered FCS containing 10% DMSO at 1 x lO^cells/ml (Hay et 

al, 1992). The cells were subcultured the day before freezing. Before freezing, 

adherent cells were trypsinised and washed twice in HBSS at 1200 rpm for 5 mins. 

Cells were frozen in 1ml aliquots in sterile cryostat tubes. Freezing was performed in 

stages, firstly at -20°C for a few hours, then the cells were transferred to -70 C and

finally to liquid nitrogen (-185°C).

When required frozen cell cultures were rapidly defrosted, resuspended in 

10ml complete medium, centrifuged at 350g for 5 min, washed in HBSS by 

centrifugation at 350g for 5 mins and then resuspended in 5-10 ml complete medium
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in a 25cm3. Cell viability was then estimated by the EB/AO technique as described 

in section 2.2.3. If viability was less than 80% the cells were discarded (Harlow &. 

Lane, 1988).

2.7.5 Protocol for the L929 Cytotoxicity Bioassay

A summarised protocol is shown in figure 2.7. lOOjil of L929 cells at a 

concentration o f 5 x 10" /̂ml in complete medium were seeded in triplicate in a flat- 

bottomed 96-well ELISA plate. This plate was then incubated at 37°C for 18 hours. 

Three wells in the plate; A2, A3 and A4 contained medium alone (negative controls), 

well A1 was left empty and used as a blank in the assay. After the incubation the 

plate was examined under a phase-contrast microscope to ensure that the cells were 

subconfluent and that they had adhered to the plate. Spent medium in the wells was 

carefiilly removed by inverting the plate with a rapid flicking motion. Cells were then 

incubated with lOOfal of medium alone (negative control wells (A2-A7)), with lOOjiil 

of supernatant (unknown), or with 100^1 o f TNF-a standards (range 1000-10 pg/ml) 

[Appendix II]. All o f the above were added in triplicate to the plate. 2mg/ml of 

actinomycin D (AMD) [Appendix E] was added to each well o f the plate (Hudson & 

Hay, 1989), except the blank well, the three wells containing medium alone and the 

three wells containing cells alone at the time o f incubation with TNF. AMD is a 

transcription inhibitor and has been reported to sensitise L929 cells to TNF killing 

when added at the same time as TNF (Meager et al, 1989). High TNF concentrations 

would be necessary to cause cytotoxicity o f the L929 cells if  AMD was not used. The 

plate was then incubated for 24 hrs at 37°C.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) is a 

tetrazolium salt which is incorporated into the mitochondria o f living cells 

(Mosmann et al, 1983). A stock solution o f MTT of 6mg/ml was prepared [Appendix 

II]. 20|al o f this stock was added to each well except the blank well and incubated for 

4hrs at 37”C (Twentyman & Luscombe, 1987). The plates were then inverted and any 

unincorporated MTT was removed from the wells by gently tapping the plate on 

tissue paper. 200}il of DMSO was then added to all wells o f the plate and the 

absorbance o f the contents of each well was then measured within 15 minutes at 

570nm in an ELISA platereader (Mosmann et al, 1983). The well containing only 

DMSO i.e. A l was used as the blank for the platereader. Wells which contained no
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Key; '  ^  = ViableL929 cell

= Dead 
L929 cell

= TNF 

= AMD 
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= Dimethyl 
Sulphoxide

DMSO
DMSO

DMSO

2.7; Principle of the L929 Bioassay 
*) Wells are seeded with L929 cells, b) TNF standard or samples are added, 
c) AMD was added to increase cytotoxicity of TNF, d) MTT was added to 
"'®lls and incorporated into living cells e) DMSO is added to dissolve 
'ncorporated MTT . Colour development measured @ 570nm. TNF levels 

then calculated fiom absoibance readings.



cells or cells which have been killed by TNF have no colour, in contrast wells that 

have cells alone or cells with low TNF concentrations turn purple in colour. 

Cytotoxicity was calculated from the absorbance readings at 570nm using the 

following formula;

% Cytotoxicity = Abs o f Control -  Abs of test sample x 100

Abs o f Control

Where Abs o f the control = average absorbance readings of wells with cells and 

AMD alone and Abs o f test = average absorbance o f wells with standard or sample 

added (Hay & Cohen J, 1989). A standard curve was plotted for each plate (% 

cytotoxicity (Y axis) vs. Log known TNF concentrations (X axis)) and unknown 

values were calculated from this. An example o f a typical standard curve is shown in 

Fig. 2.8.
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Chapter Three

Genetic Analysis of Polymorphic Sites in the Tumour Necrosis 

Factor and HLADQBl Genes in Healthy Controls and Coeliac

Patients

Acknowledgement

HLADQBl Typing in this chapter was carried out by Dr. Richard Hagan from the 
Blood Transfusion Service Board. (Figures 3.8, 3.9 and 3.10).



3.1 INTRODUCTION

The HLA DQ  gene has been strongly linked to disease susceptibility in 

coeliac disease, with 80-90% o f patients carrying the DQ2 allelic combination o f 

HLADQBl *0201, HLADQA1*0501 (Sollid et al, 1989). However this allelic 

combination is also common in 30% o f the healthy population. The search for other 

susceptibility genes in coeliac disease has been intense, investigators have analysed 

HLA and non-HLA genes. It has been suggested that a stronger non-HLA component 

is involved in coeliac disease (Zhong et al, 1996). Genome scans and candidate gene 

studies have to date yielded no clear results in isolating other significant loci as 

described in Section 1.3.

Studies o f TNF polymorphisms in coeliac disease have been few. Our group 

previously investigated the role o f the TNF-308 polymorphism in a group of 52 

coeliac disease patients and found TNF-308-2 or 'A ’ to be significantly associated 

with CD. This association seemed to be due to linkage of the allele with 

HLADQBl *0201, i.e. it was part o f the coeliac haplotype but not an independent part 

(McManus et al, 1996). The TNFa and b microsatellites were also investigated by 

McManus et al (McManus et al, 1996), the TNFa2 allele suggested an independent 

association with the disease, and the TNF bS molecule was also significantly 

associated but it was 100 % linked to DQ. A Finnish group also investigated the 

TNFa and b microsatellites in a group o f 68 coeliac patients. However, they did not 

find the same associations, it was suggested that the differences between the studies 

was due to population differences (Polvi et al, 1998). Results from a family based 

study on TNF polymorphisms in coeliac patients also repeated the association of 

TNF2 with the disease but they found the association to be independent of the 

DRBl *0301, DQAl *0501 and DQBl *0201 alleles (de la Concha et al, 2000).

We decided to evaluate the TNF region more thoroughly using an increased 

number o f polymorphic markers. This study investigated the distribution of alleles of 

3 SNPS, and five microsatellites in the TNF region, in a cohort o f 120 coeliac 

patients and 100 controls in a case-control study.
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3.2 OBJECTIVES

3 ) To genotype a cohort of coeliac patients and healthy controls for three single 

nucleotide polymorphisms (SNPs), TNF-238, TNF-308, and TNFB Ncol, in 

the TNF region

b) To genotype these individuals for the five TNF microsatellites, TNFa, b, c, d 

and e respectively.

c) To genotype these individuals for the HLADQBl polymorphism.

d) To determine if  the polymorphisms in a, b, and c above are significantly 

associated with coeliac disease.

3.3 METHODS
3.3.1 rA^FSNPGenotyping

DNA was extracted from whole blood donated by 120 coeliac patients and 

100 healthy controls [Section 2.2.1]. TNF-238 and TNF-308 polymorphisms were 

screened in these cohorts using specifically designed and optimised Taqman® Allelic 

Discrimination assays [Section 2.3.4]. The TNFB N col SNP was screened using 

RFLP analysis. The polymorphic region was first amplified by PCR with sequence 

specific primers, the product was then run on a 1.5% agarose gel. Reactions with a 

782bp band were digested with the Ncol restriction enzyme. The genotype of the 

individuals for this site was determined from the size o f the digestion products. 

[Section 2.2.7].

3.3.2 Microsatellite Typing

TNF microsatellites were typed using sequence specific primers in radioactive 

PCRs incorporating a-P^^ dCTP. The products of the PCR along with control 

reactions o f known genotype were run on 6% acrylamide gels and detected by 

autoradiography. [Section 2.4].



3.3.3 HLADQEl Genotyping

Please Note: HLA typing was gratefully performed by Dr. Richard Hagan, from the 

Blood Transfusion Service Board.

Individuals were genotyped for the HLADQBl alleles using an INNO-LiPA 

low resolution typing kit. Some samples required further analysis by high resolution 

typing (Dynal kit), as their genotype could not be determined with low resolution 

typing alone. [ Section 2.5].

3.3.4 Statistics

Please Note: The value for ‘n’, the number of individuals typed for each 

polymorphism, varies on each table. This is because the number of individuals 

successfully typed for each locus differed due to technical reasons.

a) A Chi-square test was used to determine if there was a significant difference 

in the frequency of the alleles between the patient and control groups. A Fisher’s 

Exact test was used when a cell in the 2 x 2 table had an expected frequency of less 

than 5.

b). A corrected p value (p(c)) was calculated using a Bonferroni correction 

(Bland et al, 1995). This takes into account the type 1 error for multiple testing. (The 

p value was multiplied by the number of loci tested in this study (9 loci; 3 SNPs, 5 

microsatellites and HLADQBl. Therefore, p was multiplied by 9).

c). Odds ratios were calculated for alleles with significantly different 

distributions between the groups.

d). Hardy Weinberg Equilibrium was calculated using GENEPOP (version 3.1b) 

software.

Note: Statistics were performed using the SPSS (version 11.0) software package.
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3.4 RESULTS

3.4.1 TNF SNP Genotyping in Coeliac Patients and Healthy Controls

The rare -238  promoter polymorphism allele had a carriage rate of 16.9% 

in the healthy controls versus 6.1% in the coeliac patients studied. (Table 3.1) The 

allele has a frequency o f 0.0839 in controls versus 0.0301 in patients. This decrease 

in the "A'’ allele in coeliac patients was significant, p=0.0143. However, p(c) was not 

significant. In contrast the rare TNF-308 promoter polymorphism allele, ‘/I’ or TNF2 

was significantly increased in the coeliac group compared to healthy controls. (Table 

3.2). 43.5% o f controls and 80.4% of patients carry this allele, with allelic 

frequencies o f 0.2585 and 0.5000, in controls versus patients respectively, p<0.0001. 

(p(c) <0.0008). The rare TNFBl allele o f the TNFB Ncol polymorphism was 

significantly increased in coeliac patients compared to controls. (Table 3.3) Carriage 

rates o f 66.3% and 89.0%, and allelic frequencies o f 0.3892 and 0.5085, in controls 

versus patients respectively, p<0.0015. (p(c)=0.0135).

Deviation o f the SNP alleles from Hardy-Weinberg equilibrium was 

examined. (Table 3.13). No deviation from H-W equilibrium was observed at the 

TNF-238 locus. An excess of heterozygotes for the TNF-308 SNP was observed in 

the patient group, p = 0.0370 (p(c) was not significant). Likewise there was a 

statistically significant excess o f heterozygotes at the TNFB locus in the patient 

group, p<0.0001 (p(c) =0.0008).

Examples o f a TNFB PCR and A^co/digest are shown in fig.s 3.1 and 3.2.

3.4.2 TNF Microsatellite Typing in Coeliac Patients and Healthy Controls

In this study, 11 out of the 13 possible alleles o f the TNFa microsatellite were 

detected. (Table 3.4). Significant differences were found in the allelic distribution of 

four o f these alleles between the patient and control populations. The TNFa2 allele 

was significantly increased in the patient population, with carriage rates o f 60.9% and 

85.3%, and frequencies o f 0.4070 and 0.6075, in controls versus patients 

respectively, p<0.0002. (p(c)=0.0018). The TNFa6 allele was significantly decreased 

in the patient group, with carriage rates o f 21.6% and 12.1% and allele frequencies o f 

0.1434 and 0.0603, in the controls versus patients respectively, p=0.0147. (p(c) was 

not significant). The TNFa7 allele was increased in the patient group, with carriage
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rates of 10.4% and 19.8% and allelic frequencies of 0.0522 and 0.0984, in controls 

versus patients respectively, p = 0.0491. (p(c) was not significant). The TNFall 

allele was significantly decreased in the patients group, with carriage rates of 29.9% 

and 11.2% and allehc frequencies of 0.1614 and 0.0556, in controls versus patients 

respectively, p = 0.0023. (p(c) = 0.0207). There was no significant difference in the 

other TNFa alleles detected. An example of a typical TNFa gel is shown in fig.3.3.

6 of the 7 possible alleles o f the TNFb microsatellite were detected in this 

study. 4 of the detected alleles showed significant differences between the 

populations studied. (Table 3.5). The TNFbl allele was significantly decreased in 

the patient population, carrier frequencies of 21.2% and 9.7%, and allehc frequencies 

of 0.1122 and 0.0492, in controls versus patients respectively, p = 0.0211. (p(c) was 

not significant). The TNFb3 allele was significantly increased in the patient 

population, with carrier frequencies of 40.0% and 86.7%, and allelic fi-equencies of 

0.2291 and 0.5525, in controls versus patients respectively, p<0.0001. (p(c)=0.0009). 

The TNFb4 allele was significantly decreased in the patient population, carrier 

frequencies of 63.5% and 38.1% and allelic fi-equencies of 0.3765 and 0.2082, in 

controls versus patients respectively, p<0.0008. (p(c)=0.0072). The TNFb5 allele was 

also significantly decreased in the patient group with carrier frequencies of 48.2% 

and 23.9%, and allehc frequencies of 0.2411 and 0.1279 in controls versus patients 

respectively, p<0.0004. (p(c)=0.0036). There was no significant difference in the 

other TNFb alleles detected. An example of a TNFb gel is shown in fig. 3.4.

The TNFc microsatellite has only two alleles, the TNFcl allele was 

significantly increased in the patient group, with carriage rates of 86.5% and 96.5%, 

allelic frequencies of 0.6845 and 0.8111, in controls versus patients respectively, p = 

0.0092. (p(c) was not significant). (Table 3.6). The TNFc2 allele was significantly 

decreased in the patient population, with carriage rates of 49.5% and 34.2%, and 

allelic frequencies of 0.3155 and 0.1889, in controls versus patients respectively, p 

=0.0204. (p(c) was not significant). An example of a TNFc gel is shown in fig- 3.5.

5 TNFd alleles were observed in this study and 4 of these were significantly 

different between the patient and control groups. (Table 3.7). The TNFdl allele was 

significantly increased in the patient population with carriage rates of 43.8 ̂  and 

76.9%, and allelic frequencies of 0.2581 and 0.4541, in controls versus patients 

respectively, p<0.0001. (p(c)=0.0008). The TNFd2 allele was significantly decreased
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in the patients, with carriage rates of and 19.1% and 4.6% and frequencies o f and 

0.0963 and 0.0233, in controls versus patients respectively, p<0.0013. (p(c) = 

0.0117). Likewise, the TNFd3 allele was significantly decreased in the patient 

population with carriage rates of 58.3 and 71.9 and frequencies of 0.3922 and 0.3371, 

in controls versus patients respectively, p 0.0332. (p(c) was not significant). The 

TNFd4 allele was also significantly decreased in the patient population with carriage 

rates of 40.5% and 25.9% and frequencies of 0.2251 and 0.1301, in controls versus 

patients respectively, p = 0.0184. (p(c) was not significant). There was no difference 

in the frequency of the TNFdS allele between the populations. An example of a TNFd 

gel is shown in fig. 3.6.

2 of the 4 detected TNFe alleles showed significant differences between 

patients and controls. (Table 3.8). TNFel was significantly decreased in the patient 

group with carriage rates of 30.4% and 9.3% and frequencies of 0.1705 and 0.0462, 

in controls versus patients respectively, p = 0.0019. (p(c) = 0.0171). In contrast, the 

TNFeS allele was increased in the patient group with carriage rates of 91.1% and 

100% and frequencies of 0.7793 and 0.9475, in controls versus patients respectively, 

p = 0.0002. (p(c)=0.0018). An example of a TNFe gel is shown in fig. 3.7.

Deviation of the microsatellite alleles from Hardy-Weinberg equilibrium was 

also examined. (Table 3.13). No significant deviation from H-W equilibrium was 

observed for any alleles at the five microsatellite loci.

A summary of the genotyping results from TNF alleles with significantly 

different distributions between patients and controls is shown in table 3.10, odds 

ratios for such alleles are also shown.

3.4.3 HLADQBl Genotyping in Coeliac Patients and Healthy Controls

The HLADQBl profile for coeliac patients in this study is shown in table 3.9. 

14 HLADQBl alleles were detected in this study, the frequency of 7 of these alleles 

differed significantly between patient and control groups. (Table 3.10). The *0201 

allele was significantly increased in the patient population with carriage rates of 

37.4% and 87.9% and frequencies of 0.2231 and 0.6115, in controls versus patients 

respectively, p<0.0001. (p(c)=0.0009). Similariy, the *0202 allele was also 

significantly increased in patients with carriage rates of 7.2% and 34.6/o and 

frequencies of 0.0421 and 0.1864, in controls versus patients respectively, p<0.0001.
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(p(c)=0.0010). In contrast, 5 other alleles were decreased in the patient population. 

*0302 had carriage rates o f 16.9% and 4.7 % and frequencies of 0.0841 and 0.0281, 

in controls versus patients respectively, p = 0.0065. (p(c) was not significant). The 

*03032 allele carriage rates were 14.5% and 1.9% with frequencies of 0.0717 and 

0.0091, in controls versus patients respectively, p = 0.0011. (p(c)=0.0099). *0501 

allele carriage rates were 28.9% and 4.7% with frequencies of and 0.1511 and 

0.0228, in controls versus patients respectively, p<0.0001. (p(c)=0.0009). The 

*05031 allele had a carriage rate of 7.2% in the control population, this allele was not 

detected in the patient population, p = 0.0063. (p(c) was not significant). The *0602 

allele had carriage rates o f 34.9% and 8.4% with frequencies of 0.2116 and 0.0418, 

in controls versus patients respectively, p<0.0001. (p(c)=0.0008). An example of the 

low resolution typing is shown in fig.s 3.8 and 3.9, and high resolution typing in fig. 

3.10.

In addition, deviation of the HLADQBl alleles from Hardy-Weinberg 

equilibrium was examined. (Table 3.13). No significant deviafion from H-W 

equilibrium was observed.

A summary of the genotyping results for HLADQBl alleles with significantly 

different distributions between patients and controls is shown in table 3.11, odds 

ratios for such alleles are also shown .

A comparison of the distribution of TNF alleles in controls and patients with 

the same HLADQBl *0201 genotype was carried out. Alleles with significantly 

different distributions are shown in table 3.14. The distribution of the TNFd2 allele 

was significantly decreased in *0201 homozygote patients compared to *0201 

homozygote controls, with frequencies of 0.2500 in controls versus 0.0303 in the 

patient group, p=0.0186 (p(c) was not significant), OR 0.7. Distribution of the other 

TNF alleles was not significantly different.

However, *0201 heterozygous controls and patients did have significantly 

different distributions of a number of TNF alleles. TNF-308-2 was significantly 

increased in *0201 heterozygous patients compared to *0201 heterozygous controls, 

with frequencies of 0.3182 in controls versus 0.5200 in patients, p=0.0381 (p(c) was 

not significant), OR 3.7. Likewise, TNFa2 was increased in the patient group, with 

frequencies of 0.3958 in controls versus 0.6538 in patients, p=0.0015 (p(c)<0.05), 

OR 7.9. In contrast, TNFal 1 was decreased in the patient group, with frequencies of
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0.2083 in controls versus 0.0385 in patients, p=0.0026 (p(c)<0.05), OR 0.1. The 

TNFbS allele was significantly increased in the patient group, with frequencies of 

0.2500 in controls versus 0.5882 in patients, p=0.0004 (p(c)<0.05), OR 7.3. In 

contrast, the distribution of the TNFb4 allele was significantly decreased in the 

patient group, with frequencies of 0.3181 in controls versus 0.2157 in patients, 

p=0.0446 (p(c) was not significant), OR 0.4. Likewise, the TNFbS allele was also 

decreased in the patient population, with frequencies of 0.2273 in controls versus 

0.0882 in patients, p=0.0199 (p(c) was not significant), OR 0.2. The fi-equency of the 

TNFdl allele was significantly increased in the patient population, with frequencies 

of 0.2500 in controls versus 0.4400 in patients, p=0.0314 (p(c) was not significant), 

OR 3.2. In contrast, the TNFel allele was significantly decreased in the patients, with 

frequencies of 0.1521 in controls versus 0.0769 in patients, p=0.0304 (p(c) was not 

significant), OR 0.2.

The distribution of a number of TNF alleles differed significantly between 

*0201 negative controls and *0201 negative patients. The TNF-308-2 allele was 

significantly increased in these patients compared to controls, with fi-equencies of 

0.2250 in controls versus 0.5667 in patients, p=0.0017 (p(c) <0.05), OR 13.6. 

Likewise, the TNFa2 allele was significantly increased in this patient group, with 

frequencies of 0.4146 in controls versus 0.7188 in patients, p=0.0118 (p(c) was not 

significant). In contrast, the TNFa6 allele was decreased in the patients, with 

frequencies of 0.1585 in controls versus 0.0000 in patients, p=0.0116 (p(c) was not 

significant), OR 0.0. Whereas, the TNFa7 allele was increased in the patients, with 

frequencies of 0.0366 in controls versus 0.1563 in patients, p=0.0324 (p(c) was not 

significant), OR 5.7. Likewise, the TNFbS allele was significantly increased in the 

patient group, with frequencies of 0.2000 in controls versus 0.6071 in patients, 

p=0.0021 (p(c) <0.05), OR 31.0. The TNFbS allele was decreased in the patients, 

with frequencies of 0.2750 in controls versus 0.0714 in patients, p=0.0118 (p(c) was 

not significant), OR 0.1. In contrast, the TNFdl allele was increased in the patient 

group, with frequencies of 0.2209 in controls versus 0.5357 in patients, p-0.0037 

(p(c)<0.05), OR 11.0.
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100 bp 1 
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Fig. 3.1: Example of a TNFB PCR
The products o f the TNFB PCR were run on a 2% Agarose gel. [Methods section 
2.2.7(a)]. A band at 782bp indicates a positive PCR reaction.

100 bp 1 2  3 4
ladder  __

6 -ve 7 8 lOObp
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782 bp 

586 bp

196 bp
(Hidden 
by Dye)

TNFB
Genotype 1 / 2  1 / 1  2 / 2  1 / 2  1 / 2  2 / 2  2 / 2  1 / 2

Fig. 3.2: Ncol Digest of TNFB PCR
The products of the TNFB PCR were digested overnight with A^co/restriction enzyme. 
[Methods section 2.2.7(b)]. The digestion products were then run on a 2% agarose gel. 
The genotype of samples was determined from the size of digested fragments as 
described in table 2.1.
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Fig. 3.3: Example of a TNFa Microsatellite Gel
The TNFa microsatellite was amplified by radioactive PCR. [Methods section 2.4.1], 
Products were separated on a 6% denaturing polyacrylamide gel and the genotype 
ietermined fi-om the product size. The TNFa microsatellite is an ‘AC’ repeat ranging 
from 97(al) to 121(al3) bp in size, increasing by 2 bases per allele. Control DNA of 
iifferent known genotypes were included in the PCR and interspersed on gels to allow 
iccurate determination of allele sizes.
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Fig. 3.4: Example of a TNFb Microsatellite Gel
The TNFb microsatellite was amplified by radioactive PCR. [Methods section 2.4.3]. 
Products were separated on a 6% denaturing polyacrylamide gel and the genotype 
determined from the product size. The TNFb microsatellite is an ‘TC’ repeat ranging 
from 126(bl) to 132(b7) bp in size, increasing by 1 base per allele. Control DNA of 
iifferent known genotypes were included in the PCR and interspersed on gels to allow 
iccurate determination o f allele sizes.
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Fig. 3.5: Example of a TNFc Microsatellite Gel
The TNFc microsatellite was amplified by radioactive PCR. [Methods section 2.4.4]. 
Products were separated on a 6% denaturing polyacrylamide gel and the genotype 
determined from the product size. The TNFc microsatellite is an ‘TC’ repeat ranging 
from 157(d ) to 159(c2) bp in size, increasing by 2 bases per allele. Control DNA of 
different known genotypes were included in the PCR and interspersed on gels to allow 
accurate determination o f allele sizes.



Subjects A B -VE D E F

Genotype dl/d4 d2/d3 dl/d4 dl/dl dl/d4

F g. 3.6: Example of a TNFd Microsatellite Gel
T le 77VFJ microsateilite was amplified by radioactive PCR. [Methods section 2.4.5].
P oducts were separated on a 6% denaturing polyacrylamide gel and the genotype 
d ^ermined from the product size. The microsatellite is an ‘TC’ repeat ranging 
fi 3m I24(dl) to 134(d6) bp in size, increasing by 2 bases per allele. Control DNA of 
d fferent known genotypes were included in the PCR and interspersed on gels to allow 
a xurate determination o f allele sizes.



bu
t
Ju
oV
auesoV 
f l

•H/]

105bp

lOlbp

Microsatellite 
Shadow Bands

Subjects -VE A B

Genotype e3/e3 el/e3

C D E

e3/e3 el/e3 e3/e3

F ig. 3.7: Example of a TNFe Microsatellite Gel
1 le TNFe microsatellite was amplified by radioactive PCR. [Methods section 2.4.5].
P oducts were separated on a 6% denaturing polyacrylamide gel and the genotype 
d itermined from the product size. The W F e  microsatellite is an ‘TC’ repeat ranging 
ficm 101 (el) to 107(e4) bp in size, increasing by 2 bases per allele. Control DNA of 
different known genotypes were included in the PCR and interspersed on gels to allow 
a xurate determination of allele sizes.
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I ig. 3.8: Example of HLADQBl Low Resolution Typing in Healthy Controls
1 yping was performed using an Inno-Lipa typing kit. [Methods section 2.5.1] Positive 
I CR reactions for a 255bp product from exon 2 o f the DQBl gene are hybridised with 
s )ecific oligonucleotide probes for HLADQBl alleles. (Courtesy o f Dr. Richard Hagan, 
li.T.S.B.).
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Fig. 3.9: Example of HLADQBl Low Resolution Typing in Coeliac Patients 
Legend as in fig. 3.8.
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F g. 3.10: Example of HLADQBI High Resolution Typing in Coeliac Patients
T /ping was performed using a Dynal SSP kit. [Methods section 2.5.2]. Lane 1= internal 
control (human growth hormone gene), Lane 3 =*0201 primers, Lane 4 = *0202 
p imers. Sample 84 = HLADQBI*02011*0202 heterozygote and sample 86 = *0201 
h )mozygote. (Courtesy of Dr. Richard Hagan, B.T.S.B.)



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier
Frequency

%

Significant 
Difference 
(p Value)* p Cc) ”

1 Controls 89 0.9161 100.0
‘WildType’

‘G’ Patients 114 0.9699 100.0 n.s. “

2 Controls 89 0.0839 16.9
‘RareType’

‘A’ Patients 114 0.0301 6.1 0.0143 n.s. ®

Table 3.1; Allelic and Phenotypic Frequencies of TNF-238 Promoter Polymorphism 

in Healthy Controls and Coeliac Patients
a. Computed Using Fisher’s Exact Test, b. Corrected p value (Bonferroni correction for 

multiple significance tests), c. n.s. = Not Significantly Different

Note: Red colour indicates increase (or positive association), Green indicates decrease 

(or negative association) in this table and following ones.



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier
Frequaicy

%

Significant 
Difference 
(p Value) * pCc)**

I Controls 85 0.7415 91.8
‘WildType’

G’ Patients 112 0.5000 80.4 0.0194 n.s. “

2 Controls 85 0.2585 43.5
‘RareType’

‘A’ Patients 112 0.5000 80.4 <0.0001 0.0008

Table 3^: Allelic and Phenotypic Frequencies of TNF-308 Promoter Polymorphism 

in Healthy Controls and Coeliac Patients

a. Computed Using the Chi-Square Test, b. Corrected p value (Bonferroni correction for 

multiple significance tests), c. n.s. = Not Significantly Different

Allele Study
Group

Number
Typed

Allehc
Frequaicy

Carrier
Frequency

%

Significant 
Difference 
(p Value) * p Cc) ”

1 Controls 86 0.3892 66.3
‘RareType’

Patients 109 0.5085 89.0 0.0015 0.0135

2 Controls 86 0.6108 88.4
‘WildType’

Patients 109 0.4915 87.2 n.s.

Table 33: Allelic and Phenotypic Frequencies of the TNFB Bialielic Polymorphism 

in Healthy Controls and Coeliac Patients
a. Computed Using the Chi-Square Test, b. Corrected p value (Bonferroni correction for 

multiple significance tests), c. n.s. = Not Significantly Different



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier
Frequaicy

%

Significant 
Difference 
(p Value)* P(c)”

al Controls 87 0.0282 5.8
Patients 116 0.0128 2.6 n.s. “

a2 Controls 87 0.4070 60.9
Patients 116 0.6075 85.3 0.0002 0.0018

a3 Controls 87 0.0222 3.5
Patients 116 0.0000 0.0 n.s. “

a4 Controls 87 0.0574 10.3
Patients 116 0.0601 12.1 n.s. “

a5 Controls 87 0.0172 3.5
Patients 116 0.0219 3.5 n.s. “

a6 Controls 87 0.1434 27.6
Patients 116 0.0603 12,1 0.0147 n.s.“

Table 3.4: Allelic and Phenotypic Frequencies of the TNFa Microsatellite 

Potymorphism in Healthy Controls and Coeliac Patients

a. Computed Using Fisher’s Exact Test or a Chi-Square Test, b. Corrected p value 

(Bonferroni correction for multiple significant tests), c. n.s = Not Significantly Different



Allele Study
Group

Number
Typed

Allelic
Frequency

Caxrier
Frequraicy

%

Significant 
Difference 
(p Value) * P(c)‘’

a7 Controls 87 0.0522 10.4
Patients 116 0.0984 19,8 0.0491 n.s.“

a8 Controls 87 0.0126 2.3
Patients 116 0.0171 3.5 n.s. “

a9 Controls 87 0.0171 3.5
Patients 116 0.0085 1.7 n.s. ®

alO Controls 87 0.0813 14.9
Patients 116 0.0601 10.3 n.s. “

all Controls 87 0.1614 29.9
Patients 116 0.0556 11.2 0.0023 0.0207

al2 Controls 87 0.0000 0.0
Patients 116 0.0000 0.0

al3 Controls 87 0.0000 0.0
Patients 116 0.0000 0.0 ----

Table 3.4. Continued
a. Computed Using Fisher’s Exact Test or a Chi-Square Test, b. Corrected p value 

(Bonferroni correction for multiple significant tests), c. n.s = Not Significantly Different



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier
Frequency

%

Significant 
Difference 
(p Value)" P(c)'’

bl Controls 85 0.1122 21.2
Patients 113 0.0492 9,7 0,0211 n.s.“

h i Controls 85 0.0000 0.0
Patients 113 0.0131 1.8 n.s. “

b3 Controls 85 0.2291 40,0
Patients 113 0.5525 86.7 <0.0001 0.0009

b4 Controls 85 0.3765 63.5
Patients 113 0,2082 38.1 0.0008 0,0072

b5 Controls 85 0.2411 48.2
Patients 113 0,1279 23.9 0,0004 0.0036

b6 Controls 85 0.0000 0.0
Patients 113 0.0000 0.0 -----

h i Controls 85 0.0411 8.2
Patients 113 0.0491 9.7 n.s, “

Table 35: Allelic and Phenotypic Frequencies of the TNFb Microsatellite 

Polymorphisni in Healthy Controls and Coeliac Patients

a. Computed Using a Chi-Square Test, b. Corrected p value (Bonferroni correction for 

multiple significance tests), c. n.s = Not Significantly Different



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier
Frequaicy

%

Significant 
Difference 
(p Value)* p Cc) '

cl Controls 89 0.6845 86.5
Patients 114 0.8111 96.5 0.0092 n.s. “

c2 Controls 89 0.3155 49.5
Patients 114 0.1889 34.2 0.0204 n.s. “

1

Table 3.6: Allelic and Phenotypic Frequencies of the TNFc Microsatellite 

Polymorphism in Healthy Controls and Coeliac Patients

a. Computed Using a Chi-Square Test, b. Corrected p value (Bonferroni correction for 

multiple significance tests), c. n.s = Not Significantly Different



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier I 
Frequaicy 

%

Significant 
Difference 
(p Value) * p Cc)**

dl Controls 89 0.2581 43.8
Patients 108 0.4541 76.9 <0.0001 0.0008

d2 Controls 89 0.0963 19.1
Patients 108 0.0233 4.6 0.0013 0.0117

d3 Controls 89 0.3922 71.9
Patients 108 0.3371 58.3 0.0332 n.s.“

d4 Controls 89 0.2251 40.5
Patients 108 0.1301 25.9 0,0184 n.s.“

d5 Controls 89 0.0284 5.6
Patients 108 0.0554 11.1 n.s. “

Table 3.7: Allelic and Phenotypic Frequencies of the TNFd Microsatellite 

Pdymorphism in Healthy Controls and Coeliac Patients

a Computed Using Fisher’s Exact Test or a Chi-Square Test, b. Corrected p value 

(Bonferroni correction for multiple significance tests) c. n.s. = Not Significantly 

Different



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier
Frequency

%

Significant 
Difference 
(p Value) " P(c)^

el Controls 79 0.1705 30.4
Patients 86 0.0462 9.3 0.0019 0.0171

e2 Controls 79 0.0183 3.8
Patients 86 0.0065 1.2 n.s. “

e3 Controls 79 0.7793 91.1
Patients 86 0.9475 100 0.0002 0.0018

e4 Controls 79 0.0319 3.8
Patients 86 0.0000 0.0 n.s. “

Table 3.8: Allelic and Phenotypic Frequencies of the TNFe Microsatellite 

Polymorphism in Healdiy Controls and Coeliac Patients

a. Computed Using a Chi-Square Test, b. Corrected p value (Bonferroni correction for 

multiple significance tests), c. n.s. = Not Significantly Different



HLADQBI G enot}^ No. of Patients wift 

Genotype
% of Patients with 

Gaiotype

201/201 37 34.6
201/202 28 26.2

201/301 8 7.5

201/602 8 7.5

201/302 4 3.7

201/501 4 3.7

201/504 2 1.9

201/3032 1 0.9

201/601 1 0.9

201/603 1 0.9

202/301 5 4.7

202/202 2 1.9

202/609 1 0.9

202/501 1 0.9

301/301 1 0.9

302/302 1 0.9

301/602 1 0.9

3032/603 1 0.9

Table 3.9: Profile of HLADQBI Genotypes in Coeliac Patients



Allele Study
Group

Number
Typed

Allelic
Frequency

Carrier
Frequwicy

%

Significant 
Difference 
(p Value)* P(c)”

201 Controls 83 0.2231 37.4
Patients 107 0.6115 87.9 <0.0001 0.0009

202 Controls 83 0.0421 7.2
Patients 107 0.1864 34.6 <0.0001 0,0010

301 Controls 83 0.1081 20.5
Patients 107 0.0751 14.0 n.s. “

302 Controls 83 0.0841 16.9
Patients 107 0.0281 4.7 0.0065 cn,s.

3032 Controls 83 0.0717 14.5
Patients 107 0.0091 1.9 0.0011 0.0099

402 Controls 83 0.0118 2.4
Patients 107 0.0000 0.0 n.s. “

501 Controls 83 0.1511 28.9
Patients 107 0.0228 4.7 <0.0001 0.0009

Table 3.10: Allelic and Phenotypic Frequencies of the HLADQBl Alleles in Healthy 

Controls and Coeliac Patients a. Computed Using Fisher’s Exact Test or a Chi-Square 

Test, b. Corrected p value (Bonferroni correction for multiple significance tests), c. n.s. 

= Not Significantly Different



Allele Study
Groiq)

Number
Typed

Allelic
Frequency

Carrier
Frequency

%

Significant 
Difference 
(p Value)" Pic)”

5031 Controls 83 0.0356 7.2
Patients 107 0.0000 0.0 0.0063 n.s.®

504 Controls 83 0.0000 0.0
Patients 107 0.0052 0,9 n.s. “

601 Controls 83 0.0000 0.0
Patients 107 0.0052 0,9 n.s. “

602 Controls 83 0.2116 34,9
Patients 107 0.0418 8.4 <0.0001 0.0008

603 Controls 83 0.0421 7,2
Patients 107 0.0095 1.9 n.s.“

604 Controls 83 0.0124 2.4
Patients 107 0.0000 0.0 n.s. ‘

609 Controls 83 0.0062 1.2
Patients 107 0,0051 0.9 n.s. “

Table 3.10: Continued
 ̂ Computed Using Fisher’s Exact Test or a Chi-Square Test, b. Corrected p value 

(Bonferroni correction for multiple comparisons), c. n.s. = Not Significantly Different.



1 Polymorphism Allele 
Increased/ 
Decreased 
in Patient 
Group

Frequency

Controls/Patients

Carrier
Frequency
%

Controls/Patients

Significant
Diflerence

(p V alue)" p Cc) ”

Odds
Ratio

Promoter
-238 rare Decreased 0.0839/0.0301 16,9/6.1 0.0143 n.s.® 0.31
-308 rare Increased 0.2585/0.5000 43.5/80.4 <0.0001 0.0008 5.20

TNFBl

Microsatellites

Increased 0.3892/0.5085 66.3/89 0.0015 0.0135 4,11

TNFa
a2 Increased 0.4070/0.6075 60.9/85.3 0.0002 0.0018 3.70
a6 Decreased 0.1434/0.0603 27.6/12.1 0.0147 n.s.“ 0.36
a7 Increased 0.0522/0.0984 10.4/19.8 0.0491 n.s.® 2.13
a ll Decreased 0.1614/0.0556 29.9/11.2 0.0023 0.0207 0.30

TNFb
bl Decreased 0.1122/0.0492 21.2/9.7 0.0211 n.s.® 0.40
b3 Increased 0.2291/0.5525 40/86.7 <0.0001 0.0009 9.78
b4 Decreased 0.3765/0.2082 63.5/38.1 0.0008 0.0072 0.35
b5 Decreased 0.2411/0.1279 48.2/23.9 0.0004 0,0036 0.34

________________________________   g-----------------------  -  -

a. Computed Using Fischer’s Exact Test or a Chi-Square Test, b. Corrected p value (Bonferroni correction for multiple significance 
tests), c. n.s. = Not Significantly Different.



Polymorphism Allele 
Increased/ 
Decreased 
in Patient 
Group

Frequency

Controls/Patients

Carrier
Frequency
%

Controls/Patients

Significant
Difference

(p Value) * pCc) ”

Odds
Ratio

TNFc
cl Increased 0.6845/0.8111 86.5/96.5 0.0092 n.s.® 4.30
c2 Decreased 0.3155/0.1889 49,5/34.2 0.0204 n.s.® 0.53

TNFd
dl Increased 0.2581/0.4541 43.8/76.9 <0.0001 0.0008 5.03
d2 Decreased 0.0963/0.0233 19.1/4.6 0.0013 0.0117 0.20
d3 Decreased 0.3922/0.3371 71.9/58.3 0.0332 n.s.® 0.55
d4 Decreased 0.2251/0.1301 40.5/25.9 0.0184 ^  «  0n.s. 0.51

TNFe
el Decreased 0.1705/0.0462 30.4/9.3 0.0019 0.0171 0.23
e3 Increased 0.7793/0.9475 91.1/100 0.0002 0.0018 Na

Table 3.11: Continued
a. Computed Using Fischer’s Exact Test or a Chi-Square Test, b. Corrected p value (Bonferroni correction for multiple significance 
tests), c. n.s. = Not Significantly Different.



Allele Allele 
Increased/ 
Decreased 
in Patient 
Group

Frequency

Controls/Patients

Carrier 
Frequency %

Controls/Patients

Significant
Difference

(p Value) “ P(C)'’

Odds
Ratio

0201 Increased 0.2231/0.6115 37.4/87.9 <0.0001 0.0009 12.16
0202 Increased 0.0421/0.1864 7.2/34.6 <0.0001 0.0010 6.82
0302 Decreased 0.0841/0.0281 16.9/4.7 0.0065 n.s.“ 0.24
03032 Decreased 0.0717/0.0091 14.5/1.9 0.0011 0.0099 0.11
0501 Decreased 0.1511/0.0228 28.9/4.7 <0.0001 0.0009 0,12
05031 Decreased 0.0356/0.0000 7.2/0.0 0.0063 n.s.° 0.00
0602 Decreased 0.2116/0.0418 34.9/8.4 <0.0001 0.0008 0,09

Table 3.12: Summary Table for Allelic and Phenotypic Frequencies of HLADQBl Alleles in Coeliac Patients and Healthy 
Controls
a. Computed Using Fischer’s Exact Test or a Chi-Square Test, b. Corrected p value (Bonferroni correction for multiple significance 
tests), c. n.s. = Not Significantly Different,



Locus p vahie p corr “■ S.E.'

TNF-238 1.0000 n.s. /
TNF-308 0.0370 n.s. ** /
TNFBl <0.0001 ** 0.0008 /

TNFa 0.2273 n.s. 0.0385
TNFb 0.2363 n.s. ** 0.0140
TNFc 1.0000 n.s. /
TNFd 0.0715 n.s. *’■ 0.0073
TNFe 1.0000 n.s. /

HLADQBl 0.2143 n.s. ** 0.0321

Table 3.13: Hardy Weinbei^ Equilibrium in the Coeliac Patient Group.
a. Corrected p value (Bonferroni correction), b. Not significant, c. Standard error, d.

Excess of heteiDzygotes.



*0201 Homozygotes *0201 Heterozygotes *0201 Negative/ Null

r/VF Allele Controls Patients pvalue*' Controls Patients pvalue“ Controls Patients pvalue®'

(n=6) (n=33) / Odds Ratio (n=24) (n=52) / Odds Ratio (n=40) (n=15) / Odds Ratio

308-2 0.3182 0.5200 0.0381/3.7 0.2250 0.5667 0.0017*/13.6

a2 0.3958 0.6538 0.0015*/ 7.9 0.4146 0.7188 0.0118/ Na

a6 0.1585 0.0000 0.0116/0.0

a7 0.0366 0.1563 0.0324/5.7

a l l 0.2083 0.0385 0.0026*/0.1

h3 0.2500 0.5882 0.0004*/7,3 0.2000 0.6071 0.0021*/31.0

b4 0.3181 0.2157 0.0446/0.4

h5 0.2273 0.0882 0.0199/0.2 0.2750 0.0714 0.0118/0.1

dl 0.2500 0.4400 0.0314/3.2 0.2209 0.5357 0.0037*/ 11.0

d2 0.2500 0.0303 0.0186/0.7

el 0.1521 0.0769 0.0304/ 0.2

Table 3.14: Frequencies of TNF alleles significantly different in Controls and Patients with the same HLADQB1*O201 
genotype.
a. p value calculated using the Chi square test. * corrected p value <0.05. Na = Not applicable
A red colour denotes an increase or positive association whereas a green colour denotes a decrease ornegative association.



3.5 DISCUSSION
3.5.1 SNPs of the TNF  Region and Coeliac Disease

TNF-238 and -308  SNPs were successfully genotyped in the majority of the 

subjects recruited to the study. The optimised Taqman® assays were reliable and 

highly specific. The efficiency of this technique for SNP genotyping is substantially 

greater than using the standard RFLP method. Advantages of the technique include, 

the high throughput of samples and the fact that efficient genotyping results can be 

obtained from only 10-20ng of DNA. High cost of reagents, the fact that not all sites 

are suitable for Taqman® PCR, and the need for control DNA of known genotypes, 

are the drawbacks of this technique.

The distribution of the rare SNP alleles differed significantly between the 

control and patient groups. (Tables 3.1, 3.2 and 3.3). These results indicate that the 

TNF-a promoter SNPs TNF-308 and TNF-238 are associated with coeliac disease. 

The TNF-308-2 allele is significantly increased in the disease. 80.4% of patients 

carry this rare allele compared to 43.5% of healthy controls studied, p <0.0001 

(p(c)=0.0008), with an odds ratio o f 5.2. This result confirms the earlier association 

of the disease with this allele by McManus et al (McManus et al, 1996). hi contrast, 

the TNF-238 rare allele '’A ' was present at a fi-equency of 0.031 in patients versus 

0.084 in controls, p=0.0143 (p(c) was not significant), and OR 0.31. The decreased 

frequency of this allele in the patient group suggests that this allele may have a 

protective effect against the development of coeliac disease.

A positive association between TNFB Ncol SNP and coeliac disease was 

found with the TNFB*1 allele. This allele was present in 89% of coeliac patients 

compared to 66% of controls, p =0.0015, (p(c)=0.0135) and OR 4.11. Interestingly 

the TNF-308-2 allele and the TNFB*1 allele were also significantly increased in 

Dermatitis herpetiformis patients, a disorder associated with coeliac disease (Messer 

etal, 1994).

Where appropriate, a Bonferroni correction was performed on the data (p(c)). 

This corrects for a type 1 error which may be increased by testing a number of 

different sites in a study. This is basically lowering the statistical significance level 

and making the statistical test more conservative. For small numbers of comparisons 

(say up to five) its use is considered to be reasonable, but for larger numbers and for
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the multiple tests that are not independent (highly correlated), it is highly 

conservative. Therefore, there is much debate as to whether this correction over 

compensates for the extent o f error, particularly as small effects may be of significant 

biological relevance (Pemeger et al, 1998). A more recent way to correct for the bias 

due to the multiple comparisons is to do a second study to check the frequency of the 

same specificity in the same disease. If the uncorrected P  value is < 0.05 as in the 

first study, then the second study has confirmed the results of the preliminary study. 

The second study is said to be done with a specific hypothesis, therefore, an expected 

association would not be regarded as an artefact of multiple comparisons (Proschan 

et al, 2000).

The allelic distribution of the TNFBl allele remained statistically significant 

after the correction was apphed. (p(c)<0.05). In addition, the TNF-308-‘A ’ allele 

remained significantly increased in the patient group compared to controls after 

correction (p(c)=0.0008). Emphasising its strong association to coeliac disease.

The distribution of the alleles of the three TNF SNPs was compared to Hardy- 

Weinberg equilibrium. (Table 3.13). Interestingly, the number of TNF-308-‘GA’ 

heterozygotes was increased in the patient group compared to the expected number. 

This observation was reported in our earlier study (McManus et al, 1996). This leads 

to an excess o f individuals receiving a single copy of the ‘rare’ allele. This 

distribution maximizes the number of individuals with an allele which might be 

linked with disease susceptibility. (p=0.0370, p(c) was not significant). However, this 

may simply be due to differences in sample size or selection. Likewise, the 

distribution of the TNFB alleles were significantly divergent fi-om H-W equilibrium, 

with an excess of TNFB ‘GA’ heterozygotes in the patient group. (p<0.0001, 

p(c)=0.0008). As a result the ‘GG’ and ‘AA’ genotypes were significantly decreased.

The finding that the three SNPs demonstrated significant associations with 

coeliac disease, and the distribution of the TNF-308 and TNFB genotypes favours the 

heterozygote condition, suggests these sites may be part of, or intrinsic to the genetic 

basis of coeliac disease. Interestingly, a study by Pena et al identified a SNP 

haplotype termed ‘TNF-E’ which was significantly associated with coeliac patients 

(Pena et al, 1998). The TNF-308-2, TNF-238-1 and TNFBl alleles were components
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of this haplotype. It was suggested that this was a ‘high secretory’ haplotype due to 

the presence of the TNF-308-2 allele.

The question as to whether the TNF SNP alleles are individually related to 

TNF-a production in treated coeliac patients is addressed in the next chapter. The 

relationship between TNF haplotypes and TNF secretory ability in treated coeliac 

patients is addressed in chapter five.

3.5.2 DNA Microsatellites of the TNF Region and Coeliac Disease

The TNF a, b, c, d and e microsatellites were successfully genotyped. 

Initially, the TNFb microsatellite proved difficult to amplify and banding patterns 

were difficult to distinguish, even for control DNAs of known genotype. The use of a 

‘touchdown’ protocol in the PCR greatly improved the efficiency of the genotyping. 

The TNF microsatellites did show significant associations with coeliac disease. 

(Table 3.11). The alleles showing the highest associations with the disease were, 

TNFb2 (OR 9.78), TNFdl (5.03), TNFcl (OR 4.3), and TNFa2 (OR 3.70). The 

TNFd2 (OR 0.20), TNFel (OR 0.23), TNFall (OR 0.30), TNFb5 (OR 0.34), TNFb4 

(OR 0.35), TNFa6 (OR 0.36), and TNF bl (OR 0.40) alleles, were all significantly 

under-represented in the patient group. These alleles may have a neutral or protective 

effect. The TNFb3 (OR 9.78) association with disease was the highest detected apart 

from HLADQB1*0201 (OR 12.16). Distribution of the TNFa and b alleles in the 

patient group is quite similar between this study and the earlier one by our group. 

However, the a2 and b3 allele frequencies are nearly twice as high in the control 

group in this study. This may be due to the higher frequency of the HLADQB1 *0201 

allele in our control population. The results of the TNFa and TNFb typing confirm 

the earlier disease associations determined by McManus et al (McManus et al, 1996).

The TNFc, d, and e microsatellites have not previously been investigated in 

case-control studies on coeliac disease. Significant positive and negative associations 

were detected. (Table 3.11). The TNFcl (OR 4.30) and TNFdl (OR 5.03) alleles are 

significantly over-represented in the patient population. In contrast, the TNFd2 (OR 

0.20) and TNFel (OR 0.23) alleles are significantly under-represented. The 

frequency of the TNFc alleles in the control population is similar to that of a French 

control population (Pociot et al, 1993). Associations between the TNFc microsatellite 

and susceptibility to RA have been reported (Bali et al, 1999). The TNFe3 allele was
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significantly increased in the patient group with 100% of patients carrying a copy of 

this allele compared to 91.1% of controls, p=0.0002, p(c) =0.0018.

A study of the association of the TNFa and TNFb microsatellites with coeliac 

disease in Finland found no evidence for a DQ2 independent association between 

TNF and coeliac disease. In this study, we separated our controls and patients into 

*0201 homozygotes, heterozygotes and null or negative individuals. Significant 

associations are shown in table 3.14. TNFdl was negatively associated with coeliac 

disease in individuals homozygous for *0201. No positive *0201 independent 

associations were detected between TNF alleles and hish coeliac patients. Notably, 

only 6 individuals were homozygous for *0201 in the control group, higher numbers 

of *0201 homozygous controls would be necessary to answer this question 

effectively. Significant associations between TNF alleles and coeliac disease were 

found between controls heterozygous for *0201 and patients heterozygous for *0201 

(Table 3.14). Some of these differences may result from linkage between *0201 and 

these TNF alleles. However, certain TNF alleles are over-represented relative to 

HLADQB1*0201 in *0201 heterozygote patients. Interestingly, certain TNF alleles 

are associated with coeliac disease in *0201 negative patients. The over

representation of the TNFbS (OR 31.0), TNF-308-2 (OR 13.6), and TNFdl {OR 11.0) 

alleles in *0201 negative patients suggests the existence of another disease 

susceptibility site in or near the TNF region. This site may be linked directly or 

indirectly to these alleles. These results also indicate that the coeliac associated 

haplotype spans the entire TNF region.

3.5.3 Polymorphisms of HLADQBl in Coeliac Disease

14 alleles of the HLADQBl class II gene were detected in the populations 

studied. As expected, the allelic frequency of *0201 was significantly increased in 

patients versus controls, 0.6115 versus 0.2231, p<0.0001 (p(c)=0.0009, OR 12.16). 

(Table 3.12). 87.9% of patients carried the *201 allele compared to 7>1A% of 

controls. 34.6% of patients were homozygous for *0201. (Table 3.9). The *202 allele 

was also significantly increased in the patient group, p <0.0001 (p(c)-O.OOlO). 

Alleles *302, *3032, *501, *5031 and *602 were all significantly decreased m the 

patient population compared to healthy controls, p at least < 0.0065. These results 

confirm yet again the strong association of the HLA class II DQBl* alleles with
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coeliac disease, and they also support the hypothesis that DQB1*0201 can confer 

disease susceptibility. However, 37.4% of our control population carry this allele, 

suggesting that other factors, genetic and environmental must be involved in disease 

susceptibillity.

Generally, DNA microsatellites in the non-coding gene regions do not have a 

direct effect on gene function. They may however be good markers for adjacent 

susceptibility genes which may have functional roles in disease pathogenesis. The 

results of this chapter conclude that polymorphisms in the TNF region indicate 

numerous associations with coeliac disease, and these associations span the entire 

TNF region, across the TNF-/3, -a, and LT-P genes. An overview of the individual 

associations o f the TNF polymorphisms with coeliac patients in this study is 

illustrated in fig. 3.11. The associations illustrate the great deal of heterogeneity in 

the TNF region. Not only are certain polymorphic sites associated with disease, but 

alleles within the same site can display negative associations. The strong association 

of coeliac disease to both the SNPs and microsatellites in the TNF region implies that 

this region is strongly conserved in coeliac disease. It is tempting to speculate that 

these associations implicate the TNF gene and its protein in the pathogenesis of 

coeliac disease. However, the characteristic presence of genes in the MHC as part of 

haplotypes, and the high degree of linkage disequilibrium, a characteristic of the 

MHC, indicate that associations of various alleles of the TNF polymorphic loci with 

coeliac disease may not be independent. This could be due to linkage of these alleles 

to the HLADQB site or to another susceptibility site as yet undetermined. Haplotype 

analysis and linkage disequilibrium results for this study are described in chapter 5. 

The relationship between the TNF polymorphisms investigated in this study and 

TNF-a production in coeliac patients is addressed in the next chapter, chapter 4.
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this Study
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Chapter Four 

Relationship between Polymorphisms of the TNF and 

HLADQBl Genes and TNF-a Production in Healthy Controls

and Coeliac Patients



4.1 INTRODUCTION

The TNF protein was originally characterised as a protein inducing necrosis 

of Meth A sarcomas in vivo (Carswell et al, 1975). It was believed to be a growth 

modulatory agent that exhibits primarily antitumour activity. It subsequently became 

clear that TNF not only modulates tumour cell growth but also effects cellular 

growth, differentiation and metabolism in many cell types. It is produced during 

immune and host responses as a primary mediator of immune regulation and the 

inflammatory response. The biology of TNF is also characterised by its pathologic 

activities in many immune-mediated diseases. The net effects of TNF are influenced 

by a complex array of cell and tissue specific factors.

Polymorphisms in the TNF region have been associated with susceptibility to 

human disease as described in the previous chapter. Some of these polymorphisms 

have also been associated with variable TNF protein production. In vitro experiments 

involving reporter gene assays have shown a functional role for the TNF-308 

polymorphism in influencing expression of the TNF protein (Wilson et al, 1997). 

Coeliac disease has previously been associated with the TNF-308-2 allele which has 

been reported to be linked to higher levels of TNF protein (McManus et al, 1996). In 

this chapter we wanted to investigate if TNF polymorphisms are linked to TNF- 

a  production by controls or coeliac patients, i.e. is there a functional role of the 

associated TNF polymorphisms in coeliac disease?

4.2 OBJECTIVES
a) To determine if  spontaneous or activated TNF-a production differs in 

treated coeliac patients (on gluten-free diet) and healthy controls.

b) To investigate if  the TNF and HLADQBl polymorphisms are related to 

the TNF-a levels in patients and controls by:

i) Comparing TNF-a production from individuals positive or 

negative for each polymorphic allele in the control or patient 

group.

ii) Investigating if there is a dosage effect of alleles of the TNF and

HLADQBl polymorphisms on TNF-a production.
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iii) Determining if controls and patients carrying the same 

polymorphism have distinguishable TNF-a levels.

c) To investigate the effect of the TNF-308 polymorphism on TNF production by B 

cell lines.

4.3 METHODS
4.3.1 TNF-a Production by PBMCs from coeliac patients and healthy controls

PBMCs were isolated from patients and healthy controls as described in 

section 2.6.3. Cells were incubated for 24hrs at 37°C resting or activated with either 

PMA (25|o,g/ml), LPS (250 pg/ml), 0KT3 (1/50 dilution) or with a combination of 

0KT3 and LPS [Section 2.6.4]. TNF-a was measured in supernatants from the cells 

using a TNF-a ELISA. [Section 2.6.5.].

4.3.2 TNF and HLA Polymorphism Genotyping

Genotyping procedures were as described in previous chapter [section 3.3].

4.3.3 Measurement of TNF in B cell lines homozygous for TNFl or TNF2 

Polymorphism in the TNF-a Promoter

TNF in supernatants from resting and PMA (50|j,g/ml) activated B cell 

lines was measured using the L929 Bioassay as described in section 2.7.

4.3.4 Statistics

Please Note: The value for ‘n’, the number of individuals, varies between each 

figure. This is because the number of individuals successfully typed for each locus 

differed due to technical reasons.

a) Non-parametric statistics were used for the analysis of TNF protein levels. 

This is because the distribution of the protein results was not normal. Therefore, the 

results are displayed as median and semi-interquartile values. The Mann Whitney U 

test was used to determine the significance difference between TNF protein levels in 

two independent groups (figs. 4.1 to 4.21).
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b). The Kruskal Wallis test of several independent groups was used to 

determine if there was a gene dosage effect of the individual alleles on TNF-a 

production (figs. 4.22 to 4.33).

c). The Wilcoxin Signed Rank test of two related samples was used to 

determine if  patients and controls with the same allele present produce significantly 

different TNF protein levels (figs. 4.34 to 4.46).

d). The Marm Whitney U test was used to determine if the TNF levels from 

TNFl and TNF2 B cell lines differed significantly (figs 4.47 and 4.48).

e). A Bonferroni correction for multiple comparisons was performed on p 

values in fig.s 4.2 to 4.46 where necessary. (p(c))= corrected p value, ie. p value 

multiplied by 9) (Bland et al, 1995).

All statistics were carried out using the SPSS (version 11.0) software 

package.
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4.4 RESULTS

4.4.1 TNF-a Production by PBMCs from Coeliac Patients and Healthy Controls

Resting PBMCs incubated at 37°C for 24 hrs from healthy controls, produced 

TNF-a levels ranging from 11 to 635 pg/ml with a median level of 64 pg/ml. (Fig.

4.1 and table 4.1). Cells from coeliac patients under the same conditions produced 

significantly more TNF-a, ranging from 12 to 3786 pg/ml with a median level of

121.5 pg/ml, p = 0.018.

Levels of TNF-a from activated cells were also significantly higher from 

patient PBMCs than controls (Fig. 4.1 and table 4.1). PMA activation of PBMCs 

from healthy controls produced TNF-a levels of 12 to 3479 pg/ml, with a median of

607.5 pg/ml whereas, PBMCs from coeliac patients produced levels of 30 to 9457 

pg/ml, with a median level of 1141.5 pg/ml, p < 0.001. TNF-a levels from LPS 

activated PBMCs in healthy controls ranged from 12 to 3946 pg/ml with a median of 

222 pg/ml. Levels from patients cells were again increased with a range of 24 to 2630 

pg/ml and a median of 308 pg/ml, p = 0.010. 0KT3 activated PBMCs from controls 

produced TNF-a levels of 27 to 2614 pg/ml, median of 318 pg/ml. PBMCs from 

patients again gave a stronger response to 0KT3 activation, with levels ranging from 

29 pg/ml to 12926 pg/ml and a median of 699 pg/ml, p < 0.001. When a 

combination of 0KT3 and LPS was used the response from coeliac PBMCs was 

again substantially increased, control PBMCs produced TNF-a levels from 29 to 

8293 pg/ml, with a median of 465.5. Whereas, PBMCs from patients produced TNF- 

a  levels ranging from 59 pg/ml to 8572 pg/ml with a median of 967 pg/ml, p < 0.001.

Results from this experiment are shown in two forms, fig. 4.1 shows the data 

in a graphical form, with results displayed as median and semi-interquartile values. 

Table 4.1 displays the descriptive statistics from the results.
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4.4.2 Effect of the Presence/Absence of the Polymorphic TNF or HLADQBl 

alleles on TNF-a Production by PBMC in the Healthy Control or Coeliac 

Patient Group.

a) TNF SNP Alleles and TNF-a Production

PBMCs from healthy controls positive for either TNF-238-2, TNF-308-2 or 

TNFBl SNP alleles, did not produce significantly different TNF-a levels compared 

with controls negative for these alleles, (p > 0.05) (Fig.s 4.2, 4.3 and 4.4). Levels of 

PMA activated TNF-a by cells from controls positive for the TNF-238-2 allele were 

increased compared to those negative for the allele, but this was not a significant 

increase. (Fig. 4.2). Cells activated by PMA from coeliac patients positive for the 

TNF-238-2 allele produced significantly less TNF-a than patients negative for this 

allele, p = 0.041 (Fig. 4.3). (p(c) was not significant). However, cells activated with 

0KT3 or with a combination of OKT3 and LPS from patients with TNF-238-2 

produced increased levels of TNF-a compared with cells from TNF-238-2 negative 

patients. This increase was not statistically significant.

TNF-a levels from controls positive for the TNF-308-2 allele were increased 

compared to controls negative for the allele, but this increase was not statistically 

significant (Fig. 4.4). Likewise, there was no statistical difference in the patient 

group. (Fig. 4.5). Similar results were seen for the TNFBl allele (Figs. 4.6 and 4.7).

b) TNF Microsatellite alleles and TNF-a Production

TNF-a production by PBMCs from TNFa2 positive or negative healthy 

controls did not differ, (data not shown). However, resting PBMCs from TNFall 

positive controls produced significantly more TNF-a than controls negative for this 

allele, p = 0.027. (Fig. 4.8). (p(c) was not significant).

Differences were also observed in patients positive for either the TNFa2, or 

c l6 alleles. (Fig.s 4.9 and 4.10). PBMCs from TNFa2 positive patients, activated with 

a combination of 0KT3 and LPS produced significantly more TNF-a than cells from 

TNFa2 negative patients. (Fig. 4.9). This increase was almost significant, p -  0.057. 

(p(c) was not significant). TNF-« production by PBMCs from TNFa6 positive 

patients was significantly decreased compared to TNFa6 negative patients, when
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activated with a combination of 0KT3 and LPS, p = 0.028. (Fig. 4.10). (p(c) was not 

significant). TNF-a levels from TNFb4 positive healthy controls were significantly 

lower than levels from controls negative for the allele, p = 0.025. (Fig, 4.11). (p(c) 

was not significant). Positivity for any of the other TNFb alleles did not effect TNF-a 

in the healthy controls studied. (Data not shown). Patients positive for the TNFb3 

allele did not produce different TNF-a levels than those negative for the allele, 

although levels are lower from patients positive for the allele activated with PMA, 

the difference is not statistically significant. (Fig. 4.12). Resting PBMCs from 

patients positive for the TNFb4 allele produce significantly more TNF-a than 

patients negative for the allele, p = 0.025. (Fig. 4.13). (p(c) was not significant).

There was no difference in TNF-a production by PBMCs from healthy 

controls positive or negative for either of the two TNFc alleles. (Data not shown). 

Resting PBMCs from patients positive for the TNFc2 allele did however produce 

significantly less TNF-a than patients negative for the allele, p = 0.026. (Fig. 4.14). 

(p(c) was not significant).

There was also no difference in the control or patient groups for TNF- 

a  production by individuals positive or negative for any of the TNFd alleles. (Data 

not shown). PBMCs resting or activated by LPS, 0KT3 or 0KT3 and LPS, from 

healthy controls positive for the TNFel allele, produced significantly lower levels of 

TNF-a than controls negative for this allele, p = 0.041 (resting), p = 0.016 (LPS) and 

p = 0.059 (0KT3 and LPS). (Fig. 4.15). (p(c) was not significant in all cases). In 

patients, resting PBMCs from patients positive for the TNFel allele produced higher 

levels than patients without the allele, p = 0.043. (Fig. 4.16). (p(c) was not 

significant). The other TNFe alleles did not show an effect in the patient group. (Data 

not shown).

c) HLADQBl alleles and TNF-a Production

TNF-a production was not effected by the presence or absence of the 

HLADQBl *0201 allele in the healthy control group. (Data not shown). PBMCs 

activated by 0KT3 and LPS, from healthy controls positive for the HLADQBl *0603 

allele produced significantly higher TNF-a levels than controls negative for this 

allele, p = 0.003. (Fig. 4.17). (p(c)=0.027). T N F -a  production by PMA activated
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PBMCs from HLADQBl *0604 positive healthy controls was higher than from 

controls negative for this allele, p = 0.05. (Fig. 4.18). (p(c) was not significant).

TNF-a levels were decreased by PMA activated PBMCs from patients 

positive for HLADQBl *0201, but this difference was not statistically significant, p = 

0.053. (Fig. 4.19). Resting PBMCs from HLADQBl *0202 positive patients produced 

higher TNF-a than patients negative for this allele, p = 0.022. (Fig. 4.20). (p(c) was 

not significant). LPS activated PBMCs from patients positive for this allele also 

produced higher TNF-a levels but was not statistically significant, p =0.054. PMA 

activated PBMCs from patients positive for the HLADQBl *0302 allele produced 

lower levels of TNF-a than patients negative for this allele, p = 0.007. (Fig, 4.21). 

(p(c) was not significant).

Tables 4.2 and 4.3 summarise significant effects of the presence or absence 

of the TNF and HLADQBl alleles on TNF-a production in the control and patient 

groups respectively.

4.4.3 Dosage Effect of TNF  and HLADQBl Alleles on TNF-a Production

a) TNF  SNPs and TNF-a

There was no significant dosage effect of TNF-238-2, TNF-308-2 or TNFBl 

alleles on TNF-a production by PBMCs from healthy controls or coeliac patient, p > 

0.05 for all alleles under all conditions investigated. (Figs. 4.22,4.23 and 4.24).

b) TNF  microsatellites and TNF-a

Resting and LPS activated TNF-a levels from coeliac patients with different 

TNFa2 carrier status are significantly different. Resting TNF-a levels decrease with 

the copies of TNFa2, p = 0.011. (Fig. 4.25). (p(c) was not significant).

A difference in resting TNF-a levels in controls with different TNFbS earner 

status was observed, p=0.05. (Fig.4.26). (p(c) was not significant). No difference was 

seen under the other conditions measured. No statistical differences were observed in 

TNF-a levels from patients with different TNFbS earner status, p > 0.05 in all cases. 

(Fig. 4.27).
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TNF-a levels activated by a combination of 0KT3 and LPS, from patients 

with different TNFc2 carrier status were significantly different, p = 0.010. (Fig. 

4.28). (p(c) was not significant). No difference was observed in the healthy control 

group for either of the TNFc alleles. (Data not shown).

Resting TNF-a levels from controls with different TNFdl carrier status were 

significantly different, p = 0.008. (Fig. 4.29). (p(c) was not significant). Patients 

either had one or two copies of the TNFeS allele, it was always present. There was 

however, no statistical difference in TNF-a levels produced by patients with one or 

two copies of this allele (Fig.4.30).

c) HLADQBl Alleles and TNF-a

No statistical difference was found in TNF-a production by PBMCS from 

healthy controls when the carrier status of the HLADQBl *0201 allele was analysed. 

(Fig. 4.31). No difference was found in TNF-a levels for the carrier status of any of 

the other HLADQBl alleles in the control group studied. (Data not shown).

Patients with different HLADQBl *0201 carrier status did not show any 

statistical difference in TNF-a levels. (Fig. 4.32). Resting TNF-a levels from 

patients with different HLADQBl *0202 carrier status were significantly different, p 

= 0.042. (Fig. 4.33).

Tables 4.4 and 4.5 show a summary of the significant effect of dosage of 

TNF and HLADQBl alleles on TNF-a production by controls and patients.

4.4.4 TNF-a production by PBMCs from Healthy controls and Coeliac 

Patients Positive for TNF and HLADQBl Alleles 

a) TNF SNP Alleles and TNF-a in Controls and Patients

No statistical difference in TNF-a levels produced by PBMCs from patients and 

controls positive for either the TNF-238-2, or TNF-308-2 alleles was observed. (Data 

not shown). However, coeliac patients positive for the TNFBl allele produce 

significantly more TNF-a than controls positive for this allele. (Fig. 4.34). This 

increase was statistically significant for resting, p=0.002 (p(c)=0.018), LPS, p-0.041
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(p(c)=n.s.), OKT3, p=0.006 (p(c)=n.s.), and 0KT3 with LPS activation, p=0.036 

(p(c)=n.s.).

b) TNF  microsatellite alleles and TNF-a in controls and patients

Resting and LPS activated TNF-a levels were increased in patients with the 

TNFa2 allele compared with controls who also carried the allele, p<0.05. (Fig. 4.35). 

(p(c) =0.018 for resting, not significant for LPS). Resting and PMA activated levels 

were also increased in patients with the TNFa6 allele compared to controls with 

TNFa6, p > 0.05. (Fig. 4.36). (p(c) was not significant). PMA, LPS, and 0KT3 plus 

LPS levels of TNF-a were again increased in TNFb3 positive patients compared to 

TNFb3 positive controls, p<0.05. (Fig. 4.37). (p(c) was not significant). TNFb4 

positive patients produced higher TNF-a levels than TNFb4 positive controls in a 

resting (p<0.0001, p(c)=0.0008) and PMA activated state, p=0.044. (p(c) was not 

significant). (Fig. 4.38). TNFbS positive patients also produced higher levels than 

TNFbS positive controls in PMA, 0KT3 and OKT3 with LPS, activated states, p< 

0.05. (Fig. 4.39). (p(c) was not significant).

TNFc2 positive patients produce higher levels of TNF-a than TNFc2 positive 

controls. Resting and PMA activated levels p<0.05 (p(c) was not significant), all 

other activated levels are significantly increased, p <0.05 (p(c) <0.05) (Fig. 4.40).

TNFdl positive patients produce more TNF-a than TNFdl positive controls, 

when activated with LPS, p=0.026 ( p(c) was not significant) or a combination of 

0KT3 and LPS, p=0.001 (p(c)=0.009). (Fig. 4.41). TNFdS positive patients also 

produce higher TNF-a than TNFdS positive controls, p<0.05 for all conditions. (Fig. 

4.42). (p(c)<0.05 for resting, PMA, and 0KT3. p(c) for LPS alone or LPS with 

0KT3 were not significant. TNFd4 positive patients produce higher LPS activated 

TNF-a than TNFd4 positive controls, p = 0.021. (Fig. 4.43). (p(c) was not 

significant).

TNFeS positive patients produce significantly more resting (p=0.007, p(c) 

was not significant) and 0KT3 (p=0.010, p(c) was not significant) activated TNF-a 

than TNFeS positive controls. (Fig. 4.44).
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c) HLADQBl alleles and TNF-a in controls and patients

HLADQB1*0201 positive patients produce higher 0KT3 (p=0.003, 

p(c)=0.027) and 0KT3 with LPS (p=0.035, p(c) was not significant) activated TNF- 

a  levels than HLADQBl *0201 positive controls. (Fig. 4.45). HLADQB1*0302 

positive patients produce higher levels of LPS activated TNF-a than 

HLADQBl *0302 positive controls, p=0.043. (Fig. 4.46). (p(c) was not significant).

Table 4.6 shows a summary of significant findings from section 4.4. A 

summary of the relationship between polymorphisms of TNF and HLADQBl with 

TNF-a production is shown in tables 4.7 and 4.8.

4.4.5 TNF Production by B-cell lines Homozygous for the TNFl or TNF2 allele 

of the TNF-308 Promoter Polymorphism

B-cell lines homozygous for the TNF2 allele o f the TNF-308 promoter 

polymorphism, did not produce significantly different levels of resting or PMA 

activated TNF than lines homozygous for the TNFl allele, p > 0.05. Resting TNF 

levels from TNF2 cell lines did produce increased levels of TNF compared to TNFl 

cell lines at all time points, but this was not significant. (Figs. 4.47 and 4.48).

Please Note: All sites were statistically analysed. However, results are only displayed 

for sites that showed an effect or for sites where one might anticipate an effect, (e.g. 

promoter polymorphism).

124



3000

2500 ■

2000

1500

pO.OOl" {XO.OOl"

iXO.OOl’'

1000 p=0.010*

500 -

p=0.018*

I I  <■

RESXmC PMA LPS OKT3 OKT3+LPS

O  Controls 
(n=85) 

®  Patients 
(n=100)

Fig. 4.1; TNF-a Levels in Supernatants from Resting and Activated PBMCs in 

Healthy Controls and Coeliac Patients
PBMC from healthy controls and coeliac patients were incubated for 24 hours at 

either resting or activated with either PMA 25ug/ml, 0KT3 1/50 dilution, LPS 250ng/ml 

or with a combination of 0KT3 and LPS. Supernatants were removed and stored at -  

70°C, TNF-a was measured by a TNF-a ELISA [Methods section 2.6]. Results 

expressed as median and semi-interquartile values. *Computed using the Mann 

Whitney-U test.



Condition Study
Group

Number
in
Group
(N)

TNF-a pg/ml 
Min. Max. Median

Significant
Difference
Mann-
Whitney
UTest

Resting Controls 85 11 635 64

Patients 100 12 3786 121.5 p = 0.018

PMA Controls 84 12 3479 607.5
Stimulated

Patients 100 30 9457 1141.5 p <0.001

LPS Controls 84 12 3946 222.0
Stimulated

Patients 97 24 2630 308.0 p = 0.010

0KT3 Controls 84 27 2614 318.0
Stimulated

Patients 98 29 12926 699.0 p <  0.001

0KT3+LPS Controls 84 29 8293 465.5
Stimulated

Patients 97 59 8572 967.0 p <0.001

Table 4.1: TNF-a Levels in Supernatants from Resting and Activated PBMCs 

Healthy Controls and Coeliac Patients
Legend as in Fig. 4.1, except text in red donates significant increase in TNF-a levels
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Fig. 4.4: Comparison of TNF-a levels by PBMC’s from TNF-308-2 positive and 
negative individuals in the healthy control group.
Results expressed as median and semi-interquartile values. *Computed using the Mann 
Whitney-U test. Incubation conditions as in figure 4.1.
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Fig. 4.5: Comparison of TNF-a levels by PBMCs from TNF-308-2 positive and 
negative individuals in the coeliac patient group. Results expressed as median and 
semi-interquartile values. *Computed using the Mann Whitney-U test. Incubation 
conditions as in figure 4.1.
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Fig. 4.9: Comparison of TNF-a levels by PBMCs from TNFa2 positive and negative 
individuals in the coeliac patient group.
Results expressed as median and semi-interquartile values. *Computed using the Mann 
Whitney-U test. Incubation conditions as in figure 4.1.
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Fig. 4.11; Comparison of TNF-a levels by PBMCs from TNFh4 positive and 
negative individuals in the healthy control group.
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Whitney-U test. **corrected p value for multiple comparisons (Bonferroni correction). 
Incubation conditions as in figure 4.1.
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Whitney-U test. **corrected p value for multiple comparisons (Bonferroni correction). 
Incubation conditions as in figure 4.1.
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negative individuals in the healthy control group.
Results expressed as median and semi-interquartile values. *Computed using the Mann 
Whitney-U test. **corrected p value for multiple comparisons (Bonferroni correction). 
Incubation conditions as in figure 4.1.
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Fig. 4.17; Comparison of TNF-a levels by PBMCs from HLADQB1*0603 positive 
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and semi-interquartile values. *Computed using the Mann Whitney-U test. **corrected p 
value for multiple comparisons (Bonferroni correction). Incubation conditions as in 
figure 4.1.
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and negative individuals in the healthy control group.
Results expressed as median and semi-interquartile values. *Computed using the Mann 
Whitney-U test. Incubation conditions as in figure 4.1.
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Polymorphism Culture
Condition

No. wifli Allele 
Absent/Present

Change 
in TNF 
levels

Significant 
Difference 
(p value)

P(c)“-

TNF Promoter 
-238 rare 
-308 rare

All tested 
All tested

68/12
42/34 -

n.s.
n.s.

TNF
Microsatellites

TNFa
a l l Resting 56/23 Increased 0.027 n.s.

TNFb
h4 0KT3 29/49 Decreased 0.025 n.s.

TNFe
el Resting

LPS
0KT3
OKT3+LPS

49/22

6 y

i. ?

Decreased
Decreased
Decreased
Decreased

0.041
0.016
0.017
0,059

n.s.
n.s.
n.s.
n.s.

HLADQBl
0603 0KT3+LPS 69/4 Increased 0.003 0.027

0604 PMA 72/2 Increased 0.050 n.s.

Table 4J2: Summary Table for Comparison of TNF-a Levels with Polymorphic 
Alleles in Healthy Individuals.
a  p(c) = corrected p value for multiple comparisons (Bonferroni correction).
Note: Red Colour denotes increase. Green denotes decrease



Polymorphism Culture
Condition

No. with Allele 
Absent/Present

Change in 
TNF levels

Significant
Difference

pCc)*"

TNF Promoter 
-238 rare 
-308 rare

PMA 
All tested

90/12
20/76

Decreased 0.041
n.s.

n.s.

TNF
Microsafellites

TNFa
a2
a6

0KT3+LPS
0KT3+LPS

14/82
90/9

Increased
Decreased

0.057
0.028

n.s.
n.s.

TNFb
h3
b4

All
Resting

13/84
60/37

Decreased
Increased

n.s.
0.025 n.s.

TNFc
c2 Resting 60/35 Decreased 0.026 n.s.

TNFe
el Resting 68/7 Increased 0.043 n.s.

HLADQBl
0201 PMA 12/80 Decreased 0.053 n.s.

0202 Resting 59/33 Increased 0.022 n.s.

0302 PMA 87/5 Decreased 0.007 n.s.

Table 4 J :  Summary Table for Comparison of TNF-a Levels with Polymorphic 
Alleles in Coeliac Patients.
a. p(c) = corrected p value for multiple comparisons (Bonferroni correction).

Note; Red Colour denotes mcrease. Green denotes decrease



s
"oi)a
eo•■custje
fa .

cu

2000

1500

1000

500

0

f - .................................. ....................... I 1 .S .*  -  ..............  1

1 (

T
- r 1

f  J
t

1 i  ►

♦ no copy (n=42) 
■ 1 copy (n=28)
A 2 copies (n=6)

Resting PMA IPS OKT3 OKT3+LPS

Fig. 4.22: Relationship between TNF-308-2 carrier status and TNF-a production by 
PBMCs from Healthy Controls.
Results expressed as median and semi-interquartile vaJues. * Statistical analysis using 
the Kruskal-Wallis test Incubation conditions as in Fig. 4.1.

a
eo

■oo
£

3000
2500
2000
1500
1000
500

0

1.......... 'i n.s.- 1

i ►

f 1
k r  f......... T -1

i
►

1 ' I I
.  l i X _

♦ no copy (11=20) 
■ 1 copy (n=56) 
A 2 copies (n=20)

Resting PMA LPS OKI3 OKI3+LPS

Fig. 4.23; Relationship between TNF-308-2 carrier status and TNF-a production by 
PBMCs from Coeliac Patients.
Results ejqjressed as median and semi-interquartile values. * Statistical analysis using 
the Kruskal-Wallis test. Incubation conditions as in Fig. 4.1.
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the Kruskal-Wallis test. Incubation conditions as in Fig. 4.1.
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Fig. 4.25: Relationship between TNFa2 carrier status and TNF-a production by 
PBMCs from Coeliac Patients.
Results expressed as median and semi-interquartile values. * Statistical analysis using 
the Kruskal-Wallis test. **corrected p value for multiple comparisons (Bonferroni 
correction). Incubation conditions as in Fig. 4 .1.
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Fig. 4.27: Relationship between TNFbS carrier status and TNF-a production by 
PBMCs from Coeliac Patients.
Results expressed as median and semi-interquartile values. * Statistical analysis using 
the Kruskal-Wallis test. Incubation conditions as in Fig. 4.1.
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Allele Culture
Condition

No. of
Carriers
with
0/1/2 copies

Change in 
TNF levels

Significaiit
Difference

p ( c r

TNF Promoter
-308-2 All tested 42/28/6 - n.s.

TNF
Microsatellites

TNFb
b3 Resting 45/28/5 0 -  1 < 2 0.05 n.s.

TNFd
dl Resting 44/30/6 0 -  1 < 2 0.008 n.s.

HLADQBl
0201 All Tested 45/23/21 - n.s.

Table 4.4: Summary Table for the Relationship between Dosage Effect of 

Polymorphic Alleles and TNF-a Levels in Healthy Controls

a. p(c) = corrected p value for multiple comparisons (Bonferroni correction).



Allele Culture
Condition

No. of 
Carriers 

with 
0/1/2 copies

Change in 
TNF levels

Significant
Difference

P(c)‘

TNF Promoter
-308-2 All tested 20/56/20 - n.s.

TNFBl All tested 13/71/10 - n.s.

TNF
Microsatellites

TNFa
a2 Resting 14/49/36 0 -1 >2 0.011 n.s.

LPS C 9 0 <  1 >2 0.044 n.s.

TNFb
b3 all tested 13/60/24 - n.s.

TNFc
c2 OKT3+LPS 61/32/4 0<1 >2 0.010 n.s.

TNFe
e3 All Tested 0/8/67 n.s.

HLADQBl
0201 All Tested 12/47/31 _ n.s.

0202 Resting 59/31/2 0 <  1 >2 0.042 n.s.

Table 4^: Summary Table for the Relationship between Dosage Effect of 

Polymorphic Alleles and TNF-a Levels in Coeliac Patients

a. p(c) = corrected p value for multiple comparisons (Bonferroni correction).
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the Wilcoxin Signed Rank test. **corrected p value for multiple comparisons 
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Polymorphism Incubation Condition 
difference (pvalue)

and Significant No.Controls
/Patients

TNF 
levels in 
Patients

Promoter Resting PMA LPS OKT3 OKT3
+LPS

TNFBl 0.002* n.s. 0.041 0.006 0.036 50/83 Increased

Microsatellites
TNFa
a2
a6

0.002*
0.015

n.s.
0.015

0.030
n.s.

n.s.
n.s.

n.s.
n.s.

50/85
21/9

Increased
Increased

TNFh
b2
h4
b5

n.s.
<0.0001*
n.s.

0.012
0.044
0.019

0.006
n.s.
n.s.

n.s.
n.s.
0.039

0.019
n.s.
0.042

33/84
A m i
38/22

Increased
Increased
Increased

TNFc
c2 0.045 0.011 0.004* 0.002* 0.004* 41/36 Increased

TNFd
d i
dS
d4

n.s.
<0.0001*
n.s.

n.s.
0.002*
n.s.

0.026
0.026
0.021

n.s.
0.004*
n.s.

0.001*
0.006
n.s.

36/72
56/53
25/33

Increased
Increased
Increased

TNFe
e3 0.007 n.s. n.s. 0.010 n.s. 64/75 Increased

HLADQBl
0201 n.s. n.s. n.s. 0.003* 0.035 29/80 Increased

0302 n.s. n.s. 0.043 n.s. n.s. 13/5 Increased

Table 4.6: Summary of Results for TNF-a levels from Controls and Patients who 
are positive for the same Polymorphic Genotype
* p value remains significant (<0.05) after Bonferroni correction is applied.



Polymorphism Association 
with CD

r/VF Polymorphism and TNF-a Levels

SNFs

-238 rare 
-308 rare 
TNFBl

+
+

Effect of presence/absence 
of allele on TNF-a levels

Dosage effect of TNF 
allele

TNF-a levels increased in 
Patients versus Controls with 
same Genotype

Controls Patients Controls Patients

none
none
Resting*,LPS,OKT3,OKT3+LPS,t

n.s.
n.s.
n.s.

P M A i
n.s.
n.s.

none
none
none

none
none
none

Microsatellites

TNFa
a2 + n.s 0KT3+LPS Resting Resting*, LPS, t

T (n.s, p=0.057) LPS
a6 - 0KT3+LPS^ Resting, PMA, t
a ll - Resting t

Table 4.7: Overview of Relationship between TNF  polymorphisms and TNF-a Protein levels
n.s. = not significant, t=  increase in levels o f TNF-a in patient group, i  = decrease in levels of TNF-a, * corrected p value< 0.05. A 
red colour indicates the allele was positively associated with disease (refer to chapter 3). A green colour indicates allele was negatively 
associated with coeliac disease (refer to ch ^ te r 3).



Polymorphism Association 
with CD

Polymorphism and TN F-a Levels

Effect of presence/absence of 
allele on TN F-a levels

Dosage effect 
allele

of TNF TN F-a levels increased 
in Patients versus 
Controls with same 
Genotype

Controls Patients Controls Patients
TNFb
b3
b4
b5

+
0KT3 i Resting t

Resting,(p=0.05) PMA, LPS, 0KT3+LPS t  
Resting*, PMA, t  
PMA, OKT3, 0KT3+LPS
t

TNFc
c2 - Resting i All tested t  (*all except 

Resting and PMA)

TNFd
dl
d3

d4

+ Resting LPS, 0KT3+LPS* t  
All tested t(*except LPS 
and 0KT3 +LPS)
LPS t

TNFe
el

e3 +

Resting,LPS ,0KT3, 
0KT3+LPS i

Resting t

Resting*. 0KT3* t

Table 4.7 continued: T= increase in levels of TNF-a, — decrease in levels of TNF-a, * corrected p value< 0.05.



Polymorphism Association 
with CD

HLADQBl Polymorphism and TNF-a Levels

Effect of presence/absence of 
allele on TNF-a levels

Dosage effect of allele TNF-a levels increased in 
Patients versus Controls with 
same Genotype

Controls Patients Controls Patients

0KT3*, 0KT3+LPS t
none
LPS t

HLADQBl

*0201
*0202
*0302
*0603
*0604

+
+

0KT3+LPSt* 
PMA t

PMA4(p=G.G53)
Restingt
PMA>r

Resting

Table 4.8: Overview of Relationship between HLADQBl polymorphisms and TNF-a Protein levels
T= increase in levels of TNF-a, I  = decrease in levels of TNF-a, * corrected p value< 0.05. A red colour indicates the allele was 
positively associated with disease (refer to Chapter 3). A green colour indicates allele was negatively associated with coeliac disease 
(refer to chapter 3).



Polymorphism Association 
with CD

77VF Polymorphism and TNF-a Levels

SNPs

-238 rare 
-308 rare 
TNFBl

+
+

Effect of presence/absence 
of allele on TNF-a levels

Dosage effect of TNF 
allele

TNF-a levels increased in 
Patients versus Controls with 
same Genotype

Controls Patients Controls Patients

none
none
Resting*,LPS,OKT3,OKT3+LPS,t

n.s.
n.s.
n.s.

P M A i
n.s.
n.s.

none
none
none

none
none
none

Microsatellites

TNFa
a2 + n.s 0KT3+LPS Resting Resting*, LPS, t

t(n.s,p=0.057) LPS
a6 - 0KT3+LPS>1. Resting, PMA, t
a ll - Resting t

Table 4.7: Overview of Relationship between TNF polymorphisms and TNF-a Protein levels
n.s. = not significant, T =  increase in levels o f TNF-a in patient group, i  = decrease in levels of TNF-a, * corrected p value< 0.05. A 
red colour indicates the allele was positively associated with disease (refer to chapter 3). A green colour indicates allele was negatively 
associated with coeliac disease (refer to ch ^ te r 3).



Polymorphisin Association 
with CD

r/VF Polymorphism and TNF-a Levels

Effect of presence/absence of 
allele on TNF-a levels

Dosage effect 
allele

of TNF TNF-a levels increased 
in Patients versus 
Controls with same 
Genotype

Controls Patients Controls Patients
TNFb
b3
b4
b5

+
0KT3 i Resting t

Resting,(p=0.05) PMA, LPS, 0KT3+LPS t  
Resting*, PMA, t  
PMA, OKT3, 0KT3+LPS
t

TNFc
c2 - Resting 'I All tested t  (*all except 

Resting and PMA)

TNFd
dl
d3

d4

+ Resting LPS, 0KT3+LPS* t  
All tested t(*except LPS 
and 0KT3 +LPS)
LPS t

TNFe
el

e3 +

Resting,LPS ,0KT3, 
0KT3+LPS i

Resting t

Resting*. 0KT3* t

Table 4.7 continued: T= increase in levels o f  TNF-a, = decrease in levels of TNF-a, * corrected p value< 0.05.



Polymorphism Association 
with CD

HLADQBl Polymorphism and TNF-a Levels

Effect of presence/absence of 
allele on TNF-a levels

Dosage effect of allele TNF-a levels increased in 
Patients versus Controls with 
same Genotype

Controls Patients Controls Patients

0KT3*, 0KT3+LPS t
none
LPS t

HLADQBl

*0201
*0202
*0302
*0603
*0604

+
+

0KT3+LPSt*
P M A t

PMA>l(p=0.053)
Restingt
P M A i

Resting

Table 4.8: Overview of Relationship between HLADQBl polymorphisms and TNF-a Protein levels
t=  increase in levels of TNF-a, = decrease in levels of TNF-a, * corrected p value< 0.05. A red colour indicates the allele was 
positively associated with disease (refer to Chapter 3). A green colour indicates allele was negatively associated with coeliac disease 
(refer to chapter 3).
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Fig. 4.47: Resting TNF Production by B-cell Lines Homozygous for the TNFl or 
TNF2 allele of the TNF-308 Promoter Polymorphism.
TNF measured in Supernatants from EBV-transformed B-cell lines using the L929 
Bioassay. Results expressed as median and semi-interquartile values. * Computed using 
the Mann Whitney U test.
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p > 0.05*
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Fig. 4.48: PMA Activated TNF Production by B-cell Lines Homozygous for the 
TNFl or TNF2 allele of the TNF-308 Promoter Polymorphism.
TNF measured in Supernatants from PMA activated (50jxg / ml) EBV-transformed B- 
cell lines using the L929 Bioassay. Results expressed as median and semi-interquartile 
values. * Computed using the Mann Whitney U test.



4.5 Discussion

4.5.1 TNF-a Production in Coeliac Disease Patients

PBMCs from treated coeliac patients (on a gluten-free diet) produce 

significantly higher levels of spontaneous and activated TNF-a than healthy controls 

(Fig. 4.1 and table 4.1). Coeliac patients in this study were on gluten free diets for at 

least one year before they donated blood. Adherence to a gluten free diet usually 

results in diminished symptoms, and the return to a histologically normal mucosa, hi 

some individuals, it may take longer for the intestine to recover. Li these case, a 

higher level o f resting TNF-a production due to residual inflammation might be 

expected. 120 patients were involved in this study and while non-compliance to diet 

may be an issue for a few patients it is unlikely that this would explain the overall 

statistical increase in levels. Donated blood was also placed on ice after donation to 

prevent spontaneous TNF production.

PMA activation of PBMCs from coeliac patients produced the strongest TNF- 

a  response, with a median value of 1142 pg/ml, and a range of 30 to 9457 pg/ml. 

Patient PBMC activated by PMA produced 88% more TNF than cells from healthy 

controls. (p<0.001). This study was performed on a mixed culture of cells, so even 

though specific activators were used, one cannot rule out the knock-on effect of 

nearby cells and mediators, especially in a culture for 24 hours. PBMCs mainly 

consist of monocytes, B cells and T cells with a low proportion of neutrophils. Cells 

of the macrophage/monocyte lineage are considered to be the major source of TNF 

(Vilcek et al, 1991). hicreased levels of TNF production by LPS activated cells from 

patients was also observed, p=0.010. LPS mainly activates macrophages and B cells. 

TNF-a production by LPS activated PBMCs in this study may have been suboptimal 

as the concentration of LPS was relatively low (250 pg/ml).

0KT3 activates T cells via the T cell receptor (TCR) / CDS complex. 

Cellular activation with this antibody produced increased TNF-a, p<0.001. 

Therefore, T cells from coeliac patients produce significantly more TNF-a than T 

cells from healthy controls. However, it is also possible that not all the TNF-a 

detected in these supernatants originated from the T cells. Cytokines and other 

mediators produced by activated T cells could stimulate TNF-a production by other 

isolated cell types. Cells from patients activated with a combination of 0KT3 and
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LPS also produced significantly increased levels of TNF-a, p<0.001. The levels 

produced by the combination was greater than the levels produced by either activator 

alone, indicating an additive effect.

These results indicate that peripheral blood mononuclear cells from treated 

coeliac patients have the capacity to produce high levels of TNF-a. Importantly, 

raised levels of TNF have also been demonstrated in the coeliac intestine. Przemioslo 

et al detected raised levels of the protein by immunohistochemistry (Przemioslo et al, 

1994). In addition, a recent study determined that lamina propria cells from the 

intestine of coeliac patients and potential coeliac patients had higher levels of TNF-a 

positive cells than normal controls (Westerholm-Ormio et al, 2002). These findings 

support the hypothesis that lamina propria T cells and macrophages, through their 

secretion of cytokines, play a cenfral role in the pathogenesis o f coeliac disease. 

Interestingly, intracellular levels of TNF-a protein in epithelial cells and lELs from 

treated coeliac patients are significantly raised when compared to levels in normal 

controls (O'Keefe et al, 2001). The authors suggest that the increased expression of 

proinflammatory cytokines in cells occupying the epithelial layer could help explain 

the rapid responsiveness of the coeliac mucosa to gluten challenge. The findings 

above support the involvement of a cell-mediated immunity in the pathogenesis of 

coeliac disease.

4.5.2 TNF SNPs and TNF-a Production by PBMCs

Polymorphisms in the promoter of the TNF-a gene have been reported to 

influence the function of the gene, and hence TNF-a protein levels. Results from 

chapter 3 of this study identified TNF and HLADQBl alleles which were individually 

associated with coeliac disease (Tables 3.11 and 3.12). The following questions 

were asked to determine whether there was a relationship between these alleles and 

TNF-a production: i) Do PBMCs from patients or controls positive for individual 

TNF alleles produce significantly different TNF-a levels than those who are negative 

for the allele? (Figs. 4.2 to 4.21, summary tables 4.2 and 4.3), ii) Is there a dosage 

effect of individual alleles on TNF-a levels in either the control or patient groups 

(Figs. 4.22 to 4.33, summary tables 4.4 and 4.5), and iii) Do controls and patients
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who carry the same polymorphism produce similar TNF-a levels? (Figs. 4.34 to 

4.46, summary table 4.6).

The TNF-238-2 allele m the TNF promoter has been associated with less 

severe forms of disease, with the -238 ‘GA ’ genotype correlating with less severe 

disease in multiple sclerosis (Huizinga et al, 1997). The results of this study indicate 

than the presence of this allele did not influence TNF-a levels in healthy controls 

(fig. 4.2). However, PMA activated TNF-a from TNF-238-2 positive coehac patients 

was slightly decreased, although not significant, p=0.041 (p(c) was not significant). 

(Fig. 4.3). If the ‘rare’ allele of a locus influences protein production, then a dosage 

effect of this allele may be detected, i.e. homozygotes for the allele could produce 

more protein than hetrozygotes, and in turn both homozygotes and heterozygotes 

could produce more protein than individuals negative for the allele. No such dosage 

effect on TNF-a levels was observed for the TNF-238-2 allele in either the patient or 

control groups (Data not shown). There was also no statistical difference in TNF 

levels between controls and patients carrying the TNF-238-2 allele (data not shown).

The TNF-308-2 allele has previously been associated with disease severity 

and high levels of TNF production. It is also reported to influence TNF-a production 

in whole blood from healthy individuals (Louis et al, 1998). However, no significant 

relationship between TNF-308-2 and TNF-a levels was detected in this study. 

Controls and coeliac patients positive for TNF-308-2 did not produce significantly 

different TNF-a levels than those negative for TNF-308-2 (Fig.s 4.4 and 4.5). In 

addition, there was no statistical significant dosage effect of the TNF-308-2 allele on 

TNF-a levels in either the patient or control groups (Fig.s 4.28 and 4.29). Likewise, 

no statistical difference in TNF-a levels was observed between controls and patients 

carrying the TNF-308-2 allele (data not shown). These results suggest that the TNF- 

308 promoter polymorphism is not directly related to the high levels of TNF- 

a  production by PBMC from coeliac patients, at least under the conditions studied.

This finding may be explained by the fact that the relationship of TNF-308-2 

to high TNF levels was described mostly in studies involving reporter construct 

assays. Conflicting results regarding the influence of this polymorphism in such 

assays exist. Wilson et al detected significantly higher levels of CAT expression 

from both unstimulated and PMA stimulated 7W/^2-CAT constructs in B cells
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compared to 77VF7-CAT constructs (Wilson et al, 1997). In contrast, a study by 

Brinkman et al detected no difference between the level of transcription of the two 

alleles in CAT assays (Brinkman). A recent study by Uglialoro et al demonstrated 

that the -238 and -308 promoter polymorphisms do not influence the level of 

transcription from 77VF-promoter-CAT reporter gene constructs (Uglialoro et al, 

1998). The authors also conclude that TNF-a promoter polymorphisms are of no 

functional consequence and exist soley because they are in linkage disequihbrium 

with HLA alleles. In addition, TNF-a production is regulated by a number of factors 

including; transcription factors, enhancers and repressors so it is possible that a weak 

effect of promoter polymorphisms such as TNF-308 may be difficult to detect.

The TNFBl allele of the TNFB Nco I  polymorphism in the first intron of the 

TNF-p gene is reported to correlate with high secretion of TNF-a. However, this 

allele did not relate to TNF-a levels in control or coeliac patients in this study. 

Controls or patients positive for the TNFBl allele did not produce statistically 

significantly different TNF-a levels than those negative for the allele (Fig.s 4.6 and 

4.7). In addition, no relationship between TNF levels and dosage of the TNFBl allele 

was observed in the control (data not shown) or patient groups (fig. 4.24). However, 

coeliac patients who carry the TNFBl allele do produce statistically higher resting 

and 0KT3 activated TNF levels than controls with the allele p(c)=0.018 for resting 

and p(c) was not significant for 0KT3(Fig. 4.34).

In conclusion, the three TNF SNPs investigated in this study are not directly 

related to TNF-a production by PBMC in the control or coeliac patient groups under 

the conditions studied (Summary table, 4.7). The finding that coeliac patients 

positive for the TNFBl allele produce significantly more resting and 0KT3 activated 

TNF-a than controls with the allele suggests that this allele may indirectly influence 

production, possibly via linkage with another site nearby.

4.5.3 TNF Microsateliite Polymorphisms and TNF-a Production by PBMCs

Associations between TNF microsatellites and variable TNF 

production have been observed, hi IDDM, the TNFa2 allele was found to be 

associated with higher secretion of TNF by LPS-stimulated monocytes, whilst TNFa6 

was associated with a significantly lower level of secretion. TNFc2 positive
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monocytes also displayed a significantly higher level of TNF-a secretion (Pociot et 

al, 1993). An association between the TNFd3 allele and the higher secretion of TNF 

by leukocytes in heart transplant recipients has also been determined (Turner et al, 

1995).

No relationship between the presence or absence of the TNF microsatellite 

alleles and TNF-a levels was observed in this study in either the control or coeliac 

patient groups. A dosage effect of the TNFc2 allele was detected in TNF-a levels 

from patient PBMC when activated with a combination of 0KT3 and LPS, p<0.05. 

One copy of this allele related to higher levels of secretion than no copy or 2 copies. 

Likewise, the TNFdl allele displayed a significant dosage effect with resting TNF- 

a  levels in healthy controls (p<0.05) (Fig. 4.29). In this case TNFdl homozygotes 

produced significantly more TNF-a than individuals with no copy or one copy of 

TNFdl.

Increased TNF-a production by cells from patients positive for TNFa2 

(resting), or TNFb4 (resting), or TNFc2 (0KT3 and 0KT3 plus LPS), or TNFdl 

(LPS and 0KT3 plus LPS), and TNFd3 (resting, PMA, 0KT3, and OKT3 plus LPS) 

alleles was observed compared to controls positive for these alleles, p(c)<0.05 (Table 

4.7). Therefore, even though individually these microsatellite alleles are not related to 

high TNF-a levels in the patient group, they are related when a comparison between 

controls and patients is made. This could suggest that a) individuals with these alleles 

may be linked to a nearby site which is responsible for the increased TNF-a levels in 

the patient group or b) patient PBMCs may be primed to produce more TNF-a under 

certain inflammatory conditions.

4.5.4 HLADQBl Polymorphism and TNF-a Production by PBMCs

The HLA DR3 haplotype which includes the HLADQBl *0201 allele has been 

associated with high TNF production. In this study the presence of HLADQBl *0201 

did not significantly influence TNF-a levels in the control group (data not shown) or 

in the patient group (Fig. 4.19). 0KT3 plus LPS activated TNF-a production by 

HLADQBl *0603 positive controls was increased compared to negative controls, 

p(c)=0.027 (Fig. 4.17). However, the number of controls with this allele was small. 

This was the only HLADQBl allele to show a significant effect in either the control
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or patient groups (Table 4.8). No significant dosage effect was observed for the 

HLADQBl *0201 allele in controls or patient groups (Fig.s 4.31 and 4.32).

A significant increase in OKT3 activated TNF-ot levels was observed in patients 

with HLADQBl *0201 compared to controls with HLADQBl *0201, p(c)=0.027 (Fig. 

4.45). This again implies that some factor possibly linked to this allele may be 

responsible for the increased TNF-a in coeliac patients.

4.5.5 TNF production by B cell lines homozygous for TNF-308 1/2 alleles.

Resting TNF production was increased in the TNF2 versus the TNFl cell 

lines, at all time points assayed (Fig. 4.47). However, this increase was not 

statistically significant. PMA activated cells did not produce statistically different 

TNF levels (Fig. 4.48). These results back up the results from PBMCs fi-om patients 

and controls, in that the TNF-308 promoter polymorphism does not effect TNF 

production, at least not in a simple fashion.

hi conclusion, the results from chapter three demonstrate that heterogeneity 

exists in the association of TNF polymorphisms with coeliac disease. No direct effect 

of any of the associated TNF polymorphisms on TNF-a levels were observed. Alleles 

previously shown to have a functional effect, in particular the TNF-308-2 allele did 

not show any significant functional role in variable TNF-a protein levels in the 

patient group or in TNF production by B cell lines. Patients positive for certain TNF 

and HLADQBl alleles did produce higher TNF-a than controls with these alleles, 

suggesting that the high TNF secretion detected in the patient group may indirectly 

be associated with these alleles (Tables 4.7 and 4.8).

Regulation of TNF-a production occurs at both the transcriptional and post- 

transcriptional level. Other polymorphisms in the 77VF-a promoter may be associated 

with TNF protein levels. Some of the key factors binding to regulatory regions in the 

TNF-a promoter or regulatory regions themselves which may be good candidates for 

investigation are shown in fig« 4.49. Curiously, a —857 site in the TNF promoter has 

recently been associated with IBD (van Heel et at, 2002). This site interferes with an 

OCT-1 binding site. In addition, the rare ‘C’ allele of this site was associated with
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position in relation to the transcription start site.



increased TNF levels. Analysis of the association of this SNP with TNF-a levels in 

our patients may prove informative.

The 3’ end of the TNF-a gene is involved in the stability of the TNF mRNA. 

Alterations in this region could influence the translation of TNF. p38 a MAP kinase 

is thought to be a key regulator in translation of TNF. Factors controlling translation 

of TNF mRNA in coeliac patients may also prove informative. Another interesting 

candidate for coeliac disease association is NFKBIL-1. This gene is located in the 

class in  region of the MHC. It codes for a protein which is homologous to IkB. IkB  

proteins inhibit the activity of the transcription factor NFkB. Preliminary studies in 

our laboratory have identified a SNP in the promoter of the NFKBIL-1 gene. This 

polymorphisms is strongly associated with coeliac disease. We are currently pursuing 

genetic and functional studies of this gene.
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Chapter Five

Haplotype Analysis of TNF Polymorphisms in Healthy 

Controls and Coeliac Patients
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5.1 INTRODUCTION

A haplotype is a combination of alleles at different sites on a single 

chromosome. Haplotype analysis has been used to narrow down the location of 

disease-susceptibility genes and for investigating many population processes 

especially in the HLA region (Foissac et al, 1997). Computational algorithms have 

been developed to estimate haplotype frequencies and to predict haplotype phases 

from genotype data for unrelated individuals (Xu et al, 2002). The two most popular 

existing methods are maximum likelihood, implemented via the expectation- 

maximization (EM) algorithm (Excoffier et al, 1995), and a parsimony method 

created by Clark (Clark, 1990). The computational method used in this study is a 

Phase reconstruction method (Stephens et al, 2001). It improves on the latter 

methods by exploiting ideas from population genetics and coalescent theory that 

make predictions about the patterns of haplotypes to be expected in natural 

populations. This method has been found to reduce error rates in haplotype 

reconstruction by > 50%. A novel feature of the method is that it can estimate the 

uncertainty associated with each phase call, avoiding inappropriate overconfidence in 

statistically reconstructed hapotypes. It can also assign haplotypes to individuals. The 

general theory of the method is described in appendix III.

MHC alleles can be grouped into ancestral haplotypes (AH) which are usually 

inherited intact. These conserved allelic combinations constitute approximately 30% 

of all Caucasian haplotypes. Speculation that the A1-B8-DR3-DQA1*0501- 

DQB1*0201 ancestral haplotype (8.1 AH) may itself exert additional influence on 

coeliac disease susceptibility beyond the HLADQ association has been made. It is 

known that certain TNF alleles can form part o f extended HLA haplotypes (Udalova 

etal, 1993).

5.2 OBJECTIVES
a) To computationally construct haplotypes for the TNF and HLA loci in the

control and patient groups and to determine if these haplotypes are

associated with coeliac disease

b) To determine if these haplotypes are related to the increased TNF-a levels

by PBMCs from coeliac patient as described in chapter 4.
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c) To determine if TNF alleles are on extended haplotypes either 

independent or dependent of the HLADQB locus.

5.3 METHODS
a) Haplotypes were computationally generated from the genotyping data using 

Phase software (Stephens et al, 2001). Please Note: I would like to thank Dr. 

Anthony Ryan, Dept. Clinical Medicine, T.C.D., for the advice and assistance with 

the haplotype analysis.

b) Linkage disequilibrium was calculated in order to determine if TNF alleles 

were part of the generated haplotypes were independent or dependent of the 

HLADQBl *0201 allele. The extent of linkage disequilibrium (D) is expressed as the 

observed disequilibrium value as a proportion of the theoretical maximum 

disequilibrium value i.e. D/Dmax- The disequilibrium parameter is D = Pn -  piqi 

where Pn is the observed frequency of the piqi haplotype and pi and qi are the 

frequencies of allele 1 at locus 1, and all other alleles as allele 2 at locus 1. Linkage 

disequilibrium was also calculated using LINKDOS software (Results from 

LINKDOS shown in Appendix III).

c) The relationship between haplotypes and TNF-a levels was statistically 

analysed using the Mann Whitney U and Kruskal-Wallis tests from the SPSS 

statistical software package (version 11.0).
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5.4 RESULTS

5.4.1 Haplotypes generated by Phase software in Healthy Controls and Coeliac 

Patients

6 common haplotypes were generated from the genotypes of the 3 SNPs in 

the healthy control group. The most common haplotype in this group, termed the SB 

(for SNP-B) haplotype (Table 5.1); TNF-308-1, TNF-238-1, TNFB2 was present at a 

frequency of 0.4722, 76.7% of controls had this combination. The frequency of this 

SB haplotype was similar in the coeHac patient group, 0.4095 and 74.1% of patients 

had this combination, (no significant difference between controls and patients). In 

contrast, the SA (for SNP-A) haplotype; TNF-308-2, TNF-238-1, TNFBl was 

significantly increased in the patient group compared to the control group, with 

frequencies of 0.1944 in controls versus 0.4440 in patients, p<0.0001 (p(c)=0.0008). 

78.4% of patients have this haplotype compared to 29.0% of controls. The SC (for 

SNP-C) haplotype; TNF-308-1, TNF-238-1, TNFBl, was significantly decreased in 

the patient group, with frequencies of 0.1944 in controls versus 0.0647 in patients, 

p=0.0007 (p(c)=0.0063). 19.5% of controls had this haplotype compared to 6.5% of 

patients.

When HLADQBl* was included in the SNP haplotype analysis the major 

SNP haplotype in patients was *0201, TNF-308-2, TNF-238-1. TNFBl (termed SA^ 

201) (Table 5.2). This haplotype was significantly increased in the patient group 

compared to controls, with frequencies of 0.1056 in controls versus 0.3360 in 

patients, p<0.0001 (p(c)=0.0007). 4 other common haplotypes termed, SB^201 and 

SB^202 which were both increased in the patient group compared to controls, and 

SB^501 and SB^602 which were decreased in the patient group. (p<0.05 in all cases).

Haplotypes were also generated for the combination of TNFa, TNFb, TNF- 

308, TNF-238 and TNFB loci (Table 5.3). The most common haplotype in the 

control and patient groups was the abSNPA (for TNFa, b, SNPs-A) haplotype; 

TNFa2, TNFb3, TNF-308-2, TNF-238-1, TNFBl. This haplotype was significantly 

increased in the patient group, with frequencies of 0.1000 in controls versus 0.4008 

in patients, p<0.0001 (p(c)=0.0007). 70.7% of patients had this haplotype compared 

to 18.9% of controls. When HLADQBl alleles were included in the analysis the most 

common haplotype was; *0201, TNFa2, TNFb3, TNF-308-2, TNF-238-1, TNFBl, 

termed the abSNP+ haplotype (for TNFa, b, SNP, HLADQBl-K). This haplotype was
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significantly increased in the patient group, with frequencies of 0.0667 in controls 

versus 0.2931 in patients, p<0.0001 (p(c)=0.0006). 12.2% of controls had this 

haplotype compared to 49.1% of patients.

Haplotypes were also generated for all the TNF polymorphisms investigated 

in this study (Table 5.4). The most common haplotype in both groups was the TA ( 

for total-A) haplotype; TNFa2, TNFbS, TNFcl, TNFdl, TNFeS, TNF-308-2, TNF- 

238-1, TNFBl,. This haplotype was significantly increased in the patient group, with 

frequencies of 0.0778 in controls versus 0.2888 in patients, p<0.0001 (p(c)=0.0008). 

14.4% of controls had this haplotype compared to 50% of patients. When HLADQBl 

alleles were included in the analysis the most common haplotype was the TA+ (for 

total, HLADQBl-k) haplotype; *0201, TNFa2, TNFb3, TNFcl, TNFdl, TNFeS, 

TNF-308-2, TNF-238-1, TNFB. This haplotype was significantly increased in the 

patient group, with fi-equencies of 0.0556 in controls versus 0.2026 in patients, 

p=0.0005 (p(c)=0.0045). 10% of controls had this haplotype compared to 32.8% of 

patients.

5.4.2 Linkage Disequilibrium between HLADQBl *0201 and 77VF Alleles

Linkage between TNF alleles (which were components of the coeliac disease 

associated haplotypes SA^201 and TA^0201 (Tables 5.2 and 5.4)) and 

HLADQBl *0201 was investigated. (Table 5.5) Linkage of TNF-S08-2 to 

HLADQBl *0201 was significantly increased in the patient group compared to 

controls, p<0.0001. In contrast linkage between the TNFBl and TNFcl alleles was 

significantly decreased in the patient group, p=0.0075 and p<0.0001 respectively. 

Results from linkage disequilibrium analysis generated by LINKDOS, between the 

TNF sites and the HLADQBl site are displayed in Appendix III. Linkage between 

alleles of the TNF sites and themselves is also shown in Appendix III.

5.4.3 Relationship between TNF haplotypes and TNF-a Production.

TNF-a production was compared between individuals positive for the SNP 

haplotypes (SA, SB, and SC) shown in table 5.1. No association between these 

haplotypes and TNF-a production within either the control or patient group was 

found. (Data not shown). In addition, no significant association between the 

presence/absence of the common coeliac associated SA' 2̂01 haplotype was detected
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in the control (data not shown) or patient groups (Fig. 5.1). This was also the case 

with the other TNF SNP /HLADQBl haplotypes that are described in table 5.2 (data 

not shown).

Likewise, no association between TNF-a levels and the abSNPA or abSNPA^ 

haplotypes described in table 5.3 were detected in either group (data not shown). No 

association between TNF-a levels and the TA haplotype described in table 5.4 was 

detected in either group (data not shown). However, resting TNF-a levels were 

increased in patients positive for the TA^201 haplotype compared to patients 

negative for this haplotype, p=0.018 (p(c) was not significant) (Fig. 5.2). No 

difference was detected for the activated cells.

Levels of TNF-a from patients positive for the SA^201 haplotype produced 

increased amounts of TNF-a compared to controls positive for this haplotype. This 

increase was significant when cells were activated with the combination of OKT3 

and LPS, p=0.0142. (p(c) was not significant) (Fig. 5.3). Median levels from controls 

positive for SA^201 were 434 pg/ml compared to 1143 pg/ml from patients positive 

forSA^0201.

Likewise, PMA activated cells from patients positive for the TA+0201 

haplotype produced significantly more TNF-a than cells from positive controls, 

p=0.031 (p(c) was not significant) (Fig. 5.4). Median levels of 381 pg/ml in controls 

compared to 1184 pg/ml in patients.

136



H^lotype Components Haplotype
Frequency

Carrier
Frequency

Significant 
Difference 

p value*
308 2S8 TNFB Controls Patients Controls Patients

SA 2 1 1 0.1944 0.4440 29.0 78.4 <0.0001*

SB 1 1 2 0.4722 0.4095 76.7 74.1 n.s.'’

SC 1 1 1 0.1944 0.0647 19.4 6.5 0.0007*

Table 5.1: Common TNFSNP Haplotypes in Healthy Controls and Coeliac 
Patients. Analysed without HLADQBl AJleles.
Hj^lotypes were generated from genotype data using Phase software, a. Computed using 
a Chi-Square test. b. Not statistically significant. * p<0.05 after Bonferroni correction. A 
red colour denotes an increase or positive association witfi disease. A green colour 
denotes a decrease ornegative association witfi disease.

H^lotype Components H^lotype
Frequency

Carrier Frequency Sig. Diff. 
p value®

HLADQBl* 308 238 TNFB Controls Patients Controls Patients

SA^201 201 2 1 1 0.1056 0.3360 20.0 68.1 <0.0001*

SB" 201 201 1 1 2 0.0389 0.1078 7.8 19.8 0.0309

SB" 202 202 1 1 2 0.0333 0.1724 6.7 34.5 <0.0001*

SB"501 501 1 1 2 0.0944 0.0000 17.8 0.0 <0.0001*

SB^602 602 1 1 2 0.1333 0.0388 24.4 7.8 0.0013*

Table 5.2: Common TNFSHVI HLADQBl Haplotypes in Healthy Controls and 
Coeliac Patients. Analysed with HLADQBl
Haplotypes were generated from genotype data using Hiase software, a. Computed using 
a Chi-Square test. b. Not statistically significant. * p<0.05 after Bonfenoni correction. A 
red colour denotes an increase or positive association with disease. A green colour 
denotes a decrease ornegative association with disease.



H ^lotype Components Haplotype
Frequency

Carrier Frequency Significant 
Difference 

p value®
HLADQBl TNFa TNFb 308 238 TNFB Controls Patients Controls Patients

abSNPA Exc. 2 3 2 1 1 0.1000 0.4008 18.9 70.0 <0.0001*

abSNPA"201 201 2 3 2 1 1 0.0667 0.2931 12.2 49.1 <0.0001*

Table 5 J ;  Common haplotypes of the TNFa,b and TNF SNP loci in Healthy Controls and Coeliac Patients, Analysed with and 
w ithou t//L /4£)e^/ AUeles.
Haplotypes were generated from genotype data using Phase software, a. Computed using a Chi-Square test. * p<0.05 after Bonferroni 
correction. Exc. = h^lotypes generated without HLADQB. A red colour denotes an increase or positive association with disease.

Haplotype Components Haplotype
Frequency

Carrier Frequency Sig.
Diff.p
value®

HLADQBl TNFa TNFb TNFc TNFd TNFe 308 238 TNFB Controls Patients Controls Patients

TA Exc. 2 3 1 1 3 2 1 1 0.0778 0.2888 14.4 50.0 <0.0001*

TA^201 201 2 3 1 1 3 2 1 1 0.0556 0.2026 10.0 32.8 0.0005*

Table 5.4: Common haplotypes of the TNFmicrosatellite and SNP loci in Healthy Controls and Coeliac 
Patients, Analysed with and without HLADQBl Alleles.
Haplotypes were generated from genotype data using Phase software, a. Computed using a Chi-Square test. * p<0.05 after Bonferroni 
correction. Exc. = haplotypes generated without HLADQB. A red colour denotes an mcrease or positive association with disease.



TTVF allele Linkage Disequilibrium (D/Dmax) % p value
Controls Patients

TNF-308-2 30.7 71.0 <0.0001
TNF-238-1 -ve -ve

TNFBl 42.4 23.7 0.0075

TNFal 54.3 44.5 n.s.
TNFb3 54.3 58.1 n.s.
TNFcl 22.0 -ve <0.0001
TNFdl 48.9 49.2 n.s.
TNFeS 4.9 -ve

Table 5.5: Linkage Disequilibrium between HLADQB1*0201 and TiVF Alleles, 
a. Computed using a Chi square test. n.s.=not significant. Calculation o f ‘D ’ and ‘Dmax’ 
explained in Section 5.3 (b). A red colour denotes an increase in linkage o f TNF allele 
with *0201 in coeliac disease. A green colour denotes a decrease in linkage of TNF 
allele with *0201 in coeliac disease.
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5.5 DISCUSSION

5.5.1 Haplotype analysis of the TNF  region in Coeliac disease.

Speculation has been made that the A1-B8-DR3-DQA1*0501-DQB1*0201 

ancestral haplotype (known as 8.1 AH) may itself exert additional influence on CD 

susceptibility beyond the HLA-DQ association (Alper CA, 1987, Kagnoff, 1989). 

Wilson et al demonstrated that TNF-308-2 is strongly associated with this haplotype 

(Wilson et al, 1993). Previous studies by our laboratory have also linked the TNFa 

and TNFb microsatellites with this haplotype, with the TNFal allele as an 

independent component of the haplotype. These studies also showed that the TNF- 

308-2 allele in the TNF-a promoter is part of this haplotype in coeliac disease. 

However, TNF-308-2 was in 100% linkage disequilibrium with *0201, therefore it is 

not an independent part of the haplotype. In contrast, a recent family based study on 

the association of the TNF promoter polymorphisms with coeliac disease found TNF- 

308-2 as an independent component of the haplotype (de la Concha et al, 2000).

In this study we investigated additional TNF polymorphisms which span the 

entire TNF region. We observe that the coeliac disease haplotype extends throughout 

this region. TNF polymorphisms which individually associated with the disease in 

chapter 3 (Table 3.11), are all components of this haplotype. This TNF haplotype, 

termed TA (TNFa2, b3, cl, dl, e3, TNF-308-2, TNF-238-1, TNFBl), was present in 

50% of coeliac patients compared to 14.4% of controls, p(c)=0.0008. (Table 5.4). 

Therefore, half of coeliac patients have this combination of TNF alleles. The TA^201 

haplotype was the major HLA associated TNF haplotype present in 32.8% of patients 

compared to 10% of controls, p(c)=0.0045. Interestingly, this TNF haplotype is 

present in 17.2% coeliac patients who do not carry *0201. Whereas, it is only present 

in 4.4% of healthy controls who do not carry *0201, p=0.0027 (p(c)= 0.0243). Of the 

17.2% of patients positive for the TA haplotype but negative for *0201, 6.9% were 

*602 positive, 6.0% were *202 positive, 2.6% were *0501 positive, with the *0501, 

*0301, *0603 and *0504 on the remaining 4.3%. This suggests that the INF  alleles 

form part of three main coeliac associated haplotypes.

In order to determine if  the TNF alleles are part of the coeliac associated 

haplotype independent or dependent of *0201 the extent of linkage between these 

alleles and *0201 was determined (Table 5.5). Linkage of TNF-308-2 to *0201 was 

significantly stronger in the patient group compared to the control group, p<0.0001.
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This impUes that TNF-308-2 is strongly linked to *0201 in the cases but found in 

association with several DQ alleles in the control population. However, in contrast to 

earlier findings by our group, the TNF-308-2 allele was however not 100% linked to 

*0201 in the patient group. Therefore, approximately 30% of TNF-308-2 alleles are 

independent of *0201 in the patient group. (6.9% of these are with *0602, remainder 

between *0202, *0301, *0302, *0501, and *0604) This concurs with findings from 

the family study of TNF promoter polymorphisms in coeliac disease (de la Concha). 

Discrepancies between this study and previous studies by our group may be 

explained by differences in selection of patients or by the fact that high resolution 

typing of DQBl was not available when the earlier studies were performed and hence 

discrimination between *0201 and *0202 was not possible. In addition, the TNFBl, 

TNFa2, b3, cl, dl, and e3 alleles are also part of the coeliac associated haplotype, 

independently of *0201. (Table 5.5). This observation, despite the high frequencies 

of these TNF alleles supports the hypothesis that genes other than HLADQBl *0201 

are involved in disease causation. Results from this study strongly suggest that this as 

yet unidentified susceptibility site may be in or near the TNF region, or closely linked 

to TNF in the class in region. In addition results from a recent study by Karell et al, 

which investigated the inheritance of DQ-2 positive haplotypes in family studies also 

supports the hypothesis that DQ2 is not the only HLA-linked genetic risk factor for 

coeliac disease (Karell et al, 2002). The authors also suggest that the conserved 

haplotype harbours at least one other risk gene.

5.5.2 TNF  Haplotypes and TNF-a levels in Coeliac Disease.

No association between the common SNP haplotypes in the patient group and 

TNF-a levels were observed (Fig 5.1 for the SA^201 haplotype). Resting levels of 

TNF-a from patients positive for the TA^0201 haplotype were increased compared to 

those from TA+0201 negative patients, however, p=0.018 (p(c) was not significant).

Similar to the findings from individual alleles, OKT3 plus LPS activation of 

TNF-a levels were increased in patients positive for SA^201 compared to controls 

positive for this haplotype, p=0.0146 (p(c) was not significant) (Fig. 5.3). In addifion, 

patients positive for the TA^201 haplotype produced more PMA activated TNF-a 

than controls positive for this haplotype, p=0.030 (p(c) was not significant) (Fig. 5.4).

138



These results again suggest that the ability of treated coeliac patients to 

produce increased amounts of spontaneous and activated TNF-a, is not directly 

related to the TNF alleles individually or as part of the haplotypes defined in this 

study. The possibility that the increased TNF is indirectly related via other linked loci 

cannot be excluded.

In conclusion, the extended haplotype spanning the TNF region is associated 

with coeliac disease in the presence or absence of *0201. Hence, it appears likely 

that another gene or genes within this region could contribute to the pathogenesis of 

coeliac disease.
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Chapter Six 

General Discussion



6.1 TNF  as a Susceptibility Gene in Coeliac Disease.

The TNF protein has many diverse immunological functions including roles 

in cell growth and differentiation, tissue repair and host defence responses (Brermer, 

M.K., 1988). However, over production of TNF has also been shown to be harmful, 

even lethal to the host. For example, in severe sepsis, bacteria induce high quantities 

of TNF which mediates a lethal syndrome of haemodynamic shock, haemorrhagic 

necrosis and multiple organ failure (Tracey & Cerami, 1990). Animal studies have 

confirmed the involvement of TNF in endotoxic shock. Lifusion of recombinant TNF 

into experimental animals resulted in a syndrome similar to the effects of LPS 

infiision and to endotoxic shock (Beutler et al, 1987). Interestingly, the organ most 

consistently subjected to damage was the small intestine, with diarrhoea and necrosis 

to villi. Other effects of TNF administration in rats included; shock, fever, limg, 

kidney and liver damage. In primate, rabbit and mouse studies, the lethal effects of 

endotoxin injection were all prevented by administration of monoclonal anti-TNF 

antibody, when given prior to the endotoxin infusion. (Fong & Lowry, 1990).

Over-expression of a molecule such as TNF-a could implicate this cytokine 

as an important player in the destruction seen in the coeliac intestine. TNF-a is 

cabable of contributing to the development o f villous atrophy; neutralising antibodies 

to TNF inhibit the development of villous atrophy in experimental Graft versus Host 

disease (Mowat & Garside, 1994). In coeliac disease there is an increased loss of 

epithelial cells and proliferation of epithelial cells in the crypts. Both of these factors 

have been suggested as mechanisms of the villous atrophy found in the coeliac lesion 

(Booth, 1970; Walker-Smith et al, 1989). It is not clear whether these two 

phenomena are causally linked, and if so which of them is primary or secondary. The 

increased epithelial cell loss probably reflects increased apoptosis of enterocytes 

(Moss et al, 1996), whereas the increased enterocyte proliferation appears to be 

driven by an increased production of keratinocyte growth factor (KGF) by stromal 

cells (Bajaj-Elliott et al, 1998). Interestingly, TNF can cause the apoptosis of 

epithehal cells and can induce the synthesis o f proteases (Deem et al, 1991, Tracey & 

Cerami, 1990). Epithelial cells are the first cells to come into contact with gliadin 

peptides and it has been reported that TNF-a in synergy with IFN-y can increase the 

expression of class II molecules on the surface of epithelial cells (Sturgess et al, 

1992). Moreover, the HLADQA1*0501 molecule expression is inducible by TNF-a
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(Mozycka-Wroblewska et al, 1997). Therefore, high levels of TNF-otmay 

theoretically at least play a role in increased presentation of gliadin peptides to 

specific T cells. TNF-a is also a potent inducer of prostaglandin synthesis. Studies 

have also shown that gluten challenge via jejunal perfusion induces release of 

prostaglandin-E2 into the gut lumen within 30 minutes of challenge. It has also been 

recently demonstrated that TNF is a potent inducer of matrix metalloproteinase 

(MMP) production (Pender et al, 1997) and MMP have been implicated in tissue 

remodelling and ulceration in both inflammatory bowel disease and coeliac disease. 

They are also believed to have a central role in mediating tissue injury in the human 

foetal intestinal model of tissue injury (Lionetti P, 1993). A recent microarray study 

of expression of MMPs in this human foetal intestinal model demonstrated 

upregulation of interstitial collagenase (MMP-1), stromelysin 1 (MMP-3) and 

gelatinase B (MMP-9) occurs upon anti-CD3 or pokeweed mitogen activation of T 

cells (Salmela MT, 2002).

During inflammation, TNF also induces endothelial cell activation. It 

increases a number of adhesion molecules including; intracellular adhesion 

molecules (ICAMs) which aid in the transmigration of polymorphonuclear 

leukocytes through venule walls, endothelial leucocyte adhesion molecule-1 (ELAM- 

1) and vascular cell adhesion molecule-1 (VCAM-1) which increase lymphocyte and 

monocyte adhesion to endothelium (Tracey and Cerami, 1990, Camussi et al, 1991). 

MHC expression is also increased on endothelial cells by TNF (Camussi et al, 1991). 

Receptors that bind TNF exist on most cells o f the body (Vassalli et al, 1992). Many 

of the effects of TNF are exerted in part through the activation of the transcription 

factor NFkB which in turn controls the expression of many genes. TNF itself is also 

regulated through NFkB, providing a feedback system whereby it can regulate its 

own expression. (O’Connell et al, 1995). TNF can upregulate a number of other 

genes involved in polymorphonuclear leukocyte and macrophage activation including 

genes such as IL-1, IL-6 and EL-8.

A recent study by Kuncio et al, demonstrated that TNF-a can also upregulate 

the expression of the enzyme tissue transglutaminase (tTG), which is a key mediator 

in the immune response to gliadin. (Kuncio et al, 1998). In this study, the human tTG 

promoter coupled to a luciferase reporter showed an increase in activity after 

stimulation with TNF-a. Gel shift experiments involving oligonucleotides containing
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the tTG-NFKB motif revealed increased binding to extracts from TNF-a treated cells, 

whereas diminished binding was detected when oligonucleotides lacking the NFkB 

site were used. tTG is Ca^^- dependent enzyme that is responsible for the post- 

translational modification of proteins by transamidation or deamidation of specific 

polypeptide-bound glutamines. A low pH environment decreases the enzymes 

transamidation ability but considerably increases deamidation reactions. tTG is a 

calcium-dependent enzyme and is widely expressed in the human body (Thomazy et 

al, 1989). The enzyme exhibits multiple biochemical activities, including catalysis of 

protein cross-linking and hydrolysis of GTP. The enzyme is involved in several 

fundamental biological processes, such as cell differentiation and apoptosis. 

Importantly, tTG selectively deamidates epitopes of the gliadin molecule which are 

then specifically recognised by gluten specific T cells (Molberg et al, 1998). Very 

different protein levels of tTG can be measured in various cells under different cell 

growth conditions and in different human organs and tissues (Thomazy et al, 1989). 

The enzyme is expressed at low levels in the healthy small intestine, and is mainly in 

the submucosa. However, increased expression of tTG has been demonstrated in the 

intestine of coeliac patients. (Bruce et al, 1985). Therefore, high TNF levels may 

increase the expression of tTG in the coeliac intestine leading to an increase in 

deamidated gliadin peptides. Taken together, these studies provide strong evidence 

for the involvement of TNF in the pathogenesis of coeliac disease.

Significantly, we observed that PBMC from treated coeliac patients produce 

substantially more resting and activated TNF-a than PMBC from healthy controls. 

This suggests that PBMC from coeliac patients are programmed in some way to 

produce increased levels of this cytokine. Also, raised levels of TNF have been 

demonstrated in the coeliac intestine. Przemioslo et al detected raised levels of the 

protein by immunohistochemistry (Przemioslo et al, 1994). In addition, a recent 

study determined that lamina propria cells from the intestine of coeliac patients and 

potential coeliac patients had higher levels of TNF-a positive cells than normal 

controls (Westerholm-Ormio et al, 2002). Interestingly, intracellular levels of TNF- 

a  protein in epithelial cells and lELs from treated coeliac patients are significantly 

raised when compared to levels in normal controls (O'Keefe et al, 2001). Together, 

these findings suggest that control of TNF expression in the coeliac intestine may 

function as a ‘hair trigger’ whereby cells from coeliac patients are capable of
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producing large amounts of TNF upon stimulation. This pronounced TNF response 

may explain the rapid return of mucosal damage seen in treated coeliac patients who 

are challenged with gluten.

The TNF region shows a high degree of polymorphism (Udalova et al 1993). 

Some of these polymorphisms have been associated with disease susceptibility in 

autoimmune disorders such as insulin dependent diabetes mellitus (DDDM), 

rheumatoid arthritis (RA) and multiple sclerosis (MS) (Pociot et al, 1993, Kaijzel et 

al, 1998, Huizinga et al, 1998). In addition, these polymorphisms have been 

suggested to associate with variable TNF production. The TNF2 allele of the TNF- 

308 promoter polymorphism in the TNF-a gene was related to increased TNF-a 

levels in reporter assays (Wilson et al, 1997). TNFa2 an allele of the TNFa 

microsatellite polymorphism was also associated with high levels of TNF-a secretion 

in IDDM patients, whereas the TNFa6 allele was associated with low levels of 

secretion in these patients (Pociot et al, 1993). Interestingly, the TNF-308-2 promoter 

polymorphism is strongly linked to the coeliac associated HLA-A1-B8-DR3-DQ2 

haplotype (Wilson et al, 1993).

In this study, we investigated the association of polymorphisms in the TNF 

region with coeliac disease. Our results suggest that the TNF region is indeed tightly 

linked to coeliac disease. Individually, the TNF-308-2, TNFBl, TNFa2, TNFb3, 

TNFcl, TNFdl and TNFe3 alleles were all positively associated with the disease. 

Whereas, TNF-238-2, TNFa6, TNFall, TNFb4, TNFbS, TNFd2 and TNFel alleles 

were all negatively associated with the disease. These associations span the entire 

TNF region. Furthermore, haplotype analysis of the TNF polymorphisms revealed 

that alleles of the TNF region form part of the coeliac disease associated haplotype. 

The TA^201 haplotype; TNFa2, b3, cl, dl, e3, TNF-308-2, TNF-238-1, TNFBl and 

HLADQBl *0201 was the most prevalent haplotype in our patient group, present in 

32.8% of our coeliac patients. Importantly, we find most o f the TNF alleles on this 

haplotype are not strongly linked to *0201. Interestingly, this TNF haplotype also 

occurs in 17.2% of coeliac patients that do not carry *0201 compared to 4.4% of 

controls (p(c)<0.03), associating this combination of TNF alleles with disease in non 

*0201 patients. Of the 17.2% of patients positive for the TA haplotype but negative 

for *0201, 6.9% were *602 positive, 6.0% were *202 positive, 2.6% were *0501 

positive, with the *0501, *0301, *0603 and *0504 on the remaining 4.3%. This
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suggests that these TNF alleles form part coeliac associated haplotypes other than 

*0201 containing haplotypes. Together, these findings suggest that another site either 

in or near the TNF region, or linked to this region, may be involved in coeliac disease 

susceptibility.

No direct relationship between TNF polymorphisms and the increased TNF-a 

protein levels by PBMC from coeliac patients was found. However, further analysis 

of the relationship between these polymorphisms and transcription of TNF-a in these 

patients may yield more informative results.

6.2 Future Work 

6.2.1 Analysis of Regulatory Regions of the TNF-a Promoter in Coeliac disease

Thorough analysis of regulatory sites in the TNF-a promoter may identify a 

coeliac disease susceptibility site. Alterations in transcription factor binding sites 

such as; NFAT, kappa- B, or OCT-1 binding sites may effect the transcription of the 

TNF-a gene and hence explain the high levels of TNF-a production by treated 

coeliac patients. Analysis of the expression of factors controlling this region such as 

NFkB, AP-1, and Egr-1, in T cells from healthy controls and coeliac patients may 

also yield informative results. Our finding, that resting TNF-a production is 

significantly increased by PBMC from patients could suggest that some factor in the 

medium possibly coupled with a genetic factor is causing the PBMC from patients to 

respond differently than PBMC from controls. Interestingly, a ‘serum response 

element’ (SRE) is present in the promoter o f the Egr-1 gene and this element can 

affect the transcription of this gene (Guhna et al, 2001). A protein called serum 

binding protein (SBP) or serum binding factor (SBF), which is coded for on 

chromosome 6p 12.1, can bind to this element. Sequencing of this SRE site in the 

Egr-1 promoter may therefore yield interesting results.

6.2.2 Analysis of the 3' Untranslated Region of the TNF gene
Post-transcriptional regulation of TNF is achieved through the 3' UTR of the 

mRNA (Shaw et al, 1986, Wilson et al, 1988). AU rich sequence motifs are believed 

to act in concert with their flanking regions to affect TNF mRNA stability, and thus 

mediating the efficiency with which the mRNA is translated. Studies on the 3' UTR
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of the mouse TNF gene has shown that polymorphisms in this region can 

significantly effect TNF levels. Sequence analysis of the 3' UTR in coeliac patients 

and healthy controls may identify polymorphisms which relate to TNF-a production.

6.2.3 Functional and Genetic studies on NFKBIL-1

Interestingly, in 1994 Albertella and Campbell identified a gene in the 6p21.3 

region termed IKBL (I-Kappa-B-like) or NFKBIL-1.. This gene is located between 

the BATl gene and the TNF gene cluster. The protein coded for by this gene is 

homologous to the IkB (I-Kappa-B) family o f proteins which inhibit the transcription 

factor NFkB (Nuclear Factor-Kappa-B). NFkB/IkB complexes are located in the cell 

cytoplasm and phosphorylation of serine residues on the IkB proteins mark them for 

destruction by ubiquitination. The fi"ee NFkB then translocates to the cell nucleus and 

binds DNA at kappa-B-binding motifs such as those present in the TNF-a promoter. 

The true function of the NFKBIL-1 protein is unknown but it may be involved in the 

control of NFkB. This protein may therefore influence TNF-a production via NFkB. 

Preliminary studies in our laboratory have identified a biallelic SNP in the promoter 

of the NFKBIL-1 gene. Screening of this SNP demonstrated that the ‘rare allele’ was 

significantly associated with coeliac disease. This allele was also strongly linked to 

the HLADQBl allele. Recently, another SNP at position +738 in NFKBIL-1 was 

associated with Ulcerative Colitis. Further investigations into the possible role of 

NFKBIL-1 in the pathogenesis of coeliac disease are ongoing in our laboratory.

Coeliac disease is a complex disorder involving the interaction of genetic, dietary and 

environmental factors. Genetic susceptibility to coeliac disease may also be complex, 

involving numerous loci. Further studies of the TNF region and loci strongly linked 

with TNF, may prove useful in locating these other susceptibility sites.
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Appendix I
Reagents and Chemicals Used Supplier
Cell Culture
Hank’s buffered salt solution (HBSS)
IM HEPES (pH 7.2)
L-Glutamine 
Penicillin 
Streptomycin 
C02-Independent RPMI 
Foetal Calf Serum (PCS)
Lymphoprep density gradient solution 
Ethidium bromide (EB)
Acridine orange (AO)
Phosphate buffered saline (PBS) tablets
2-Mercaptoethanol
Phorbol mysirate acetate (PMA)
Lipopolysaccaride (LPS)
0KT3 (0KT3 Hybridoma Cat. No. CRL-2063 (supernatant))

GIBCO
GIBCO
GffiCO
GIBCO
GffiCO
GIBCO
GIBCO
GIBCO
Sear Scientific
Sear Scientific
Sigma
Sigma
Sigma
Sigma
ATCC

TNF-a ELISA
TNF-a ELISA antibody pairs Pharmingen
Tween-20 BDH
Na2HP0 4  Sigma
NaCL BDH
KH2PO4 BDH
Avidin Peroxidase Sigma
2,2 ’ - Azino-bis-(3 -ethylbenzthiazoline-
6-sulfonic acid) (ABTS) Sigma
Hydrogen peroxide (H2O2) Sigma
TNF-a standard [Appendix II]
KCL BDH
HCL BDH

DNA Extraction / Gel Electrophoresis
100% Ethanol 
99.5% Ethanol 
70% Ethanol 
Sterile Water
QIAmp DNA extraction Kit
Agarose
Loading Dye
Ethidium bromide
Proteinase K
Urea
Triton-X-100

MERCK 
MERCK 
MERCK 

USF Maximum Filtration System 
Qiagen 
Sigma 

Sigma 
Sigma 
Sigma 
Sigma 
Sigma



Sigma
Sucrose Sigma
30% Acrylamide/Bis-acrylamide Mix Sigma
Tris 
EDTA

Sigma
Sigma

Acetic Acid MERCK
Boric Acid MERCK

PCR, Taqman and RFLP
Primers/ Probes (Taqman) SGS DNA
Sodium dodecyl sulphate (Taqman) Sigma
Universal master mix (Taqman) PE Applied Biosystems
dNTP’s Promega
Taq Polymerase Promega
MgCL2

Promega
1 OX Buffer Promega
100 base pair DNA ladder Promega
Mineral Oil Sigma
^^P-a dCTP Amersham
Count-off Amersham
Silane MERCK
Nco I Restriction enzyme (RFLP) Boehringer Mannheim
Buffer H (RFLP) Boehringer Mannheim

L929 Bioassay
Trypsin GIBCO
Dimethyl sulphoxide (DMSO) Sigma
Actinomycin D (AMD) Sigma
3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT) BDH
DMF Sigma
Liquid Nitrogen (-185°C) BOC Gases

HLADQBl Genotyping
INNO-LiPA DQB Low Resolution Typing Kit Immunogenetics
Dynal High Resolution D g^i-SSP kit DYNAL

Appendix II



Solutions used in Study 

I Tissue Culture

Hank’s Buffered Salt Solution
HBSS 500ml 
IMHEPES 10ml

The solution was mixed by inversion and stored at 4°C until use.

Cell Culture Cocktail
Penicillin(5000units/ml) / Streptomycin(5000^g/ml) 
L-Glutamine ( lOOmM)
2-Mercaptoethanol (7 x 10“'*)

100ml
100ml
37^1

This was stored in 10ml aliquots at -20°C until use.

Foetal Calf Serum
Foetal calf serum was heat inactivated @ 56°C for 45 mins in a waterbath. The 
cooled solution was then asceptically aliquoted into 25 ml aliquots and stored at -  
20°C until use. The aliquots were also filtered before use.

Complete Medium
C02-hidependentRPMI 1640 500ml
FCS 50ml
Culture cocktail 10ml

The medium was prepared asceptically as described and stored @ 4°C.

Stock solutions of Ethidium Bromide/ Acridine Orange (EB/AO)

Stock solutions of ethidium bromide (EB) and acridine orange were prepared as 
follows:

Ethidium bromide (EB) stock solution
EB lOOmg
PBS 20ml

Acridine orange (AO) stock solution
AO 20mg
PBS 20ml

These stock solutions were stored at 4°C and protected from light.

EB/AO working solution
EB solution 4ml



AO solution 4ml 
PBS 992ml

This solution was also stored at 4°C and protected from light.

II TNF-a ELISA 

TNF-a Standard
Recombinant human TNF-a standard was a kind gift from Cetus Corporation, 
Emeryville, CA, USA. A stock o f 0.24 mg/ml was stored in aliquots of 25|j,l at -  
70°C. When required, an aliquot was diluted in 1 ml o f complete medium, giving a 
final concentration o f 6)j,g/ml and this stock was kept for a maximum of 8 weeks at 
4°C. Fresh standards were made from this working stock before each assay. This 
standard was also prepared in the same way for use in the L929 bioassay.

Coating buffer
NaHCOs 9.6g
Distilled water 1000ml
The solution was adjusted to pH 8.2 with NaOH, volume adjusted to IL and 
aliquoted into 10ml volumes. It was then stored at -20°C until use.

Phosphate buffered saline (PBS) pH 7.35
In this study PBS was prepared by two methods. The first involves the use of PBS 
tablets. When these tablets were not available PBS was prepared as described.

PBS tablets 10 
Distilled water 1000ml

Or

lOX PBS pH 7.0
NaCL BO.Og
N a 2 H P 0 4  1 1 -6g
KH2PO4 2.0g
KCL 2.0g

The above chemicals were dissolved in approx. 800ml o f distilled water and the pH 
was adjusted to 7.0. The final volume was then made up to IL. IX PBS was then 
freshly prepared from this stock when required.

PBS/0.05% Tween
1.0ml o f Tween-20 was added to 2L o f Ix PBS.

Blocking buffer



lOmls of filtered foetal calf serum (FCS) was added to 90mls of PBS. This solution 
was prepared fresh before use and stored at 4°C if necessary.

Blocking buffer/Tween
0.5ml o f Tween-20 was added to IL of blocking buffer. This solution was also stored 
at 4°C.

Avidin peroxidase
Avidin peroxidase 2mg 
PBS 2mls

This solution was aliquoted into 20)u,l volumes and stored at -20°C.

ABTS Substrate
150 mg o f 2,2’-Azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) was dissolved in 
500ml o f O.IM anhydrous citric acid pH 4.35. The buffer was then aliquoted into 11 
ml volumes and stored at -20oC. The buffer was defrosted within 20 minutes o f use.

Stopping solution
DMF 50ml
Distilled water 50ml
SDS 20g

This solution was stored at 4°C in the dark.

I ll DNA Extraction

5x Red Cell Lysis Buffer (RCLB)
Sucrose 
Triton X-100 
IM  MgCL2.6H20
(IM  = 20.3g dissolved inlOOmls dist. water)
IM Tris-HCL pH 7.5
(IM  = 15.8g dissolved in 100 nils dist. water)

The sucrose was dissolved in approx. 50 mis o f distilled water and then the Triton -  
X 100, MgCL2 and Tris-HCL were added. The volume was adjusted to 100 mis with 
distilled water. The solution was stored at 4°C until use.

5x Proteinase K Buffer
5M NaCL 750^1
(5M = 2.92g dissolved in lOmls dist. water)
0.25M EDTA pH 8.0 4.8 mis
(0.25M = 9.31 g dissolved in 100 mis dist. water)
The solutions were added to a beaker and the volume was adjusted to 10 mis with
distilled water
Ix DNA Digestion Buffer

54.8g 
5.0mls 
2.5 mis

6.0 mis



Proteinase K buffer 80|xl
Proteinase K (lOmg/ml in dist. water) 50|o,l 
10% SDS (Ig in 10 mis dist.water) 40|il 
Distilled water 200[il

This solution was freshly prepared before use.

IV Agarose Gel Electrophoresis 

0.5M EDTA pH 8.0
EDTA (disodium,dihydrate) 116.3 g

The powder was dissolve in approx. 400mls of distilled water, pH was adjusted to 
8.0 with NaOH, and the volume was made up to 500mls.

50x TAE Solution
Tris-base 242g
Acetic Acid 57.1ml
O.SMEDTApHS.O 100ml

Total volume IL with distilled water.

1.5% Agarose Gel
Agarose 3g
IX TAE 200ml
Ethidium Bromide Solution (1 Omg/ml) 1 Ofj.!

V Denaturing Gel Electrophoresis

lOx TBE Solution
Tris
Boric acid 
0.5M EDTA pH 8.0
Total volume to IL with distilled water.

6% Polyacylamide Gel Mix
Urea 210.2g
lOx TBE 50ml
30% gel mix 100ml
Volume made up to 500ml with distilled water. 
10% Ammonium Persulphate 
Ammonium Persulphate lOg
Distilled Water 100ml

108g
55g
40ml

diluted 1:10 with distilled water for Ix.

6% Denaturing Polyacylamide Gel Mix



Ammonium Persulphate (10%)
6% Gel Mix
Temed
Made up fresh before use.

250^1
50ml
25[i\

Denaturing loading dye
95% formamide 
IM EDTA

95ml
2ml
50mg
50mg

Bromophenol Blue 
Xylene Cyanol

VI Taqman Assay 

0.25% SDS Solution
0.25 g of SDS was dissolved in 100 mis of dist. water. This solution was prepared 
and stored @ RT”C

VII L929 Bioasssay

Actinomycin D Solution
ActinomycinD lOmg
Distilled water lOmls

The solution was prepared and stored in aliquots of 40)j,l at -20°C until use. When 
required the aliquot was resuspended in lOmls of complete medium giving a 
concentration of 2)j.g/ml.

MTT Solution
MTT 120mg
PBS 20mls

The solution was prepared and stored protected from light @ 4°C.



Appendix III
a) Theory of PHASE method for haplotype reconstruction (Stephens and 
Donnelly, 2001).

The phase method regards the unknown haplotypes as unobserved random quantities 

and aims to evaluate their conditional distribution in light of the genotype data. To do 

this, it uses Gibbs sampling, a type of Markov chain-Monte Carlo (MCMC) 

algorithm [Gilks WR, 1996 #6], to obtain an approximate sample from the posterior 

distribution of H given G, Pr ( H|G). Where, H is the unknown corresponding 

haplotype pairs and G is the known genotypes for the individuals. Informally the 

algorithm starts with an initial guess for H, repeatedly chooses an individual at 

random, and estimates that individuals haplotypes under the assumption that all the 

other haplotypes are correctly reconstructed. Repeating this process enough times 

results in an approximate sample from Pr (H|G).

b) Sample output files for Haplotypes generated by PHASE 

I ) Healthy Controls
Identity of columns from left to right: Haplotype no., *0201, TNFa, b, c, d, e, TNF- 
308, TNF-238, TNFB.
HLA codes: 1. 0201, 2. 0202, 3. 0301, 4. 0302, 5. 03032, 6. 0402, 7. 0501, 8.05031, 
9. 0504, 10. 0601,11. 602, 12. 0603, 13. 0604, 14. 0609.
TNFa codes (al to al3 = 1 to 13)
TNFb codes (bl to b7 = 1 to 7)
TNFc codes (cl or c2 = 1 and 2)
TNFd codes (dl to d6= 1 to 6)
TNFe codes (el to e4 = 1 to 4)
TNF-308 (1 or 2)
TNF-238 (1 or 2)
TNFB (1 or 2)

List of haplotypes found in best reconstruction, 
with frequencies in parentheses.

1: 1 2 3 1 3 3 2  1 1 (1)
2: 7 103 1 43  2 1 1 (1)
3 : 7 3  1 2 4  1 1 1 2 (3)
4: 11 1 0 3 2 3  3 1 22  (1)
5: 5 11 5 2 4 3  1 1 2(1)
6: 122 1 2 4 3  1 1 2(1)
7 : 7 2  1 2 4  1 1 1 2 (4)



8: 3 6 5 1 3 3 1 1 1 (4) 
9 : 3 2  1 2 4  1 1 1 2 (1)
10: 1 2 3 1 1 3 2 1 1 (10) 
1 1 : 4 6 4  1 3 3  1 1 1 (1) 
12: 11 104  1 3 3 1 1 2 (3) 
1 3 : 82  3 2 4  1 1 1 2 (1) 
1 4 : 7 6 4  1 3 3  1 1 2 (1) 
15: 11 11 4 1 1 3 2  1 2 (3) 
16: 1 6 5 1 3 3 1 1 1 (1) 
1 7 : 52  5 2 3  3 2 1 2 (2) 
18: 1 2 4 2 4  1 1 1 2 (1) 
19: 11 104  1 3 3 1 1 1 (1) 
20: 11 8 4 2 2 3 2  1 2 (1) 
21: 1 2 3  1 1 3 1 1 1 (4) 
22: 4 6 3 1 3 3 1 1 1 (2) 
23: 5 2 4 2  4 3  1 1 2 (3) 
24: 4 6 7 1 3 3 1 1 1 (2) 
25: 12 11 4 1 3 3 1 2 2 ( 1) 
26: 3 6 4  1 2 3  1 1 1 (1) 
27: 3 105  1 1 3 1 1 1 (1) 
28: 1 6 1 2 4  1 1 1 1 (1) 
29: 3 1 1 2 4 1 1 1 2 (1) 
30: 3 6 3  1 3 1 1 1 1 (1) 
3 1 : 7 2 4 2  3 3 1 1 1 (1) 
32: 8 10 5 1 2 3 1 1 2 (2) 
33: 1 2 4  1 1 3 2 1 1 (3) 
34: 6 4 4 1 3 3 1 1 2 (2) 
35:7  11 4 1 3 3 2 1 1 (2) 
36: 3 104  1 3 3 1 1 1 (1) 
37: 7 6 5 1 3 3 1 1 2 (3) 
38: 1 2 5 2 4 3 1 2 2 (2) 
39: 11 7 4  1 3 3 1 1 2 (1) 
40 :2  7 4  1 2 1 1 1 2 (1) 
4 1 : 5 2  5 2 3  3 1 2 2 (4) 
42: 4 2 1 2 4 1 1 1 2 (4) 
43: 11 11 4 1 3 3 1 1 2 (4) 
44: 11 2 3  1 1 1 2 1 1 (2) 
45: 5 2 5  2 4 3  1 2 2 (1) 
46: 1 7 4  1 3 1 1 1 2 (1) 
47: 11 11 5 1 3 3 1 1 2 (2) 
48: 3 2 5 1 4 3  1 2 2 ( 1) 
49: 7 2  3 1 1 3 2 1 1 ( 1) 
50: 13 2 1 2 4 3  1 1 2 (1) 
51: 8 2 3  1 1 3 2  1 1 (2) 
52: 11 11 3 1 1 3 1 1 2 ( 1) 
53 : 12 2  1 2 3  3 1 1 2 (2) 
54:2  6 4  1 3 3 1 1 1 ( 1) 
55:2  2 4 2  5 3 1 1 2 (1) 
56: 4 2 1 2 4 1 2 1 2 (2)



57: 11 11 4 1 1 3 1 1 2 (1) 
58 :4  105 1 2 3 1 1 1 (1) 
59: 11 2 4  1 3 3 1 1 2 (1) 
60: 11 11 4 1 3 3 2  1 2 (2) 
6 1 : 4 2 5 2 4 3  1 2 2 ( 1)
62: 13 104  1 3 3 1 1 2 (1) 
63: 8 2 3  1 1 3 1 1 1 (1)
64: 11 4 7  2 4 3  1 1 2 (1) 
65: 11 9 4 2  1 3 1 1 2 (1) 
66: 1 2 7 4  1 3 3 1 1 2 (1) 
67: 1 2 2 5 2 4 3  1 1 2 (1) 
68: 5 1 5 2 4 3 1 1 2 ( 1)
69: 1 2 3 2  1 4 1 1 1 (1)
70: 11 2 3 2 3  5 1 1 2 (1) 
71: 6 4 4 2 3  3 1 1 2 (1) 
72:3  11 4 1 2 3  1 1 2 (2) 
7 3 : 2 4 4 2  5 3  1 1 2 ( 1)
74: 3 104  1 3 3 1 1 2 (1) 
75: 1 2 3  1 1 3 1 1 2 ( 1)
76: 11 6 5 1 3 3 1 1 1 (3) 
77: 5 11 4 1 5 3 1 1 2 (1) 
78: 11 2 4 2 3 4  1 1 2 (1) 
79: 11 11 5 1 4 4 2  1 2 (1) 
80 :4  11 4 1 4 3  1 1 2 (1) 
8 1 : 1 3 3  1 13  1 1 1 ( 1)
82: 7 2 4 2 4  1 2 1 2 (1)
83: 7 6 5 1 3 3 2 1 1 (3)
84: 11 2 4  1 2 3  1 1 2 (1) 
85: 11 2 3  1 3 3 1 1 2 ( 1) 
86:3  6 5  1 2 3 1 1 1 ( 1)
87: 10 104  1 3 3 1 1 2 (1) 
88: 1 2 3 1 1 3 1 2 1 (3)
89: 1 2 3  1 1 4 1 1 1 (1)
90: 11 9 4 2 2 3 2  1 2 (1) 
9 1 : 4 1 1 4 1 2 3  1 1 2 (1) 
92: 7 2 4 2  4 3  1 1 1 (1)
93: 12 7 4 2 3  3 1 1 2 ( 1) 
94: 1 5 5 1 2 2  1 1 2 ( 1)
95: 7 11 5 1 3 3 1 1 1 (1) 
96: 1 2 3  1 1 2 1 1 1 (1)
97: 1 2 1 1 3 1 1 1 2 ( 1)
98: 1 5 5 1 3 1 1 1 2 (1)
99: 3 7 4  1 4 1 1 1 2 0 ) 
100: 1 2 3  1 1 2 2  1 1 (1) 
101: 5 11 4 1 1 3 1 1 2 (1) 
102 :72  3 1 1 3 1 1 1 ( 1) 
103:3 6 3 1 3 3 1 1 1 ( 1) 
104: 149  4 2  2 3 2  1 2 (1) 
105: 11 11 4 1 2 3 1 1 2 (1)



106: 1 74 1 4 1 1 1 2(1) 
107:3 44  1 5 32 1 1 (2) 
108:5 45 23 3 2 1 2(1) 
109: 1 1 5 2 4 3  1 22(1) 
110:4 11 3 1 23 1 1 2(1) 
111:2 8 7 1 3 3 1 1 2(1) 
112:245 23 1 1 1 2 (1) 
113: 12 11 5 1 4 4 2  1 2(1) 
114: 7 44  1 1 3 1 1 1 (1) 
115:2 7 7 1 3 3 1 1 2(1) 
116: 11 5 7 1 43  1 1 1 (1) 
117: 1 5 3 1 1 3 2 1 1 (1) 
1 18 :4 2 5 2  1 3 1 22(1) 
119: 11 11 4 1 1 3 1 1 1 (1) 
120: 12 11 4 1 23 1 1 2(1)

Summary of best reconstruction
(numbers refer to the list of haplotypes given above)

#co001:
#co002:
#co003:
#co004:
#co005:
#co006:
#co007:
#co008:
#co009:
#co010:
#co011:
#co012:
#co013:
#co014:
#co015:
#co016:
#co017:
#co019:
#co020:
#co021:
#co023:
#co024:
#co025:
#co028:
#co030:
#co032:
#co033:
#co034:
#co035:

(1,2)
(3,4)
(5,6)
(7,8)
(9,10)
(11,12)
(13,14)
(15,16)
(17,18)
(19,12)
(20,21)
(22.7) 
(23,24) 
(25,26) 
(27,28) 
(29,30)
(31.32)
(12.33) 
(34,35) 
(36,37) 
(38,39)
(40.41)
(41.42) 
(22,32)
(43.44)
(42.45)
(10.46)
(33.8)
(37.42)



#co036 (43,10)
#co037 (10,10)
#co038 (42,10)
#co039 (47,7)
#co040 (48,49)
#co041 (50,51)
#co042 (52,53)
#co043 (54,55)
#co044 (56,41)
#co045 (23,33)
#co046 (10,57)
#co047 (58,59)
#co048 (60,61)
#co049 (62,63)
#co050 (64,65)
#co051 (66,67)
#co052 (68,53)
#co053 (69,70)
#co055 (71,72)
#co056 (73,60)
#co057 (74,75)
#co058 (76,77)
#co059 (78,79)oooo (21,43)
#co061 (51,80)
#co062 (10,81)
#co063 (10,82)
#co064 (83,24)
#co065 (3,3)
#co066 (84,85)
#co067 (86,87)
#co068 (88,89)
#co069 (90,83)
#co070 (37,21)
#co072 (91,35)
#co074 (23,92)
#co075 (93,94)
#co076 (34,95)
#co078 (96,97)
#co079 (98,44)
#co080 (99,100)
#co081 (101,102)
#co082 (103,15)
#co083 (104,88)
#co084 (105,8)
#co085 (76,106)
#co086 (88,10)
#co087 (107,108)
#co088 (15,109)



#co089: (110,111) 
#co090: (43,72) 
#co091: (112,21) 
#co092: (56,17) 
#co093: (47,107) 
#co095;(113,114) 
#co096; (7,115) 
#co097: (76,116) 
#co098:(117,83) 
#co099: (118,119) 
#colOO: (8,120)

I I ) Coeliac Patients
Identity of columns from left to right: Haplotype no., *0201, TNFa, b, c, d, e, TNF- 
308, TNF-238, TNFB.

Codes as for controls.

List of haplotypes found in best reconstruction, 
with frequencies in parentheses.

1:1 2 3 1 1 3 2 1 1 (47)
2; 1 2 4 1 1 3 2 1 2 (2)
3; 7 2 3 1 1 3 2 1 1 (3)
4: 1 2 5 2 4 3 1 1 2 (4)
5: 1 2 5 2 4 3  1 22(2)
6; 2 104 1 3 3 1 1 2(3)
7: 1 10 4 1 3 3 1 1 2 (4)
8: 1 24  1 3 3 1 1 2(1)
9:2 74  1 3 1 1 1 2(1)
10:3 8 5 1 3 3 1 1 2(1)
11: 2 2 4  1 3 3 1 1 1 (2)
12: 1 24  1 43 1 1 2(1)
13: 2 2 3  1 1 3 1 1 1 (1)
14: 1423 1 1 3 1 1 1 (1)
15 :223  1 3 2 2  1 1 (1)
16 :223  23 3 1 1 2(2)
17:3 23 1 1 3 2 1 1 (1)
18: 1 23 2 3 3 2 1 1 (2)
19:1 5 5 23 3 1 1 2(3)
20: 3 2 3 1 5 3 2 1 1 (1)
21: 1 11 4 1 3 3 1 1 2(4)
22: 11 2 3 1 1 3 2 1 1 (8)
23: 1 4 7 2 3 3 1 1 2 (3)
24: 1 2 3 1 3 3 1 1 1 (2)
25: 1 23 1 43 2 1 1 (2)
26: 1 2 3 2 1 3 1 1 2 (4)
27: 1 23 1 23 1 1 1 (1)



28: 1 2 3 2 1 3 2 1 1 (6) 
29: 1 4 4  1 5 3 1 1 2 (1) 
30: 2 7 3 1 1 3 1 1 1 (2) 
31: 1 6 7 2 3  3 1 1 2 ( 1) 
3 2 : 2 2  3 1 3 3 2 1 1 (1) 
33: 1 1 0 3 2 4  3 1 1 2 (2) 
34: 1 2 5 1 1 3 2 1 1 (2) 
3 5 : 4 2  1 2 3 1 2 1 2 ( 1) 
36: 1 7 5 1 3 3 1 1 2 (2) 
3 7 : 2 4 5  1 3 3 1 1 2 ( 1) 
38: 3 11 5 1 3 3 2 1 1 (2) 
3 9 : 2 6 7  1 4 3 2  1 1 (1) 
40: 2 7 3 2 1 1 1 1 2 (2) 
41: 1 2 3  1 3 3  1 2 1 (1) 
42: 1 2 3 1 3 3 2 1 1 (3) 
43: 3 104  1 3 3 1 1 2 (2) 
44: 2 2 3 1 1 3 2 1 1 (7) 
45: 122  3 1 1 3 2 1 1 (2) 
46: 5 11 4 1 3 3 1 1 2 ( 1) 
4 7 : 3 6  1 1 4 3 2  1 1 ( 1) 
48: 2 7 4 1 3 3 1 1 2 (7) 
49: 2 4 3 1 5 3 1 1 2 (3) 
50: 3 6 5  1 4 3  1 1 1 ( 1) 
51: 1 7 4  1 3 3 1 1 2 (6) 
52: 1 2 3  1 1 3 2 2  1 (1) 
53: 1 2 1 2 4 1 1 1 2 (4) 
54: 1 2 3 1 1 3 2 1 2 (7) 
55: 1 8 4  1 3 3 1 1 2 (2) 
56: 1 2 1 1 1 3 1 1 1 ( 1) 
5 7 : 4 2 3  1 5 3 2 1 1 (1) 
58: 1 2 3 1 5 3 2 1 1 (2) 
59: 1 11 3 1 1 3 1 1 2 (2) 
60: 11 6 3  1 1 3 1 1 1 ( 1) 
61: 1 1 5 1 2 3  1 1 2 ( 1) 
62: 1 2 3  1 3 3 2  1 2 (1) 
63:4  104  1 3 3 1 1 2 (3) 
64: 1 7 3  1 3 3 1 1 2 (1) 
65: 1 2 7 1 1 3 2 1 1 (3) 
6 6 : 2 2 4  1 3 3  1 1 2 ( 1) 
67: 1 11 3 1 3 3 1 2 2  (1) 
68: 2 9 4 2 4 3  1 1 2 (1) 
69: 1 1 5 1 2 3 1 2 2 (1) 
70: 3 2 1 1 4 1 1 1 2 (3) 
71:4  11 4 2 4 3  1 1 2 ( 1) 
72: 1 1 3 1 1 3 2 1 1 ( 1) 
73:2  7 4  1 2 3  1 1 2 (2) 
74: 3 6 5 1 3 3 1 1 1 (2) 
7 5 : 2 9 4 2  3 3 1 1 2 ( 1) 
76: 1 4 5 1 3 3 2 1 2 (2)



77:4 11 3 1 3 1 1 1 2(1)
78:3 65  1 23  1 1 1 (1)
79: 1 104 1 43  1 1 2(1)
8 0 :9 2 3  1 1 3 2 1 1 (1)
81: 11 23  1 3 3 1 1 2 (1)
82: 2 4 7 2 5 3 1 1 2 (3)
83 :25  7 1 4 3  2 1 1 (1)
84: 1 6 5 1 3 3 1 1 1 (1)
8 5 : 2 8 4 2 3  3 1 1 2(1)
86: 1 11 3 1 3 3 1 1 2 (1)
87:3 5 1 1 4 3  2 1 1 (1)
88: 1 63 1 3 3 1 1 1 (1)
89: 102 3 1 1 3 2 1 1 (1)
90: 1 11 4 1 5 3 1 1 2(1)
9 1 : 7 6 5  1 3 3 1 1 1 (2)
92: 3 4 5  1 3 3 1 1 2(1)
93: 1 2 5 1 2 3 1 2 2 (1)
94:5 23  1 5 3 2  1 1 (1)

Summary of best reconstruction
(numbers refer to the list of haplotypes given above)

#cd001: 1,2)
#cd003: 3,4)
#cd004: 5,6)
#cd005: 7,8)
#cd006: 9,1)
#cd007: 10,11)
#cd008: 12,1)
#cd009: 13,14)
#cd010: 15,16)
#cd011: 17,18)
#cd012: 19,20)
#cd013: 1,1)
#cd014: 21,22)
#cd015: 23,24)
#cd016: 25,26)
#cd017: 27,23)
#cd018: 28,29)
#cd019: 30,31)
#cd020: 1,4)
#cd021: 23,32)
#cd022: 33,34)
#cd023: 35,4)
#cd024: 28,36)
#cd025: 11,37)
#cd026: 1,38)
#cd027: 39,40)



#cd028: 
#cd029: 
#cd030: 
#cd031: 
#cd032: 
#cd033: 
#cd034: 
#cd035: 
#cd036: 
#cd037: 
#cd038: 
#cd039: 
#cd040: 
#cd041: 
#cd042: 
#cd043: 
#cd044: 
#cd045: 
#cd046: 
#cd047: 
#cd048: 
#cd050: 
#cd051: 
#cd052: 
#cd053: 
#cd054: 
#cd055: 
#cd056: 
#cd057: 
#cd058: 
#cd059: 
#cd060: 
#cd061: 
#cd062: 
#cd063: 
#cd064: 
#cd065: 
#cd066: 
#cd067: 
#cd068: 
#cd069: 
#cd07: ( 
#cd071: 
#cd072; 
#cd073: 
#cd074: 
#cd075: 
#cd076: 
#cd077:

,42)
6,43)
2,7)
1)
44)
5,46)
7,40)
48)
8,49)
0,51)
2,53)
4,25)
51)

,55)
,56)
6.57)
6.58) 
,1)
9,60)
0,59)
,51)
1,48)
4,1)
,22)
2,62)

63,34)
64,65)
,66)
,48)

1,1)
49,67)
68,1)
28,69)
42,58)
70,28)
63,71)
6,1)
43.1) 
72,5)
1.1) 
73,74) 
,51)
75.1) 
42,21)
76.1) 
77,78) 
1,48) 
65,49) 
79,80)



#cd078 (26,1)
#cd079 (70,81)
#cd080 (82,1)
#cd081 (1,1)
#cd082 (48,1)
#cd083 (22,51)00oo (76,44)
#cd085 (21,3)
#cd086 (1,1)
#cd087 (21,22)
#cd088 (2,83)
#cd089 (33,82)
#cd090 (1,48)
#cd091 (44,55)
#cd092 (1,82)
#cd093 (22,53)
#cd094 (1,84)
#cd095 (22,51)
#cd096 (85,54)
#cd099 (86,87)
#cdlOO (54,74)
#cdl01 (88,44)
#cdl02 (28,18)
#cdl03 (19,19)
#cdl04 (36,44)
#cdl05 (6,7)
#cdl06 (53,44)
#cdl07 (89,90)
#cdl08 (91,54)
#cdl09 (38,92)
#cdllO (24,65)
#cdlll (1,1)
#cdll2 (45,53)
#cdll3 (1,1)
#cdll4 (54,1)
#cdll5 (93,94)
#cdll6 (1,63)
#cdll7 (70,1)
#cdll8 (91,73)
#cdll9 (1,54)
#cdl20 (48,44)



c) LINKDOS Results of Linkage Disequilibrium in TNF and HLADQBl alleles

TNF-308
DQBl* I 2

0201 +4- ++
0202 - -

0301 - -

0302 - -

03032 - -

0402 - -

0501 - -

05031 - -

0504 - -

0601 - -

0602 - -

0603 - -

0604 - -

0609 - -

Table A.1: Significant Linkage Disequilibrium (LD) between DQBl and TNF-308 in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=80, chi- 
square = 14.79, Prob.=0.2530

TNF-308
DQBl* 1 2

0201 +++ +++
0202 ++ - H -

0301 - -

0302 - -

03032 - -

0402 - -

0501 - -

05031 - -

0504 - -

0601 - -

0602 - -

0603 - -

0604 - -

0609 - -

Table A.2; Significant Linkage Disequilibrium (LD) between DQBl and TNF-308 In Coeliac 
Psiticnts
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < O.OI, +++ = p < 0.001. N=107, chi- 
square = 20.71, Prob.=0.0140



T N F -2 3 8
D Q B l* 1 2

0201 - -

0202 - -

0301 - .

0302 - -

03032 - -

0402 - -

0501 - -

05031 - -

0504 - -

0601 - -

0602 - -

0603 - -

0604 - -

0609 + •r

Table A.3: Significant Linkage Disequilibrium (LD) between DQ Bl and TNF-238 in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < O.OI, +++ = p < 0.001. N=81, chi- 
square = 10.35, Prob.=0.5853

T N F -2 3 8
D Q B l* 1 2

0201 - -

0202 - -

0301 - -

0302 - -

03032 + +
0402 - -

0501 - -

05031 - -

0504 - -

0601 - -

0602 - -

0603 - -

0604 - -

0609 - -

Table A.4: Significant Linkage Disequilibrium (LD) between DQBl and TNF-238 in Coeliac 
Patients
LD calculated using LINKdos soflware.+ = p < 0.05, ++ = p < o.O l, +++ = p < 0.001. N=108, chi- 
square = 9.93, Prob. =0.3559



T N F B
D Q B I* 1 2

0201 +++ +-H-
0202 - -

0301 - -

0302 - -

03032 + +
0402 - -

0501 - -

05031 - -

0504 - -

0601 - -

0602 - -

0603 - -

0604 - -

0609 - -

Table A.S: S ig^ cant Linkage Disequilibrium (LD) between DQBI and TNFB in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=82, chi- 
square = 22.13, Prob.=0.0361

TNFB
DQBl* 1 2

0201 ++
0202 + +
0301 - -
0302 + +
03032 - -
0402 - -
0501 - -
05031 - -
0504 - -
0601 - -
0602 - -
0603 - -
0604 - -
0609 -f

Table A.6: Significant Linkage Disequilibrium (LD) between DQBI and TNFB in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < o.OI, -hh- = p < 0.001. N=102, chi- 
square = 9.29, Prob.=0.5051



T N F a
D Q B l* 1 2 3 4 5 6 7 8 9 10 11

0201 - +++ - - - - - - - - ++
0202 - - - - - - - - - -
0301 + -f- - - - ++ - - - - -

0302 - - - - - - - - - - -

03032 - -H- - - - - - - - -

0402 - - - +++ - - - - - -

0501 - - +++ - - - - - - - -

05031 - - - - - - - - - + -

0504 - - - - - - - - - -

0601 - - - - - - - - - + -

0602 - + - - - - - - - -

0603 - - - - - - ++ - - - -

0604 - - - - - - - - - - -

0609 - - - - - - - - +-H- - -

Table A.7: Significant Linkage Disequilibrium (LD) between DQBl and TNFa in Healthy 
Controls
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=82, chi- 
square = 179.887, Prob.=0.0003

TNFa
DQBl* 1 2 4 5 6 7 8 9 10 11

0201 . +++ - - + + + - - - + +

0202 - + + + + - - + + - - - -

0301 - + - - + + - - - - + / -

0302 - - - - - - - - + + +

03032 - - - - - - - - - -

0402 - - - - - - - - - -

0501 . - - - + - - - - -

05031 - - - - - - - - - -

0504 - - - - - - - - - +

0601 - - - - - - - - - + +

0602 - - - - - - - - - +

0603 - - - - - - - - - -

0609 - - - - - - - - - -

Table A.8: Significant Linkage Disequilibrium (LD) between DQBl and TNFa in Coeliac 
Patients
LD calculated using LINKdos software. +/- = p value just above 0.05, + = p < 0.05, ++ = p < 0.01, 
+-H- = p < 0.001. N=109, chi-square = 103.69, Prob.=0.1533



TNFb
DQBl* 1 3 4 5 7

0201 - +++ +/- + -

0202 - - . - -

0301 - - - - -

0302 - - - - -

03032 - + - - -

0402 - - - - -

0501 ++ - - - -

05031 - - - - -

0601 - - - - -

0602 + / - + - -

0603 - + / - - - -

0604 - - - - -

0609 - - - - -

Table A.9: Significant Linkage Disequilibrium (LD) between DQBl and TNFb in Healthy 
Controls
LD calculated using LINKdos software. +/- = p value just above 0.05, + = p < 0.05, ++ = p < 0.01, 
-t-H- = p < 0,001. N=78, chi-square = 78.16, Prob.=0.0039

TNFb
DQBl* 1 3 4 5 7

0201 - -t-H- + - -
0202 - +/- - -H-
0301 - + - -
0302 - + - - -
03032 - - - - -
0501 - - - - -
0504 - - - - -
0601 - - - - -
0602 1 - - - +/- -
0603 + - - - -
0609 - - - - -

Table A. 10: Significant Linkage Disequilibrium (LD) between DQBl and TNFi in Coeliac 
Patients
LD calculated using LINKdos software. +/- = p value just above 0.05, + = p < 0.05, ++ = p < 0.01, 
+-H- = p < 0.001. N=106, chi-square = 59.22, Prob.=0.0256



T N F c
D Q B l* 1 2

0201 + +
0202 - -

0301 - -

0302 - -

03032 +++
0402 - -

0501 - -

05031 - -

0504 - -

0601 - -

0602 - -

0603 - -

0604 - -

0609 - -

Table A.11: Significant Linkage Disequilibrium (LD) between DQBl and TNFc in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=82, chi- 
square = 31.64, Prob.=0.0016

TNFd

DQBl* 1 2 3 4 5

0201 +++ - ++ - -
0202 - - - - -H-+
0301 - - - - -
0302 - - - - -
03032 - - - ++ ++
0402 - - ++ - -
0501 - - - + -
05031 - - - - -
0504 - - - - -
0601 - + - - -
0602 - - - - -
0603 - - - - -

0604 - - - - -

0609 ^ - ■1- - - ■

Table A.12: Significant Linkage Disequilibrium (LD) between DQBl and TNFd in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=82, chi- 
square = 105.93, Prob.=0.0001



TNFd
D O B l* 1 2 3 4 5

0201 +++ - ++ - -

0202 + - - - -

0301 ++ - + - -

0302 + - - - -

03032 - - - - -

0402 - - - - -

0501 - - - - -

05031 - - - - -

0504 - - - - -

0601 - - - - ++
0602 - - - - -

0603 - - - - -

0604 - - - - -

0609 - - - - -

Table A. 13: Significant Linkage Disequilibrium (LD) between DQBl and TNFd in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=101, chi- 
square = 41.26, Prob.=0.4154

TNFe

DQBl* 1 2 3 4

0201 - -1̂ - -
0202 - - - -
0301 - - - -

0302 - - - -

03032 - - - -

0402 - - - -

0501 - - - -

05031 - - - -

0504 - - - -

0601 - - - -

0602 - - - -

0603 - - - -
0604 - - - -

0609 - - - -

Table A.14: Significant Linkage Disequilibrium (LD) between DQBl and TNFe in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < O.OI, +++ = p < 0.001. N=72, chi- 
square = 31.35, Prob.=0.6895



TNFe
D Q B l* 1 2 3

0201 -f+ -

0202 - ++ -

0301 ++ - +
0302 - - -

03032 - - -

0402 - - -

0501 - - -■

05031 - - -

0504 - - -

0601 - - -

0602 - - -

0603 - - -

0604 - - -

0609 - - -

Table A. 15: Significant Linkage Disequilibrium (LD) between DQBl and TNFe in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, -h - = p < 0.01, +++ = p < 0.001. N=80, chi- 
square = 23.40, Prob.=0.2698

TNF-308
TNFa 1 2

2 +++ +++
6 ++ ++
7 + +
10 ++ ++

Table A. 16: Significant Linkage Disequilibrium (LD) between TNFa and TNF-308 in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=112, chi- 
square = 34.72, Prob.=0.0001

TNF-238
TNFa 1 2

2 -4- +

Table A.17: Significant Linkage Disequilibrium (LD) between TNFa and TNF-238 in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=87, chi- 
square = 11.01, Prob.=0.3567



TNF-238
TNFa 1 2

1 -H-+ +++

Table A.18: Significant Linkage Disequilibrium (LD) between TNFa and TNF-238 in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=114, chi- 
square = 21.80, Prob.=0.0095

TNFB
TNFa 1 2

6 ++ ++
7 + -U

Table A. 19: Significant Linkage Disequilibrium (LD) between TNFa and TNFB in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=86, chi- 
square = 16.96, Prob.=0.0753

TNFB
TNFa 1 2

2 +++ +++
10 +++ +++

Table A.20: Significant Linkage Disequilibrium (LD) between TNFa and TNFB in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < o.OI, +++ = p < 0.001. N=109, chi- 
square = 15.43, Prob.=0.0799

TNFb

TNFa 1 2 3 4 5 6 7

1 - - - - - - -

2 - - + + + -H- i- - -

3 ++ + - - - - - -

4 - - + + - - -

5 - - - - + - -

6 - - + - + - +
7 - - - - - - -

8 - - - - - - ++

9 - - - - - - -

10 - - - - - - -

11 - - -f- +++ - - -

Table A.21: Significant Linkage Disequilibrium (LD) between TNFa and TNF1> in Healthy 
Controls



LD calculated using LlNKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=84, chi-

TNFb
TNFa 1 2 3 4 5 6 7

1 - - - - - -

2 + +++ ++ - +
4 - - - - - +++
5 - - + - ++ - -

6 - - - + - -

7 - - + - - - -

10 - - +++ - - -

Table A.22: Significant Linkage Disequilibrium (LD) between TNFa and TNFb in Coeliac 
Patients
LD calculated using LlNKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=113, chi- 
square = 104.37, Prob.=0.0001

TN Fc
TNFa I 2

2 ++ ++
3 + +
6 + +
11 ++ ++

Table A.23: S i^iflcant Linkage Disequilibrium (LD) between TNFa and TNFc in Healthy 
Controls
LD calculated using LlNKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=88, chi- 
square = 38.24, Prob.=0.0001

TNFc
TNFa 1 2

5 + +
11 + +

Table A.24: Significant Linkage Disequilibrium (LD) between TNFa and TNFc in Coeliac 
Patients
LD calculated using LlNKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=114, chi- 
square = 21.04, Prob.=0,0125



TNFd
T N F a 1 2 3 4 5

2 +++ -H- -H- +
3 - - - - -
6 + - -hH~ - -
8 - ++ - - -
9 + - - -
10 - - +4- - -

11 - - - - f- -

Table A.2S; Significant Linkage Disequilibrium (LD) between TNFa and TJVFd in Healthy 
controls
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=88, chi- 
square = 94.07, Prob.=0.000I

TNFd
TNFa 1 2 3 4 5

1 - + + + - - -

2 + + + -l-H- +-H- - -

4 + - - - +++
5 + - - - -

6 - -H- - - -

10 + - - - -

Table A.26: Significant Linkage Disequilibrium (LD) between TNFa and TNFd in Coeliac 
Patients
LD calculated using LINKdos software. + = p < 0.05, -h - = p < 0.01, +++ = p < 0.001. N=108, chi- 
square = 92.06, Prob.=0.0001

TNFe

TNFa 1 2 3 4 5

2 - - + - -
3 ++ - + - -
5 - + - - -
7 - +++ - - -
11 + - - - -

Table A.27: Significant Linkage Disequilibrium (LD) between TNFa and TNFe in Healthy 
Controls
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=78, chi- 
square = 56.82, Prob.=0.0409



TNFe
TNFa 1 2 3 4 5

6 + - + - -

Table A.28: Significant Linkage Disequilibrium (LD) between TNFa and TNFe in Coeliac 
Patients
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=84, chi- 
square = 10.90, Prob.=0.8985

TNF-308
TNFb 1 2

3 + +

Table A.29: Significant Linkage Disequilibrium (LD) between TNFb and TNF-308 in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=81, chi- 
square = 8.52, Prob.=0.0743

TNF-308
TNFb 1 2

3 +++ +-H-

4 +++ +-H-

5 + +

Table A.30: Significant Linkage Disequilibrium (LD) between TNFb and TNF-308 in Coeliac 
Pftticnts
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, -H-+ =  p < 0.001. N=109, chi- 
square = 20.58, Prob.=0.0004

TNFB
TNFb 1 2

1 + +
3 +++ +++

Table A-31: Significant Linkage Disequilibrium (LD) between TNFb and TNFB in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=81, chi- 
square = 12.79, Prob.=0.0124



TNFB
TNFb 1 2

3 +++
4 +++ +++

Table A.32: Significant Linkage Disequilibrium (LD) between TNFb and TNFB in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=106, chi- 
square = 11.29, Prob. =0.0235

TNFc
TNFb 1 2

1 +++ +++
4 + +

Table A.33: Significant Linkage Disequilibrium (LD) between TNFb and TNFc in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=84, chi- 
square = 32.49, Prob.=0.000I

TNFc
TNFb 1 2

1 -H- ++
4 ++ ++
7 + +

Table A-35: Significant Linkage Disequilibrium (LD) between TNFb and TNFc in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=111, chi- 
square = 20.01, Prob.=0.0005

TNFd

TNFb 1 2 3 4 5

1 - + - +-H- -

3 +++ - +++ - -

4 - + + -I-H- +
5 +++ - + - -

Table A.36: Significant Linkage Disequilibrium (LD) between TNFh and TNFd'm Healthy 
Controls
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=83, chi- 
square = 74.54, Prob.=0.0001



TNFd
TNFb 1 2 3 4 5

1 - - + +++ -

3 +++ ++ +++ + -

4 ++ - +++ - -

5 +++ ++ + - -

7 - - - - ++

Tabic A.37: Significant Linkage Disequilibrium (LD) between TNFb and TNFd in Coeliac 
Patients
LD calculated using LlNKdos software. + = p < 0.05, 4+ = p < 0.01, +++ = p < 0.001. N=106, chi- 
square = 73.57, Prob.=0.0001

TNFe

TNFb 1 2 3 4 5

1 +++ - +++ - -

3 - - - - +
4 - H - - ++ - -

Table A.38: Significant Linkage Disequilibrium (LD) between TNFb and TNFe in Healthy 
Controls
LD calculated using LlNKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=73, chi- 
square = 41.43, Prob.=0.0005

TNFe

TNFb 1 2 3 4 5

1 +++ - +++ - -

Table A-39: Significant Linkage Disequilibrium (LD) between TNFb and TNFe in Coeliac 
Patients
LD calculated using LlNKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=84, chi- 
square = 34.97, Prob.=0.0001

TNF-308
TNFc 1 2

1 + +
2 + +

Table A.40: Significant Linkage Disequilibrium (LD) between TNFc and TNF-308 in Coeliac
Patients _
LD calculated using LlNKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N -110, chi- 
square = 3.27, Prob.=0.0707



TNF-238
TNFc 1 2

1 + +
2 + +

Table A.41: Significant Linkage Disequilibrium (LD) between TNFc and TNF-238 in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < O.OOl. N=88, chi- 
square = 5.09, Prob. =0.0240

TNFB
TNFc 1 2

1 +++ +++
2 +++ +++

Table A.42: Significant Linkage Disequilibrium (LD) between TNFc and TNFB in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=85, chi- 
square = 27.24, Prob.=0.0001

TNFB
TNFc 1 2

1 -H-+ +++
2 +-H- +++

Table A-43: Significant Linkage Disequilibrium (LD) between TNFc and TNFB in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=107, chi- 
square = 5.15, Prob.=0.0232

TNFd

TNFc 1 2 3 4 5

1 ++ - + +++ -

2 ++ - + -H-+ -

Table A.44; Significant Linkage Disequilibrium (LD) between TNFc and TNFd in Healthy 
Controls
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=87, chi- 
square = 43.19, Prx*.=0.0001



TNFd
TNFc 1 2 3 4 5

1 ++ - - +-f+ +
2 ++ - - -H-+ +

Table A.45: Significant Linkage Disequilibrium (LD) between TNFc and TNFd in Coeliac 
Patients
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +-H- = p < 0,001. N=106, chi- 
square = 20.73, Prob.=0.0004

TNFe

TNFc 1 2 3 4 5

1 ++ - -H- - -
2 ++ - - -

Table A.46: Significant Linkage Disequilibrium (LD) between TNFc and TNFe in Healthy 
Controls
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=77, chi- 
square = 16,28, Prob.=0.0027

TNFe

TNFc 1 2 3 4 5

1 + ~ +
2 + - +

Table A-47: Significant Linkage Disequilibrium (LD) between TNFc and TNFe in Coeliac 
Patients
LD calculated using LINKdos software. + = p < 0.05, ++ = p < 0,01, +++ = p < 0,001, N=83, chi- 
square = 5,49, Prob.=0,0027

T N F -308
TNFd 1 2

1 ++ ++

Table A.48: Significant Linkage Disequilibrium (LD) between TNFd and TNF-308 in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0,01, +++ = p < 0.001. N=85, chi- 
square = 11.07, Prob. =0.0258



TNF-308
TNFd 1 2

1 +++ +++
2 +++ +++
3 +-H- +++

Table A.49: Significant Linkage Disequilibrium (LD) between TNFd and TNF-308 in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, -h - = p < 0.01, +++ = p < 0.001. N=104, chi- 
square = 28.17, Prob.=0.0001

TNF-238
TNFd 1 2

3 + +

Table A.50: Significant Linkage Disequilibrium (LD) between TNFd and TNF-238 in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=86, chi- 
square = 4.12, Prob. =0.3902

TNFB
TNFd 1 2

1 -H-+ +++
4 +++ +++

Table A.51: Significant Linkage Disequilibrium (LD) between TNFd and TNFB in Healthy 
Controls
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=86, chi- 
square = 19.18, Prob.=0.0007

TNFB
TNFd 1 2

1 +++ +++
3 ++ ++
4 +-I- ++

Table A.52: S i^ificant Linkage Disequilibrium (LD) between TNFd and TNFB in Coeliac 
Patients
LD calculated using LINKdos soflware.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=103, chi- 
square = 12.42, Prob.=0.0145



TNFe
TNFd 1 2 3

2 + - +
4 +++ - ++

Table A.53: Sipiiflcant Linkage Oiseqiiiiibrium (LD) between TNFd and TNFe in Healthy 
Controls
LD calculated using LINKdos software.+ = p  < 0.05, -H- =  p  < 0.01, +-H- =  p < 0.001. N=77, chi- 
square = 20.29, Prob.=0.2074

TNFe

TNFd 1 2 3

3 - + -

4 +++ - -H-

Table A.54: Significant Linkage Disequilibrium (LD) between TNFd and TNFe in Coeliac 
Patients
LD calculated using LINKdos software.+ = p  < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=80, chi- 
square = 14.66, Prob,=0.0661

TNFB
TNF-
308

1 2

1 ++
2 ++

Table A.55: Significant Linkage Disequilibrium (LD) between TNF-308 and TNFB in Healthy 
Controls
LD calculated using LINKdos software.+ = p  < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=83, chi- 
square = 7.86, Prob.=0.0051

TNFB
TNF-
308

1 2

1 ++ -U o-a-u

2 +++ +++

Table A.56: Significant L i n k ^  Disequilibrium (LD) between TNF-308 and TNFB in Coeliac 
Patients
LD calculated using LINKdos software.+ = p < 0.05, ++ = p < 0.01, +++ = p < 0.001. N=105, chi- 
square = 14.08, Prob.=0.0002


