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ABSTRACT 
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DIVISION OF CANCER SCIENCES 

Doctor of Philosophy 

THE SIGNIFICANCE OF ABNORMALITIES OF P53 EXPRESSION IN 

LYMPHOMA ASSOCIATED WITH COELIAC DISEASE 

by Monika Phelps 

The aim of this study was to investigate pathological tissue from cases of enteropathy-

associated T cell lymphoma (EATL), previously shown to over-express p53 protein, 

for the presence of p53 mutations with the view of correlating over-expression of the 

protein with the presence of genetic alterations. 

Single-stranded conformation polymorphism analysis was used to screen a series of 

formalin-fixed, paraffin-embedded EATL tissue samples and histologically 

uninvolved tissue Irom the same patients for the presence of p53 mutations in exons 

5-8. DNA sequence analysis was performed on cases showing PCR fragments with 

mobility shifts to confirm the presence of mutations. Immunohistochemistry was used 

to assess expression of p53 and related cell cycle regulatory proteins in the same 

cases. Mobility shifts were detected in 10/29 (34.5%) tumour (T) samples and in 3/20 

(15%) samples of adjacent (A) uninvolved tissue. Only 2 samples (1 T and I A 

sample) showing mobility shifts showed no over-expression of p53. DNA sequence 

analysis identified the presence of mutations in 3/29 (10%) T samples and in 2/20 

(10%) A samples. Additional silent mutations were also detected in 2 T samples from 

different cases. 

The DNA sequencing results suggest that p53 over-expression is associated with p53 

mutations in a small proportion of EATL cases. An alternative mechanism may be 

responsible for the stabilisation of p53 protein in the remaining cases. The detection 

of multiple mutations in samples 6om some individual patients may indicate that 

mutations arise in more than one T cell clone within enteropathic bowel. 
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1 - INTRODUCTION 

1.1 COELIAC DISEASE 

1.1.1 Clinical and histological features 

Coeliac disease (CD) is a malabsorptive disorder caused by a genetically determined 

abnormal immune reaction to ingested gluten in the mucosa of the small intestine 

(Marsh, 1992). Symptoms show great variation from patient to patient, but classic 

presentation includes diarrhoea, flatulence, weight loss and fatigue (Trier et al., 1978). 

Malabsorption is accompanied by loss of the normal villous architecture, with a flat 

mucosa due to subtotal villous atrophy in severe cases, crypt hyperplasia, infiltration of 

the lamina propria by plasma cells and lymphocytes, and an increased number of intra-

epithelial lymphocytes (Fig. 1.1.1). The total thickness of the mucosa may be increased 

as a result of crypt hyperplasia and a lymphoplasmocytic infiltrate in the lamina propria 

(Ciclitira and Hall, 1990). 

(a) Normal intestinal mucosa (b) Coeliac intestinal mucosa 

villous atrophy 

f f 

> crypt hyperplasia 

Fig.1.1.1. Changes in small intestinal architecture from a normal jejunal mucosa (a) to 

severe villous atrophy (b) in coeliac disease. Reproduced with permission from Dixon, 

1996. 



Figures 1.1.3 and 1.1.4 depict different stages of villous atrophy in CD. A section of 

normal intestinal mucosa (Fig. 1.1.2) has been added for comparison. 

V 

I 
Fig. 1.1.2. Small intestinal mucosa showing 

normal villous architecture with short crypts 

between the bases of the villi (H&E, xlOO). 

Fig. 1.1.3. Mucosa of 

enteropathic bowel showing 

partial villous atrophy, crypt 

hyperplasia and plasmocytic 

infiltrate of the lamina propria 

(H&E, xlOO). 

Fig. 1.1.4. Mucosa of 

enteropathic bowel showing 

subtotal villous atrophy making 

it resemble colonic mucosa 

(H&E, XlOO). 



1.1.2 Incidence 

The prevalence of this condition in the United Kingdom is approximately 1 in 1500, 

while in the west of Ireland it rises to 1 in 300 (Ciclitira and Hall, 1990). It has become 

apparent recently that clinically manifest cases of CD represent only a small proportion 

of the total population with this disorder and that the incidence of CD is higher than 

previously thought, remaining unrecognised in a large number of cases (Unsworth and 

Brown, 1994). 

1.1.3 Diagnosis 

Coeliac disease classically presents in infants after weaning and the introduction of 

cereals into their diets (early onset disease). A second peak of incidence occurs during 

the third decade, with adults frequently having been asymptomatic until shortly before 

presentation (late onset disease) (Ciclitira and Hall, 1990). 

Small intestinal biopsy with the demonstration of a flat mucosa, which is restored to 

normal after gluten withdrawal, is considered essential for the diagnosis of classical CD. 

Re-appearance of mucosal abnormalities upon gluten challenge confirms the diagnosis 

(Mathus-Vliegen, 1996). Detection of serum IgA antibodies reactive with gliadin (a 

component of gluten) and with endomysium (a structure of the smooth muscle 

connective tissue - see section 1.1.5.2) are also valuable tools for the confirmation of 

CD (Ladinser et al, 1994; Volta et al, 1991). 

1.1.4 Treatment 

Patients with CD are placed on a gluten-free diet, after which there is usually resolution 

of all the pathological abnormalities and the normal pattern of villous structure returns. 

In adult patients, however, resolution is slower and in some cases the villous 

architecture never returns to normal (Ciclitira and Hall, 1990). 

1.1.5 The toxic component: gliadin 

Wheat flour contains many water-soluble components (albumins, globulins and starch) 

and insoluble gluten (Howdle and Losowsky, 1987). Gluten contains two types of 

storage proteins; prolamins and non-toxic glutenins. The ethanol-soluble fraction of 

gluten contains prolamins and, in wheat flour, is called gliadin. These are thought to be 



the toxic component to the small intestinal mucosa in CD (Kamer, 1953). Other cereals 

such as lye, barley and oats also contain toxic prolamins, although oats may be tolerated 

by some individuals (Marsh, 1992; Ciclitira and Hall, 1990). 

1.1.5.1 Anti-gliadin antibodies in coeliac disease 

The proposal that gliadin is responsible for activation of the immune system is 

supported by the presence of gliadin-specific T cells in the mucosa of CD patients 

(Lundin et al., 1993) and the detection of serum IgA anti-gliadin antibodies (Kelly et al, 

1991; O'Farrelly ef aA, 1986). 

In untreated CD, both IgG and IgA serum antigliadin antibodies (AGA) have been found 

to be markedly raised and to fall when patients are placed on a gluten-free diet. Serum 

IgA AGA levels are thought to fall more quickly than IgG AGA levels, which show a 

more gradual, progressive decline. Serum IgA has also been found to be more sensitive 

and specific than IgG in screening for untreated CD (Kelly et al, 1991). In contrast to 

serum AGA levels, IgA AGA levels in intestinal aspirates remain increased even in 

patients who have been on a gluten-free diet for over two years and show excellent 

histological response with normal or near normal small intestinal morphology (Kelly et 

a/., 1991). 

1.1.5.2 Anti-endomysium antibodies and tissue transglutaminase enzyme 

Another subgroup of serum IgA antibodies, IgA anti-endomysium antibodies (AEA), 

has been described in a high number of patients with CD (Chorzelsky et al., 1984) and 

is now used as a tool for screening and follow-up of CD patients. These antibodies have 

high specificity and sensitivity; their measurement permits the detection of clinical and 

subclinical disease (Ladinser et al, 1994; Volta et al., 1991). These antibodies are 

species-specific and react only with endomysium in the oesophagus of primates, 

targeting the intermyofibril substance of smooth muscle (Volta et al., 1991). More 

recently, a more specific and sensitive technique has been described for AEA 

measurement using the more easily available human umbilical cord smooth muscle 

instead of primate oesophagus (Ladinser et al, 1994). 



Gliadin is thought to drive the secretion of AEA, as these antibodies have been shown to 

be produced in biopsy samples cultured with a peptic/tryptic digest of gliadin (Picarelli 

et al, 1996). The antigen recognised by AEA has been identified as tissue 

transglutaminase (tTG), a calcium-dependent enzyme that catalyses the crosslinking of 

proteins resulting in formation of an s-(y-glutamyl)-lysine bond (Dieterich et al, 1997). 

It is widely distributed in human organs and is normally localized in the cytoplasm of 

cells but can be released during tissue damage, following which it may associate with 

cell surfaces or extracellular matrix molecules. 

Gliadin is a preferred substrate for tTG and it has been hypothesized that neo-epitopes 

are created in crosslinked gliadin-gliadin or gliadin-tTG complexes when damage or 

hyperpermeability of the intestinal epithelium triggers abundant extracellular release of 

cytosolic tTG, mainly from lamina propria mononuclear or mesenchymal cells. These 

neo-epitopes could then initiate an immune response, in genetically susceptible 

individuals, directed against both gliadin and tTG (Dieterich et al., 1997). 

1.1.5.3 Disease-precipitating epitopes of gliadin 

The identification of disease-precipitating epitopes has been difficult due to the large 

heterogeneity and complexity of gluten molecules (Marsh, 1992). In vitro studies testing 

the toxicity of peptides isolated from gliadin digests have identified sequences 

containing repetitive motifs that could represent disease-inducing domains of the 

protein. These sequences include -Pro-Ser-Gln-Gln- and -Gln-Gln-Gln-Pro-, which are 

not cleaved by pepsin, trypsin or chymotrypsin (Wieser, 1995; Marsh, 1992). More 

recently, a gliadin peptide has been identified which is recognised by T cell clones 

restricted by HLA-DQ8 molecules from small intestinal biopsies of CD patients (van de 

Wal et al., 1998a). This peptide is located in the carboxyl-terminal region of gliadin and 

represents a unique sequence found in only one of the many gliadin variants. The 

minimal peptide necessary to stimulate the T cell clones must contain at least 11 amino 

acid residues and the sequence -Pro-Ser-Gln-Gln- at its carboxyl terminus, representing 

one of the repetitive motifs mentioned above (van de Wal et al., 1998a). Another 

epitope (Gln-Pro-Gln-Gln-Ser-Phe-Pro-Glu-Gln-Gln), resulting from de-amidation of a 

distinct glutamine in the native structure of a purified y-type gliadin, has been identified 

using DQ2-restricted T cell clones derived from CD patients (Sjostrom et al, 1998). 



De-amidation was performed by heating (to 98°C) a chymotrypsin gliadin digest in an 

acetic acid-HCl solution (pH 1.8) for 60min. Incubation at 37°C, pH 1.8, for 15min also 

created an epitope recognised by a DQ2-restricted T cell clone, suggesting that sufRcient 

de-amidation can occur in the acidic environment of the stomach to create the epitopes 

recognised by T cells from the intestinal mucosa of CD patients (Sjostrom et al, 1998). 

1.1.5.4 The significance of gliadin de-amidation 

The strong association of CD with HLA-DQ2 and -DQ8 indicates a preferential 

recognition of gliadin fragments bound to these alleles by intestinal T cells (Lundin et 

al, 1994). The peptide-binding motifs of both DQ2 and DQ8 show a preference for 

negatively charged residues at several positions of the bound peptides (Vartdal et al., 

1996). Although gliadins have a very low content of negatively charged amino acids 

(usually <2% of the residues), they have a large proportion of Gin (glutamine) residues 

(<40%), so that the conversion of Gin to Glu (glutamic acid) residues by de-amidation 

would result in the presence of relatively large numbers of negatively charged Glu 

residues in gliadin (van de Wal e/ a/., 1998a; Sjostrom a/., 1998). 

1.1.5.5 Selective de-amidation by tissue transglutaminase 

De-amidation of gliadin can also be caused by enzymatic processes. Recently, it has 

been demonstrated that the enzyme tTG can effect the de-amidation of gliadins in an 

ordered and specific manner, creating epitopes that bind efficiently to DQ2, which 

results in strongly enhanced T cell stimulatory activity (van de Wal et al., 1998b; 

Molberg 1998). 

Immunohistochemical studies have revealed abundantly expressed extracellular tTG and 

DQ-expressing cells just under the mucosal epithelium of CD patients, suggesting that 

tTG might be involved in processing gliadin before it binds to DQ2 molecules (Molberg 

et al., 1998). The subepithelial region might therefore provide a micro-environment for 

tTG-mediated modification, DQ2 binding and T cell recognition of gliadin peptides as 

gliadin-specific T cells have also been detected in this area (Molberg et al, 1998). 



7.2 GE/YE77C 70 

Susceptibility to CD is associated with polymorphisms of the major histocompatibility 

complex (MHC) genes, which are found on the short arm of chromosome 6 (Marsh, 

1992). 

1.2.1 The HLA system 

The products of the MHC complex are associated with intercellular recognition and 

with self/nonself discrimination. In humans, the MHC complex is referred to as the 

Human Leucocyte Antigen (HLA) complex and is organized into three regions encoding 

different classes of molecules (Janeway and Travers, 1997): 

# Class I genes encode glycoproteins expressed on the surface of nearly all nucleated 

cells and platelets, where they present peptide antigens of largely endogenous origin 

necessary for the activation of CD8-positive (CD8^)T cells, which are mostly 

cytotoxic. 

• Class II genes encode glycoproteins expressed primarily on antigen-presenting cells, 

such as macrophages, dendritic cells, B cells and activated T cells. Other cell types 

can also be induced to express class II molecules by interferon-y; these include 

vascular endothelium, fibroblasts, renal tubular epithelial cells and intestinal 

epithelial cells (Panja and Mayer, 1996; Kagnoff, 1990). Class II molecules present 

processed antigenic peptides of largely exogenous origin to CD4-positive (CD4^)T 

cells, predominantly of helper phenotype. 

® Class III genes encode somewhat different products, including a number of soluble 

serum proteins such as components of the complement system. 



1.2.1.1 HLA class II genes and molecules 
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Fig. 1.2.1. The HLA class II gene complex on the short arm of chromosome 6. Only 

loci with known protein products are shown (adapted from Sollid and Thorsby, 1993). 

Class II genes are encoded in the HLA-D region, which can be divided into three major 

sub-regions termed -DP, -DQ and -DR (Fig. 1.2.1). Each of these sub-regions contains 

at least one expressed A and B gene encoding, respectively, the a and (3 chains of an 

HLA class II molecule. The class II HLA genes are highly polymorphic and there are 

currently known to be at least 2 DRA, 264 DRB, 20 DQAl, 39 DQBl, 15 DPAl, and 

85 DPBl alleles (Bodmer et al, 1999). 

A class II molecule is a membrane-bound glycoprotein that contains external domains, 

a transmembrane segment, and a cytoplasmic anchor segment. It is a heterodimer that 

consists of an a chain (MW 31-34 kDa) non-covalently associated with a P chain (MW 

26-29 kDa), which together form a peptide-binding groove. This groove is open at both 

ends and is capable of binding peptides of variable lengths (12-24 amino acid residues), 

derived from extracellular antigens, and presenting them to T cells (Howell & Jones, 

1995; Brown etal, 1993). 



1.2.1.2 HLA associations in coeliac disease 

Coeliac disease has been found to be preferentially associated with the expression of 

certain HLA-DQ heterodimers. While the majority of patients (approximately 90 % or 

more) carry the HLA-DQ (al*0501, P 1*0201) heterodimer, with the DQA 1*0501, 

DQBl *0201 alleles encoding in either cis or trans configuration (Sollid et al., 1989), a 

small subset of CD patients has been shown to carry the HLA-DR4 haplotype, which 

has the DQBl*0302 allele, or HLA-DQ8, which codes for the DQ (al*0301, pi*0302) 

molecule. This suggests that the DQB1*0302 allele may confer CD susceptibility on 

these haplotypes (Sollid and Thorsby, 1993). 

Coeliac disease was first reported to be associated with the HLA-class I molecule B8 

(Stokes ef oA, 1972). Later, a stronger association was found with the HLA-class H 

molecule DR3 (Keuning et al, 1976). The association with HLA-B8 simply appeared to 

reflect strong linkage disequilibrium between the allele that encodes HLA-B8 and the 

allele that encodes HLA-DR3 (Kagnoff, 1990). 

The proportion of patients carrying the DR3 haplotype varies considerably between 

different populations, with a higher frequency being found in patients with a northern 

European ancestry. Patients of Italian or Spanish ancestry have been shown to be either 

DR3 or DR5/DR7 heterozygous. While DR3 has been shown to be a susceptibility allele 

together with any other DR allele, DR7 is associated with CD almost only in 

combination with DR3 or DR5 (Sollid and Thorsby, 1993). 

Subsequently, an even stronger association was reported between CD and HLA-DQ2, an 

HLA class II molecule in linkage disequilibrium with both DR3 and DR7. The DR3-

DQ2 haplotype showed the strongest association (Tosi et al., 1983). In order to 

determine which locus (or loci) of this haplotype confers disease susceptibility the HLA-

DQ genes were sequenced (reviewed in Sollid and Thorsby, 1993). The DR3-DQ2 

haplotype was shown to carry the DQA1*0501 and DQBl*0201 alleles, the DR5-DQ7 

haplotype carries the DQA 1*0501 and DQBl*0301 alleles, and the DR7-DQ2 

haplotype carries the DQA1*0201 and DQB1*0201 alleles. The DR3-DQ2 and DR5-

DQ7 haplotypes have the same DQAl allele, while the DR3-DQ2 and DR7-DQ2 



haplotypes have the same DQBl alleles. Thus, patients with CD who have DR3 or who 

are DR5/DR7 heterozygous may express the same DQ molecule, DQ (al*0501, 

|31*0201), in either cis or trans position (see Fig. 1.2.2) (Sollid and Thorsby, 1993). 

This suggests that this particular heterodimer might be primarily associated with CD 

(Sollid etal, 1989). 

HLA-DQ molecule 
encoded in cis 

DQB1 DQA1 

HLA-DQ molecule 
encoded in trans 

DQB1 DQA1 

Fig. 1.2.2. Representation of the HLA-DQap heterodimer associated with CD. Patients 

with CD who have DR3 or who are DR5/DR7 heterozygous may express the same DQ 

molecule, DQ (al*0501, pl*0201). The DQA1*0501 and DQB 1*0201 genes are located 

in cis (on the same chromosome) in DR3 individuals, whereas they are located in trans 

(on different chromosomes) in DR5/DR7 heterozygous individuals. Reproduced from 

Sollid and Thorsby, 1993. 

It has been shown that the DQB 1*0201 allele may exert a gene dosage effect, as 

homozygosity for this allele increases susceptibility to CD due to an increased 

expression of the DQ (al*0501, pi*0201) heterodimer in such individuals. The 

presence of a second copy of DQBl *0201 is also associated with earlier onset of the 

disease (Congia et al, 1994; Ploski et al, 1993). 

1.2.1.3 The binding of gliadin peptides to HLA-DQ (al *0501, fil *0201) 

The association of CD with certain alleles suggests that a substitution encoded by the 

allele within the antigen-binding cleft allows efficient binding and presentation of a 

gliadin antigen to pathogenic T cells (Tighe and Ciclitira, 1995). The importance of 
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antigen presentation by the HLA-DQ (al*0501, P 1*0201) heterodimer is suggested by 

a study in which gliadin-reactive T cells isolated from the small intestinal mucosa of 23 

CD patients were found to be restricted by this HLA heterodimer (Molberg et al., 1997). 

Peptides binding to DQ2 molecules have been demonstrated to have negatively charged 

residues preferentially located as anchors in positions P4, P6 and P7 (Vartdal ef aZ., 

1996; Johansen et al., 1996). Anchor residues are amino acid residues of the bound 

peptide. The side chains of these amino acid residues insert into pockets in the HLA 

molecule binding the peptide to it. Peptides that bind HLA class II molecules are 

variable in length and their anchor residues lie at various distances from the ends of the 

peptide. By convention the first anchor residue is denoted as residue 1, or PI, and so on. 

Anchor residues differ for peptides binding different HLA molecules but are similar for 

all peptides binding to the same HLA molecule (Janeway and Travers, 1997). 

Synthetic gliadin peptides de-amidated using an acid/heat treatment (Sjostrom et al., 

1998) or de-amidated by tTG (Molberg et al., 1998) at position 148 have been shown to 

have an increased binding affinity to DQ2 in cell-free binding assays. Alignment of the 

peptide sequence with the DQ2-binding motif suggests that the Q148 residue could be 

the P7 residue (Sjostrom a/., 1998; Molberg gr a/., 1998). 

1.2.2 Non-HLA genetic associations 

Non-HLA genes and/or environmental factors are also thought to contribute to the 

development of CD, as only a minor proportion of the individuals who have the HLA-

DQ(al*0501,pi*0201) haplotype develop CD (Sollid and Thorsby, 1993). Although 

the concordance rate of CD seen in monozygotic twins is around 70%, this incomplete 

concordance suggests that additional factors are involved. However, not all the twin 

pairs studied had proven monozygosity and some twin pairs had insufficient long-term 

follow-up to be certain that the disease would not develop at a later stage (reviewed in 

Houlston and Ford, 1996). There is now evidence, through autosomal genomic 

screening, that there is linkage of at least one non-HLA locus to CD. This is located on 

chromosome 6p about 30 cM telomeric from HLA (Zhong et al., 1996). 
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Another non-HLA gene thought to be associated with CD is CTLA-4 (cytotoxic T 

lymphocyte-associated), a likely candidate gene for auto-immune diseases because of its 

role in controlling the T cell proliferative response (Torinsson et ai, 1999; Djilali-Saiah 

et al, 1998). It is located on chromosome 2q33 and encodes a T lymphocyte surface 

molecule whose binding to the B7 molecule on antigen presenting cells delivers a 

negative signal to the T cell and can mediate apoptosis (Harper gf a/., 1991). A study to 

investigate an A/G substitution polymorphism at the +49 position in exon 1 of the 

CTLA-4 gene has found an association of the A allele with predisposition to CD 

(Djilali-Saiah et al, 1998). The frequency of this allele was not found to be further 

increased in patients with the classic CD-predisposing HLA alleles, which suggests that 

the effects of the HLA and CTLA-4 loci are independent. It is unclear, however, 

whether CTLA-4 contributes to CD susceptibility by itself, or whether it is a marker for 

another locus with which it is in linkage disequilibrium (Djilali-Saiah et al, 1998). 
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7. j C0MPL/C47707V^ OF C0E1I4C 

There are well described complications of coeliac disease, which include defective 

splenic function (hyposplenism) due to splenic atrophy, chronic hepatitis, lung 

disorders, neurological disorders, chronic ulcerative enteritis and malignancy (Wright, 

1995; Howdle and Losowsky, 1987). 

1.3.1 Malignancy and coeliac disease 

An increased risk of developing malignancy is one of the m^or complications of CD 

and is the main factor responsible for the increased mortality rate observed among 

coeliac patients. In one study, mortality was overall 1.9-fold greater than that of the 

general population, and greatest within one year of CD diagnosis in adults. The 

mortality rate for those diagnosed in childhood as having CD, however, was similar to 

that of the general population (Logan, 1989). Various types of malignancies have been 

observed in association with CD, particularly malignancies of the gastro-intestinal tract, 

such as small intestinal lymphoma and adenocarcinoma, and carcinomas of the 

oesophagus and pharynx (Swinson, 1983b; Harris gf a/., 1967). 

1.3.2 Lymphoma and coeliac disease 

High grade non-Hodgkin's lymphoma of the upper small intestine seems to be the most 

frequent malignant complication of CD and the single most common cause of death 

(Logan, 1989). The association of malabsorption with lymphoma was first recognised 

by Fairley and Mackie (1937), who attributed it to lymphatic obstruction. Gough et al 

(1962) later proposed that lymphoma was a complication of idiopathic steatorrhoea, 

rather than the cause. Later findings supported this view (Harris et al, 1967) and, more 

recently, HLA typing studies have suggested that lymphoma arises in the same genetic 

background as CD (Howell gf oZ., 1995). 

Intestinal lymphoma associated with CD was first described as malignant histiocytosis 

of the intestine (Isaacson and Wright, 1978). However, subsequent studies based on 

clonal rearrangements of T cell receptor (TcR) genes and immunohistochemical markers 

have shown the tumour cells to be of T cell lineage (Salter e/ a/., 1986; Isaacson gf a/.. 



] 985). This tumour has therefore been called enteropathy-associated T cell lymphoma 

(EATL) (OTarrelly gf a/., 1986). 

1.3.2.1 Clinical diagnosis 

Enteropathy-associated T cell lymphoma usually follows relapse or failure to respond to 

a gluten-free diet in patients who have previously shown complete remission, in newly 

diagnosed coeliac patients showing non-responsiveness to gluten withdrawal from the 

outset ("refractory sprue"), and in patients presenting with persistent pyrexia, abdominal 

pain and muscle weakness. Weight loss, diarrhoea and skin rashes are also often present, 

and opportunistic infections may present acutely. Diagnostic laparotomy is often 

required and sometimes has to be performed as an emergency when intestinal 

perforation, bleeding or obstruction occur (Mathus-Vliegen, 1996). The most frequent 

site of tumour is the proximal jejunum, although malignancy may occur elsewhere in the 

small intestine. The affected bowel is often dilated and oedematous, usually showing 

multiple circumferential ulcers without formation of tumour masses (Wright, 1997). 

1.3.2.2 EATL as a complication of coeliac disease 

There is still a controversy as to whether EATL arises against a background of coeliac 

disease or is actually a malignancy from the outset, developing from low grade 

lymphoma into high grade lymphoma (Wright et al, 1991). Increasing evidence seems 

to support EATL arising as a complication of CD. First-degree relatives are at risk of 

developing CD and/or malignancy; splenic atrophy is present in both diseases; both 

diseases have the same intra-epithelial lymphocyte populations and, in the case of 

malignant lymphoma, the non-neoplastic, atrophic mucosa will return to normal, but 

only after resection or chemotherapeutic treatment of the lymphoma (reviewed in 

Mathus-Vliegen, 1996). In addition, HLA genotyping studies suggest not only that 

EATL arises in individuals with the CD-predisposing genotype, but also that there are 

additional HLA-associated alleles, acting independently or in association with known 

CD-associated genotypes, that may represent risk factors for EATL (Howell a/., 

1995). 
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1.3.2.3 Histological features 

Enteropathy-associated T cell lymphomas are usually pleomorphic, composed of blastic 

cells with rounded or oval nuclei and one or more nucleoli. The neoplasms usually 

contain an intense infiltrate of inflammatory cells, including many histiocytes and, in 

some instances, large numbers of eosinophils (Wright, 1997). The tumour cells of 

EATL express the T cell lineage markers CD2, CDS, CD7, ppl and CD45RO (Wright, 

1997; Murray et al, 1995). They also express HML-1, an intra-epithelial lymphocyte 

(lEL) marker (Spencer et al., 1988); further, the expression of CDS antigen has been 

shown in 30% of tumours analysed (Murray et al, 1995). A recent study has shown the 

expression of TIA-1 (cytotoxic granule antigen) and granzyme B (markers for activated 

cytotoxic T cells) in EATL (de Bruin et al., 1997), which, taken together with their 

HML-1 expression and the fact that lEL in CD are thought to be activated cytotoxic T 

cells (Oberhuber et al., 1996), could indicate that the cells in EATL are neoplastic 

equivalents of activated cytotoxic lEL (de Bruin et al., 1997). 

In cases in which the tumour has been resected from the jejunum, the uninvolved 

mucosa characteristically shows villous atrophy and intraepithelial lymphocytosis 

(Isaacson, 1999). This is shown in Fig. 1.3.1 below. 

Fig. 1.3.1. Section of enteropathic bowel from an EATL patient. Epitheliotropism is 

demonstrated in this example (arrows), which may reflect a relationship between 

neoplastic cells and lEL (H&E, x400). 
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The fact that infiltrating neoplastic cells can be observed in the uninvolved enteropathic 

mucosa of EATL, in some cases, further suggests a possible association between lEL 

and tumour cells (Fig. 1.3.2). 
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Fig. 1.3.2. Section of EATL showing the presence of large infiltrating neoplastic cells 

(arrows) in the epithelium (H&E, x630). 

1.3.2.4 HLA genes and EATL 

In an investigation of the genetic relation between CD and EATL, Howell et al. (1995) 

studied HLA class II DRBl, DQAl and DQBl polymorphism in patients with 

uncomplicated CD and those with EATL, using PCR oligotyping of DNA from paraffin 

wax biopsy specimens. Their findings suggest that uncomplicated CD and EATL arise 

in individuals with a similar genetic background (DRB1*03, DQA1*0501/DQB1*0201) 

as significant increases in the frequencies of these genotypes were found in both the 

patients with uncomplicated CD and in those with EATL when compared with controls. 

Also of interest are the differences found between the two patient groups. The increase 

in DRBl *0304 heterozygosity found in the patients with EATL may indicate a genetic 

predisposition to the malignancy, while the increase in DRBl*0307 heterozygosity and 

DQBl *0201 homozygosity in uncomplicated CD patients may indicate a protective 

effect against the development of EATL. 
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The results also indicated that the HLA class H genotypes of late onset CD patients are 

more closely related to those found in EATL patients than are those of patients with 

early onset CD. This may be significant, as most cases of EATL arise in CD patients 

with late onset disease. These findings agree with previous studies which have shown 

that, in CD patients carrying the DQA1*0501/DQB1*0201 genotype, the presence of a 

second copy of DQBl *0201 increases the susceptibility to CD (Ploski et al, 1993) and 

may predispose to earlier onset and to more severe disease manifestations (Congia et al., 

1994). Thus, in these patients, the earlier onset or more severe symptoms of CD would 

lead to an earlier diagnosis and treatment, while non-HLA-DQB 1*0201 homozygous 

individuals may have subclinical symptoms, that could go undetected and therefore 

untreated. The evolution of neoplastic T cell clones from polyclonal T cell populations 

in the enteropathic bowel could then occur over time, as a result of the continuing 

antigen drive derived from gliadin. In patients with the genotype predisposing to the 

more severe form of the disease, however, the early removal of gluten from the diet 

would protect them against the subsequent development of lymphoma (Howell and 

Jones, 1995) (Fig. 1.3.3.). 

17 



homozygous 
APC 

heterozygous 

gliadin 
specific 
T cells 

strong stimulation 

I 
EARLY DIAGNOSIS 

gluten withdrawal 

RECOVERY 

weak stimulation 

UNDETECTED SYMPTOMS 

i 
removal of stimulation repeated stimulaton 

M 

G2 

M 

G1 

G1 

s 

# 
s 

G2 

A :P. 
loss of 

regulation 

HO 
NEOPLASIA 

Fig. 1.3.3. Schematic diagram of the possible pathogenesis of EATL in coeliac disease. 
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1.3.2.5 T cell clonality and EA TL 

In a study to investigate whether polyclonal or monoclonal T cell receptor gene 

rearrangements were present in neoplastic and adjacent histologically uninvolved 

enteropathic bowel, Murray et al. (1995) used the polymerase chain reaction with 

primers for TcR-p and TcR-y genes in a combination that permitted the identification of 

approximately 90% of TcR rearrangements. Thirteen out of 14 tumours showed 

monoclonal TcR rearrangements. Eleven of these 13 cases also showed monoclonal 

rearrangements in the adjacent enteropathic bowel and, in 10 of these, the amplified 

DNA was of the same molecular weight in the enteropathic bowel as in the 

corresponding tumour. These results suggest that there may be occult neoplasia in 

histologically uninvolved mucosa. However, in order to confirm these findings, DNA 

sequencing analysis would be necessary to ensure that the sequence of the product 

amplified from the adjacent enteropathic bowel is the same as that amplified from the 

corresponding tumour. 

1.3.2.6 Gluten free diet and lymphoma 

Follow up studies of CD patients on a gluten-free diet (GFD) or a normal diet further 

support the importance of a GFD in reducing the risk of cancer. Holmes aZ. (1989) 

studied 210 patients with CD and their results indicated that, for coeliac patients who 

had followed a GFD for five years or more, the overall cancer risk was not significantly 

increased when compared with the general population. However, there was a 

significantly increased risk among patients on a normal or reduced gluten diet. For 

coeliac patients on a conventional diet, developing lymphoma had a relative risk of 77.8, 

while for those on a GFD the relative risk was 16.7. No lymphoma was detected in those 

adhering to the GFD for more than 10 years. 

1.3.2.7 Undiagnosed CD and the importance of screening 

It is now believed that CD is an underdiagnosed condition and subclinical or silent CD 

seems to be more common in the general population than once thought. Catassi et al. 

(1994) have found a prevalence of 3.28 per 1000 in a general school population (aged 

11-15 years), suggesting that the number of subclinical cases is five times bigger than 

that of detected cases (Logan et al, 1986). The number of undetected cases of CD is 

thought to be smaller in the adult population (Corazza et al., 1997). 
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Patients with subclinical CD, in spite of being free of major symptoms, have typical 

damage to the jqunal mucosa on intestinal biopsy and are at risk of developing CD-

associated complications in the long term (Logan et al, 1989). Subclinical CD is 

different from latent CD as the latter refers to patients who have a normal jejunal biopsy 

while taking a normal diet and, at some other time before or since, have had a flat 

jejunal biopsy that recovered on a gluten-free diet (Troncone, 1995). 

Confirmation of the presence of a large number of undiagnosed subclinical cases of CD 

in the general population emphasises the importance of screening for CD, as undetected 

patients are more likely to develop malignancies such as EATL due to long-term 

exposure to gliadin (Holmes et al., 1989). 

1.3.2.8 Screening for CD using anti-gliadin and anti-endomysium antibodies 

Although small intestinal biopsies are still the only reliable way to confirm the diagnosis 

of CD, screening of patients on a larger scale (patients with mild or atypical symptoms, 

individuals from high risk groups and patients who might have silent or latent CD) 

requires a less invasive test. 

Serum antibodies to gliadin and endomysium have been used as markers for CD and as 

a means of selecting subjects for small intestinal biopsy (Catassi et ai, 1994). Although 

IgA anti-endomysium antibodies (AEA) are thought to be more specific and sensitive 

than IgA and IgG anti-gliadin antibodies (AGA) (Cataldo et al., 1995; Ferreira et al, 

1992), the reliability of IgA-AEA is compromised in patients with selective IgA 

deficiency. This is a rare condition but, as CD is ten times more common in patients 

with selective IgA deficiency than in the general population (Collin et al., 1992), 

screening tests should also include IgG-AGA (Catassi et al., 1994). It is thought that the 

combined presence of IgA-AEA and IgA- and IgG-AGA permits an excellent prediction 

of the state of the jejunal mucosa (Cataldo gf a/., 1995; Catassi g/ a/., 1994). 
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1.4 T LYMPHOCYTES AND ANTIGEN RECOGNITION 

In CD, the processed gliadin antigen derived from dietary gluten, in association with 

HLA class II molecules on the surface of antigen presenting cells is recognised by the 

membrane-bound receptors present on the surface of T lymphocytes. The interaction 

between T cell receptors and antigen-HLA complexes initiates a cascade of biochemical 

events that activates the resting T cell, inducing it to enter the cell cycle, causing its 

proliferation and differentiation into memory and effector cells. 

It has been postulated that the repeated stimulation of intestinal T lymphocytes in 

undiagnosed CD patients, by antigenic gliadin peptides, may eventually lead to a loss of 

normal cell cycle control, leading, in some cases, to the development of neoplastic T cell 

clones (Howell and Jones, 1995). 

1.4.1 The T cell receptor (TcR) 

A T cell has about 30,000 antigen receptor molecules on it surface, each receptor being 

a glycosylated polymorphic heterodimer composed of either a and p or y and 5 

polypeptide chains. Each chain consists of a variable (V) and a constant (C) region 

(homologous to the variable and the constant regions found in immunoglobulins), a 

short hinge region which has a cysteine residue that forms the interchain disulfide link, a 

hydrophobic transmembrane region containing positively charged amino acids involved 

in interactions with other molecules and a short cytoplasmic domain (Fig. 1.4.1). This 

heterodimer is associated with a nonpolymorphic membrane-bound complex of proteins 

known collectively as CDS (reviewed in Bentley and Mariuzza, 1996; Ashwell and 

Klausner, 1990). 
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Fig. 1.4.1. The T cell receptor and the associated polypeptide chains that form the CDS 

complex (adapted from Janeway and Travers, 1997). 

The T cell receptor is classified as a member of the immunoglobulin (Ig) gene 

superfamily as its domain structure is strikingly similar to that of Ig. As with Ig, TcR are 

encoded by a family of gene segments that rearrange to generate the diverse TcR 

repertoire, estimated to contain 10̂ "̂  different sequences (Garboczi et al, 1996). The V-

like domains are encoded by V-, D- and J-region gene segments in the P chain, and V-

and J-region segments in the a chain. Again, as in Ig molecules, the antigen-binding site 

of the TcR has been predicted to consist of regions analogous to the three 

complementarity-determining regions (CDR). The first two variable loops (CDRl and 

CDR2) of the human a- and (B-chain are encoded by the 42 Va and 46 V|3 genes, while 

the third variable loop (CDR3) is encoded following the joining of V genes to one of a 

number of J-region and, in the case of Vf3, D- and J-region gene segments. The joining 

reactions also contribute to the generation of further diversity by removing nucleotides 

and by introducing non-germline ('N') bases at each junction (Garboczi et al, 1996). 

The constant region genes of the TcR are relatively simple, encoding only 

transmembrane polypeptides (not secreted, as in Ig), with only one Ca gene and two Cp 
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genes. Even for these two, there is no known functional distinction between their 

products (Janeway and Travers, 1997). 

Some T cells bear an alternative form of TcR consisting of a y:S heterodimer, rather than 

the usual a and p chains. The y;6 heterodimer is also associated with the CDS complex 

on the cell surface. The terminology of these receptor chains should not be confused 

with that of the CDS y and 5 chains (Bentley and Mariuzza, 1996). 

The organization of TcR y and 6 genes in humans is similar to that of the a and (3 genes, 

with a few important differences. The gene complex encoding the 6 chain is found 

entirely within the TcRa chain gene complex, between the Va and the Ja gene 

segments, so that any rearrangement of the a chain genes inactivates the genes encoding 

6 chains. There are three D5 gene segments, three JS gene segments and a single C-

region gene. It is thought that there are at least four V6 gene segments, which are 

interspersed among the Va gene segments. The y chain resembles the P chain, with two 

C-region gene segments each having its own J gene segments. There are many fewer V 

gene segments at the y and 5 loci than at either the TcR a or p gene loci. Increased 

junctional variability in the S chains may compensate for the small number of possible 

variable regions (Chien et al, 1996). 

1.4.2 TcR antigen recognition 

Antigen recognition by the TcR is restricted to peptides bound to molecules of the HLA 

complex (Bentley and Mariuzza, 1996). This restriction also divides T cells into two 

major classes, with different effector functions, according to the class of HLA molecule 

they recognise. Differential recognition of class I or n molecules depends on the surface 

expression of the T cell proteins CDS or CD4, respectively. The cell-surface molecule 

CDS is expressed on cytotoxic T cells, and binds to invariant parts of the HLA class I 

molecule, while the CD4 molecule is expressed on both Thl and Th2 helper cells, 

binding to invariant parts of the HLA class II molecule (Janeway, 1992). 
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1.4.3 The interaction between the TcR and the peptide-HLA complex 

Most models for the interaction between TcR and peptide-HLA complex have proposed 

that the relatively less diverse CDRl and CDR2 loops of both the a and P chains 

interact with helices of the less diverse HLA molecule, while the highly diverse CDR3 

loops contact the (diverse) bound peptides (Bentley and Mariuzza, 1996). A study of the 

structure of the complex between human TcR, viral peptide and HLA-A2 (Garboczi et 

al, 1996), however, has shown that the TcR is oriented diagonally over the peptide-

HLA complex, with CDRl and CDR3 from both Va and Vp contacting the peptide and 

CDR2 loops contacting the HLA molecule (Fig. 1.4.2). The diagonal binding observed 

is thought to result from properties shared by all classical class I and class II HLA 

molecules and probably all aP TcR, suggesting that this might represent a general mode 

of binding (Garboczi etal, 1996). 

a chain 

TcR 
orientation 

HLA 
orientation 

P chain 

Fig. 1.4.2. Schematic representation of the diagonal binding between the MHC molecules and 

the TcR, viewed from the top. Green circles represent CDRl-3 from the TcR a chain, and red 

circles CDRl-3 from the p chain. The MHC molecule is shown presenting a peptide (pink). 

24 


