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Abstract

Aims: To investigate the roles o f autoimmunity and microvascular injury in the 

pathogenesis o f ulcerative colitis.

Background: The aetiology o f ulcerative colitis is unknown. A putative mucosal 

autoantigen, (UCAg), had been identified as tropomyosin, the presence o f ANCA in 

ulcerative colitis suggested involvement o f vascular factors, and disease demarcation 

suggested vascular anatomical distribution o f disease.

Methods

• Using the monoclonal antibody 7E12H12, cellular localisation o f the target antigen, 

UCAg, was studied.

• Comparative immunohistochemical studies were made o f the staining patterns o f 

7E12H12 and anti-tropomyosin antibodies.

• The nature o f the UCAg was examined further using SDS-PAGE and Western 

blotting.

• A novel dot-blot technique examined potential binding between tropomyosin and 

7E12H12.

• In-vitro  angiography examined the relation between vascular factors and the 

distribution o f disease.

• The frequency o f ANCA and the target antigen(s) was examined in patients with 

inflammatory bowel disease.

Results

• Immunohistochemistry demonstrated plasma membrane localisation o f UCAg and 

revealed additional supranuclear staining. Comparative immunostaining experiments 

failed to show a similar localisation pattern for tropomyosin.

• There was no relation between UCAg expression and disease activity.

• SDS-PAGE, Western blotting and dot-blot experiments confirmed the presence o f 

UCAg and tropomyosin in colon protein extracts, but no reactivity between 7E12H12 

and tropomyosin.

• In-vitro  angiography o f resected ulcerative colitis colon specimens revealed a 

consistent relationship between the marginal artery o f the colon and disease extent.

• ANCA were found in 57% o f patients with ulcerative colitis.



•  Novel antigenic targets for ANCA were identified: ANCA directed against 

bactericidal/permeability increasing protein were found in 27% o f patients. 

Conclusions UCAg is not tropomyosin, but the nature o f this antigen remains to be 

determined. Novel target antigens for ANCA, present in vasculitis, have been identified 

in ulcerative colitis. The extent o f disease appears to be determined by the anatomy o f 

the marginal artery. These data suggest a microvascular pathogenesis for ulcerative 

colitis.
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Chapter 1

A ETIO LO G IC A L HYPOTHESES FOR ULCERATIVE C O LITIS  

IN TR O D U C TIO N

Despite the many years that ulcerative colitis has been recognised as a distinct clinical 

entity, and the evidence accumulated from both clinical and basic scientific research, the 

aetiology o f ulcerative colitis remains undetermined. Indeed there is still considerable 

debate as to the primai*y site o f injury. Much o f the research has focused on the central 

role o f the luminal epithelial axis and the mucosal immune system. However, an 

increasing body o f evidence implicates microvascular injury within the colon as a 

potential mediator o f the disease

Although research has contributed greatly to an understanding o f the inflammatory 

mediators involved in disease pathogenesis and the final common pathways involved in 

tissue destruction, the events that initiate the disease remain largely undetermined. A 

single unifying hypothesis for the disease has yet to be proposed. Any such hypothesis 

would need to explain all the clinical features, characteristic histopathological changes, 

associated extraintestinal manifestations, and the observations concerning associated 

diseases such as primary sclerosing cholangitis. Furthermore, none o f the hypotheses 

presented in this introduction have explained some o f the most evident clinical features o f 

this disease - in particular, the clear anatomical demarcation o f disease within the colon 

that occurs in some patients with ulcerative colitis.

O U TLIN E  OF THESIS

Given the many different strands o f evidence that exist, it seems likely that ulcerative 

colitis is a disease that has a multi-factorial aetiology. This thesis investigates the 

potential roles o f microvascular injury and autoimmunity.

‘Ulcerative colitis antigen' The first study was a collaborative investigation o f a 

monoclonal antibody 7E12H12, isolated by KM Das, used in an attempt to identify the 

antigen for which it was specific, henceforth termed UCAg.

The second part was a further investigation o f other autoantibodies and potential 

autoantigens seen in this disease, namely ANCA, whose potential role in ulcerative
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colitis remains the subject o f much debate. This was combined with a further study that 

aimed to relate both the distribution o f disease and the evidence for vascular injury to 

some o f these aetiological hypotheses. A variety o f potential epithelial and vascular 

antigens that may be involved in the aetiopathogenesis o f the disease were examined.

I f  ulcerative colitis is an antigen driven process, then it is necessary to determine the 

nature o f the relevant putative antigen. Current hypotheses have suggested that the 

antigenic stimulus comes from within the lumen o f the colon, however an alternative site 

o f antigen presentation could lie within the colonic vasculature. This thesis sets out to 

examine the evidence for the site o f antigen presentation within both the epithelium and 

the colonic vasculature

The characterisation o f any potential pathogenetic antigen should involve an initial 

morphological description o f its distribution within the relevant tissue, including 

intracellular localisation. Changes in the tissue and cellular distribution o f an antigen that 

occur in a given disease, may infer a possible role for that antigen in the disease process. 

Further characterisation o f any antigen should involve a study o f its physicochemical 

properties including protein structure and, when possible, subsequent cloning o f the gene 

coding for the protein Many o f these steps are set out in this project during the 

investigation.

This study also aims to address the question o f the primary site o f injury in ulcerative 

colitis. Ulcerative colitis is a disease in which the classically recognised macro- and 

microscopic features o f the disease are confined to the mucosa in contrast to transmural 

inflammation that is seen in Crohn's disease. However, this does not preclude a primary 

vascular site o f injury. This project presents historical evidence together with 

observations from this research, that suggest vascular, and in particular microvascular 

factors may be important.

One o f the recognised features o f this disease is the frequently observed phenomenon o f 

abrupt demarcation in disease Macroscopic demarcation in the colon is seen with abrupt 

microscopic transition between normality and inflamed mucosa. Some groups have 

attempted to address this difference by looking at regional differences in the immune 

response between the right and left colon, and these data will be discussed.
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This introduction aims to set the study in the context o f the present hypotheses for the 

pathogenesis o f ulcerative colitis. It will then examine in more detail, the role o f 

autoimmunity and microvascular injury.

11 G EN ETIC  FACTORS VERSUS EN V IR O N M E N T IN IN F L A M M A T O R Y  

B O W EL DISEASE

A genetic contribution to inflammatory bowel disease, at least in terms o f an innate 

response to an initiating insult seems to be an increasing possibility. This has been 

inferred from the increased risk o f both Crohn's disease and ulcerative colitis (5-20 % 

cumulative incidence) among first degree relatives (Orholm et al 1993). Several studies 

report clustering within families and ethnic groups. Inflammatory bowel disease is more 

common in Jews compared to non-Jews, and has been found to be more common in 

some subsets o f the Jewish population (Odes et al 1994, Yang et al 1993). In ulcerative 

colitis there is also an increased chance o f disease sufferers and their relatives having 

diseases with a known or suspected autoimmune aetiology (Snook 1990). There is also 

known to be aberrant expression o f HLA-DR in the mucosa compatible with an 

autoimmune process in both diseases (Hoang et al 1992, McDonald and Jewell 1987).

Clues to the relative contributions o f genetic and environment factors to the aetiology o f 

a disease, are best examined using twin studies. A review in 1983 found reports o f 11 

pairs o f monozygotic twins, o f whom 5 were concordant for ulcerative colitis 

(McConnell 1983) Another review reported that 17 o f 20 twin pairs were concordant 

for Crohn's disease (Weterman and Peta 1984). Two larger twin studies have described 

differing relative contributions. The first study identified 80 twin pairs in an unselected 

population, using the Swedish Twin Registry and Central National Diagnosis Register o f 

hospital inpatients. Concordance for Crohn's disease was 8/18 for monozygotic twins 

and 1/26 for dizygotic twins, for ulcerative colitis concordance rates were 1/16 in 

monozygotic twins and 0/20 in dizygotic twins (Tysk et al 1988). In contrast a recent 

UK study o f 144 twin pairs found much lower concordance rates - 20% for Crohn's 

disease and 16% for ulcerative colitis. These data suggest a much larger contribution to 

aetiology from environmental rather than genetic factors (Thompson et al 1995).

Concordance within families has been examined, in a study o f 352 registered probands, 

Reed et al were able to confirm the diagnosis o f inflammatory bowel disease in 9.9%.
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(Reed et al 1992). An increased incidence o f inflammatory bowel disease in family 

members has been reported in other studies, 4% (Meucci et al 1992), 5% (Orholm et al 

1992), 7% (Monsen 1990), 8% (Weterman and Pena 1984, Kyle 1992), 11% (Probert et 

al 1993), 13% (Fielding 1986) 20% (Lashner et al 1986), 21% (Farmer 1989), and 23% 

(Yang et al 1993). Other studies have confirmed a raised prevalence o f inflammatory 

bowel disease in first- more than second-degree relatives o f patients with both diseases 

(Meucci et al 1992). A large study in Copenhagen county demonstrated a 10-fold 

increased risk o f developing Crohn's disease and ulcerative colitis in the first-degree 

relatives. (Orholm et al 1991).

The search for specific single gene associations in patients with inflammatory bowel 

disease has, as yet, been unsuccessful and is likely to be prolonged. An association 

between inflammatory bowel disease and specific HLA haplotypes has been sought 

(Sofaer 1993, Purmann et al 1990), but no evidence o f linkage has been demonstrated 

with either CrohiTs disease (Colombel et al 1989) or ulcerative colitis (Naom et al 1994). 

Complex segregation analysis has been carried out on a Danish population o f 662 

patients with inflammatory bowel disease, looking for a best fit model o f the genetic 

component to disease aetiology. In patients with ulcerative colitis the results were 

compatible with a major dominant gene with 0.2-0.26 penetrance in 9-13% o f adult 

probands (Orholm et al 1993).

These data suggest that although there is probably a genetic contribution to the aetiology 

o f ulcerative colitis, it seems more likely that environmental factors play a greater role.

1.2 TH E ROLE OF L U M IN A L  CONTENTS AND C O LO N IC  MUCUS IN  

ULC ER A TIVE C O LIT IS

Histological evidence o f inflammation is detectable in the epithelium o f colonic mucosa. 

Ulcerative colitis is noted for the absence o f submucosal change and classical teaching 

states that abnormalities are confined to the luminal epithelium and the crypts. The colon 

contains bacterial flora composed predominantly o f enterococci, gram negative bacteria 

and anaerobes. This has led many investigators to suspect that the epithelial inflammation 

and clinical and histologic changes recognised in ulcerative colitis, arise from a 

breakdown in the defensive mechanisms o f the mucosa. It is hypothesised that
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inflammation may then arise from penetration o f bacteria into the epithelium (Rhodes et 

al 1985a, Rhodes et al 1985b).

Normal colonic mucus is heavily sulphated and this confers significant protection against 

degradation by bacterial enzymes (Raouf et al 1992). Abnormalities o f colonic mucus 

have been reported, including sulphation defects (Raouf et al 1992, Rhodes et al 1988), 

that may render the mucosa more susceptible to bacterial injury. Some workers have 

suggested that there is a selective mucin subclass defect in ulcerative colitis, although 

recent studies using high performance liquid chromatography have not confirmed this 

(Raouf et al 1991). It may be that previous reports have noted a deficiency that merely 

reflects overall mucin depletion.

Although this is an attractive hypothesis, it is difficult to explain how differences in either 

colonic mucus or alterations o f bacterial flora could account for the abrupt demarcation 

between normal and diseased colon that is a recognised feature o f the disease. Even an 

autonomic neural reflex within the mucosa, stimulated by a luminal insult, would have to 

lead to a different response according to the vascular territory, implying a difference 

between these anatomical regions.

1.3 EVIDENCE FOR A U T O IM M U N E  M ECH AN ISM S IN U LC ER A TIVE  

C O LIT IS : C R ITE R IA  FOR A U T O IM M U N IT Y

There is a considerable amount o f ‘circumstantial’ evidence, that immune mechanisms 

play a role in the mediation o f the mucosal inflammation that occurs in ulcerative colitis. 

There is increasing evidence that humoral and perhaps cell mediated immune mechanisms 

both play a key role in disease pathogenesis. Whatever the initial trigger to the disease, 

there can be little doubt that the immune induction and activation o f chemical mediators 

o f inflammation are important in the final pathway o f tissue injury. Whilst descriptions o f 

the changes in cytokines, free radicals and other inflammatory mediators, contribute to 

an understanding o f the inflammatory processes, this does not always lead to an 

understanding o f the triggers that initiate these inflammatory mechanisms. Whether the 

response o f the immune system is truly autoimmune or a response to a foreign antigen 

remains to be determined.
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It has been proposed that ulcerative colitis is a disease with an autoimmune basis 

(Chadwick 1992, Hill 1991, Snook 1990). A variety o f factors are considered when 

classifying a disease as autoimmune. These criteria include corticosteroid responsiveness, 

associations with specific HLA haplotypes, overexpression o f HLA class II MHC 

antigen, and autoreactive T cells and lymphocytic infiltration at the site o f disease. In 

addition many autoimmune diseases are associated with an increased frequency o f other 

diseases, also proposed to have an autoimmune aetiopathogenesis (Snook 1990). Many 

autoimmune diseases are also found to have circulating antibodies that fall into variety o f 

categories. Some have been proposed to mediate disease pathogenesis - for example, the 

rheumatoid factor. Others fluctuate with disease activity but have not been shown to 

have a clear pathogenetic role, and some are recognised as being diagnostic markers o f 

disease, with an as yet undefined role in the pathogenesis o f disease.

Ulcerative colitis fulfils several o f these criteria: there is clearly a mucosal infiltrate with 

inflammatory cells (Selby et al 1983a) at the site o f active disease; ulcerative colitis is a 

disease that exhibits clear corticosteroid responsiveness; increased local expression o f 

class 11 HLA has been demonstrated (Hoang et al 1992, McDonald and Jewell 1987, 

Selby et al 1983b) Although there is no recognised HLA haplotype that is specifically 

associated with this disease, there is an increase in associated diseases with a presumed 

autoimmune aetiology (Snook et al 1989, Greenstein et al 1976). Ulcerative colitis is 

associated with other autoimmune diseases with class 1 links - for example, ankylosing 

spondylitis, for which an autoimmune aetiology has also been proposed (Schwimmbeck 

et al 1987), SLE (Stevens et al 1994), and autoimmune haemolytic anaemia (Yates 1992, 

Yoshida et al 1991, Iwama et al 1991, Veleso et al 1990).

Tissue associated antigens

Several mucosal antigens have been proposed as the trigger for the formation o f in-situ 

immune complexes within the colonic mucosa. The most recently described potential 

antigen is the ulcerative colitis antigen (UCAg). This is a 40kD protein putatively 

characterised as tropomyosin (Mandai et al 1993, Takahashi and Das 1985) by Das and 

co-workers, who have presented compelling data that ulcerative colitis has an 

autoimmune aetiology. Tissue bound antigens are o f considerable interest in ulcerative 

colitis, because they are identified, as with UCAg, only at the site o f disease activity.
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Many o f the circulating antibodies that have been described are also found in other 

diseases, and are thus o f less interest as they appear less specific for the disease.

1.4 C IR C U LA TIN G  AUTO -A NTIBO DIES IN C O LIT IS

Circulating antibodies have been described in ulcerative colitis with varying frequencies. 

Classical anticolon antibodies-both those directed against colonic mucopolysaccharide 

(Snook et al 1991, Chapman et al 1986, Wright and Truelove 1966) and those mediating 

colonocyte specific cytotoxicity-have been identified in 30-80% o f patients (Shorter et al 

1970, Das et al 1984) Colon bound and circulating antibodies some o f which 

demonstrate specificity for the disease and some which appear to parallel the disease 

activity, have also been described (O ’Hara et al 1995, Khoo et al 1995, Takahashi et al 

1990, Das et al 1984). Snook et al have shown the presence o f circulating antibodies 

directed against the colonic epithelium in 41% o f patients with ulcerative colitis (Snook 

et al 1991). A variety o f other circulating antibodies have been reported, including anti

tropomyosin (Zauli et al 1985), anti-smooth muscle and anti-erythrocyte antibodies 

(Yates et al 1992)

Hibi et al investigated mucosal and peripheral blood lymphocytes; the frequency o f serum 

anticolon antibodies was 71% in ulcerative colitis estimated by ELISA with isolated rat 

colon epithelium (Hibi et al 1990). Circulating antibodies to the UCAg have also been 

identified, which appear to parallel disease activity (Takahashi et al 1990).

1.5 O THER AUTO ANTIBODIES: ANCA AND IN F L A M M A T O R Y  BO W EL  

DISEASE

Another group o f circulating antibodies, p-ANCA, an atypical subset o f anti-neutrophil 

cytoplasmic antibodies, have been identified in 32-85% o f patients with colitis. (Oudkerk 

Pool et al 1993, Colombel et al 1992, Du err and Targan 1991, Chapman et al 1986). 

Anti-neutrophil cytoplasmic antibodies have been found in a variety o f vasculitic 

disorders. These circulating auto-antibodies are targeted to a variety o f white cell 

proteases, some o f which appear to be specific targets in certain disease states. ANCA 

are ditferentiated both by their pattern o f staining alcohol fixed human neutrophils using 

an indirect immunofluorescence technique and by their target antigen. Three distinct 

groups are recognised in vasculitic disease
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Those ANCA exhibiting a cytoplasmic pattern o f IlF, target proteinase 3 (Jennette et ai 

1990). This subset o f ANCA is recognised to occur in Wegener's granulomatosis, for 

which it is 81% sensitive and 97% specific (Hauschild et al 1993, Nolle et al 1989). In 

many patients the titres o f the antibody reflect disease activity and a rise in antibody titre 

may predict disease relapse (Nolle et al 1989, Cohen Tavaert et al 1989).

A further subset o f ANCA, exhibiting a perinuclear distribution o f indirect 

immunofluorescence (IIF) on alcohol fixed human neutrophils, are classified as p-ANCA. 

These are recognised to occur in other vasculitic illnesses such as polyarteritis nodosa, 

Churg Strauss and vasculitic overlap syndromes. The intracellular antigen in this group 

has been identified as myeloperoxidase in up to 70% o f cases studied (Jennett and Falk 

1991, Savage and Lockwood 1990) A variety o f other neutrophil proteases has been 

described as target antigens. In the case o f p-ANCA, the majority o f studies have shown 

no relation between disease activity and the titre o f antibody. Unlike c-ANCA they are 

therefore o f no use clinically in predicting relapse or disease activity, but function as a 

marker o f disease presence.

A further subset o f ANCA are recognised in vasculitic disease that bind neither to PR3 

nor MPO and these are termed ‘double-negative’ ANCA (Zhao et al 1995). This third 

subset is o f particular interest as this is similar to ANCA found in inflammatory bowel 

disease.

A variety o f possible pathogenetic mechanisms for ANCA in vasculitic diseases have 

been suggested. It has been proposed that ANCA may be the mediator o f endothelial 

injury. The common link that all the vasculitic diseases have is primary vascular injury. 

An ANCA-cytokine sequence has been proposed. In this hypothesis, there is 

translocation o f neutrophil proteases to the surface o f activated neutrophils, under the 

influence o f cytokines, presumably in response to a local endothelial stimulus. These 

proteases then bind ANCA, directed against the appropriate neutrophil antigen, and also 

bind to adhesion molecules present on the vascular endothelium. Subsequent 

degranulation and the neutrophil respiratory burst, results in vascular endothelial injury 

(Mayet et al 1994, Robertson and McCallum 1994, Gross et al 1991, Savage et al 1991). 

In-vitro  studies indicate that .ANCA promote neutrophil degranulation with release o f 

both oxygen free radicals and proteolytic enzymes, suggesting an indirect pathogenetic
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role for ANCA in tissue injury. This has led to a further hypothesis for the pathogenesis 

o f ANCA related disease. Neutrophil and monocyte cytoplasmic granules (targets that 

are not accessible to ANCA in unprimed neutrophils) are revealed upon leucocyte 

activation-for example, during infectious episodes, allowing ANCA binding to target 

antigen(s), thus initiating a respiratory burst and degranulation. Simultaneous induction 

o f E-selectin on the endothelium leads to neutrophil adherence and subsequent vasculitis 

mediated by the products o f the activated neutrophils. These cationic products exert their 

injurious effects, particularly against polyanionic membranes including, in the kidney, the 

glomerular and glomerular capillary basement membranes (Mayet et al 1994, Robertson 

and McCallum 1994, Gross et al 1991). Interestingly these epithelial and mucosal 

capillar)/ basement membranes are the proposed early targets o f injury in ulcerative colitis 

as identified by Donnelan (Donnellan 1966).

Recent studies have indicated that in many patients with vasculitic disease in which 

ANCA are found, the antibodies are directed against neither PR3 nor MPO. These 

ANCA are termed 'double-negative' It has been shown using Western blotting with sera 

from ‘double-negative' patients with vasculitic disease, that 45% o f these bind a 55kD 

doublet protein (Zhao et al 1995). N-terminal sequencing o f this protein has shown 

complete homology with bactericidal permeability increasing protein (BPI). BPI is a 

55kD highly cationic membrane bound protein, found exclusively in cells o f myeloid 

lineage. It has target specificity almost exclusively for lipopolysaccharide (LPS) derived 

from gram negative bacteria and is able to protect against LPS-mediated endothelial cell 

damage (Weiss and Olsson 1987, Elsbach et al 1979, Weiss et al 1978). Thus a further 

possible mechanism o f action for ANCA is that they may interfere with the function o f 

essential neutrophil enzymes, for example, BPI. It may be that by interfering with the 

protective function o f BPI, these antibodies render the mucosal microvasculature 

susceptible to LPS mediated injury. Although this is merely speculative at present, this 

hypothesis will be discussed later in more detail.

A N C A  ill in Da 111 111 a toi y bowel diseases

A further subset o f ANCA has been identified in patients with inflammatory bowel 

diseases in 30-84% o f patients (Lamproye et al 1994, Mulder et al 1994, Oudkerk Pool 

et al 1993, Mulder et al 1993, Sung et al 1993, Colombel, 1992, Schlenker et al 1992, 

Duerr and Targan 1991, Saxon et al 1990, Rump et al 1990, Snook et al 1989, Chapman
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et al 1986). There has been much debate as to whether this subset o f  ANCA is related to 

pathogenesis. The subset o f ANCA in inflammatory bowel disease is again differentiated 

by both the pattern o f 11F and the target antigen. In the majority o f studies IIP has been 

perinuclear, and this subset o f ANCA do not have specificity for either PR3 or MPO. 

There is debate as to whether the perinuclear IIP is an artifactual observation which may 

be related to the techniques employed in neutrophil fixation. This atypical subset is 

usually also referred to as p-ANCA (Rump et al 1990).

p-ANCA positivity in inflammatory bowel disease has been reported in 34-85% o f 

patients with ulcerative colitis, with much lower rates in Crohn's disease (Savage et al 

1994, Oudkerk Pool et al 1993, Chapman et al 1986, Colombel, 1992, Duerr and 

Targan 1991, Saxon et al 1990, Rump et al 1990). In Crohn’ s disease most reports have 

noted a frequency between 7-25% (Cambridge et al 1992, Seibold et al 1992). In 

addition, the target antigen for this subset o f ANCA has not been well characterised, and 

a variety o f candidate antigens including (3-glucuronidase (Kaneko et al 1993), lactoferrin 

(Peen et al 1993), and cathepsin-G (Halbwachs-Mecarelli et al 1992) have been reported. 

However, these have been identified in only a small number o f ANCA positive cases and, 

so far, no pathogenetic role for ANCA in ulcerative colitis has been identified, although 

there are relatively little experimental data at present.

The debate over the potential role for ANCA has focused on the contention that ANCA 

are merely markers o f disease presence and an epiphenomenon o f the inflammatory 

process. The fact that the majority o f research in ulcerative colitis has focused on the 

mucosa as the primary site o f injury has not encouraged work looking at a potential 

mediator o f vascular damage The majority o f present studies o f ANCA in inflammatory 

bowel disease, has resulted in no clear relation between the presence o f AN CA and 

disease extent, duration, treatment or activity (Lamproye et al 1994, Oudkerk Pool et al

1993, Deusch et al 1993, Reumaux et al 1993, Mulder et al 1993, Saxon et al 1990), 

and persistence after colectomy (Patel et al 1994). Other groups have reported a 

relationship between the titres o f ANCA and the activity o f disease (Broekroelofs et al

1994, Vecchi et al 1994) Two studies reporting the loss o f ANCA after treatment with 

steroids and after colectomy (Rump et al 1993, Rump et al 1992). In some patients 

where all disease has been removed at colectomy, ANCA have been shown to persist 

(Reumaux et al 1993) The persistence o f the antibody following removal o f the diseased
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colon would suggest that the presence o f ANCA are not just an epiphenomenon o f 

inflammation. Conversely, it could also be argued that the persistence o f the antibody in 

the same titre following removal o f the target organ, reflects the lack o f involvement in 

disease pathogenesis.

AN CA have been reported by some authors as a useful test to discriminate between 

ulcerative colitis and Crohn’ s disease (Rump et al 1990), although ANCA are identified 

in up to 40% o f patients with Crohn’ s disease (Mulder et al 1994, Deusch 1993). 

However as will be discussed later, this may not be a reliable or useful test in 

discriminating between the two diseases.

There is evidence that ANCA are a marker for genetic predisposition. Recent studies 

have found an increased prevalence (15.7%) in clinically unaffected family members as 

compared with controls (2.9%; Shanahan et al 1992). A further study reported 

prevalence o f ANCA in 70% o f patients with ulcerative colitis and in 30% o f relatives 

without disease (Seibold et al 1994).

Although the mucosa is thought to be the site o f primary injury in this disease, there is 

some published evidence that suggests the primary site o f injury lies within the 

microvasculature o f the colon. There are additional observations to implicate a vascular 

pathogenesis for ulcerative colitis. Mucosal microthrombi have been observed both in 

association with, and independently of, inflamed rectal mucosal biopsies in ulcerative 

colitis (Dhillon et al 1992, Shubnich and Lopunova 1976). Furthermore, ulcerative colitis 

is associated with thrombotic (Miyazaki et al 1995, Papi et al 1995, Talbot et al 1986, 

Nelson et al 1986) and vasculitic extraintestinal associations (Neef et al 1995). A 

beneficial response o f ulcerative colitis to intravenous heparin, despite hyperaemia in 

areas o f disease (Gaffney et al 1993) and a protective effect from haemophilia has 

recently been reported (Thompson et al 1995). Furthermore, dynamic radioisotope wash

out studies o f the colonic circulation have demonstrated a rapid venous phase in 

ulcerative colitis, suggesting that there is shunting o f blood across a potentially ischaemic 

mucosa (Bacaner 1966).

It is therefore o f interest that ‘ double-negative’ ANCA, implicated in vasculitic processes 

in other disease states, have been found in a high proportion o f patients with
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inflammatoi'y bowel disease (Zhao and Lockwood 1995). This is o f  particular interest in 

ulcerative colitis where increasing evidence suggests that vascular injury may play a 

significant role in the pathogenesis o f this disease.

Several issues remain unresolved. I f  AN C A have an important role in the pathogenesis o f 

disease, why is it that not all patients with inflammatory bowel disease have detectable 

anbbody^ It might be expected that the titre o f AN C A should vary with treatment and 

relapse, although this is not the case in all the primary vasculitic diseases as has already 

been discussed. I f  ANCA are important in disease pathogenesis, why is that many o f the 

manifestations o f primary vasculitic disease, such as renal failure, and the histological 

markers o f vasculitis, are absent in inflammatory bowel disease? Although many potential 

target antigens have been identified for ANCA in inflammatory bowel disease, none o f 

these has so far been related to potential pathogenetic mechanisms. This thesis w ill 

examine these issues in later chapters.

1. 6 ANCA IN P R IM A R Y  SCLEROSING  C H O L A N G IT IS  A SSO CIATED  

W IT H  ULCERA I IV E  C O L IT IS

Ulcerative colitis occurs in association with primary sclerosing cholangitis (PSC) in 70- 

80% o f cases (LaRusso et al 1984) and at least 3-4% o f patients with ulcerative colitis 

have PSC (Shepherd et al 1983). Common links between the two diseases include the 

demonstration o f shared peptides between colonic and biliary epithelium (Mandai et al 

1994). A number o f aetiological hypotheses have been proposed for PSC (Esber and 

Ferguson 1994, Bloberg et al 1994) including a primary microvascular injury (Boberg et 

al 1994). The association o f p-ANCA with primary sclerosing cholangitis appears to be 

particularly strong with a 65% sensitivity and a 100% sensitivity (Halbwachs-Mecarelli et 

al 1992, Kallenberg 1992, Duerr et al 1991, Chapman et al 1986). Again, the subset o f 

AN C A found in PSC, differentiated by target antigen and IIP pattern, has similar 

characteristics to p-ANCA found in ulcerative colitis (Duerr et al 1991). As in ulcerative 

colitis, these autoantibodies have been shown to persist after removal o f  the target organ 

at liver transplantation (Haagsma et al 1993). The occurrence o f AN CA in both diseases 

may suggests either common aetiological links or, alternatively, a similar pathogenetic 

process occurring in response to different aetiological stimulus.
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1.7 HEAT SHOCK PROTEINS AND C O LIT IS

Antibodies to heat shock proteins (HSP) have been identified in both Crohn's disease and 

ulcerative colitis, HSP are ubiquitous highly immunogenic proteins, produced by a 

variety o f cells exposed to physical or chemical insults (Chadwick 1992). There is 

marked interspecies conservation o f HSP sequence, suggesting that molecular mimicry 

may occur e.g. between infecting organisms such as mycobacteria and homologous self 

epitopes (Elsaghier et al 1992). This mechanism has been suggested with mycobacteria 

in Crohn's disease. Other studies have identified HSP 73 in 20 % o f patients with 

ulcerative colitis, with significantly lower levels o f the protein in control samples 

(Chadwick 1992, Jarjour et al 1991). Again, whether the presence o f anti-HSP 

antibodies is a primary event or another epiphenomenon reflecting the underlying 

inflammatory process, remains to be determined. The presence o f antibodies to similar 

heat shock proteins in many other diseases suggests that these are more likely to be 

secondary phenomena

1.8 TH E INFLUENCE OF SM O K IN G

Ulcerative colitis is predominantly a disease o f non- or ex-smokers (Srivasta et al 1993, 

Tysk and Jarnerot 1992, Boyko et al 1988). Smoking has also been shown to be more 

common in patients with active Crohn’s disease (Wakefield et al 1991, Holdstock et al 

1984). In Crohn’s disease it seems also to be an independent risk factor for relapse and 

to increase the chances o f recurrence o f disease following surgical resection. Although 

the mechanisms for this remain unclear, it has been suggested that smoking may alter 

mucosal eicosanoids (Motley et al 1990) or increase or decrease rectal blood flow 

(Sristava et al 1990). This relationship between smoking and ulcerative colitis has been 

used in a number o f therapeutic trials o f nicotine as a treatment o f active ulcerative colitis 

(Pullan et al 1994, Lashner et al 1990). There is good evidence from two studies that 

exposure to passive smoking in children increases the risk o f development o f Crohn’s 

disease and decreases the risk o f developing colitis. In one study passive smoking 

exposure at birth was significantly associated with development o f inflammatory bowel 

disease odds ratio - 3.02 (Lashner et al 1993). The effect in this study was greater for 

Crohn’s disease (5.32) than for ulcerative colitis (2.19). Maternal smoking at birth was 

also shown to be significantly associated with the development o f inflammatory bowel 

disease (odds ratio - 2.09) This effect was again greater for Crohn’ s disease than for 

ulcerative colitis (Lashner et al 1993),
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In a further study, the effect o f exposure to cigarette smoke during childhood was 

demonstrated. Active adult smokers were less likely to develop ulcerative colitis than 

non exposed non-smokers with an odds ratio o f 0.53 (Sandler et al 1992). In those 

exposed to cigarette smoke as children the risk o f developing ulcerative colitis was again 

reduced (odds ratio 0.50). Other epidemiological studies have implicated changing 

patterns in smoking as the explanation for the changes in the epidemiological patterns o f 

inflammatory bowel disease. One review o f 56 epidemiological studies has suggested that 

the change to male preponderance in ulcerative colitis has been a result o f smoking habits 

in adults (Tysk and Jarnerot 1992). The association between smoking and vascular 

injury as is found in coronary and peripheral vascular disease suggests that the influence 

o f smoking on inflammatory bowel disease may be mediated via effects on the 

vasculature.

1.9 VIRUS INFECTIONS IN TH E A E TIO LO G Y  OF C O L IT IS

The triggers to disease in a genetically predisposed individual are unclear. The 

identification o f virus particles in some patients with ulcerative colitis has led some 

authors to suggest that virus infection may be a necessary co-factor in initiating disease. 

Initial observations, reported in surgical literature, identified virus particles in patients 

undergoing colectomy for fulminant colitis. In these patients there was clear histological 

evidence o f the presence o f cytomegalovirus (CM V) (Sidi et al 1979). This virus is now 

also clearly recognised to caused colitis in patients who are immunocompromised, either 

due to H IV  infection or following organ transplantation (DeRodriguez et al 1994).

More sensitive methods to detect virus genomic material within the colon o f patients 

with colitis, have again identified the presence o f virus in patients with ulcerative colitis. 

Using a nested PCR technique it has been demonstrated that there is a greater prevalence 

o f 2 or more o f the viruses CMV, HHV6 or EBV in patients with ulcerative colitis than 

Crohn's disease or in normals (Wakefield et al 1992) Various virus antigens including 

the CM V protein gh p86 and HHLFl bear similar motifs to H LA  DR and PDC E2. It 

may be that viruses have a role to play in initiating an autoimmune process either by 

latent infection or by a primary virus load initiating an inappropriate immune response. 

Molecular mimicry between infecting organisms and host protein sequence, has been 

proposed as an aetiological mechanism in a number o f diseases. In this hypothesis, 

appropriate host immune response to exogenous antigen, may result in an inappropriate
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attack on host tissue because o f similarity between the two epitopes. It is possible that 

virus antigens stimulate a T cell response that recognises class II antigens displayed on 

colonic epithelium and therefore become activated. This autoimmune m otif may be 

conserved in other herpes viruses.

These studies have shown that under certain circumstances, for example in the 

immunocompromised patient, viruses are able to produce colitis. CM V colitis seen in 

patients with H IV  infection resembles the clinical presentation o f ulcerative colitis. The 

fact that viruses may under certain conditions mimic idiopathic ulcerative colitis, 

suggests that viruses may act as an environmental trigger to disease. I f  this were the case 

in ulcerative colitis, the absence o f detectable virus in the majority o f patients is 

unexplained

In some disease including primary biliary cirrhosis (PBC), ankylosing spondylitis and 

possibly other rheumatic diseases, cross reactivity between antigens that are 

inappropriately expressed and self or possibly exogenous antigen from infecting 

organisms has been implicated in disease pathogenesis. Molecular mimicry has recently 

been postulated for PBC (Baum et al 1993, Burroughs et al 1992).

1.10 VASCULAR FACTORS IN U LC ER A TIVE C O LIT IS

Ulcerative colitis has for the most part, been considered a disease where the primary site 

o f injury is the mucosal epithelium. This is because both the macroscopic and histological 

abnormalities in these patients are confined to the mucosa. Thus, the focus o f attention in 

looking for the initiating trigger for disease and the possible mechanisms underlying 

pathogenesis, has been directed towards the mucosa.

There exists a significant amount o f published data that suggest that vascular factors may 

have a role in ulcerative colitis. Several o f these studies support the contention that not 

only are vascular factors involved, but that the primar>^ site o f injury in ulcerative colitis, 

and therefore possibly o f antigen presentation, lies within the mucosal micro-vasculature. 

An interest in a possible vascular basis for ulcerative colitis has arisen from several o f 

these historical observations and some o f the as yet unexplained clinical features o f this 

disease. Donnelan originally performed detailed studies o f macro, microscopic and ultra-

33



structural changes that are characteristic o f early ulcerative colitis (Donnellan 1966). He 

demonstrated that mucosal vascular occlusion and capillary anaemia are antecedents o f 

epithelial damage. These morphological observations have received further support 

from dynamic studies o f blood flow in ulcerative colitis, using radioisotope washout 

techniques. These results suggest that different flow patterns may exist in disease, the 

most common o f which is a higher flow rate than is seen in the normal colon. These 

patients also demonstrate a rapid isotope washout curve from the colon which is 

compatible with ateriovenous shunting across the mucosa (Bacaner 1966). Mesenteric 

angiographic studies in ulcerative colitis have shown a much earlier venous-phase in 

colitis when compared to non-colitic controls (Tsuchiya 1980). More recent studies from 

Dhillon et al, have shown fibrinoid mucosal capillary thrombi in rectal biopsy specimens 

o f patients with ulcerative colitis (Dhillon et al 1992). These changes were seen even in 

the absence o f mucosal inflammation and ulceration, but not in control biopsies. This 

suggests that mucosal capillary compromise may underlie the pathogenesis o f the 

mucosal changes. It may be difficult to resolve the priinaiy or secondary nature o f the 

vascular lesions that occur in ulcerative colitis. This may be due in part to the fact that at 

presentation, the disease is already advanced in terms o f pathogenesis.

These factors, together with the association with ANCA suggest that vascular factors 

may be involved. This is to be examined in more detail and is dealt with in a later 

chapter.
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1.11 A IM S OF TH IS  PROJECT

The initial aim o f this thesis was to investigate the role o f a possible auto-antigen, UCAg, 

in the pathogenesis o f ulcerative colitis. The monoclonal antibody 7E12H12 was 

supplied by Dr K Das for use in this collaborative investigation. This thesis also set out 

to examine how evidence for an autoimmune process could be related to other 

unexplained features o f the disease, namely the abrupt anatomical demarcation noted in a 

subset o f patients. The relation between vascular factors and autoimmunity was to be 

further examined by an investigation o f the role o f ANCA in inflammatory bowel disease

The first section o f this thesis developed further the immunohistochemical techniques 

employed by Das to study the cellular localisation and distribution o f the target antigen 

o f 7E12H12 in active and inactive disease. This work allowed the development o f 

techniques that would be used later in immunoblotting experiments.

The second section examined the extraction process o f total colonic protein and its 

resolution with SDS-PAGE gels In this work 7E12H12 was used to identify its 

corresponding antigen in immunoblotting experiments. Attempts were then made to 

confirm or refute the contention o f Das that UCAg, the antigenic target for 7E12H12, 

was tropomyosin This involved the development o f a novel dot-blot technique.

The latter half o f the project then examined the relation between autoimmunity and 

vascular damage. This was firstly to be investigated by combining evidence from 

previous studies and historical observations with novel in-vitro  perfusion radiography. In 

this study the relation between macro and microscopic demarcation was to be 

investigated further. Secondly in collaboration with Dr M Lockwood at the ANCA 

Reference laboratory, Addenbrooke’s Hospital, Cambridge, an investigation o f the role 

o f ANCA and possible pathogenetic mechanisms in vascular injury was undertaken. The 

aim o f this work was to investigate possible mechanisms o f microvascular injury in 

ulcerative colitis for ANCA.

It was anticipated that this work would lead to an increased understanding o f the 

pathogenetic factors in ulcerative colitis and to a possible explanation for unexplained, 

yet well recognised, features o f the disease. The aim was to challenge the concept that
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the mucosal epithelium is the primary site o f injury and to focus on the evidence that the 

mucosal microvasculature may be important in the pathogenesis o f  the disease.
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Chapter 2

ID E N T IF IC A T IO N  OF TH E UCAg

2.1 B A C K G R O U N D  TO  DAS W O R K : ID E N T IF IC A T IO N  OF T H E  DAS 

PRO TEIN  AND ITS LO C A LIS A T IO N  AND STRUC TUR E

A substantial contribution to the investigation o f the role o f autoimmunity in colitis has 

been provided by the work performed by Dr KM  Das and co-workers. This group set 

out to identify whether there were any identifiable localised tissue, or humoral [Ig] 

immune factors, that were specific to patients with colitis. Identification o f these immune 

responses, with subsequent characterisation o f the antigen, was likely to be an important 

step in determining the potential role for autoimmune processes in this disease.

The steps involved in the research programme o f Das over the last 12 years were as 

follows

• extraction o f tissue bound immunoglobulin from both normal and diseased colon

• the identification o f an increased tissue bound immunoglobulin in ulcerative colitis 

mucosa

• evaluation o f the antigen, UCAg, initially using a purified form o f tissue-bound 

immunoglobulin and subsequently a monoclonal antibody, 7E12HI2, raised to the 

partially purified antigen

• a study o f the cellular and tissue localisation o f the antigen in patients with colitis.

At this point in the work, Dr Das and our group set out to characterise further the 

physico-chemical properties o f the UCAg, to which his antibody 7E12H12 bound. This 

work was carried out in a collaborative investigation. During this period Dr Das 

published evidence that UCAg, the target tor 7E12H12, was tropomyosin- a cytoskeletal 

component. This project then set out to examine this contention further. In order to 

understand the way in which the work then proceeded and the problems that were 

encountered in the characterisation o f this antigen, it is essential to cover in some detail 

the original methodology that was used by Das prior to the start o f  our collaborative 

investigation Sections 2.2 to 2.9 describe the work that was carried out by Das and 

his co-workers



2.2 DAS ET AL: E X TR A C TIO N  OF TISSUE BOUND IM M U N O G L O B U L IN

Using resection specimens from patients with Crohn’s disease, colitis and normal colonic 

tissue (from patients undergoing resection for malignant disease), tissue bound 

immunoglobulin was extracted from tissue homogenates (Takahashi and Das 1985). 

A ffin ity column chromatography was used to identify the immune recognition o f eluted 

colon tissue bound immunoglobulin (CCA-IgG). After nitro-cellulose blotting the gels 

were then examined using iodinated CCA-IgG and iodinated control serum 

immunoglobulin. It was shown that the CCA-IgG consistently identified a 40kD protein. 

This suggested that this 40kD protein had bound specifically to the CCA-IgG. In 

subsequent discussions this target antigen for CCA-IgG and the subsequent monoclonal 

antibody w ill be referred to as UCAg. This antigen was proposed by Das to be a putative 

antigenic target for an autoimmune process in ulcerative colitis (Further experimental 

details for the work performed by Das are included in Appendix 1).

The recognition o f the 40kD protein by CCA-IgG was further examined using 

immunosorbant columns with cyanogen-bromide activated Sepharose 4-B coupled to 

CCA-IgG and control serum IgG. The acid eluates following passage o f colon extracts 

were iodinated and electrophoresed in SDS and autoradiographed. These 

autoradiographs were shown to contain IgG, albumin and the 40 kD protein. These 

techniques identified the presence o f the 40kD protein in both normal colon and in 

ulcerative colitis colon extract.

UCAg was not identified when the colon protein extracts were probed with iodinated 

samples o f Crohn's tissue eluted immunoglobulin. Thus although UCAg, appears to be 

found in normal and diseased colon, it is only in ulcerative colitis colon that an in-siln  

antigen antibody complex can be demonstrated between UCAg and tissue bound 

immunoglobulin (Takahashi and Das 1985).

Using CCA-IgG and an immunoblotting technique, the localisation o f UCAg in other 

gastrointestinal tract tissues was examined. It was demonstrated that in extracts o f  ileum, 

liver, duodenum and stomach there was no evidence o f UCAg This tissue and organ 

localisation was later studied in more detail, once a monoclonal antibody to UCAg had 

been produced.
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2.3 DAS ET AL: PA RTIAL PU RIFICATIO N OF IJCAg

In order to study UCAg in more detail, a method was then developed for obtaining 

partially purified antigen for use both in an ELISA system and also in the subsequent 

generation o f monoclonal antibodies (Das et al 1987). Partial purification and enrichment 

o f the UCAg protein was achieved using anion-exchange chromatography It should be 

noted as it is pertinent to later discussion, that partial purification using this system does 

not preclude the co-puritlcation o f other proteins that possess similar weight and charge 

characteristics. Purification o f a specific protein, can only be achieved with certainty, 

using an affinity column, where specific binding o f antigen and antibody w ill occur. 

Anion exchange column chromatography may yield an enriched preparation o f antigen, 

but w ill be unable to exclude the possibility o f co-purification o f other antigens. This may 

have been a particular problem in the case o f UCAg, as there are many different human 

proteins at the 40 kD molecular weight range (Das et al 1987).

Having obtained partially purified and enriched UCAg, Das then went on to show, using 

immunotransblotting, that the serum o f 5 out o f 6 patients with active ulcerative colitis 

reacted with UCAg. This reactivity o f sera from patients with active disease and UCAg 

was later examined in more detail using an ELISA system (Das et al 1987).

In these initial experiments Das went on to exclude the possibility that UCAg may be 

actin, a 43 kD molecule Immunoblots o f ulcerative colitis colon extract and chicken- 

derived actin as the antigen, probing with CCA-IgG produced no immunoreactivity with 

CCA-IgG.

2.4 DAS ET AL: G ENERATIO N OF M O N O C LO N A L AN TIB O D IES TO TH E  

UCAg AND THE USE OF 7EI2H12 FOR IM M U N O H IS T O C H E M IC A L  

LO C A LISA TIO N  OF UCAg

Following partial purification o f UCAg from colonic tissue, this protein was then used as 

the antigen to raise a panel o f murine monoclonal antibodies (Das et al 1987). All 

antibodies produced in this way were screened for optimal immunoreactivity and the 

monoclonal antibody selected for further study was termed 7E12H12. Competitive 

binding experiments between the monoclonal antibody and CCA-IgG showed that they 

both bound to similar epitopes, with CCA-IgG almost completely inhibiting binding o f 

7E12H12(Daset al 1987).
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Immunoperoxidase and immunoelectron microscopic experiments were performed to 

characterise the immunoreactivity o f 7E12H12 and indicated that the UCAg appeared to 

be localised to the plasma membrane o f colonocytes (Das et al 1987). Initial examination 

o f the sections revealed binding to epithelial cells both in the crypts and also on the 

luminal surface (Figure 2.1). This immunoreactivity was seen on the plasma membrane 

both on the luminal epithelium and on the basolateral areas o f epithelial cells in the 

crypts. In order to examine this immunolocalisation more closely, cryostat tissue 

sections were examined using immunoelectron microscopy. Here the UCAg was 

confirmed again to localise to the plasma membranes (Figure 2.2). In the crypts, binding 

was noted in the deeper areas o f crypt epithelium, which are known to contain the more 

rapidly dividing cells.

The antibody was then used to examine the distribution o f UCAg in other gastrointestinal 

tract tissues using a light microscope immunoperoxidase technique. Amplification o f 

signal was achieved using biotinylated conjugate antibodies, and an avidin / biotin- 

horseradish peroxidase complex colour development with 3,3 diaminobenzidine 

tetrahydrochloride. Positive immunostaining within the gastrointestinal tract was 

restricted to the appendix and the colon, possibly reflecting a similar embryological 

origin o f both tissues. Immunoreactivity was also seen in foetal colonic epithelium. Small 

bowel, stomach, duodenum and other mucosal specimens examined showed no 

immunoreactivity

7E12H12 was then used to assess potential localisation o f UCAg in other tissues known 

to be involved in the systemic disease complex o f ulcerative colitis. Using 

immunohistochemistry, UCAg was found to be present in the epithelium o f the skin, intra 

and extra hepatic bile ducts and the gall bladder, but was not found in other tissues. 

Thus, a unique epitope found in colonic epithelium, appears to be shared by other 

epithelial tissues involved in the systemic manifestations o f ulcerative colitis (Bhagat and 

Das 1994, Mandai et al 1994, Das et al 1992).

40



2.5 DAS ET AL: C O LO C A LIS A T ÏO N  OF T H E  UCAg W IT H  IgG l AND TC C  

IN C O L O N IC  E P IT H E L IU M

In this study Halstensen et al looked at ulcerative colitis epithelium using monoclonal 

antibodies to epitopes o f the complement cascade and the cytolytically active terminal 

complement complex (TCC). Localisation o f the antigen in sites o f complement 

activation would provide circumstantial evidence o f its role in participating in an 

autoimmune reaction 23 patients were examined and it was demonstrated that IgG l was 

present on the apical region o f the luminal epithelium (Halstensen et al 1990). 

Colocalisation o f C3b, IgG l and terminal complement complex was seen in ulcerative 

colitis sections, but not in the non inflammatory controls. The demonstration that UCAg 

identified by 7E12H12, co-localised with IgG l and TCC was further supportive evidence 

that UCAg formed an in -s iiii immune complex in the mucosa o f patients with ulcerative 

colitis. It was hypothesised that this complex may, through recruitment o f complement, 

contribute to or initiate, the pathological changes that occur in ulcerative colitis.

These findings add further weight to the previous observations by Das (Takahashi and 

Das 1985). His group has demonstrated that there is increased tissue bound 

immunoglobulin with local immunoreactivity to the 40kD epithelial membrane protein 

(UCAg), suggesting a pathogenetic role for this antigen antibody complex Halstensen’s 

findings o f colocalisation with complement (C3b) lend further credibility to this 

hypothesis. Halstensen also demonstrated that it was in the regions o f epithelium, in 

which there was histological evidence o f most inflammation, that IgG and complement 

deposition was greatest It may be that these observations merely relate to cellular 

leakage o f proteins as a secondary phenomenon to the inflammatory process However it 

would be reasonable to propose that it is the cytoloytic effect o f the complement cascade 

in conjunction with a local antigen antibody complex that results in tissue destruction. 

What the trigger to this may be is not clear, but foreign antigens, (for example, virus or 

bacterial proteins), may be the initiator(s) o f the immune mediated destruction.

However Halstensen et al have not been able to confirm these observations by isolating 

tissue bound immunoglobulin (Halstensen, 1993, personal communication), although 

they have demonstrated increased epithelial deposition o f IgG l and activated 

complement in the epithelial tissues o f patients with ulcerative colitis.
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2.6 DAS ET AL: C Y T O K IN E S  AND UCAg

The influence o f cytokines on expression o f the UCAg, has been examined using a 

human colonic cancer cell line (DLD -1) (Das et al 1992). Localisation o f immunostaining 

for UCAg was again found on the plasma membrane. Following the administration o f 

TNF and y-interferon the intensity o f binding o f 7E12H12 was then assessed. It was 

shown that TNF had no effect on the binding o f the antibody but there was a marked 

increase following the administration o f the y-interferon. As y-interferon is known to 

increase the expression o f H LA  class II antigen the samples were then examined 

follow ing the administration o f anti H LA  DR antibody. This showed no effect on the 

level o f  binding o f 7E12H12 suggesting that the UCAg recognised by 7E12H12, is 

separate and distinct from the HLA antigen (Das et al 1992).

2.7 DAS ET AL: IM M U N O R E A C T IV IT Y  BETW EEN T H E  M O N O C L O N A L  

A N T IB O D Y  7 E I2 H I2  AND C O L O N IC  E P IT H E L IA L  CELLS (C A C 02 )

Other groups looking at potential colonic autoantigens have confirmed the finding o f a 

40kD antigen within human epithelial cell lines bound by antibody found in the sera o f 

patients with ulcerative colitis (Lee et al 1994). However, they have also identified other 

larger molecular weight proteins specific for ulcerative colitis. Lee, at St Marks Hospital, 

examined immunoreactivity between serum from patients including ulcerative colitis, 

Crohn's colitis and controls, and antigens expressed by the human colonic cancer cell line 

(CaC02) Cell lysates were electrophoresed on SDS-PAGE gels, transferred to nitro

cellulose and then probed with the relevant sera at a 1:50 dilution. Blots examined using 

these sera showed immunoreactivity to a 40kD antigen, although at a lower frequency 

that had been reported previously. Immunoreactivity to 2 other putative antigens was 

also shown. These were o f significantly higher molecular weight, 60 and 105kD 

respectively. The 105kd antigen appeared to be the most specific, w ith higher binding 

than seen with sera from either the normal controls or patients with Crohn's colitis.

Using enriched UCAg as the antigen in an ELISA assay. Das examined serum antibodies 

in patients with ulcerative colitis. The control group included both normals and patients 

with Crohn's disease. Das et al found a statistically significant increase in the titre o f 

antibodies to UCAg in patients with ulcerative colitis (>55%) and raised levels o f 

antibody to UCAg in 71% o f patients. The titres o f antibody paralleled disease activity 

(Das et al 1990).
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In summary the Das group appeared to have identified a colon specific 40kD antigen, 

UCAg, that is localised with tissue bound immunoglobulin in patients with ulcerative 

colitis. UCAg was detected in tissues using murine monoclonal 7E12H12. When 

7E12H12 was used to asses both organ-specific localisation o f antigen and its cellular 

distribution, UCAg was found in tissues involved in the systemic disease complex o f 

ulcerative colitis. The findings o f Halstensen et al showing colocalisation o f the target 

antigen o f 7E12H12 with complement, the effect o f cytokines on upregulating the 

expression o f UCAg, and its tissue localisation, suggested that this antigen may be 

involved in triggering an autoimmune process, resulting in the inflammatory changes seen 

in ulcerative colitis.

The identification and characterisation o f UCAg would be an important step forward in 

identifying a possible aetiological role for this antigen in the pathogenesis o f ulcerative 

colitis. This project began as a collaborative investigation with Das, that set out to 

achieve this goal During the first year o f this investigation. Das putatively identified 

UCAg as a cytoskeletal protein, tropomyosin (Das et al 1993). However the initial work 

carried out in this thesis, particularly the morphological studies o f the localisation o f 

UCAg as determined by 7E12H12, did not support this contention (Chapter 3, sections

3.5 and 3.9)

In order to follow the experiments that were then carried out in this project, to 

investigate this contention further, the methodology employed by Das that resulted in 

the identification o f UCAg as tropomyosin will be outlined in brief at this stage.

2.8 DAS ET AL: P U TA TIV E  ID E N T IF IC A T IO N  OF UCAg AS 

TR O P O M Y O S IN

In this study Das and co-workers undertook to purify UCAg extracted from colon, and 

then sequenced the protein and demonstrated its immunoreactivity with sera from 

patients with ulcerative colitis (Das et al 1993). This was performed using colon protein 

extracts from patients who had undergone resection for colon cancer. Mucosal 

specimens were separated from serosal fat, minced and homogenised and the protein 

separated as described section 2.2.
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The protein was then partially purified using anion exchange column chromatography 

(Experimental details for this are included in Appendix 2). An attempt was then made to 

analyse the amino acid composition o f the eluted protein or proteins from this process. 

This was first attempted using N-terminal sequencing, but N-terminal block precluded 

identification. Therefore the partially purified protein was subjected to tryptic digestion 

and subsequent internal sequencing. Tryptic digestion was performed by incubating the 

nitro-cellulose strips containing the UCAg with 1:20 substrate enzyme ratio in microfuge 

tubes. After digestion the resulting peptide fragments were separated by narrow-bore 

reverse phase HPLC and then sequenced in a gas-phase sequentor.

Two o f the ti-yptic fragments in peaks 17 and 47 were analysed further and found to have 

93-100% homology in 14-16 amino acids with tropomyosin from different sources 

(human fibroblast, cytoskeleton, muscle, rat muscle and Japanese quail). In addition the 

UCAg purified using hydrophobic interaction chromatography (H lC ) reacted w ith anti

tropomyosin in Western blot analysis (Das et al 1993), This latter observation suggested 

that UCAg, purified in this way, does at least contain tropomyosin as one o f its 

constituent proteins.

However there are several problems in accepting that tropomyosin is the antigen to 

which both the in -s iiii immunoglobulin CCA-IgG and 7E12H12 bind The major source 

o f potential error appears to be in the way in which the protein UCAg has been isolated 

and partially purified There are likely to be many proteins present at or around the 40kD 

weight. UCAg was purified by differential salt elution o f  anion exchange columns. 

W ithout using an affinity column extraction process with 7E12HI2, it is possible to have 

extracted and subsequently sequenced a protein that lies close to the molecular weight o f 

the UCAg, but that is not in fact the relevant antigen for 7E12H12. Tropomyosin exists 

in several different isoforms at 35-43kD and thus may have been identified as a 

constituent protein UCAg, yet this may not have been the antigenic epitope to which 

7E12H 12 was raised
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2.9 DAS ET AL: ASSESSMENT OF C IR C U L A T IN G  A N TIB O D IE S  TO  UCAg 

USING ELISA

Using an ELISA assay with porcine tropomyosin as the immobilised antigen, the Das 

group examined immunoreactivity with sera from patients with ulcerative colitis (Das et 

al 1993). 85% o f patients with ulcerative colitis were found to have circulating antibodies 

to tropomyosin with significantly higher titres than patients with Crohn's disease or other 

inflammatoi-y controls (Das et al 1993). These data show that patients with ulcerative 

colitis have significantly elevated serum titres o f antibody to tropomyosin. This does not 

provide evidence that tropomyosin is the target for 7E12H12 or that UCAg is 

tropomyosin. Noticeably absent from this investigation is any comment regarding 

immunoreactivity o f 7E12H12 with tropomyosin. This failing is examined experimentally 

in this thesis.

Summary

The introduction to this work has outlined the majority o f recent investigations and 

current hypothesis concerning the aetiopathogenesis o f ulcerative colitis. At the start o f 

this research in 1993, there was at least good circumstantial evidence o f the involvement 

o f autoimmune process. O f the possible target antigens for autoimmune process, the 

protein UCAg was o f substantial interest because o f its localisation, organ specificity and 

co-localisation with complement.
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F IG U R E  2.1: C E L L U L A R  LO C A L IS A T IO N  OF T H E  U L C E R A T IV E  C O L IT IS
A N T IG E N  [UCAg] - L IG H T  M IC R O S C O P Y  IM M U N O H IS T O C H E M IC A L  
STUDIES IN  N O R M A L  C O LO N , USING  7E12H12

Positive staining is seen on the luminal aspect of epithelial cells at both the luminal 
and basolateral regions of the cells. Additional staining is seen within the crypts 
along the basolateral regions of the cells. (Section shown is from normal colon 
(magnification x 40) and the figure taken from original work by K M  Das).
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F IG U R E  2.2: C E L L U L A R  L O C A L IS A T IO N  OF T H E  U L C E R A T IV E  C O L IT IS  
A N T IG E N  (UCAgl - U L TR A S TR U C TU R A L IM M U N O H IS T O C H E M IC A L  
STUDIES IN N O R M A L  C O LO N , USING 7E12H12
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Immunoelectron microscopic localisation of the antigen UCAg, using 7E12H12. 
The antigen localisation [black dots, lOnin gold particles] shown by the arrow, 
indicates that the antigen is expressed on the membranes of the cells. Section is of a 
glycerol gelatin embedded sample of normal colon. The figure is taken from 
original work by K M  Das.
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FIG U R E  2.3: P H Y S IC O -C H E M IC A L  PROPERTIES OF UCAg - W ESTERN  
B LO T STUDIES USING R A D IO -IO D IN A T E D  C C A -IG G  IN  N O R M A L  AND  
DISEASED CO LO N
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Western blot showing the identification of the 40kD UCAg protein using radio- 
iodinated ' CCA-IgG. CCA-IgG was used to probe protein extracts from both 
normal and ulcerative colitis colon, separated by SDS-polyacrylamide gel 
electrophoresis (reducing conditions). The blot on the left shows a strong band at 
40kD indicating identification of UCAg in both normal and ulcerative colitis colon. 
When negative control immunoglobulin from a non-diseased control was used, no 
band was seen (Figure taken from original work by K M  Das).
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FIG U R E  2.4: P H Y S IC O -C H E M IC A L  PROPERTIES OF UCAg - W ESTERN  
B LO T STUDIES OF PRO TEIN  EX TR A C TED  FR O M  U L C E R A T IV E  C O L IT IS  
AND N O R M A L  CO LO N USING R A D IO -IO D IN A T E D  C C A -IG G
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Western blot showing the identification of the UCAg in a protein extract from 
ulcerative colitis colon using radio-iodinated CCA-IgG  extracted from ulcerative 
colitis colon. The clear band at 40kD is seen on the left of the blot. When using 
radiolabelled immunoglobulin extracted from Crohn’s disease colon to probe for 
the 40kD UCAg, it can be seen (on the right) that an equivalent band is not 
detected. This confirms that only immunoglobulin extracted from ulcerative colitis 
colon will bind to the UCAg. (Figure taken from original work by K M  Das).
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Appendix 1

M E T H O D O L O G Y  USED BY DAS FOR TH E E X TR A C TIO N  OF CO LO N  
PROTEINS AND G EN E R A TIO N  OF TH E  UCAg 

Extraction of tissue bound immunoglobulin

Resection specimens from patient with Crohn’ s disease, colitis and normal colonic tissue 

(from patients undergoing resection for malignant disease), were homogenised and 

washed in PBS with PMSF/EDTA and Na azide. The final wash was then concentrated 

and tissue bound immunoglobulin was extracted from tissue homogenates by elution in 

acid buffer The extract was then subsequently dialysed against PBS until it reached a pH 

o f 7.2. It was then concentrated using a Diaflow membrane. IgG was purified by running 

the extract through a column containing Protein A linked to Sepharose 4-B Purified IgG 

was then examined by double diffusion in agar and then an SDS-PAGE gel. It was 

quantitated using radial immunodiffusion

Aflliiity column chromatography to identify the immune recognition of eluted 

colon tissue bound immunoglobulin

This appendix gives more detailed experimental methodology o f the work that was 

performed by KM Das. A ffin ity columns were used initially to examine immune 

recognition o f eluted colon tissue-bound IgG to tissue antigen. l-2mg o f CCA-IgG or 

control serum IgG were incubated with 200pl o f Protein A Sepharose CLB. An affinity 

column was then constructed using Protein Sepharose CLB bound to either the 

control immunoglobulin or CCA- IgG. Colon tissue extracts were then passed down the 

column each containing 5-IOmg o f protein. Proteins which had bound to the column 

were then eluted using citrate buffer at pH 3.2. Proteins prepared from affinity column 

chromatography in this way were then electrophoresed in 7.5% and 10% SDS-PAGE 

gels. After nitro-cellulose blotting the gels were then examined using iodinated CCA-IgG 

and iodinated control serum immunoglobulin. It was shown that the CCA-IgG 

consistently identified a 40kD protein (Figure 2.3).

Proteins prepared from affinity column chromatography in this way were then 

electrophoresed in 7.5% and 10% SDS-PAGE gels. The results o f  electrophoresis o f  the 

acid eluate revealed an additional 40kD protein which was not found on acid elution o f
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the column constructed using the control serum immunoglobulin. This suggested that 

this 40kD protein had bound specifically to the CCA-IgG.

The recognition o f the 40kD protein by CCA-IgG was further examined using 

immunosorbant columns with cyanogen-bromide activated Sepharose 4-B coupled to 

CCA-IgG and control serum IgG The acid eluates following passage o f colon extracts 

were iodinated and electrophoresed in SDS and autoradiographed. These 

autoradiographs were shown to contain IgG, albumin and the 40 kD protein. The 40 kD 

protein was found to be present in both normal colon and in ulcerative colitis colon 

extract.

Further characterisation was then performed with iminunoblotting. Total colon extracted 

proteins were electrophoresed in SDS and transferred to nitro-cellulose. When probed 

with radio iodinated CCA-IgG only one band at 40 kD was seen. Both ulcerative colitis 

and normal colon extracts contained the 40kD protein

When the total colon protein extracts were probed with iodinated samples o f Crohn's 

tissue eluted Ig this 40 kD protein was not recognised. (Figure 2.3) Thus, although the 

UCAg is found in normal and diseased colon, it is only in ulcerative colitis colon that an 

in-sif/i antigen antibody complex between UCAg and tissue immunoglobulin can be 

demonstrated

Using CCA-IgG, the localisation o f the antigen in other GI tract tissues was examined. 

This study demonstrated that in extracts o f ileum, liver, duodenum and stomach there 

was no evidence o f this target protein. This tissue and organ localisation was later 

studied in more detail, once a monoclonal antibody to UCAg had been produced.

Partial purification of UCAg

In order to study the UCAg antigen in more detail, a method was then developed for 

obtaining the partially purified antigen to use both in an ELISA system and also in the 

subsequent generation o f monoclonal antibodies. Partial purification and enrichment o f 

UCAg was achieved using anion-exchange chromatography. Colon tissue extracts were 

prepared by homogenisation and washing with PBS, Na Azide and PMSF. After ultra 

centrifugation at 6,000g and 20,000g the supernatant was used. Following the
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production o f this whole colon tissue protein extract, the colon extract was passed down 

a DEAE (Di-ethylaminoethylcellulose) column. Discontinuous salt gradient elution o f a 

the column was then performed and it was noted that proteins which were eluted with 

the 0,35 M KCI fraction contained enriched UCAg, as detected by CCA-IgG. Following 

anion-exchange chromatography, further steps involving chromatofocusing, gel filtration 

and 2 dimensional electrophoresis were performed in order to attempt further 

purification. It should be noted, as it is pertinent to later discussion (Section 8.4), that 

partial purification using this system does not preclude the co-purification o f  other 

proteins that possess similar weight and charge characteristics. This can only be achieved 

with certainty using an affinity column, were specific binding o f antigen and antibody will 

occur. The process used may give an enriched preparation o f antigen but w ill be unable 

to exclude the possibility o f co-purification. This may be a particular problem in this case 

as there are many dilferent human proteins at the 40 kD molecular weight.
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Appendix 2

E X P E R IM E N T A L  M E T H O D O L O G Y  USED BY DAS FOR T H E  PA R TIA L  

P U R IF IC A T IO N  OF UCAg

This appendix provides further experimental detail to the work performed originally by 

KM  Das. The protein was "purified" using anion exchange column chromatography. The 

supernatant obtained following ultracentrifugation was dialysed against 20mM bis-tris 

propane pH 6.5 and then to remove lipids, mixed with 1,1 trichlorofluorethane. 

Following centrifugation the aqueous phase was filtered through 20pm cellulose acetate 

membranes and the filtrate subjected to anion exchange column chromatography. The 

column was then washed with the above butler and proteins were eluted using a 

differential NaCI in the above buffer gradient. The 0.35M and 0.48M eluates were 

pooled and subjected to H lC (hydrophobic interaction chromatography).

For this process a column was constructed using phenyl sepharose 4B equilibrated with 

20mM phosphate and 0.15 M Na CL pH 7.4 containing ammonium sulphate. After 

extensive washing the column was eluted with 20mM phosphate containing 0.15 M  KCI 

and then washed with distilled water.
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Chapter 3

AN IM M IIN O H IS T O C H E M IC A L  STUDY OF 7E12H12

3.1 IN TR O D U C T IO N

The immunohistochemical localisation o f the target antigen for 7E12H12 had been 

studied already (Das et al 1987). The aim o f this series o f e.xperiments was firstly to 

adapt his methods for use in this thesis, and then to study the localisation o f this antigen 

within the cell, and its distribution in active and inactive disease. In addition the aim was 

to establish immunohistochemical protocols for the use o f 7E12H12 in primate cell lines 

for later comparison o f immunostaining with 7E12H12 and monoclonal antibodies to 

cytoskeletal components. The optimal dilutions for the primary and link antibodies had 

thus to be determined and validated, using appropriate positive and negative controls. 

This chapter outlines the steps involved in this investigation and the conclusions that 

were made

3.2 TH E  TE C H N IQ U E  OF IM M U N O H IS T O C H E M IS T R V

This technique involves the study o f the localisation o f antigen within tissue sections 

using monoclonal antibodies and an indirect amplification system. Tissues can be either 

cryostat frozen sections, paratTin embedded formalin fixed or in the case o f 

immunocytochemical studies, cells cultures in the confluent stage o f growth. Monoclonal 

antibodies raised to the antigen o f interest are applied to tissue sections. In order to 

identify the localisation o f binding and amplify signal so that it can be detected under a 

microscope, a number o f indirect amplification techniques are employed. These generally 

involve either a system where a colour reaction is produced with biotin and horseradish 

peroxidase or a fluorescent conjugate linked to a further polyclonal antibody

This results in a highly sensitive technique that can both detect the presence o f small 

amounts o f antigen and can give detailed information on the localisation o f antigen. The 

localisation o f antigen can be studied in more detail using modern imaging techniques 

including con-focal microscopy o f which more details are contained in the following 

sections. It is also possible to use computerised image analysis to give a semi- 

quantitative estimate o f the 'amount’ o f antigen expression present. A ll o f these 

techniques were used in these studies.
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3.3 P R E LIM IN A R Y  STUDY: IM M U N O H IS T O C H E M IC A L  LO C A LISA TIO N  

OF 7EI2H12 USING AN IM M U N O PER O XID A SE TEC H N IQ U E: 

T IT R A T IO N  OF L IN K  ANTIRO DIES

Introduction

The aim o f this first experiment was to identify the optimum dilutions for the link 

antibodies used in the secondary and tertiary amplification steps. In the original 

experiments performed by Das, the biotinylated link antibody was a p heavy chain 

specific, biotinlylated goat anti-mouse antibody (GAM'’). This antibody was used as the 

monoclonal antibody 7E12H12, has p heavy chains.

Initially, it was necessary to use a non gastrointestinal tract derived positive control 

tissue and appropriate monoclonal antibody as a positive control. A murine IgM 

monoclonal antibody diiected against antigens contained in Pticumocyslis carin i was 

used. This monoclonal antibody was similar to 7E12H12 in its heavy chain content and 

was used to detect positive staining in Pneumocystis infected lung, obtained from 

archival material.

Gastrointestinal tract derived tissues for subsequent immunolocalisation o f 7E12HI2 

binding, were obtained from archival material. These samples were paraffin embedded 

formalin-fixed tissues from patients with ulcerative colitis, Crohn's disease and normals. 

A clinical data base was also available for this archival material. In each case the 

diagnosis was established using standard clinical, radiological, endoscopic and 

histological criteria.

Aim

To establish optimum link antibody dilutions by using an ?ix\{\-j)iieunwcystis carin ii (PC) 

antibody as the positive control

Methods

Preparation o f  sections 3pm sections o f PC infected lung were deparafifinised by 

immersion for 10 min in xylene and then 5 min in absolute alcohol. Following this, 

sections were transferred rapidly to a humidity chamber. In order to block endogenous
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peroxidase activity, sections were incubated in a solution made up o f methanol and H2O2 . 

300pl o f 30% H 2O2 was diluted in I 1.2 ml o f methanol. Following incubation in blocking 

solution for 20 min, sections were washed using TBS pH 7.5 and then washed in running 

water for 10 min.

Following the blockade o f endogenous peroxidase activity, it was necessary to block 

non-specific binding in order to reduce non-specific background immunoreactivity. This 

was achieved by incubation in normal rabbit serum (NRS). Slides were incubated in 

lOOpI o f a solution containing 1:50 NRS (total dilution 50:950 (lOOOpI)) in TBS buffer 

for 20 min. Following incubation, sections that were to be used as negative controls ( i.e. 

with no primary antibody applied) did not have the NRS removed. However when 

primary antibody was to be applied, the excess o f NRS was removed.

Prim ary antibody incahafion  Sections were incubated for I h at room temperature in 

the primary anti-PC antibody. The reaction was carried out in an humidity chamber. For 

each slide, lOOpI o f antibody in buffer solution was applied {D ilu tion  1:20, 5pl o f 

antibody in 95pl o f TBS buffer ( lOOpI). After the primary antibody incubation, sections 

were washed in TBS for 8 min Link antibody incubation was then performed. For the 

technical control the link used was a biotinylated rabbit-anti-mouse (RAM^) and for the 

test dilutions, a biotinylated goat-anti-mouse (Southern Biotechnology).

RAM*’ was used at a dilution o f 1: 200 pi o f antibody buffer (TBS) the previously 

established optimal dilution for this link antibody. Thus an antibody solution was made 

up as follows: I pi RAM '\ 2 pi o f normal rabbit serum, and I97pl o f TBS buffer. lOOpI 

o f antibody solution were applied to each slide. Following incubation for 30 min, 

sections were washed in TBS tor 8 min.

For the test link antibody, biotinylated goat anti-mouse (GAM*’) a variety o f  test dilutions 

were made up. The following test dilutions were constructed using RAM^  ̂ NGS t TBS 

aniihody buffer (dilutions: 1:20, 5pl + 1 pi + 94pl, 1:50, 2pl + lp l + 97; 1:100 1 pi + lp l 

+ 98, 1:150, 2p l+3p l+295pl, 1:200, I pi +2pl + I98pl)

Following incubation o f sections in the above dilutions for 30 min at room temperature, 

the sections were washed with TBS buffer. Following washing, the next stage o f the
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amplification o f detected signal was achieved using avidin biotin complex. 1 drop o f 

avidin and biotin was added to 5ml o f  double distilled water and the sections incubated in 

lOOpI aliquots for 90 min. Sections were then washed in TBS for 8 min. Subsequent 

colour development was achieved using 3,3, diaminobenzidine. A stock buffer for this 

section was made as follows:

Stock buffer

Tris 0.2M 12ml (0.2M Tris: 0.6705g dissolved in 25 ml DD H 2 O)

H C IO .IM  19ml 

D D H 20 19ml

The pH o f this solution was not altered Immediately prior to colour development, 6mg 

o f diaminobenzidine 4HCI was dissolved in 10 ml o f the above buffer. Subsequently, 

100 pi o f the following was added (290pl DD H 2O and lOpI 30%H202). lOOpI aliquots 

o f this solution were then added to each section and the reaction allowed to develop for 

2 min. The colour development reaction was stopped by initial washing in TBS and then 

sections were washed in running water for 5 min. Slides were counterstained in Meyers 

haematoxylin for 3 min and differentiated in acid alcohol. Slides were then dehydrated 

with absolute alcohol (5 min) and xylene (10 min) before mounting. Subsequently 

sections were mounted in DPX and viewed under a light microscope. The results o f 

immunostaining achieved using monoclonal anti-PC and the standard dilution o f RAM^ 

were then compared with the results achieved with the test dilutions o f the GAM*’. 

Assessment o f  immunostaining intensity was made both by Mark Hamilton and Ros Sim- 

an experienced immunohistochemical technician.

Results

Following mounting in DPX, the sections were examined under a light microscope. A ll 

negative controls, where the primary antibody had been omitted, showed no colour 

change and minimal background. The optimum dilution o f the GAM*’ in comparison 

with the immunostainiim achieved with RAM '’ was 1:200.
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Conclusions

This initial experiment established the optimal dilution o f the link conjugates for use in 

subsequent experiments. This allowed development o f a protocol for the use o f the same 

link antibodies as had been used in Das original work (Das et al 1987). These dilutions 

were then used in further studies o f the monoclonal antibody 7EI2H12.

3.4 P R E LIM IN A R Y  STUDY: IM M U N O H IS T O C H E M IC A L  STAIN ING  OF 

G A STR O IN TESTIN A L TR A C T SECTIONS USING 7E12H12

Aims

The aim o f this experiment was to use the primary antibody 7E I2H I2 , and the optimum 

dilutions o f link polyclonal antibodies, to attempt immunostaining on archival GI tract 

tissue sections. In this initial experiment, only a few sections were examined to establish 

the presence o f recognisable immunostaining with the Das antibody. Having established a 

protocol for immunostaining in our lab using modifications as described, the aim was to 

then to evaluate the following:

• to confirm localisation in a series o f diseased and normal bowel sections.

• to establish whether there was any variation in antigen expression that was specific 

either for disease type or degree o f inflammation.

Methods

Tissue sections: 5 pm paraffin embedded, formalin-fixed tissue sections used.

Ne^^ative controls small bowel with/without antibody (As small bowel is known from 

previous work not to contain the antigenic target for 7E I2H I2  - 2 sections ) 

Large bowel (UC) without f  antibody - 4 sections 

Large bowel normal without l"  antibody - 2 sections 

Positive control: PC infected lung - 2 sections 

M onoclonal antibodies and sera:

Murine IgM m^\\-Ib1eun1()cyslis 

Das murine monoclonal 7A72///2 

Normal rabbit serum (NRS)

Normal goat serum (NGS)

Biotinylated goat anti-mouse (GAM'')

Avidin biotin complex
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Antibody dilutions and reaction conditions

• Murine IgM  anti Pneumocystis; 1:20 dilution in TBS, at room temperature for 1 hour 

in an humidity chamber

• 7E12HI2: 1:50 dilution in TBS, overnight incubation at 4"C in an humidity chamber

• NGS; 1;20 dilution in TBS,

• NRS, 1:20 dilution in TBS,

• G A M \ 1:200 dilution in TBS

• ABC (Avidin Biotin complex); Manufacturers dilution as per kit 

Buffers

TBS pH 7.6 (see buffer protocol section)

DAB Buffer (see buffer protocol section)

Preparation o f  sections sections were deparaffmised by immersion for 10 min in xylene 

and then 5 min in absolute alcohol. Following this process sections were rapidly 

transferred to an humidity chamber. In order to block endogenous peroxidase activity,

sections were incubated in a solution made up o f methanol and H 2O 2 . 300pl o f 30%

H2O2 was diluted in I 12 ml o f methanol. Following incubation in this blocking solution 

for 20 min, sections were washed using TBS pH 7.5 and then washed in running water 

for 10 min. Non-specific binding was blocked using NRS for the PGP infected positive 

control, and NGS for sections with 7E12H12. Sections were incubated for 2 h in 1:20 

normal goat serum ( lOOpI) 

fo r  sections u ifh  7A /2/7/2 

incubated for 2 h in NGS Jiln iion  50:950 ( lOOOpI) 

fo r  PC lechnical control

incubated in NRS for 2h at 1:20 diiutiott 5:95 ( lOOpI)

The slides were then incubated in these blocking agents for 20 min. Following 

incubation, sections that were to be used as negative controls (i.e. with no primary 

antibody applied) did not have the NRS removed. However when primary antibody was 

to be applied, only the excess o f NRS was removed.

Prim ary antibody incubation  Sections were incubated for I h at room temperature in 

the primary anti-PCP antibody and incubated overnight at 4"C with lOOpl o f the
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monoclonal antibody 7E12H12. All reactions were carried out in an humidity chamber. 

For each slide 100f.il o f primaiy antibody in buffer solution was used.

U n k  antibody incubation: A fter the primary antibody incubation, sections were washed 

in TBS for 8 min. Link antibody incubation was then performed. For the technical 

control anti-PCP the link used was a biotinylated rabbit-anti-mouse polyclonal (RAM^), 

and for the 7E12Ffl2, a biotinylated goat-anti-mouse (G AM '’) (Southern Biotechnology; 

see product specifications).

RAM*’ was used at a dilution o f 1: 200 pi o f antibody buffer (TBS). This dilution had 

previously been shown in the first experiment to be the optimal dilution for this link 

antibody. Thus an antibody solution was made up as follows: 1 pi RAM*’, 2 pi o f  normal 

rabbit serum, and 197pl o f TBS buffer lOOpl o f antibody solution were applied to each 

slide Following incubation for 30 min, sections were washed in TBS for 8 min.

For the test link antibody, G.AM^^ , a 1:200 dilution with NGS and TBS was used (5pl 

4 1 Opl + 985pl). Ifiotinylated antibodies were applied to sections for 90 min and sections 

then subsequently washed in TBS. Af'ter washing in TBS sections covered with 

optimally diluted Avidin biotin peroxidase complex for 90 min. Following washing 

avidin biotin complex was added, 1 drop o f avidin and biotin was added to 5ml o f 

double distilled water and the sections incubated in lOOpl aliquots for 90 min. Sections 

were then washed in TBS for 8 min

Subsequent colour development was achieved using 3,3, diaminobenzidine w ith the 

method as described previously. Colour reaction was developed for 2 min in DAB. 

Sections were then washed in running water for 5 min. Slides were counterstained in 

Meyers haematoxylin for 3 min and differentiated in acid alcohol. Slides were dehydrated 

with absolute alcohol (5min) and xylene (lOmin) before mounting. Sections were finally 

mounted in DPX and viewed under a light microscope.

N.B In the initial run o f this experiment, no colour reaction was achieved in any o f  the 

slides including in the slides used as the positive control. The most likely reason for this 

was felt to be a problem with the ABC complex. In order to test this, 1 drop o f the ABC
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complex was added to the DAB buffer in the absence o f any antibodies. Normally, a 

colour change would be expected within the DAB solution. However, none occurred. 

When a new supply o f ABC complex was used, a colour change was seen and this 

precautionary step was then adopted in all subsequent immunohistochemical 

experiments. The above protocol was then repeated with the slides as initially described. 

On this occasion the positive controls showed clear signal.

Results

The sections were then examined for evidence o f binding with 7E12H12 in the presence 

o f an experienced histopathologist. Dr AP Dhillon, who was not aware o f the nature o f 

the sections or the antibody used The positive controls showed detectable signal as 

before. Examination o f the sections from patients with ulcerative colitis, revealed a 

pattern o f immunostaining seen previously (Das et al 1987). The immunostaining 

localised to the epithelial cells predominantly staining luminal plasma epithelium (figure 

3.1). In addition it was noted that there was some intracellular cytoplasmic staining. This 

localised to regions near the nucleus although using light microscopy alone it was not 

possible to characterise further the intracellular localisation o f antigen.

In normal small bowel, when compared with the appropriate positive control there was 

again no evidence o f signal, in keeping with the absence o f the UCAg from small bowel. 

Sections o f normal colon showed a similar pattern (figure 3.2 and 3.3) o f 

immunostaining to that described for patients with ulcerative colitis (figure 3.1).

Conclusion

This experiment confirmed that using the protocol described above, it was possible to 

has demonstrate an identical pattern o f immunostaining, using a modification o f the 

original method employed by Das (Das et al 1987). The methods developed in these 

initial experiments could then be used for further studies
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3.5 D E F IN IT IV E  STUDY: IM M U N O H IS T O C H E M IC A L  A N A LY SIS  O F T H E  

L O C A L IS A T IO N  OF T H E  UCAg IN IN F L A M M A T O R Y  B O W EL  

DISEASE AND N O R M A L  CO LO N

Introduction

The preliminary experiments confirmed the previously published observations concerning 

the immunolocalisation o f UCAg (Das et al 1987). These experiments showed 

localisation to the colonic epithelium in both the diseased and normal states. The pattern 

o f staining was predominantly epithelial plasma membrane with a suggestion o f  some 

intracellular localisation. In addition to confirming the previous observations concerning 

antigen localisation, a protocol was established for further immunohistochemical studies.

Aims

•  to compare the immunohistochemical localisation o f UCAg in patients with Crohn’ s 

disease, ulcerative colitis and in normal large bowel.

• to develop a system for the semi-quantitative assessment o f the immunolocalisation o f 

signal.

•  following demonstration o f binding, to establish more precisely the intracellular 

localisation o f the antigen using con-focal microscopy. More precise intracellular 

localisation o f the antigenic target for 7E12H12 could help in understanding its role in 

the pathogenesis o f antibody mediated cellular cytotoxicity.

This experiment aimed to compare the immunohistochemical localisation o f UCAg in 

patients with Crohn’ s disease, ulcerative colitis and in normal large bowel, again using 

paraffin embedded, formalin fixed archival material from patients and controls.

Methods

Sections: Paraffin embedded, formalin-fixed, 5 pm tissue sections were used for 

immunostaining. These tissues came from patients w ith ulcerative colitis (n=10), Crohn's 

colitis (11=10) and normal colon (n=10, specimens taken greater than 5cm from 

microscopic resection margins from colectomy for malignancy).
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Negative control: No primary antibody

Large bowel ulcerative colitis / Crohn’ s disease / normal without 1̂’ antibody. 

Technical positive control: Colonic tissue from archival tissue from normals 

shown in preliminary controlled experiments to contain UCAg.

M onoclonal antibodies and sera as used fo r  section 3.4 

Antibody dilu tions and reaction conditions as used in section 3.4

Method

The methods used for this experiment were as described for the preliminary experiments 

in section 3.4. Brieily sections were incubated overnight in a 1:50 dilution o f 7E12H12 

in TBS. Immunoreacti\ ily was detected using a 3-stage procedure with GAM*’ and avidin 

biotin complex, and colour reaction developed with 3,3 DAB in buffer as described.

Results

Negative controls showed no reaction. UCAg immunostaining in normal colon 

demonstrated a similar pattern o f immunoreactivity to that described previously, with 

localisation to the plasma membrane o f both the luminal and basolateral surfaces o f 

epithelium. The pattern o f immunostaining seen in ulcerative colitis, and non-inflamed 

control tissue is shown in figures 3.1-3.3. A similar pattern o f immunostaining was noted 

in all disease states and the normal controls.

Conclusions

This experiment confirmed in a larger series the distribution o f the antigen to which 

7 E I2 H I2  binds (i.e. UCAg) The antigen from these studies is present in both diseased 

and normal colon but is absent from small bowel. Included in the sections from patients 

with ulcerative colitis and Crohn's disease were areas o f varying intensity o f 

inflammatory activity. However, using these techniques it was not possible to comment 

further on whether there is any association between the degree o f inflammation and the 

expression o f UCAg as assessed by immunostaining.

Whilst an association between disease activity and expression o f the antigen does not 

necessarily argue for a primary role o f the target antigen in mediating disease, and may
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merely represent increased expression as a result o f  the inflammatory process, a clear 

correlation between disease activity and antigen expression would at least provide further 

supportive evidence this contention. The presence o f an association between disease 

activity and the distribution o f the antigen has not been previously examined. In order to 

examine this question further, a validated image analysis system had to be used.

3.6 ASSESSMENT OF S TA IN IN G  IN T E N S IT Y  USING C O M P U TE R IS E D  

IM A G E  ANALYSIS

The technique o f computerised image analysis to estimate signal intensity allows a semi- 

quantitative differentiation o f immunostain both between different sections and within 

different fields o f the same section. Although this technique allows quantification o f 

staining intensity, there are a number o f problems and inherent limitations o f  this 

technique that need to be appreciated when interpreting any conclusions made from its 

use

Firstly, it is important that all slides to be examined have been stained under identical 

conditions. Stain intensity may vary as a consequence o f minor differences in technique 

between different staining runs. Secondly, the resolution o f stain and differentiation from 

background signal is dependent on the ability o f the optical system o f the video camera 

to resolve signal in the blue-brown wavelength. Minimal staining can lim it the 

discriminatory capacity o f the optical system. Despite the inherent pitfalls o f  image 

analysis, a significant difference in intensity o f immunostain may be shown, particularly 

when a clear positive signal has been obtained with the monoclonal antibody under 

investigation. In this case the results obtained to date using the monoclonal antibody 

7E12H12 had shown clear positive signal and minimal background activity. Thus, 

staining with 7E12H12 would lend itself well to examination using image analysis. In 

order to prevent some o f these possible errors, we elected to examine differences in 

image intensity using the sections that had already been immunostained in the previous 

study under identical experimental conditions.

Aims

To use a computerised video image analysis system to examine whether there is a 

quantitative difference in the distribution o f UCAg as assessed by immunostaining using 

the monoclonal 7EI2H12, between regions o f varying disease activity in sections taken
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from patients with ulcerative colitis. 10 sections that had previously been immunostained 

and examined in the last experiment and thus immunostained in a single run were used.

Methods

In order to quantify the degree o f inflammation present, two different methods were 

used The first was based on a visual assessment o f the amount o f histologic 

inflammation. This involved an assessment o f the inflammatory infiltrate, epithelial 

ulceration, the presence o f crypt abscesses and goblet cell depletion. The degree o f 

inflammation was then graded as mild, moderate or severe and was a subjective score. 

Secondly, a computerised estimate o f the amount o f inflammation was performed. The 

software used was able to provide a cell count by looking at the number o f nucleated 

cells in a given video field and distinguishing these from the background stroma and 

positive immunostaining. The cell count was thus achieved using a nuclear count as an 

estimate o f the number o f inflammatory cells present, and expressing this figure as the 

number o f cells/unit area. These ranges were then divided into quartiles, combining the 

upper 2 quartiles into one category These arbitrary values were then used to describe 

the presence o f mild, moderate and severe inflammatory change. Sections were 

positioned such that at least 10-15 crypts were visible per video image field examined, 

and 1-5 video image fields were examined per section.

Analysis o f  results', in order to assess the reliability o f these two methods, both the 

visual and computer derived score o f inflammation was recorded for each video field 

observed. The correlation between the visual and computer derived score for the 

amount o f inflammation was then derived.

Results

The results o f these correlation plots are shown in the graphs 3.1-3.3. These plots show 

that although there was a statistically significant correlation between the degree o f 

inflammation as assessed by observer scoring and the computerised score o f 

inflammatory infiltrate, there is a large spread in these results (graph 3.1). In view o f the 

correlation between the two different methods used to assess degree o f inflammation, 

both scores could be used to assess the relationship o f staining intensity to inflammation. 

Therefore, a comparison was made between the stain intensity and the estimate o f 

inflammatory activity derived using both methods.
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GRAPH 3.1: IN F L A M M A T IO N  IN  U L C E R A TIV E  C O L IT IS  AND UCAg 

EXPRESSION - R E LA TIO N S H IP  BETW EEN V IS U A L AND C O M P U TE R  

ASSISTED IM A G E  ANALYSIS SCORES OF IN F L A M M A T IO N

This graph plots the observers estimation of inflammation, scoring inflammatory 

activity, ci*ypt abscesses and epithelial loss, against the computer estimate of 

inflammatory activity derived from a cell count within the video field under 

examination.
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G RAPH 3.2: R E LA T IO N  BETW EEN IN T E N S IT Y  OF IM M U N O S T A IN  FO R  

UCAg AND IN F L A M M A T O R Y  A C T IV IT Y  IN U L C E R A T IV E  C O L IT IS

This graph compares the intensity of immunostain as estimated by image analysis 

with the observers score of degree of inflammation

Intensity of immunostain - arbitrary values
025

Mild (n=13) Moderate (n = l7) Severe (n=13)

Observers score of inflammation

The mean in this graph is represented by the horizontal line 

Individual values are represented as ""

Statistical analysis

Intensity o f staining values (mean +/- SE) were compared using Students t-test (two- 

tailed, assuming unequal variance). There was no significant difference between mild and 

moderate (p=0,54), or between moderate and severe (p=0.334). Although there was a 

trend suggesting a link between the staining intensity and the degree o f inflammation, 

graph 3.3 shows that this does not reach statistical significance. (p=0.98)
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G RAPH 3.3: EXPRESSION OF UCAg IN U L C E R A T IV E  C O L IT IS  -

R E LA T IO N S H IP  BETW EEN UCAg PO SIT IVE  CELLS AND  

IN F L A M M A T O R Y  A C T IV IT Y  AS ASSESSED BY C O M P U TE R IS E D  SCORE  

OF IN F L A M M A T IO N

This graph plots the score of inflammation as estimated by a computerised count of 

the number of cells within the video field under examination against the intensity 

of immunostaining determined by image analysis
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Discussion

These results have shown that there was a statistically significant correlation between the 

degree o f inflammatory infiltrate present in sections o f ulcerative colitis as determined 

either using a visual or computerised method. Although subjective, the visual score was 

felt likely to reflect more accurately the degree o f inflammation present as it took into 

account the presence o f histologic features such as crypt abscesses, that could not be 

assessed using the computerised score. Despite these caveats, there was no correlation 

demonstrated between the intensity o f immunostain and the amount o f inflammation 

present within the sections using either method o f scoring inflammation.

These data suggest therefore that the antigenic target for 7E12H12 is found in equivalent 

amounts in inflamed and non-inflamed tissue. Whilst this does not preclude a primary 

pathogenetic role for the antigen, it might argue against its involvement. Alternatively the 

finding o f similar stain intensity in inflamed and non-inflamed areas might suggest that its 

expression is not a secondary phenomenon consequent on surrounding inflammatory 

activity.

Conclusion

These data have shown that the expression o f the antigenic target for 7E12H12 is not 

related to the inflammatory process.

3.7 ASSESSMENT G I INTRA C E LLU LA R  LO C A LIS A T IO N  OF UCAg TH E  

A N T IG E N IC  TA R G E T FOR USING TH E  M O N O C LO N A L  

A N TIB O D Y 7EI2H12 AND C O N -FO C A L M IC R O SC O PY

Introduction

Previous experiments using light microscopic evaluation o f the immunolocalisation o f 

7E12H12 have noted plasma membrane binding as described previously. The initial 

results in this chapter suggested that there was also intracellular localisation o f antigen. 

However using light microscopic resolution, it has not been possible to delineate further 

its localisation. This intracellular localisation had not been described or studied 

previously.
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Con-focal microscopy: con-focal assessment o f indirect immunofluorescence allows 

more precise localisation o f antigen particularly within cells. This technique use the 

precise focal length achieved, to produce a highly focused image that can ignore optical 

information not in clear focus, both behind and in front o f the focal point. In addition 

computerised imaging o f data allows more detailed analysis o f localisation and staining 

pattern. Digital processing o f the image also allows the 3-dimensional reconstruction o f 

images. Figure 3.1 1 shows a diagrammatic representation o f the way in which con-focal 

imaging can obtain multiple sections and then computerised reconstruction o f the images.

The con-focal microscope uses a process whereby the fluorescein (FITC) conjugated 

polyclonal antibody is detected and imaged, using a laser linked to the computer. 

Information is acquired as a digital image which can then be stored on a CD-ROM for 

later retrieval and data processing. The digitised image can then be processed to improve 

contrast and to enhance positive staining. There are a number o f different patterns o f 

colour processing that are used For morphological imaging, the colour scheme chosen 

converts the usual green signal obtained by FITC conjugates to a red or yellow image. 

When data are acquired using both phase contrast and the standard image it is then 

possible to use computer software to superimpose the two images and examine 

intracellular localisation o f immunostain in greater detail. In this image system the 

background becomes blue with a strong red signal indicating positive immunostaining 

signal

The aim o f the previous morphological studies using immunoperoxidase and light 

microscopy, had been firstly to establish a protocol for immunostaining for this thesis and 

secondly to look at changes in the distribution o f the antigen with disease activity. 

However, 7E12H12 had not been used previously in indirect immunofluorescence (IIF) 

and therefore it was necessary to establish that the localisation o f the antigen could be 

achieved with 7FI2H12 using this technique. This could then be used to study the 

detailed intracellular localisation o f signal using con-focal microscopy.
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3.8 D E F IN IT IV E  STUDY: E X A M IN A TIO N  OF TH E PATTERN OF
IM M U N O S TA IN IN G  OF 7EI2H12 USING IM M U N O FLU O R ESC EN C E  
TECHNIQ UES  

Aim

To use indirect immunofluorescence techniques to visualise immunostaining with the 

monoclonal antibody 7E12H12.

Methods

Tissues and cel! lines: 5 gm fresh frozen cryostat sections o f ulcerative colitis, Crohn’s 

disease and normals.

Primai7  antibody 

7E12H12

Positive control antibody

Murine IgM anti-pneumocystis 

Negative controls 

Primary antibody omitted 

Secondary antibody

FITC conjugated Goat anti mouse

Unfixed 5 pm cryostat samples o f ulcerative colitis (10), Crohn's disease (10) and 

normals ( 10) were used Following removal from a -20"C freezer, sections were air dried 

for 10 min and then fixed in acetone for 10 min Following the acetone fixation, samples 

were washed in 0 2% Triton X-100 PBS for 5 min and transferred to an humidity 

chamber. Non specific binding was blocked using normal goat serum at a dilution o f 

1:20 incubated for 2 h Primary antibodies, IgM dinù-Pnenmocystis carin ii and 

7E12H12, were then applied to the sections at a 1:50 dilution. This dilution for the two 

primai-y antibodies had been used successfully in the immunoperoxidase staining 

experiments. Primary antibody incubation was carried out overnight in a humidity 

chamber at 4°C Following this incubation, sections were then washed in Triton-PBS 

and incubated for 60 min in a 1:10 dilution o f a GAM FITC conjugate diluted in PBS. 

Following link antibody incubation, sections were then washed in PBS and mounted in 

Citifluor.

The sections were then examined under a UV microscope (Zeiss, GmBH).
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Results

The optimum dilution o f the secondary antibody was relatively low at 1:10. This gave the 

optimum signal without excessive background. Negative control sections were seen to 

have some background auto-fluorescence, mainly from elastin in blood vessels, but 

classical immunostaining was seen in the positive control sections using the anti- 

PucuniocysHs antibody. The pattern o f immunostaining obtained with 7E12H12 applied 

to colonic mucosa demonstrated with this technique was identical to the original staining 

seen with the immunoperoxidase technique.

Sections were then examined firstly with direct con-focal imaging and secondly with both 

direct and phase contrast image acquisition. The combined use o f phase contrast allowed 

more precise localisation o f intracellular signal. Sections from patients with colitis and 

normals were examined in this way The results are illustrated in the figures 3.4 to 3.7. 

In addition to the plasma membrane binding previously seen, there was clear evidence o f 

intracellular localisation o f antigen Figure 3.4 clearly shows supranuclear staining that is 

compatible with binding to the golgi apparatus. This supranuclear localisation suggests 

production o f UCAg in the golgi apparatus and subsequent export to the luminal and 

basolateral plasma membranes This binding is also shown within the luminal membrane 

o f the crypt epithelium (figure 3.6)

Discussion

This experiment demonstrated that using a modification o f the technique used in the 

immunoperoxidase and light microscopic detection o f signal with 7E12H12 was 

successful also with IIF. The pattern seen under UV tluorescence was identical to that 

shown with the light microscopic techniques. These sections, stained using IIF, were 

then used for subsequent imaging under a con-focal microscope.

Conclusion

Con-focal microscopy confirmed an identical pattern o f localisation o f UCAg using the 

monoclonal antibody 7E12H12. It has also allowed a more precise study o f the 

intracellular localisation o f UCAg, which is found in supranuclear regions compatible 

with golgi body production.
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3.9 D E F IN IT IV E  STUDY: TRO PO M YO SIN  AND 7E12H12

IM M U N O S TA IN IN G  ON C ELL LINES AND TISSUE SECTIONS  

USING IM M UN O FLUO RESCENCE TECHNIQ UES  

Introduction

Following the putative identification o f the target antigen o f 7E12H12 as tropomyosin, 

this contention was investigated initially using immunohistochemical methods. Later 

experiments would examine this in more detail using iminunoblotting and SDS 

electrophoresis, as discussed in following chapters The immunohistochemical data have 

so far shown that UCAg is localised to the colonic mucosa in both diseased and normal 

states and is found predominantly on the luminal plasma membrane and in the golgi 

apparatus.

Tropomyosin, a ubiquitous cytoskeletal protein is found in all cell types and is known to 

be present in enterocytes Tropomyosin and other cytoskeletal elements are responsible 

for maintaining the integrity o f cellular structure. On the premise that the target for 

7E12H12 is tropomyosin, one could expect the distribution o f the staining o f 7E12H12 

to resemble known patterns o f staining for cytoskeletal components. Previously 

published data concerning the localisation o f the tropomyosin suggests a different pattern 

o f localisation for constituents o f the cytoskeleton (Drenkham and Grosche-Stewart 

1980). Thus these data would suggest on immunohistochemical grounds alone that 

UCAg is not tropomyosin. Comparative staining experiments using both colonic tissues 

and cell lines with both 7E12H12 and a monoclonal anti-tropomyosin antibody would 

therefore add further useful information.

A commercially available monoclonal antibody (Sigma clone TM311), is known to be 

immunoreactive with several animal isotpyes o f tropomyosin (Company data. Sigma). As 

there is known to be considerable homology between animal and human tropomyosin, it 

was felt likely that this monoclonal antibody would also stain human tropomyosin under 

appropriately controlled conditions. Information from the manufacturers also supported 

this proposal (Sigma, 1994, personal communication). In addition to identifying 

components o f the cytoskeleton within human enterocytes, it was also important to 

demonstrate that tropomyosin could be identified in a cell system known to contain large 

amounts o f cytoskeleton When human umbilical vein endothelial cells (HUVEC) are
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looked at during a continent phase o f growth, it is possible to visualise cytoskeletal 

elements as the cells grow across cell culture wells. Thus, using the anti-tropomyosin 

monoclonal antibody, it would be reasonable to expect considerable immunostaining in 

this cell culture system. It would then be possible to use 7E12H12 in the same system. I f  

UCAg were tropomyosin, one could then reasonably expect to see a similar pattern o f

immunostaining.

For the purposes o f this experiment to establish that anti-tropomyosin would recognise 

human tropomyosin, HUVEC and Vero (green money kidney cells) were used as a 

source o f epithelioid cells.

Methods

Tissues and cell lines:

Fresh frozen sections o f ulcerative colitis, Crohn’ s disease and normals 

Fluman Umbilical Vein Endothelial cells (HUVEC)

Vero Cells (green money kidney cells)

Positive controls: 7E12H 12 applied to normal colon using previously validated methods. 

Ne^fotive controls: Primary antibody omitted.

HUVEC and Vero cells were grown to confluence using multi-chamber slides (Lab-tech, 

Nunc Inc., Naperville, USA) using established methods. These cell cultures were then 

immunostained using both 7E12H12 and monoclonal anti-tropomyosin antibody. Briefly, 

as before, test slides were air dried for 10 min, fixed in acetone for 10 min and then non 

specific binding blocked using NGS at a dilution o f 1 ;20 in Triton-PBS, incubated for 2 

h. Following washing in Triton-PBS sections were transferred to a humidity chamber. 

7E12H12 was then applied in a 1:50 dilution and incubation was carried out overnight

at 4°C Sections were then washed in PBS and incubated for 60 min in the 1:10 dilution 

o f GAM FITC conjugate, in PBS. This dilution had been established as having given the 

optimum signal in previous experiments. Unbound GAM was then washed o ff with 

Triton X-100, sections were then washed in PBS and mounted in Citifluor. The primary 

antibody was omitted on negative control slides. As a positive control, a murine IgM
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monoclonal m\X\-Pneiiniocyslis carin ii was used as for the initial immunoperoxidase 

experiments.

Results

The slides were imaged initially under a UV light and staining o f HUVEC cells is shown 

in figure 3.8 The cytoskeleton is clearly visible as a fine filamentous network o f 

structures that interlink the cells in their confluent phase o f growth. Digital images were 

then acquired from the same sections using the con-focal microscope and used for 

further analysis (Figure 3 10). The cytoskeleton was clearly identified in both HUVEC 

and Vero cells when anti-tropomyosin was applied. Staining o f the cytoskeleton was 

more obvious in the HUVEC cell line (Figure 3.10). When 7E12H12 was applied to the 

both HUVEC and Vero cells in multi-chamber slides under identical conditions, there 

was no evidence o f immunostaining This result was not a false negative as the work was 

performed under appropriately controlled conditions using 7E12H12 applied to normal 

colonic sections, for which the expected pattern o f immunostaining for this monoclonal 

antibody was seen. In the same series o f experiments when anti-tropomyosin was applied 

to the sections o f normal and diseased colonic mucosa, there was marked background 

staining (autotluorescence), mainly o f elastase (figure 3.9). However, it was not possible 

using this technique to identify specific staining when the positive and negative control 

sections were compared. Staining o f the cytoskeleton was not reliably identified. The 

use o f anti-tropomyosin did not produce a similar pattern o f immunostaining to that seen 

with 7E12H12.

Discussion

Previously published studies o f the immunolocalisation o f tropomyosin and other 

cytoskeletal elements within enterocytes have used more sensitive techniques involving 

immunoelectron microscopy to detect positive signal (Drenkham and Grosche-Stewart 

1980). These studies have demonstrated staining o f the rootlet filaments and the terminal 

web, which has been restricted to the apical and basal cytoplasm.

The present studies showed that using an appropriately controlled system, whilst 

7E12F112 produces its characteristic pattern on colonic epithelium, no similar 

immunostaining was seen when using anti-tropomyosin. I f  the target antigen were the 

same as for 7E12H12, one would expect that the anti-tropomyosin monoclonal antibody
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would stain the colonic sections in a similar way. This was clearly not the case. 

Additional evidence that the antigenic targets for 7E12H12 and anti-tropomyosin 

antibodies are different comes from the fact that tropomyosin, a ubiquitous cytoskeletal 

protein, is also present in intestinal tissues such as small intestine and stomach. These 

tissues have not been reported to bind 7E12H12. Although regional differences in 

isoforms o f tropomyosin might account for this observation, there is no published 

evidence to support this.

Therefore, not only was the sub-cellular localisation o f 7E12H12 binding in colonic 

epithelium not consistent with the recognised staining pattern for tropomyosin, but also 

when tropomyosin was easily demonstrable in primate cell lines in-vitro using anti

tropomyosin, this was not recognised by 7E12H12 In addition, anti-tropomyosin failed 

to immunostain the colonic sections under identical conditions to 7E12H12. The 

localisation for 7E12H12 is not, therefore, typical for this cytoskeletal element. The 

pattern observed for 7E12H12 is consistent with the local synthesis and export o f an 

epithelial cell-associated molecule.

Conclusion

These data strongly support the contention that the target antigen for 7E12H12 (the 

monoclonal antibody which has been raised against partially purified UCAg), is not 

tropomyosin
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FIGURE 3.1: EXPRESSION OF UCAg IN ULCERATIVE C O LITIS  -
IM M U N O H IS TO C H E M IC A L STUDIES USING 7E I2H I2
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The monoclonal antibody 7E12H12 has been used to identify the antigen UCAg. At 
this low power view (magnification x 25), positive staining is seen in colonocytes 
along the luminal epithelium and within the cells of the crypts.
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FIGURE 3.2: EXPRESSION OF UCAg IN NORMAL COLON-
IM M U N O H ISTO CH EM IC A L STUDIES USING 7E12H12
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In this figure, localisation is more clearly seen on the luminal plasma and 
basolateral membranes of luminal colonocytes. Further staining is seen within the 
goblet cells in the crypts (magnification x 40).
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FIGURE 3.3: EXPRESSION OF UCAg IN NORMAL COLON-
IM M U N O H ISTO C H EM IC A L STUDIES USING 7E12H12
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This figure again shows the localisation of UCAg within normal large bowel, using 
7E12H12 (magnification x 40). Staining is seen of luminal colonocytes and within 
the crypt epithelium.
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FIGURE 3.4: CELLULAR LOCALISATION OF UCAg IN NORMAL COLONIC
EPITHELIUM  USING CON-FOCAL MICROSCOPY AND 7E12HI2

I I I  this image UCAg is identified by bright yellow signal. UCAg is seen to localise 
to both the luminal plasma membrane and further signal within the cells indicates 
the supranuclear localisation of the antigen (magnification x 100). This 
supranuclear localisation suggests golgi body production of UCAg.
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FIGURE 3.5: CELLULAR LOCALISATION OF UCAG IN THE CRYPTS OF
NORMAL COLONIC EPITHELIUM  USING CON-FOCAL MICROSCOPY
AND 7E12H12

The presence of UCAg is again indicated by bright yellow signal and intense 
staining is seen with the goblet cells with minimal plasma membrane binding 
(magnification x 100).
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FIGURE 3.6: CELLULAR LOCALISATION OF UCAg IN COLONIC CRYPT
EPITHELIUM  USING CON-FOCAL MICROSCOPY AND 7E12H12

►

Intense staining is seen within the goblet cells but positive staining is also seen on 
the luminal plasma membrane within the crypt (magnification x 100).
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FIGURE 3.7: CELLULAR LOCALISATION OF UCAg IN NORM AL COLONIC
EPITHELIU M  USING CON-FOCAL/PHASE CONTRAST MICROSCOPY AND
7E12H12

»

This image was acquired using both con-focal and standard phase contrast 
images. The software has allowed combination of both images for more precise 
intra cellular detail. In this figure positive staining of UCAg is shown in red, where 
it localises to the supranuclear regions. This localisation suggests production within 
the golgi apparatus (magnification x 100).
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FIG URE 3.8: P H Y S IC O -C H E M IC A L CH AR A C TER ISA TIO N  OF UCAg 
IM M U N O C Y T O C H E M IC A L  STAIN ING  FOR TR O PO M YO SIN  IN  H U M A N  
U M B IL IC A L  V E IN  E N D O TH E LIA L  CELLS (HUVEC)

Human umbilical vein endothelial cells, maintained in-vitro^ were stained with 
monoclonal anti-tropomyosin antibody. Positive staining is seen and binding 
localised as fine filamentous lines connecting the cells (magnification x 40).
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FIG U RE 3.9: PH Y S IC O -C H E M IC A L CH A R A C TER ISA TIO N  OF UCAg - 
IM M U N O C Y T O C H E M IC A L  STAIN ING  FOR TR O PO M YO SIN  IN  H U M A N  
COLO N USING A N TI-TR O P O M YO SIN  A N TIB O D Y

.r  "

Paraffin-embedded sections of normal human colon were stained with the same 
anti-tropomyosin monoclonal antibody, and using the same technique as for the 
HUVEC. High background signal (autofluorescence from the specimen] made 
interpretation difficuit. However no specific staining could be seen. The negative 
control [not shownj appeared identical (magnification x 100).
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FIG U RE 3.10: PH YS IC O -C H EM IC A L C H A R A C TER ISA TIO N  OF UCAg - 
IM M U N O C Y T O C H E M IC A L  STAIN ING  FOR TR O PO M YO SIN  IN  HUVEC  
AND VERO CELLS USING A N TI-TR O P O M YO SIN  A N TIB O D Y

Con-focal image of the immunolocalisation of tropomyosin in H U VE C  (A) and an 
epithelioid cell line, Vero cells (B) (magnification x 40). In these figures positive 
staining for tropomyosin is red and is visible as fine filamentous strands that 
connect cells. Both HUVEC and Vero stain positively.

figure 3.10 A

Figure 3.10b
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FIGURE 3.11: D IA G R A M M A T IC  REPRESENTATION OF TH E  CON-FOCAL  
IM A G E  SYSTEM

LASER SCANNING CONFOCAL MICROSCOPY

Source

Doloclor

1

Section
S

Projection

This figure illustrates how the system is able to perform optical sectioning of the 
tissue under examination.
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Chapter 4

CREATION OF COLON PROTEIN EXTRACT: DIALYSIS AND  

PARTIAL PURIFICATION

4.1 A IM

The aim o f this section o f the work was to extract total colonic proteins from frozen and 

fresh samples obtained from resection specimens o f patients with either ulcerative colitis 

or Crohn’ s disease or from patients undergoing resection for colorectal carcinoma as 

non-intlamed control tissue. These protein preparations would then be analysed on SDS- 

PAGE gels and used to look for the presence o f the target antigen, UCAg for the 

monoclonal antibody, 7E12H12

4.2 M ETHO DS

The steps involved in the extraction o f the colon protein extract are summarised below;

• Protein extraction from whole colon homogenates

• Estimation o f protein concentration in extract

• Semipurification and concentration steps;

Amicon filter ultracentrifugation

Anion exchange chromatography with differential salt elution

Intestinal resection specimens were divided from serosal fat at the time o f surgical

resection and frozen in 5-lOg aliquots at -80^C. Specimens o f inflammatory bowel 

disease colon were obtained from patients with colitis and Crohn’ s disease, from 

macroscopically diseased areas at the time o f resection. Specimens o f normal intestine 

were obtained from patients undergoing resection for colorectal carcinoma. The 

specimen was then taken at least 5 cm from the area o f macroscopic tumour margin. 

Mucosa and submucosa were separated from sub-serosal fat at the time o f resection and

stored at -80°C.

At the time o f preparation o f the mucosal homogenates, samples were removed from 

storage and thawed in an ice bath. All subsequent manipulations were carried out at 4°C. 

Samples were weighed to estimate the necessary volume o f PBS required for dilution at 

the time o f homogenisation. Following thawing, the samples were minced using a scalpel



blade and then washed in PBS butTer containing 2mM EDTA, 2mM PMSF, and 2mM 

Na Azide. Following 5 washes, butTer was removed by filtration through Whatman’s 

number 1 filter paper and the sample then diluted (w/v) 1:10 with PBS for 

homogenisation

Homogenisation was performed at a speed setting o f x 5 using an ultra Turrax 

homogeniser (Janke and Kuntal GmBh, Staufen, Germany) for 4 cycles each o f 10 sec. 

The solubilised extract was centrifuged at 2000g for 20 min at and the supernatant 

was then removed. Fat on the surface was ignored and the pellet was preserved. The 

resulting supernatant was then ultracentrifuged at 20,000g (13,500rpm) for 1 hour. All 

centrifugation took place at 4°C in a Sorval ultracentrifuge using an SS34 rotor.

The resulting supernatant was removed and the protein concentration o f the extracted 

protein was then estimated using the BIO-RAD protein assay (a modified Bradford 

procedure). Protein content o f the colon extract was estimated at 1.0 mg/ml. Despite 

following the Das protocol this was significantly less than the total protein that his group 

had achieved. On discussion with Das, it appeared that these resection specimens may 

well have had less muscle attached and, therefore, had less muscle protein contamination.

4.3 BIORAD PROTEIN ASSAY

The following protocol was used to determine the protein concentration o f samples 

obtained from the above detailed extraction process and for all subsequent protein used 

in SDS electrophoresis, immuno / Western blotting and the analysis o f samples derived 

from anion exchange chromatography.

Introduction

This method involved the adaptation o f the Bradford method for estimating protein 

content. This requires the construction o f a standard curve, using bovine serum albumin 

as a reference standard, plotting the protein concentration against the light absorbance as 

determined by a spectrophotometer at a predetermined wavelength.
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Methods

The reagent was made up as 4ml o f Bradford reagent (Bio-Rad, UK) + 1 ml o f distilled 

water. 1 ml o f this solution was then added to each o f 6  cuvettes for analysis in a 

spectrophotometer. In addition, 1 ml o f this reagent was added to a cuvette as the blank 

for zeroing o f the spectrophotometer, A protein stock solution (Bovine serum albumin) 

was then made up to a known protein concentration. This was diluted to give a 2mg/ml 

solution Serial dilutions o f the stock solution were then made using appropriate 

quantities o f double distilled water as shown below.

Table 4.1: Serial protein dilutions for Bradford protein assay

Serial dilutions of protein solution of known protein concentration

Cuvette
nunther

Stock solution 

in ^1
(1(1(1 H 2 O to 
make up to 20pl

conc^ achieved

mu/nd

/  2 0 0 2.0

2 15 5 1.5

2 10 10 1.0

4 7.5 12.5 0.7 j

5 5 15 0.5

6  2 .J 17.5 0 .2 j

Test .sample 0

Test .sample 0

The optical density o f the solution contained in each o f the cuvettes was then assessed in 

order to draw the standard curve. The absorbance o f the cuvettes was assessed at A, = 

595nm. For estimation o f the protein content o f the samples, 20 pi aliquots o f these 

samples were added to cuvettes already containing Bradford Reagent. The optical 

absorbance at 595 nm was then assessed for each sample. Using the standard curve, the 

protein concentration o f the test samples was read from the graph (graph 4.1).
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GRAPH 4.1: SPEC TRO PH O TO M ETR IC  D E TE R M IN A T IO N  OF PRO TEIN

CO NC EN TRA TIO NS OF BOVINE SERUM A LB U M IN

Standard curve of purified Bov ine Serum Albumin protein concentration 
determined at A. = 595nni
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Results

The values for the absorbance o f the test samples o f colon protein extract were 1 mg/ml 

for the ulcerative colitis extract and 4mg/ml for the non-inflamed control extract. The 

protein extracts from both non-intlamed and inflamed bowel, were then frozen in

aliquots, either with or without glycerol, at -80°C 

A micon Ultracentrifugation

In order to further concentrate the protein extracts, the supernatants that resulted from 

ultracentrifugation were subjected to further ultracentrifugation through Amicon 

concentration filters selecting for proteins with a cut o ff point o f greater than 30 kD 

(Company data).
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Methods

2 ml o f the solubilised partially purified protein extract were placed in the Amicon filter 

system This was ultracentrifuged using an SS34 rotor in a Sorval centrifuge at 4®C for 

30 min at 5000 g (6200 rpm) for 1 hour. This was the filtration spin. A recovery spin into 

eppendorfs was performed at lOOg (2700 rpm). Protein estimation was performed on the 

retentate using the Bradford assay as described previously. The protein content was 1.0 

mg/ml and the retentate was then frozen at - 2 0  T  without glycerol.

4.4 AN IO N  EXCH ANG E C O LU M N  C H R O M A TO G R A P H Y

The next step was to perform ditTerential salt elution on an anion exchange column in 

order to attempt to maximise extraction o f the 40kD band for immunoidentification. This 

would be then followed by dialysis to remove the excess salt. This again was performed 

according to the method used by KM Das who found maximum concentrations o f UCAg 

in the 0.35M KCl eluate.

Methods

A 50ml DEAL (Di-ethylaminoethylcellulose) column was constructed. Prior to the 

addition o f the colon protein extract, the DEAE was allowed to equilibrate overnight 

with phosphate buffer (25mM KH2PO4 pEI 7.5 + 0.02% Na Azide). A 0.5M stock buffer 

(x20 concentration) was made by dissolving 34.02g o f KH 2PO4 in 500 ml o f DD water. 3 

litres o f KH2PO4 buffer were then made by adding 150ml o f the stock to 3 litres o f DD 

water. The pH was then adjusted to 7.5 using concentrated NaOH, In order to achieve a 

0.02 % concentration o f Na Azide, 0.6 g o f the salt were added to the above solution.

After overnight equilibration with the KH2PO4 buffer, 14ml o f the colon protein extract, 

was added to the column. The addition o f 14ml o f a 4mg/ml protein concentration gave a 

total protein load to the column o f 56mg. A series o f differential concentrations o f KCl 

solutions were then constructed as follows for elution o f proteins.
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4.5 CONSTRUCTION OF KCL GRADIENT

Table 4.2: KCl gradient for DEAE column

Molarity Volume stock 

IM  KCl

Volume 

500mM 

KH2PO4 stock

ml DD H2O 

added

Total volume

0.25 62.5 75 175 250

0.30 75.0 87.5 87.5 250

0.35 87.5 1 0 0 62.5 250

0.40 100 112.5 37.5 250

0.45 1 12.5 125 12.5 250

The column was washed with 2 bed volumes o f buffer. The collection rate without 

inclusion into the circuit o f a peristaltic pump was 10-15ml per hour and with the pump 

35ml / hour. Elution o f the proteins bound to the columns was then carried out using 

60ml volumes o f the KCl solutions. The eluates were collected and dialysed to remove 

excess salt For dialysis, eluates were placed in dialysis membranes. The membranes were 

then placed in 1 litre o f KH 2PO4 butTer at pH 7.5 and stirred at 4"C. The buffer was then 

changed for overnight dialysis. The protein concentration o f individual eluates was then 

calculated.

4.6 RESULTS

In none o f the eluates, either 0.35M or 0.4M, was a significant quantity o f protein 

detected. Rather than enriching the fraction o f 40kD protein as had been anticipated 

there was less than 0.1 mg/ml o f protein in each o f the eluates. Further attempts were 

made to concentrate the eluates using ultracentrifugation with Amicon 10 filters. This 

was also unsuccessful.

4.7 DISCUSSION

Despite following as closely as we were able the methods o f Das, it was not possible to 

enrich the 40kD fraction o f the colon protein extract, even using one o f the extracts that 

contained a higher than average amount o f protein. It was not possible to determine 

whether Das had loaded much higher concentrations o f protein when performing his
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concentration steps. Further discussion with Das did not reveal i f  there were other 

unpublished experimental details that may have accounted for this failure. Another group 

had also been unsuccessful in attempting to enrich the 40kD fraction (Halstensen, 1993, 

personal communication). Therefore the unenriched colon protein extract containing 

] mg/ml o f protein was used for further studies to identify the 40kD target for 7E12H12 

within this extract.
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Chapter 5

SDS-PAGE AND WESTERN BLOTTING OF COLON PROTEIN  

EXTRACTS

5.1 IN TR O D U C TIO N

In the previous section two extracts o f colon protein from normal and diseased colon had 

been made prepared. Attempts to enrich and partially purify the proteins o f around 

40kD, the molecular weight o f the UCAg reported by Das, had been unsuccessful.

The aim therefore o f this section o f the work was to use SDS-PAGE and Western 

blotting to characterise the UCAg using the monoclonal antibody 7E12H12. It was 

apparent at the outset that attempts at immunoidentification o f UCAg after transblot 

using a monoclonal antibody, may not be successful, because o f the potential for 

alteration o f antigenic epitopes during the preparative stages o f electrophoresis. 

Antigenicity may be lost when using denaturing gels which result in the breakage o f 

disulphide bonds, contributed to by the reducing buffer containing mercaptoethanol and 

by solubilisation in SDS which results in linearisation o f the protein and confers a 

negative charge. These changes may cause loss o f the 3-d structure o f the protein which 

provides the spatial conformation to which a monoclonal antibody can bind. There would 

then be a problem particularly i f  the antibody only recognises tertiary structure. 

Although Das had already reported some o f these problems he had been able to 

overcome them and successfully blot 7E12H12 using 4M urea treatment o f the SDS-gel 

after electrophoresis.

5.2 TH E TE C H N IQ U E OF SDS-PAGE AND W ESTERN B LO TTIN G

This technique uses SDS gels to separate proteins o f varying molecular weight and to a 

small degree, charge, by forcing proteins through a gel by an electrical current. 

Following reduction, proteins are denatured by boiling and loaded onto the SDS gel. 

Here the protein is conferred a negative charge and linearised. When an electric current is 

applied the protein will therefore migrate to the positively charged cathode. The use o f 

bromophenol allows a visual inspection o f the migration o f protein through the gel. 

Proteins that have been resolved using SDS-PAGE can then be stained using Coomasie 

blue or a variety o f other techniques
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The resolution o f the proteins or polypeptides that have been processed by this technique 

allows a number o f determinations. By measuring the electrophoretic mobilities (R f 

values) o f the test sample and comparing them to standard molecular weight markers, it 

is possible to calculate the molecular weight o f polypeptides o f interest. However, 

heavily glycosylated proteins may give an aberrant result based on problems with protein 

concentration determination.

It is also possible in some instances to determine i f  one o f the proteins resolved by 

electrophoresis is the antigen to which an antibody has been raised. Under normal 

circumstances diffusion o f antibodies into a gel is difficult. The gel is relatively non- 

porous and washing steps involved in any immunocytochemistry reaction led to 

unacceptably high backgrounds. To circumvent this, the technique o f transferring the 

proteins to a permeable support matrix (nitro-cellulose membranes) was developed. 

Briefly, following SDS-PAGE, the proteins are transferred (blotted) onto nitro-cellulose 

membranes by overlaying a gel onto a sheet o f the membrane and passing an electric 

current through the gel. Proteins migrate onto the membrane in a linear manner, so that 

their relative position is maintained and is identical to that on the gel. The membrane may 

then be handled and in many cases, specific antigens can be identified on the membranes 

using mono or polyclonal antibodies and an indirect immunocytochemical technique. The 

proteins o f interest thus identified may then be studied further by removing that region o f 

the nitro-cellulose membrane and performing N-terminal sequencing o f the protein. 

However, as will be seen, it is not always possible to use monoclonal antibodies for the 

identification o f electroblotted protein.

5.3 SDS-PAGE OF W H O LE BOW EL M UCO SAL PROTEIN EXTRA CT  

Methods

For SDS-PAGE, a Bio-Rad system using freshly made gels was used (for details o f 

buffers and gel preparation see protocol section). Prior to use, the gel apparatus was 

thoroughly cleaned using detergent, water and 95% ethanol to avoid the formation o f 

bubbles within the gel. The gel apparatus was then assembled within clamps. Following 

assembly o f the gel apparatus, double distilled water was placed between the gel plates to 

ensure that the seal was water tight. The separating gel was loaded into the apparatus 

using a pipette to ensure that no bubbles formed within the gel apparatus. The plates
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were filled until the level o f the gel reached 5mm below the level o f the loading wells. 

This gel layer was then allowed to set for 1 hour with a separate aliquot o f the gel 

retained to ensure that the gel sets (some o f the constituents o f the gel are labile). Whilst 

the gel was setting a solution o f butan-l-ol was layered over the top o f the separating gel 

to prevent bubble formation at the interface with the stacking gel. Once a clear line o f 

demarcation was seen to develop, the butanol was removed and the stacking gel was 

then layered onto the top o f the separating gel The comb containing the loading wells 

was placed in-sifii whilst the separating gel was allowed to set.

Once the gels had set, the gel apparatus was clamped into the electrophoresis bath and 

the central well filled with running buffer (0.25M Tris,1.92M glycine, 1%SDS pH 8 .8 ). 

The outside o f the bath was then also filled with running buffer in order to prevent loss 

o f the central buffer

Sample Preparation

The protein content o f the colon protein extract had been previously estimated using the 

Bio-Rad method as described. The content was known to be 1 mg/ml. 20pg aliquots 

(20pl) were placed in 1 ml Eppendorf tubes. 20pl o f rainbow standard molecular weight 

markers were added to a separate tube. In addition the retentate from the Amicon 30 

concentration was used for addition to the third lane. lOpl o f reducing buffer containing 

mercaptoethanol was added to each tube. These were then mixed using a vortex mixer 

and then denatured by boiling at 100"C for 5 min in denaturing buffer. Each sample, 

approximately 20pl, was loaded into the wells o f the SDS-PAGE using a Hamilton 

syringe. The electrophoresis power source was then connected and the gel was run at a 

constant current o f 35mA for approx. 1 hour. The power was then disconnected when 

the bromophenol blue front was seen to reach the lower end o f the gel running 

apparatus.

Following the completion o f electrophoresis, the gel running assembly was dismantled 

and the two plates separated. The gel was then carefully separated from the plates and 

placed into staining solution. Incubation in Coomasie blue staining solution (10 % Acetic 

acid, 25% Isopropanol, 0.025% Coomasie Blue R-250) was carried out over night on a 

mixer plate The gel was then transferred to the destain solution containing a 10% acetic 

acid solution. Several changes o f the destain fluid were performed and absorbent tissue
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was added to soak up excess stain. Following the destain procedure the gel was 

photographed and the results are shown in figure 5.1.

Results

Figure 5.1 shows in the left lane, standard molecular weight markers indicating the size 

o f corresponding protein at the time o f electrophoresis. In the adjacent lanes the protein 

pattern o f the colon protein extract (lane 2) and the retentate from the Amicon 

concentration step (lane 3) can be seen. This experiment confirmed the presence o f 

multiple proteins contained within the colon protein extract. It can be seen that there are 

several protein bands present around the 40kD weight region.

Conclusion

This initial experiment validated a technique for the SDS-PAGE o f proteins extracted 

from colon Resolution by electrophoresis enabled the identification o f proteins at around 

the 40kD band. Clearly without the use o f Western blotting and monoclonal antibodies it 

is not possible to be certain that one o f these proteins is indeed the target for 7EI2H12. 

Therefore the next step in this investigation was to attempt identification using Western 

transfer to nitro-cellulose and subsequent immunoidentification steps using indirect 

amplification techniques.

5.4 IN IT IA L  W ESTERN BLOT USING 7EI2H12 TO DETECT UCAg IN TH E  

COLON PROTEIN EXTRACT

Introduction

Immunoblotting combines the resolution o f gel electrophoresis with the specificity o f 

immunocytochemical detection. Immunoblotting can be used to determine a number o f 

important characteristics o f protein antigens - presence and quantity o f antigens and the 

relative molecular weight o f the antigen. It is particularly useful when dealing with 

antigens that are insoluble, ditftcult to label or easily degraded and thus less amenable to 

analysis using conventional immunoprécipitation. The major factor that w ill determine 

the success o f an immunoblotting procedure is the nature o f the epitopes to which the 

relevant antibodies bind. Most polyclonal sera contain at least some o f the antibodies that 

will bind to dénaturation resistant epitopes but many monoclonal antibodies w ill not.
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Aim

To resolve the colon protein extract using SDS-PAGE and then transfer the proteins to 

nitro-cellulose for immunoidentification. The method used for this experiment was 

adapted from those currently used for immunotransblot in the department o f molecular 

biology, RFHSM. This system involved the use o f dilutions for monoclonal and link 

antibodies that have been shown to be appropriate to the majority o f monoclonal 

antibody systems.

Methods

Materials Colon protein extract from ulcerative colitis colon, and the protein extract 

that had been concentrated using the Am icon system were used as the source protein for 

electrophoresis. Commercial rainbow molecular weight markers (Amersham, Aylesbury, 

Bucks ) were used as the molecular weight reference standards.

20pg samples o f the total colon protein extract and the retentate from the Amicon 

centrifugation, were loaded into freshly made IO%SDS mini gels. Electrophoresis was 

then carried out at a constant current o f 35mA as described previously. (On each 

occasion when a fresh gel was to be run, fresh running buffer was added to the central 

well o f the gel apparatus).

Following SDS-PAGE the gel apparatus was dismantled and the gel placed in transfer 

buffer (39mM Glycine, 48mM Tris, 0.0375 SDS, 20% v/v methanol) for 20 min, using 

gentle agitation on an orbital shaker.

Methods

Transhlottin}' SDS-ntini ^els to nitro-cellulose: M ini gels are approximately 8 cm by 

6 cm long. Nitro-cellulose membrane was cut to the same size as the SDS gel. It is 

important to have the paper the same size as the gel as overlapping paper may cause 

short circuiting o f the edges touch during the transfer process. After initial attempts 

using 18 pieces o f filter, better transfer was achieved when smaller numbers o f filter 

paper were used. Thus, 6  pieces o f filter paper were cut per gel to be transferred. The 

lower anode plate was saturated with distilled water and any excess removed using a 

paper towel. 3 pieces o f filter paper were wet with transfer buffer (39mM Glycine, 

48mM Tris, 0.0375 SDS, 20% v/v methanol) by slow immersion in the liquid and
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allowed to become wet by capillai^ action carefully avoiding the trapping o f air bubbles 

which may prevent the flow o f current at the time o f transfer. Three pieces o f filter 

paper were stacked on the anode plate, again taking care to avoid trapping air bubbles.

A piece o f nitro-cellulose cut to size was immersed into the transfer buffer and allowed 

to become wet by capillary action. A corner was removed from the membrane to allow 

subsequent orientation. The SDS minigel was then carefully layered onto the nitro

cellulose membrane and the corner marked to enable later orientation. A further 3 pieces 

o f filter paper were wet by capillary action in the transfer buffer, were placed on top o f 

the nitro-cellulose membrane.

The cathode plate was saturated with distilled water, and the excess was removed with 

absorbent paper. It was secured on the top o f the transfer unit and connected to the 

power supply. The transfer to nitro-cellulose was performed using a constant current o f 

108mA per gel for 1 hour. Following transfer, the semidry transfer cell was dismantled 

and the nitro-cellulose membrane carefully removed. It was placed in distilled water to 

wash o ff the excess transfer buffer and then transferred to a 50ml Sterilin container for 

the immunoidentification process to be performed

Im tnunoidentification: all incubations were carried out on a roller mixer in Sterilin 

bottles. The membrane was washed in 15ml o f TBS and then incubated for 2 h with 2 ml 

o f the blocking solution, 5% dried milk powder (Marvel ) in TBS (20mM Tris, SOOmM 

NaCl, pH7.5). The membrane was then washed for 15 min with 3 changes o f 15 ml TBS 

(TBS 20mM Tris, 500mM NaCl, pH7.5) containing 0.05% v/v Tween 20 (TTBS).

5 ml o f the 7E12H12 antibody diluted 1:500 in antibody buffer 500 (lOpl o f 7E12H12 in 

5ml o f 1% Marvel in TBS dried milk powder) was added and the incubation bottle leff 

on a roller mixer for 12 h at 4"C. Nitro-cellulose membranes were immersed briefly in 

TTBS and were x 3 with 15 ml TTBS for 15 min each wash, on a roller mixer.

Signal aniplificutioiv. detection o f antibody was achieved using a Streptavidin biotin - 

avidin alkaline phosphatase system The dilutions for each step had been obtained from 

calibration experiments (data not shown). Following incubation with 7E12H12, the nitro

cellulose strips were incubated for 1 hour at room temperature in antibody buffer
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containing biotinylated goat anti-mouse antibody, GAM*’ at a dilution o f 1:400 antibody 

in buffer (12.5gl o f antibody was added to 5 ml antibody buffer). Incubation was carried 

out at room temperature on a roller mixer for 1 hour. The nitro-cellulose strips were 

then washed x 3 in 15 ml TTBS for 15 min.

Nitro-cellulose membranes were then incubated with Alkaline Phosphatase conjugated to 

Streptavidin, at a dilution o f 1:1000 (5pl o f Streptavidin was added to 5 ml antibody 

buffer), for 30min. The membranes were then washed x 2 for 5 min with 50 ml TTBS on 

roller. The nitro-cellulose membranes were then washed in 100 ml TBS to remove any 

excess Tween, which can interfere with later colour reaction, giving increased 

background

Colour Development: these reactions were all carried out in glass containers and 

solutions prepared immediately prior to use. A 70% solution o f DMF was made by 

diluting 700 pi o f DMF in 300 pi o f double distilled water. 30 mg o f nitro blue 

tétrazolium (NBT) was then diluted in this solution o f 70% DMF.

BCIP was purchased as a solution o f 150mg o f the p-toluidine salt o f bromo-chloro- 

indolyl-phosphate (BCIP) in 300pl o f DMF (500mg/ml). Therefore 30pl o f this solution 

o f BCIP was added to 970pl o f DMF to give a 15mg/ml solution. Immediately prior to 

use, the NBT and BCIP solutions were mixed using a glass pipette and added to 100ml 

o f bicarbonate buffer containing O .IM  NaHCO^, ImM MgCl] pH9.8. 5 ml o f this 

developer solution was added to the sterilin pots which were left on a roller mixer for 5 

min. The reaction was terminated by washing x 5 in 10% acetic acid in double distilled 

H 2O before a final 3 washes in 5 ml o f dd H2O.

Results

The nitro-cellulose blots were incubated for 30 min in the chromogen solution, however 

no colour change was seen The absence o f identification was not because o f the failure 

o f transfer o f proteins as the colour o f the molecular weight markers were clearly 

identified. However, despite prolonged exposure to the colour development solution, and 

the use o f antibody dilutions, which had been shown to work previously with other 

monoclonal antibodies, no reaction was seen.
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Discussion

There are several potential reasons why the blotting experiments failed. These include 

inadequate antigen load, changes in conformational structure o f the protein in denaturing 

buffer and SDS and inadequate concentrations o f the primary and link antibodies. Das’ 

original paper reported some difficulties in achieving a successful Western blot using 

7E12H12. He had published evidence that post electrophoretic treatment o f the SDS gel 

with a solution containing 4M urea had overcome this problem, and resulted in the 

successful identification o f the UCAg using 7EI2H12. It was therefore decided that the 

experiment would be repeated with the only change in the methodology being the 

incubation in 4M urea.

5.5 A TTEM PTE D  ID E N T IF IC A T IO N  OF UCAg FO LLO W IN G  

INCU BA TIO N IN 4M UREA POST SDS-PAGE

Methods

2 0  pg samples o f the protein extract and retentate were again loaded into the gel after 

reduction in denaturing sample buffer. SDS-PAGE was carried out under identical 

reaction conditions to those described in section 5.4. Following SDS-PAGE the mini-gel 

was carefully isolated, washed in double distilled water and then transferred for 

incubation in lOmM Tris-HCI buffer containing 4M Urea, 2.2mM EDTA, 50 mM NaCl 

and 0 .ImM  Dithiothreitol for 2 h. The gel was then washed for 30 min in Tris-Glycine 

methanol at pH 9.0 Following these 2 washing steps the gel was transferred to the 

semi-dry nitro-cellulose transfer cell and the proteins blotted at a constant current (108 

mA) using the methods described previously. Attempted immunoidentification was then 

carried out using an identical protocol to that shown for the first experiment.

Results

Transfer o f protein from the SDS gel to nitro-cellulose was again confirmed by the clear 

transfer o f protein markers. However, as before there was no evidence o f binding 

between the monoclonal 7E I2H I2  and any proteins in the lane(s) which had the colon 

protein extract
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Discussion

Attempts to reconform the protein following incubation in 4M Urea were thus 

unsuccessful The previous discussion alludes to some o f the other reasons why a 

negative result may have occurred. Therefore, this experiment was repeated altering each 

variable to see i f  it was possible to produce a positive reaction. The amount o f total 

protein loaded into the well was increased to a maximum o f 40pg and the dilution o f the 

primary antibody decreased to 1:50 instead o f 1:100, but to no effect. Due to the limited 

amounts o f primary antibody, the maximum concentration that could be reached was 

limited. At the time o f increasing the concentration o f the primary antibody the 

concentration o f the second and third layer conjugate antibodies was also doubled. 

However there was still no evidence o f immunoreactivity.

Conclusions

These initial experiments could be criticised in that they were carried out without using a 

good positive control antigen/antibody system, known to recognise its target antigen 

after Western transfer. Thus it is ditTicult to comment on the true meaning o f a negative 

result in this setting as many factors may have needed further adjustment. However, an 

identical protocol to that used successfully by Das had been followed without successful 

immunorecognition. Although in both experiments, protein was seen to transfer to the 

membrane, it is still difficult to be certain that the protein o f interest has been transferred 

to the membrane, or that the reaction conditions employed for the amplification steps are 

valid without a positive control

In order to be certain o f the optimum reaction conditions, a good positive control was 

needed for use in this system. At this point in the work, a discussion was held with Dr 

Das concerning the difficulties that had been encountered in performing a Western blot 

using this antibody. It became apparent that this was a problem also encountered by his 

co-workers in that, although they had on occasion successfully identified UCAg in 

Western blot with 7E12H12, this was by no means a consistent reaction. It was clear, 

therefore, that the procedure had not been reliably repeatable and on the occasion that it 

had worked successfully, very large amounts o f partially purified antigen and primary 

antibody had been used, in combination with a radioisotope linked antibody and 

prolonged exposure to X ray plates.
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In summary, it was clear, that Western blotting did not appear to be a reliable tool for 

detecting the presence o f the target antigen for 7E12H12. It could also be said that this 

monoclonal antibody would not be a useful tool for either the isolation and partial 

purification o f UCAg or for the screening o f cDNA expression libraries. In this latter 

situation, there is likely to be even more difficulty in identifying the antigen with the loss 

o f post translational modification

Therefore the two initial approaches to the identification o f the antigen, namely its 

isolation and partial amino acid sequencing, were no longer possible. At the same time 

that these problems had been encountered. Das and co-workers had managed to take the 

work further and had putatively identified the target antigen for 7E12H12 as 

tropomyosin. The methodology underlying this step is dealt with in detail in the 

introduction Briefly, Das et al partially purify UCAg, using anion exchange column 

chromatography and isoelectric focusing. The partially purified protein was seen to run 

as doublet at around 40 kD, in SDS-PAGE. Following electro-transfer to PVDF 

membranes, N-terminal block prevented amino acid sequencing from the N terminus o f 

this protein However, following tryptic digestion Das was able to obtain internal amino 

acid sequence. HPLC analysis o f this digest revealed proteins that were seen to have 93- 

1 0 0 % homology with tropomyosin from a variety o f species.

It was apparent that the morphological data, discussed in section 3.9, were against 

tropomyosin or a cytoskeletal protein being the key antigenic target o f 7E12H12. The 

distribution o f 7E12H12 in immunohistochemical analysis o f tissue sections did not 

follow that previously described for tropomyosin. Therefore the following series o f 

experiments were designed:

• to identify the constituent proteins and molecular weights o f tropomyosin o f chicken 

and porcine origin

• to devise a system o f immunoblotting to enable the immunoreactivity between 

7E12H12, anti-tropomyosin and colon protein extracts to be examined

• to examine immunoreactivity between 7E12H12 initially in dot-blots systems and then 

to adapt the methodology used in this to Western blots

• to use tropomyosin and anti-tropomyosin in Western blots as a positive control to 

attempt again to identify UCAg using 7E12H12
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5.6 SDS-PAGE ELECTROPHORESIS OF C H IC K E N  TR O PO M YO SIN  AND  
COLON PROTEIN EXTRACT

Aim

The aim o f these experiments using the technique o f SDS-PAGE was to resolve the 

constituent proteins o f tropomyosin using the technique o f SDS-PAGE. In addition this 

system would allow a test o f the reproducibility o f estimates o f molecular weight as the 

calculated weights could be compared to known molecular weights from commercial 

data. These gels could simultaneously resolve the proteins contained in the colon protein 

extract for comparison with tropomyosin.

Introduction

Tropomyosin forms part o f a large group o f closely related actin binding proteins that are 

responsible for maintaining cytoskeletal structure and cellular contractility. Tropomyosin 

exists in all mammalian cell types in various isoforms with molecular weights o f 30 - 45 

kD, with some interspecies variation in the predominant molecular weights. Das et al 

demonstrated immunoreactivity between partially purified UCAg and anti-tropomyosin, 

evidence that at least one o f its constituent proteins was tropomyosin. However using a 

partial puritlcation method, he may have co-purified several different colon-derived 

proteins with similar molecular weights along with the target for 7E12H12, including 

human tropomyosin.

The aim o f this experiment was to establish firstly that it was possible to identify the 

molecular weight o f tropomyosin in this system and then to use this gel to compare 

subsequent Western blots using tropomyosin as the antigen. The accuracy o f the 

measurement o f the molecular weight o f proteins depends, in part, on the accuracy o f 

measurement o f the migration distance o f the control molecular weight markers and the 

test proteins. In addition to the validation o f this technique, this experiment aimed to 

develop a system involving the use o f scanned computer images for accurate 

measurement o f electrophoretic mobility.

Methods

SDS-PAGE was performed as before, using the Bio-Rad mini-gel system. Precast gels 

from Bio-Rad, gradient 4-20% polyacrylamide were used for all subsequent experiments
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in order to have consistency between experiments. Precast gels were inserted into gel 

casting apparatus, and running butler (0.025 M Tris, 0.19 M Glycine, 0.1% SDS, 

pH8.3).

Tropomyosin anti^fen: for all o f these experiments a commercial preparation o f 

tropomyosin was used as the antigen. This was available in the form o f chicken gizzard 

derived tropomyosin (Sigma T3026). The protein concentration o f the tropomyosin was 

known from the data sheets and the dilution o f the antigen used. Lyophilised 

tropomyosin powder was diluted in IM  KCl to make up a 1 pg / pi solution and frozen 

down in lOOpl aliquots at -20‘’C

Sample Preparation

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Colon protein extract 20pg (pi)

20pg aliquots (20pl) o f protein were placed in I ml Eppendorf tubes. lOpl o f rainbow 

standard molecular weight markers were added to a separate Eppendorf tube. lOpl o f 

the reducing butler containing mercaptoethanol was added to each o f the samples, which 

were then mixed using a vortex Samples were then denatured by boiling at lOO'^C for 2 

min. Each sample was loaded into the wells using a Hamilton syringe. The gel was run at 

a constant current o f 35mA for 1 hour. The power was then disconnected when the 

bromophenol front was seen to reach the lower end o f the gel running apparatus. The 

assembly was then dismantled and the gel transferred to staining solution Coomasie blue, 

(10 % Acetic acid, 25% Isopropanol, 0.025% Coomasie Blue R-250). This incubation 

was carried out overnight on a mixer plate. The gel was then destained using a 10% 

acetic acid solution
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Results

GRAPH 5.1: M O LE C U LA R  W E IG H T  C A LIB R A TIO N  CURVE FOR SDS- 

PAGE G EL OF C H IC K E N  TR O PO M YO SIN

Rf values for scanned SDS gel of chicken tropomyosin. The graph plots the 

electrophoretic mobility against the known molecular weights of the standard 

molecular weight markers
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Following staining with Coomasie Blue, the chicken tropomyosin was identifiable as a 

doublet protein at approximately 40 kD on the SDS-Page gel (see figure 5.2). The
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molecular weights o f resolved proteins can be calculated by extrapolation from a semi

log plot o f the molecular weight in kD o f the rainbow molecular weight markers versus 

the respective electrophoretic mobility coefficient (Rf), Graph 5.1. A  line o f best fit was 

determined by performing regression analysis o f these values.

In order to maximise the accuracy o f this procedure, photographs o f gels were scanned 

into a PC photostyler software package. Estimates o f molecular weights obtained from 

the distances migrated by the commercial antigens tropomyosin preparation was then 

used to test the accuracy o f the system. Table 5 .1 shows the calculated weights from the 

graph 5.1 for chicken tropomyosin. The molecular weights o f 35 / 40 kD compare 

favourably with the known molecular weights o f these proteins, i.e. 36 / 38 kD.

Table 5.1: Comparison of manufacturer’s data for molecular weights of chicken 

tropomyosin with values obtained from SDS-PAGE

Molecular weight 

chicken tropomyosin 

(Manufacturer’s data)

Molecular weight o f chicken 

tropomyosin determined 

from the SDS-PAGE gel

38 kD 40 kD

36 kD 35 kD

Having established an efficient system for the SDS electrophoresis o f these proteins 

using commercial precast gels, this procedure could now be applied to tropomyosin 

derived from other species, namely porcine, and also to the colon protein extract These 

analysing gels could later be blotted onto nitro-cellulose using Western blotting for 

attempted immunoidentification o f both chicken and porcine tropomyosin, tropomyosin 

contained within the colon protein extract and to progress the attempts to identify 

UCAg.
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5.7 SDS PAGE ELECTROPHORESIS OF C H IC K E N  / PORCINE

TR O PO M YO SIN  AND COLON PROTEIN EXTR A C T  

Aims

Precast gels have been shown to be useful and give consistent results in identifying the 

molecular weight o f chicken tropomyosin using the image scanner. This brief experiment 

was designed to extend this further by comparing tropomyosin from chicken and pig, and 

to include the colon protein extract in order to see i f  constant 40 kD bands could be 

obtained.

Sample Preparation

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Porcine tropomyosin 20pg (20pl) (Sigma T2400)

• Bowel protein extract 20pg(p l)

Methods

Preparation o f samples and SDS-PAGE electrophoresis was carried out as in section 5.6. 

The gel assembly was then dismantled and the gel transferred to staining solution 

Coomasie blue, (10 % Acetic acid, 25% Isopropanol, 0.025% Coomasie Blue R-250). 

This incubation was carried out overnight on a mixer plate. The gel was then destained 

using a 10% acetic acid solution

Results

The SDS gel shown in figure 5.3 demonstrates the 2 different isoforms o f chicken 

tropomyosin as a doublet. The molecular weights were calculated from semi-log plot o f 

the R f (electrophoretic mobility) o f molecular weight standards versus the molecular 

weight values, (see graph 5.2). Bands were identified for chicken tropomyosin [36 and 

38kD], and for porcine tropomyosin [41kD] following SDS-PAGE (figure 5.3). Again, 

these results compared well with the data sheet estimates o f the molecular weights o f the 

two preparations o f tropomyosin.

The molecular weights from this experiment are shown in table 5 .2 below. R f coefficients 

were calculated from the plot shown in graph 5.2. It can be seen from this semi-log plot 

and the previous graph, that the Rf values between the 2 experiments are different. This
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emphasises the importance o f determining the R f values for each gel as the size o f the gel 

and thus the total distance migrated may vary between experiments.

GRAPH 5.2: M O LE C U LA R  W E IG H T  C A LIB R A TIO N  CURVE FOR SDS- 

PAGE G EL OF C H IC K E N  AND PORCINE TR O PO M YO SIN

R f values for scanned SDS gel of chicken tropomyosin and porcine tropomyosin. 

The graph plots the electrophoretic mobility against the known molecular weights 

of the standard molecular weight markers
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Table 5.2: Comparison of manufacturers data for molecular weights of chicken 

and porcine tropomyosin with values obtained from SDS-PAGE

Molecular Molecular Molecular Molecular Molecular

weight o f weight o f weight o f weight o f weight o f

chicken porcine chicken chicken porcine

tropomyosin tropomyosin tropomyosin tropomyosin tropomyosin

(manufacturer’s (manufacturer’ s (data from (data from SDS (data from

data) data) SDS gel in gel in section SDS gel in

section 5.6) 5.7) section 5.7)

38 kD 45 kD 40 kD 41 kD

36 kD 43 kD 35 kD 36 kD 41 kD

In SDS-PAGE there is only one major band for porcine tropomyosin which is shown at 

41kD (2kD outside the commercial weight). These figures indicate an error o f 2-15% in 

the estimation o f molecular weights using this system.

Conclusions

These experiments have shown that tropomyosin o f both pig and chicken origin, is o f a 

similar molecular weight to the UCAg. This electrophoretic system has demonstrated 

that both consistent resolution o f antigen under these experimental conditions and 

accurate estimates o f molecular weight are possible. The use o f scanned images has 

allowed accurate measurement o f the distance migrated by the proteins under study.

Further analysis requires the use o f an antibody able to detect the presence o f UCAg o f 

tropomyosin following Western blotting. The development o f the amplification system 

and the protocols for this are developed in the next section.
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5.8 DO T-BLO T ANALYSIS OF 7E12H12 AND UCAg 

Introduction

Previous experiments using sequential SDS-PAGE gel electrophoresis and Western 

blotting failed to show immunoreactivity on nitro-cellulose between the colon protein 

extract and the Das monoclonal antibody, 7E12H12. The difficulty in detecting the 

UCAg by this method meant that it was not possible to confirm that the UCAg had been 

successfully extracted. As discussed previously, the possible reasons for the failure o f 

identification include changes in protein structure that occur during the preparative steps 

for the SDS-PAGE electrophoresis with the subsequent loss o f 3-d structure which 

confers antigenicity. Western blotting is often an unreliable tool for this type o f 

experiment particularly when using monoclonal antibodies. I f  these antibodies bind to 

protein rather than carbohydrate moieties, positive identification o f antigen after Western 

blotting is unlikely. Using polyclonal antibodies which have a wider range o f epitopes to 

which they may bind may be more successful but no polyclonal antibody was available 

for these studies.

It was decided that this problem should be examined further by developing an 

immunoblotting (Dot-B lot) method based on nitro-cellulose immobilisation o f protein, to 

determine i f  any o f the preparative steps for SDS-PAGE result in the loss o f relevant 

antigens. The aim was to start with the water soluble UCAg and treat aliquots with each 

o f the sequential steps involved in the SDS-PAGE; reduction with mercaptoethanol, and 

linearisation in SDS. After each step, the sample o f each aliquot could be immobilised 

onto nitro-cellulose paper and the presence o f antigen determined using the dot-blot 

technique. This method was designed to be fast, cheap and an effective method for 

answering these questions. Apart from determining the lability o f antigens this method o f 

dot-blots would also allow confirmation o f the correct dilution’ s o f the primary and link 

antibodies used in the protocol for immunoidentification following Western transfer.

Subdivision of aims

•  to demonstrate immunoreactivity between the antigens (32 microglobulin, tropomyosin 

and the appropriate monoclonal antibodies, namely a-L386 and anti-tropomyosin
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•  To apply the antigens to nitro-cellulose and a use a 3 stage immunoidentification step 

with an alkaline phosphatase colour development method, in order to assess the 

optimum dilutions o f the component link antibodies

• to see whether addition o f sample buffer containing denaturing mercaptoethanol and 

boiling at 95*̂ C results in significant loss o f reactivity. This may occur because o f the 

reduction o f disulphide bonds with the mercaptoethanol contained in the sample 

buffer

5.9 EX P E R IM E N T 1: V A L ID A T IO N  OF DO T-BLO T TE C H N IQ U E  TO

VISUALISE PROTEINS BOUND D IR E C TLY  TO N ITR O  CELLULOSE  

M EM BRANES  

Aim

The first aim o f this experiment was to use a reference protein, human P2 microglobulin, 

and the appropriate monoclonal antibody (a-L386 ) which has previously been used in 

SDS-PAGE and Western blotting transfer systems to identify P2 microglobulin. This 

antigen antibody system was to be used to validate this dot-blot system.

Secondly, this experiment aimed to examine both tropomyosin and the colon protein 

extract in a pilot study alongside the human p2 microglobulin, to see i f  in principle, 

unknown proteins can be identified in the dot-blot system using monoclonal anti

tropomyosin.

Thirdly, this experiment set out to investigate whether loss o f signal occurred during the 

preparative steps for SDS-PAGE i.e. the addition o f sample buffer containing reducing 

substances to the antigen, prior to its transfer to nitro-cellulose. The series o f 

experiments was to develop a novel dot-blot methodology for use in screening 

monoclonal antibodies prior to their use in Western blotting.

Antigens

• P2 micro globulin 25pl (25pg)

• Chicken tropomyosin 20pg (20pl)

• Chicken tropomyosin 20pl + 20 pi sample buffer + heat to 95 °C for 5 min

• Colon protein extract 20pg (20pl)
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(32 microglobulin, lOOgg was diluted to 2000gg/ml in PBS. 50ng o f this solution was 

pipetted onto nitro-cellulose and allowed to air dry and then baked at 37"C. (The stock 

solution o f 100 pg o f (32 micro globulin was diluted in 1 ml o f PBS. lOpl o f this 

solution was then placed in 490pi o f PBS. 1000 ng were therefore contained in SOOpl, 

and thus 50 ng in 25pl. Thus 25pl o f the solution containing 50ng o f antigen was 

loaded onto nitro-cellulose).

For all o f these dot-blot experiments a commercial preparation o f tropomyosin was used 

as the antigen. This was available in the form o f chicken gizzard derived tropomyosin 

(Sigma T3026). The monoclonal antibody chosen to identify tropomyosin when 

immobilised on nitro-cellulose, was a commercial mouse IgG monoclonal known to have 

cross-species reactivity with chicken, porcine, and human tropomyosin isotypes.(Sigma 

T2780 clone TM3 1 1), (data from Sigma).

The protein concentration o f the tropomyosin was known from the data sheets and the 

dilution o f the antigen used. Lyophilised tropomyosin powder was diluted in IM  KCl to 

make up a I pg / pi solution and frozen down in lOOpl aliquots at -20^^C. The protein 

concentration o f the bowel protein extract was known from the colorimetric bio rad 

protein assay performed as previously described at I mg/ml.

Antibody preparation
For all antibodies the buffer used was 1% Marvel in TBS

Antibody Dilution Preparation
Anti- (32 micro 
globulin aL368

1:50 40pl o f the antibody supernatant diluted 
in 2ml o f antibody buffer

Anti tropomyosin 1:100 60pl o f anti tropomyosin diluted in 6 ml 
o f antibody buffer

GAM'' 1:100 60pl o f antibody was diluted in 6 ml o f 
antibody buffer

Streptavidin
Alkaline
Phosphatase

1:50 120pl diluted in 6 ml o f antibody buffer
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Methods

Strips o f nitro-cellulose measuring 2.5 cm x 8 cm were cut, premarked and applied to an 

antigen loading box. Antigens were loaded onto nitro-cellulose with and without loading 

buffer in order to determine the effect o f buffer on antigenicity. Antigens were applied to 

nitro-cellulose where it had been fixed to the mounting box. The strips were then allowed 

to air dry, and the antigens subsequently baked onto the membranes using a 2 hour 

incubation at 37"C. Nitro-cellulose membranes were then transferred to sterilin 

containers and incubated for 2 h with 2 ml o f the blocking solution, [5% dried milk 

powder (Marvel ) in TBS (20mM Tris, SOOmM NaCl, pH7.5)]. Following 2 h incubation 

in blocking solution, the nitro-cellulose strips were then washed for 5 min with 2 ml 

TTBS (0.05%v/v Tween 20 in TBS 20mM Tris, SOOmM NaCl, pH7.S).

Following initial washing in TTBS, the primary antibodies were then added to the 

incubation tubes diluted in antibody buffer ( 1% Marvel in TBS dried milk powder). Anti 

tropomyosin (Sigma clone TM3 11) at 1:100, and the Das antibody mouse IgM  isotype 

(7E12H12) at 1: SO.

Ne^iative controls the relevant primary antibody was omitted and the nitro-cellulose 

strips with antigen applied were left overnight at 4°C in blocking solution alone.

Positive controls |32-microglobulin with the appropriate antibody, anti (32 a-L368.

Following overnight incubation in the relevant primary antibody the strips were washed 

X 3 with 3 ml TTBS for IS min. Detection o f signal was performed as follows. For this 

experiment, the link antibody used was a p chain specific goat-anti-mouse (GAM^ - 

Southern Biotechnology). This was used at a dilution o f 1:100 in antibody buffer. 

Following incubation in this antibody for 1 hour the nitro-cellulose strips were washed 

X 3 in 3 ml TTBS for 1S min.

The final step o f the 3 layer amplification process was performed with Streptavidin 

conjugated to Alkaline Phosphatase at a dilution o f 1 :S0 in antibody buffer. Incubation 

was again carried out at room temperature for 30min and nitro-cellulose blots were then 

washed x 2 for S min with SO ml TTBS on roller. They were then washed in TBS to

l i s



remove any excess Tween, which may interfere with later colour reaction by giving 

increased non-specific background.

Colour Development: these reactions were all carried out in glass containers and 

solutions prepared immediately prior to use. A 70% solution o f DMF was made by 

diluting 700 pi o f DMF in 300 pi o f double distilled water. 30 mg o f nitro blue 

tétrazolium (NBT) was then diluted in this solution o f 70% DMF.

BCIP was purchased as a solution o f ISOmg o f the p-toluidine salt o f bromo-chloro- 

indolyl-phosphate (BCIP) in 300pl o f DMF (500mg/ml). Therefore 30pl o f this solution 

o f BCIP was added to 970pl o f DMF to give a 15mg/ml solution.

Immediately prior to use, the NBT and BCIP solutions were mixed using a glass pipette 

and added to 100ml o f bicarbonate bufler containing O .IM  NaHCO], Im M  MgCb 

pH9.8. 5 ml o f this developer solution was added to the sterilin pots which were left on a 

roller mixer for 5 min. The reaction was terminated by washing x 5 in 10% acetic acid in 

double distilled H 2O before a final 3 washes in 5 ml o f dd H2O.

Results

The negative controls in this experiment showed no colour reaction, with a clean 

background. Thus it can be inferred that any colour change that occurred in the other 

blots represented specific binding between the appropriate primary antibody and the 

relevant antigen.

In this experiment the positive control (see figure 5.4), |32 microglobulin was revealed 

with a faint area o f colour, detected by the monoclonal al368. Tropomyosin contained in 

both the colon protein extract and also as pure antigen was detected by anti-tropomyosin 

and showed a rather clearer positive signal. I f  both sample buffer was included with both 

tropomyosin and |32 and treated with boiling, although there was considerable loss o f 

specific signal, it was still just detectable. Although this signal was clearly detectable on 

the original blots it was faint and this positive signal has not been well visualised 

following photography and the subsequent development o f the film.
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Conclusions

The principal aim o f this first experiment had been to establish that an antigen known to 

be identifiable after both SDS-PAGE and Western blotting, namely (32 microglobulin, 

was identifiable using this dot blot system. The success o f this reaction is shown in the 

figure, albeit with a faint signal. This experiment also showed the significant reduction in 

the signal that occurred when using the sample buffer.

The pilot study to detect tropomyosin in both the colon protein extract and pure 

tropomyosin was successful, indicating that this method would prove a useful tool for 

the detection o f solubilised protein antigens with a number o f different antibodies. This 

experiment represented an important step in the development o f these studies in that this 

was the first occasion on which it had been demonstrated that the colon protein extract, 

which had been prepared as described previously, contained proteins capable o f reacting 

with commercially produced antigens. The initial SDS-PAGE studies had shown that the 

colon protein extract did indeed contain a number different molecular weights, but to 

date it had not been possible to demonstrate that the extract contained particular 

immunologically defined epitopes Consequently, this experiment also confirmed that the 

colon protein extract contained tropomyosin.

5.10 DOT BLOT E X PE R IM E N T 2: ID E N T IF IC A T IO N  OF C H IC K E N  

TRO PO M YO SIN  AND UCAg USING M O N O C LO N A L A N T I

TRO PO M YO SIN  AND 7EI2H12

Aims

The first aim o f this experiment was to confirm that tropomyosin could be identified 

using the dot-blot method using anti-tropomyosin. The second aim was to identify 

whether immunoreactivity was identifiable between 7E12H12 and chicken tropomyosin. 

This form o f tropomyosin is known to bind to anti-tropomyosin (clone TM311), an 

antibody that shows cross-reactivity with tropomyosin isolated from a variety o f species 

including porcine and human (Sigma-company data). Porcine tropomyosin had been used 

in the original Das experiments as an antigen in an ELISA assay. (32 microglobulin was 

again to be used as the positive control. Thirdly, 7E12H12 was to be used to identify 

attempt to identify the presence o f the UCAg in the colon protein extract. This has now
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been shown to contain immunogenic proteins with the identification o f tropomyosin, but 

it has not yet been shown to contain the UCAg.

Antigens

• Chicken tropomyosin 20pg (20pl) (T3026 Sigma)

• Colon protein extract 20pg (pi)

• (32 micro globulin 25pl (25pg) prepared as for the previous experiment

Antibody preparation

For all antibodies the buffer used was 1% Marvel in TBS

Antibody Dilution Preparation
Anti- P2 micro 
globulin aL368

1:50 40pl o f the antibody supernatant diluted 
in 2ml o f antibody buffer

Anti tropomyosin 1:100 60pi o f anti tropomyosin diluted in 6 ml 
o f antibody buffer

7E12H12 1:50 20pi diluted in 1 ml o f antibody buffer
g a m '' 1:100 60pi o f antibody was diluted in 6 ml o f 

antibody buffer
Streptavidin
Alkaline
Phosphatase

1:50 120pl diluted in 6 ml o f antibody buffer

Methods

The methods used in this experiment were as shown above for the initial dot-blot. On 

this occasion the denaturing gel loading buffer was not used for any o f these samples, as 

this has now been demonstrated to significantly reduce the signal obtained as shown in 

experiment 1.

Results

The results o f this experiment are illustrated in figure 5.5. The negative controls for p2 

microglobulin, the colon protein extract and tropomyosin were again negative (P2 

controls not shown in figure 5.5). The positive control (P2 microglobulin) gave a weak 

but positive signal. It should be noted when interpreting the signal obtained with P2 

microglobulin, that the antigenic load o f this substance was considerably less (ng rather 

than pg quantities, because o f availability o f the antigen). However, confidence can be 

gained because the decreased load equates to limiting sensitivity.
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When the anti-tropomyosin was applied to either chicken gizzard tropomyosin or colon 

protein extract, strong signals resulted. The degree o f immunoreactivity between anti

tropomyosin and the colon protein extract appeared to be quantitatively much higher 

than that seen with commercial tropomyosin antigen. Furthermore, 7E12H12 gave a 

strong positive signal when applied to the colon protein extract. This was o f particular 

interest as it had not been possible previously to identify the UCAg on nitro-cellulose in a 

Western blot, or to confirm that the colon protein extract contained the target antigen. 

However when the Das antibody was applied to the tropomyosin antigen bound to nitro

cellulose no positive signal was obtained, indicating no immunoreactivity between 

7E12H12 and tropomyosin.

Conclusions

This was the first confirmatory evidence that the colon protein extract contained UCAg, 

the relevant antigen for 7E12H12 and that the protein had retained its immunogenicity 

during the preparative stages necessary for SDS-PAGE gel electrophoresis. Thus 

previous negative results in Western blotting cannot have been related to absence o f the 

target antigen for 7E12H12 from the colon protein extract, but to the other factors 

alluded to previously, including the use o f a denaturing sample buffer.

Importantly, in this experiment there was no immunoreactivity between the chicken 

tropomyosin and the monoclonal 7E12H12. This observation implied that UCAg was not 

tropomyosin. The signal obtained between 7E12H12 and the colon protein extract 

confirming the presence o f UCAg, was the strongest signal obtained to date. Therefore it 

was decided that this should be used in all subsequent dot-blot experiments as the 

positive control. This increase in signal was likely to relate to the much larger protein 

load o f colon protein extract, in comparison to (32 microglobulin.

5.11 DO T-BLO T E X P E R IM E N T 3: E X A M IN A T IO N  OF R E A C T IV IT Y  

BETW EEN PORCINE TRO PO M YO SIN  AND 7E12H12

Aim

To show whether there is any immunoreactivity between porcine tropomyosin and the 

Das antibody, 7E12H12.
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Introduction

Previous experiments using this immunoblotting technique have now shown that it is 

possible to demonstrate clear immunoreactivity between chicken gizzard derived 

tropomyosin and the monoclonal anti-tropomyosin antibody. This antibody has also been 

used to demonstrate the presence o f tropomyosin in the colon protein extract. The 

presence o f UCAg in the colon protein extract has also been shown using 7E12H12. 

However when 7E12H12 was applied to chicken tropomyosin no immunoreactivity was 

seen, in the presence o f appropriate positive and negative controls. This provided further 

evidence that the antigenic target for 7E12H12 was not tropomyosin.

A possible explanation for the failure to demonstrate immunoreactivity between 

7E12H12 and chicken tropomyosin may have been because, although both chicken and 

porcine tropomyosin are known to be immunoreactive with anti-tropomyosin (TM311), 

it may be that 7E12H12 is dependent on cross-species conservation o f tropomyosin 

structure. It is possible that there are different epitopes in porcine and chicken 

tropomyosin that could be bound by 7E12H12. In fact it was porcine derived 

tropomyosin that Das has used in his previous ELISA experiments, to demonstrate the 

presence o f circulating anti-tropomyosin antibodies in patients with active and inactive 

ulcerative colitis

Thus, the previous experiments therefore were repeated using porcine tropomyosin as 

the antigenic target. Ideally these experiments should have been carried out using human 

tropomyosin. It could be argued that human tropomyosin possesses unique epitopes that 

would enable 7E12HI2 to bind only with this species o f tropomyosin. However, at this 

stage o f the work it had not been possible to obtain any purified human tropomyosin to 

test this hypothesis. Although several groups are currently working on abnormalities o f 

human cytoskeletal proteins, these are often semi-purified derivatives, obtained, for 

example, from human myocardium. Thus, any positive immunoreactivity that might be 

encountered, may in fact be related to other proteins contained within the extract. There 

is currently no available commercial preparation o f human tropomyosin that could be 

used in these experiments.

This question was therefore examined using animal derived tropomyosin only. The 

company data for tropomyosin (Sigma), show that there is considerable cross species
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reactivity between this antibody and different animal species o f tropomyosin. These data 

state that although the monoclonal antibody, anti-tropomyosin (TM 311) had been raised 

to porcine tropomyosin, there was sufficient homology o f tropomyosin structure between 

different species to allow extrapolation from any observations concerning animal 

tropomyosin, to human tropomyosin. This antibody has already shown cross species 

reactivity with chicken tropomyosin.

Methods

The methods used in this experiment were as shown above for the initial dot-blot. 

Antigens

• Colon protein extract 20pg (pi)

• Porcine tropomyosin 20pg (20pl)

A ntihody prepanition

For all antibodies the buffer used was 1% Marvel in TBS

Antibody Dilution Preparation
Anti tropomyosin 1:100 60pi o f anti tropomyosin diluted in 6 ml 

o f antibody buffer
7E12H12 1:50 20pi diluted in 1 ml o f antibody buffer
g a m '’ 1:100 60pi o f antibody was diluted in 6 ml o f 

antibody buffer
Streptavidin
Alkaline
Phosphatase

1:50 120pl diluted in 6 ml o f antibody buffer

Results

The results for this experiment are shown in figure 5.6. The negative controls for the 

relevant antigens showed no colour development. However, the first time this experiment 

was performed it was noted that there was a weak signal obtained on the dot-blot and 

negative control for the colon protein extract. It was felt that this was likely to be a false 

positive result as all previous negative controls using this antigen had been negative. A 

possible explanation for this present observation was that particulate protein matter had 

been noted on the nitro-cellulose after application o f the antigen. It is probable that this 

signal represented non specific adherence to protein that was not in solution and 

therefore had not been blocked by incubation in the Marvel blocking solution.
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The experiment was therefore repeated following microfuging o f the colon protein 

extract prior to application to the nitro-cellulose membranes. This removed any 

particulate matter contained within the solution and did not alter the immunogenicity o f 

the colon protein extract. In addition it removed the false positive signal for all 

subsequent negative control blots using the colon protein extract. When the experiment 

was repeated, anti-tropomyosin was seen to bind both to porcine tropomyosin and to the 

protein extract from bowel. However when 7E12H12 was applied to the porcine 

tropomyosin, no positive signal was obtained.

Conclusions

The absence o f binding between porcine tropomyosin and the Das antibody 7E12H12, 

provided further supportive evidence that the target for 7E12H12 was not tropomyosin. 

As this conclusion in all o f these experiments relies on what is essentially a negative 

result, the next tew experiments set out to examine two possible experimental problems 

that could provide explanations for this lack o f immunoreactivity, other than the fact that 

tropomyosin is not the target.

Firstly, it is possible that the antigenic load o f tropomyosin used in all experiments may 

have been inadequate to be detected by the monoclonal anti-tropomyosin. Thus absence 

o f immunoreactivity could represent the presence o f small amounts o f antigen that could 

not be detected by the sensitivity o f the amplification system used. This possibility could 

be investigated by increasing the antigenic load o f tropomyosin.

The second explanation for lack o f reactivity could relate to the heavy chain specificity o f 

the link polyclonal antibody used in colour development and amplification o f signal. The 

biotinylated GAM conjugate used in amplification was specific for p heavy chains. This 

had been chosen originally as 7E12H12 contains p heavy chains. The GAM which was 

predominantly p chain specific was known to have cross reactivity with monoclonal 

antibodies with y heavy chains. It may have been that the relative lack o f specificity for 

y chain isotypes led to some loss o f signal. This could be improved by using a y heavy 

chain specific conjugate, when developing the blots to which anti-tropomyosin has been 

applied and to use the p chain specific GAM conjugate for blots using 7E12H12.
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5.12 D O T-BLO T EX PE R IM E N T 4: A T TE M P T TO INCREASE SIG NAL  

USING D IFFERENT L IN K  PO LYCLO NAL AN TIBO DIES

Aim

To show whether there is increased immunoreactivity demonstrable between chicken and 

porcine tropomyosin and the commercially available anti-tropomyosin, when using a 

biotin linked conjugate in the amplification system, specific for mouse y chains. The 

antibody conjugate to be used in this experiment was a rabbit anti-mouse polyclonal, 

(RAM b)

Introduction

Previous experiments using this immunoblotting technique have now shown that it is 

possible to demonstrate clear immunoreactivity between chicken gizzard and porcine 

tropomyosin and anti-tropomyosin. Anti-porcine tropomyosin antibody has also 

identified tropomyosin contained within the colon protein extract. Immunoreactivity was 

also shown using 7E12H12 and the colon protein extract, confirming the presence o f 

UCAg. However when 7E12H12 was used with either porcine or chicken tropomyosin 

as the antigen, no immunoreactivity was seen, when using appropriate positive and 

negative controls. This was suggestive that the antigenic target for 7E12H12 was not 

tropomyosin.

In addition, it was noted that when there was a clear signal between 7E12H12 and the 

colon protein extract, the degree o f immunoreactivity between commercial tropomyosin 

and the appropriate antibody was much less. The aim o f this experiment was therefore to 

use a link polyclonal antibody that was specific for the y heavy chains contained in the 

anti-tropomyosin antibody.

This latter observation may also have accounted for the inability to identify tropomyosin 

on nitro-cellulose following Western blotting. Previous experiments have also shown that 

although there is not complete loss o f signal following boiling o f the antigen tropomyosin 

in reducing sample buffer This will already reduce the possibility o f

immunoidentification in the Western blot and it may be that the use o f GAM ^ may have 

reduced the sensitivity o f the detection system below the threshold for detection.
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Methods

The methods used in this experiment were as shown above for the previous dot-blot.

Sample Preparation 

antigens

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Porcine Tropomyosin 20 pg (20pl) (product number T2400 Sigma)

• Colon protein extract 20pg (pi)

A ntihody preparation

For all antibodies the buffer used was 1% Marvel in TBS

Antibody Dilution Preparation
Anti tropomyosin 1:100 60pl o f anti tropomyosin diluted in 6 ml 

o f antibody buffer
7E12HI2 1:50 20pl diluted in 1 ml o f antibody buffer

RAMb 1:100 60pl o f antibody was diluted in 6 ml o f 
antibody buffer

Streptavidin
Alkaline
Phosphatase

1:50 I20pl diluted in 6 ml o f antibody buffer

Positive control

Colon protein extract and anti-tropomyosin

Negative controls

Antigen without primary antibody

Results

The negative controls again confirmed the validity o f positive signal. The intensity o f 

colour reaction achieved for both species o f tropomyosin was significantly in excess o f 

that seen when using GAM^' as the second layer conjugate (Figure 5.7) The signal 

intensity was now similar to that seen between 7EI2H12 and the colon protein extract.

Discussion

The intensity o f signal achieved for both species o f tropomyosin using the RAM*’ y heavy 

chain specific antibody was greater than that seen in all previous experiments when using
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the GAM*’ f.1 heavy chain specific as the second layer polyclonal. The signal intensity was 

now similar to that seen for 7E12H12 and the colon protein extract.

Increasing the intensity o f signal with this system then allowed the performance o f two 

subsequent experiments. Firstly it was then possible to use the appropriate link conjugate 

in a further dot-blot experiment (see experiment 6). Secondly it was now possible to 

attempt again to identify tropomyosin in a Western blot. In addition, the use o f this 

detection system to identify tropomyosin within the colon protein extract, would allow 

the use o f tropomyosin identification as an effective positive control in Western blots. 

This would also allow validation o f this system for subsequent use with 7E12H12 in 

Western blots.

5.13 DO T-BLO T EX PE R IM E N T 5: A TTE M P T TO ID E N TIFY

IM M U N O R E A C T IV IT V  BETW EEN 7E12H12 AND TR O PO M YO SIN  

USING INCREASED ANTIG EN LOAD.

Aim

To show whether immunoreactivity is detectable between either chicken or porcine 

tropomyosin and 7E12H12, when the antigen load is increased.

Iiitrod iiction

Absence o f immunoreactivity between 7E12H12 and tropomyosin has suggested that the 

antigenic target for 7E12H12 was not tropomyosin. However this observation is based 

on the absence o f immunoreactivity, which it could be argued is due to insufficient 

antigen being applied to the nitro-cellulose. Therefore in this experiment, although the 

usual amount o f antigen applied to the membrane had been 20pg, the aim in this 

experiment was to load 60pg onto the nitro-cellulose membranes. The limiting factor in 

antigen load that can be achieved is the volume. In this experiment the known 

immunoreactivity between 7E12H12 and the colon protein extract was used as a positive 

control.

The methods used were as for previous experiments. The 60pg o f antigen was loaded 

onto nitro-cellulose over 1 hour to maximise concentration within the membrane.
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Methods

The methods used in this experiment were as shown above for the previous dot-blot.

Sample preparation 

antigens

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Porcine Tropomyosin 20 pg (20pl) (product number T2400 Sigma)

• Colon protein extract 20pg (pi)

Antibody preparation

For all antibodies the butler used was 1% Marvel in TBS

Antibody Dilution Preparation
Anti tropomyosin 1;100 60pi o f anti tropomyosin diluted in 6 ml 

o f antibody buffer
7E12H12 1:50 20pl diluted in 1 ml o f antibody buffer
g a m '’ 1:100 60pl o f antibody was diluted in 6 ml o f 

antibody buffer

RAMb 1:100 60pl o f antibody was diluted in 6 ml o f 
antibody buffer

Streptavidin
Alkaline
Phosphatase

1:50 120pl diluted in 6 ml o f antibody buffer

Positive control: Protein extract and anti-tropomyosin applied to nitro-cellulose with 

relevant primary antibody

Negative controls: The same antigens applied to nitro-cellulose and incubated in 

blocking solution without relevant primary antibody

Results

Despite the considerable increase in the amount o f antigen loaded onto the membrane, no 

immunoreactivity was demonstrated between the tropomyosin and 7E12H12 but this 

antibody again produced clear immunoreactivity when applied to the colon protein 

extract (Figure 5.8). The anti-tropomyosin was seen to bind tropomyosin o f both chicken 

and porcine.

126



Conclusion

No immunoreactivity was demonstrated between tropomyosin and 7E12H12 despite 

increased concentrations o f tropomyosin antigen. These data provided further supportive 

evidence that tropomyosin was not the target antigen for 7E12H12. Both the possibility 

that this negative result was due to the inappropriate choice o f link polyclonal or to 

insufficient antigen load have now been investigated.

5.14 D O T-B LO T E X P E R IM E N T 6: A TTEM PTE D  ID E N T IF IC A T IO N  OF  

TR O PO M YO SIN  USING 7E12H12 W IT H  REACTIONS C O N D IT IO N S  

DEVELOPED FROM TH E PREVIOUS EXPERIM ENTS

Aim

The aim o f this final dot-blot experiment was to confirm the findings o f all the previous 

experiments under optimal reaction conditions that have now been validated, using the 

appropriate heavy chain specificity o f link polyclonal antibodies.

Methods

The methods used in this experiment were as shown above for the previous dot-blot.

Sample Preparation 

antigens

• Chicken gizzard Tropomyosin 20pg (20pl)

• Porcine Tropomyosin 20 pg (20pl)

• Colon protein extract 20pg (pi)

Sample Preparation 

Antigens

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Colon protein extract 20pg (pi)
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A ntihody preparation

For all antibodies the buffer used was 1% Marvel in TBS

Antibody Dilution Preparation
Anti tropomyosin 1:100 60pl o f anti tropomyosin diluted in 6 ml 

o f antibody buffer
7EI2H12 1:50 20pl diluted in 1 ml o f antibody buffer
g a m '’ 1:100 60pl o f antibody was diluted in 6 ml o f 

antibody buffer

RAMb 1:100 60pi o f antibody was diluted in 6 ml o f 
antibody buffer

Streptavidin
Alkaline
Phosphatase

1:50 120pl diluted in 6 ml o f antibody buffer

Positive control: colon protein extract and anti-tropomyosin 

Negative control: antigen without primary antibody

Results

The results are shown in Figure 5.9. This series o f blots demonstrates the optimal signal 

achieved using the correct link polyclonal for each monoclonal antibody. The signal 

intensity for both anti-tropomyosin and 7E12H12 is now similar. Despite these 

conditions no reaction between 7E12H12 and tropomyosin could be demonstrated.

5.15 Discussion and conclusions

In summai-y these experiments have shown that the colon protein extract contained both 

the UCAg and tropomyosin. This confirms that the initial Western blot experiments did 

not fail because o f absence o f UCAg from the colon protein extract, and that the 

epitopes o f UCAg to which 7E12H12 binds had been preserved during the preparation 

o f the colon protein extract. Das has reported that the protein for which 7E12H12 has 

specificity, namely UCAg, is tropomyosin. In these experiments under appropriately 

controlled conditions it has been shown that 7E12H12 binds to the UCAg within the 

colon protein extract but does not bind to either chicken or porcine tropomyosin. From 

these observations the major inference must be that 7E12H12 has no specificity for 

tropomyosin and that the UCAg is not tropomyosin. Although this conclusion is based 

on what is essentially a negative result, a number o f alternative experiments have 

confirmed that this was not experimental error.
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Previously, it had not been clear at which stage the antigenicity o f UCAg had been lost 

during SDS-PAGE and Western blotting. This dot-blot technique has allowed a detailed 

analysis o f this problem and is a useful technique for assessing antigen lability prior to 

Western blotting. These experiments have shown that a significant factor in the failure o f 

the original SDS-PAGE and Western blotting experiments related to lability o f antigen(s) 

in the preparative steps for SDS and in the transfer to nitro-cellulose.

This series o f dot-blot experiments developed a novel protocol for the identification o f 

antigen contained in protein extracts or pure preparations o f antigen, and the assessment 

o f monoclonal antibodies for use in Western blotting. This technique has subsequently 

been published and has been adapted for use by the Protein and Molecular biology 

department at the Royal Free hospital It has proven to be a useful tool for screening 

monoclonal antibodies against protein extracts, in order to confirm that an untested 

antibody will work after Western blotting. Negative results after Western blotting are 

thus easier to predict, and the stage at which antigenicity is lost may be determined in 

advance. Successful blotting o f an antigen in a Western blot gives additional information 

that is not obtained in a dot-blot such as described in these experiments. Although dot- 

blots are able to confirm the presence o f antigen within a protein preparation. Western 

blotting o f antigen allows the identification o f the molecular weight o f the relevant 

antigen.

5.16 W ESTERN BLO TTIN G  OF TR O PO M YO SIN  ISOTYPES AND UCAg 

USING A N TI-TR O P O M YO SIN  AND 7E12H12

Introduction

Previous attempts to identify UC.Ag in Western blotting using 7E12H12 have been 

unsuccessful. Coincident with the reports from Das that UCAg was tropomyosin and 

that tropomyosin was also the target for 7E12H12, this series o f experiments was 

performed, attempting to confirm or disprove this contention. The dot-blot experiments 

have shown no immunoreactivity between 7E12H12 and tropomyosin; however 

supportive information could be obtained if  detection o f either tropomyosin or UCAg 

could be demonstrated in a Western blot.
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These experiments therefore set out to achieve the successful detection o f tropomyosin 

using Western transfer. I f  it were possible to identify tropomyosin using anti

tropomyosin in this way it would then be possible both to use tropomyosin as the 

positive control in a further attempt to blot UCAg with 7EI2H12 and also to compare 

the molecular weights o f UCAg and tropomyosin on nitro-cellulose. I f  the tropomyosin 

positive control were to be detected successfully and the UCAg blot unsuccessfully, then 

this would be further supportive evidence that identification o f UCAg Western blotting 

with 7E12H12 would not be possible.

The first experiment in this chapter was carried out concurrently with the dot-blot 

technique being developed and thus the reason for its initial technical failure w ill be 

evident

Aims

To resolve the polypeptide constituents o f chicken and porcine tropomyosin by SDS- 

PAGE, and to then transfer to nitro-cellulose and then attempt immunoidentification 

using anti-tropomyosin monoclonal antibodies.

Sample Preparation 

antigens

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Porcine Tropomyosin 20 pg (20pl) (product number T2400 Sigma)

• Colon protein extract 20 pg (20pl)

Antihodv (lilntions

Antibody Dilution Preparation
Anti tropomyosin 1:100 60pl o f anti tropomyosin diluted in 6 ml 

o f antibodv buffer
7E I2H I2 1:50 20pl diluted in I ml o f antibody buffer
g a m " 1:100 60pi o f antibody was diluted in 6 ml o f 

antibody buffer
Streptavidin
Alkaline
Phosphatase

1:50 I20pl diluted in 6 ml o f antibody buffer

SDS-PAGE and Western transfer: after boiling with denaturing buffer, 20pg samples o f 

chicken and porcine tropomyosin, and colon protein were loaded into precast 4-20%
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SDS mini gels. Electrophoresis was then carried out at a constant current o f 35mA as 

described previously. Following SDS-PAGE the gel was placed in transfer buffer (39mM 

Glycine, 48mM Tris, 0.0375 SDS, 20% v/v methanol) for 20 min, with gentle agitation 

on an orbital shaker

Methods

Transhlottin^f SDS-niini ^e!s to nitro-cellulose: /ransfer to nitro-cellulose was carried 

out using the same methodology as shown in 5.4. Following transfer, the semidry 

transfer cell was dismantled and the nitro-cellulose membrane carefully removed. This 

was then placed in distilled water to wash o ff the excess transfer buffer. The nitro

cellulose membrane was then transferred to a 50ml Sterilin container for the 

immunoidentification process to be performed.

Im m unoidentification: all incubations were carried out on a roller mixer in a sterilin 

pot. Following transfer to the sterilin container and after washing with 15ml o f TBS, the 

membrane was incubated for 2 h with 2 ml o f the blocking solution, 5% dried milk 

powder (Marvel ) in TBS (20mM Tris, 500mM NaCI, pH7,5). Following 2 h incubation 

in blocking solution, this solution was aspirated and the nitro-cellulose membranes were 

then washed for 15 min with 3 changes o f 15 ml TTBS (0.05%v/v Tween 20 in TBS 

20mM Tris, 500mM NaCI, pH7 5). Following initial washing in TTBS, the primary 

antibody, anti-tropomyosin was added at a dilution o f 1:100, adding 60pl o f anti 

tropomyosin to 6ml o f antibody buffer (1% Marvel in TBS dried milk powder). 

Incubation was carried out on a roller mixer overnight at 4"C. Following overnight 

incubation in the primaiy antibody the incubation pot was again washed x 3 with 15 ml 

TTBS for 15 min.

Signal am plification: detection o f antibody was achieved using a Streptavidin biotin - 

avidin alkaline phosphatase system as before. The dilutions for each step had been 

obtained from calibration experiments (data not shown). Following incubation with 

7E12H12, the nitro-cellulose strips were incubated for I hour at room temperature in 

antibody butfer containing biotinylated goat anti-mouse antibody, GAM^ at a dilution o f 

1:100, (60pl o f antibody being diluted in 6 ml o f antibody buffer) Incubation was carried 

out at room temperature on a roller mixer for I hour The nitro-cellulose strips were 

then washed x 3 in 15 ml TTBS for 15 min.
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Nitro-cellulose membranes were then incubated with Alkaline Phosphatase conjugated to 

Streptavidin, at a dilution o f 1:50, (120pl o f antibody diluted in 6 ml o f antibody buffer) 

for 30min. The membranes were then washed x 2 for 5 min with 15 ml TTBS on roller. 

The nitro-cellulose membranes were then washed in 10 ml TBS to remove any excess 

Tween, which can interfere with later colour reaction, giving increased background.

Colour Development: the colour development was carried out using the method 

outlined in section 5.9. In order to exclude a negative reaction as a result o f failure o f the 

colour development solutions the BCIP / NBT solution was incubated with Streptavidin 

Alkaline Phosphatase in a glass tube. The appearance o f colour change confirms viable 

reagents at this stage

Results

Proteins were seen to separate in the SDS gel normally with the bromophenol front at 

the lower end o f the separating gel and the colour markers at the left hand side. 

Following blotting onto nitro-cellulose again it was possible to see the colour molecular 

weight markers on the membrane confirming that protein transfer had occurred. 

However it was not possible to identify any immunoreactivity on nitro-cellulose, even in 

the region o f interest at 40kD, at which one would expect to see tropomyosin. 

Incubation o f the colour development solution with Streptavidin resulted in the expected 

colour change.

Discussion

At the time it was considered that there were a number o f possible explanations for the 

failure o f this experiment. The initial dot-blot experiments that were performed at the 

same time as this attempt at Western blotting have shown that some loss o f signal occurs 

when the denaturing sample buffer is added to the antigen. It may be that this has 

accounted for sufficient loss o f sensitivity to mean that there was no identification o f the 

tropomyosin in the Western blot Failure o f the colour development solution is excluded 

by the incubation o f the colour development solution with Streptavidin Alkaline 

Phosphatase.

Thus it was apparent that this Western blot may have failed because the link conjugate 

may not have been sufficiently sensitive to identify tropomyosin. This observation has
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been commented on in the dot-blot experiment performed concomitantly, showing that in 

this case the extra sensitivity o f a y chain specific link polyclonal greatly enhances the 

sensitivity o f detection. The second experiment in this series therefore aimed to repeat 

this attempt at Western blot identification o f tropomyosin but using the protocol 

developed from the dot-blot experiments to maximise signal intensity.

5.17 W ESTERN BLOT OF C H IC K E N  AND PORCINE TR O PO M YO SIN  

USING M O N O C LO N A L A N TI-TR O P O M Y O S IN

Aims

The aim o f this experiment was to repeat the Western blot to identify tropomyosin on 

nitro-cellulose, using y chain specific link polyclonal, RAM'\

Methods

Sample Preparation: antigens

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Porcine Tropomyosin 20 pg (20pl) (product number T2400 Sigma)

• Colon protein extract 20pg (pi)

A ntihody dilations

Antibody Dilution Preparation
Anti tropomyosin 1:100 60pl o f anti tropomyosin diluted in 6 ml 

o f antibody buffer
7E12H12 1:50 20pi diluted in 1 ml o f antibody buffer

RAM*’ 1:100 60pl o f antibody was diluted in 6 ml o f 
antibody buffer

Streptavidin
Alkaline
Phosphatase

1:50 120pl diluted in 6 ml o f antibody buffer

SDS-PA(iE and Western transfer: electrophoresis and transfer to nitro-cellulose was 

carried out under identical conditions to those used for the previous experiment in 

section 5.3 / 5.4.
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Im m unoidentification: primary antibody incubation was carried out as shown in section 

5.14.

Signai am plification: amplification o f signal was achieved using a 3 layer biotin - avidin 

system. The dilutions for this again were obtained from a standard protocol. Colour 

development o f positive binding was performed with Streptavidin linked to alkaline 

phosphatase. Thus, following primary antibody incubation in anti-tropomyosin, strips 

were incubated for 1 hour at room temperature in antibody buffer containing the 

biotinylated rabbit anti mouse RAM*’ at a dilution o f 1:100, 60pl o f antibody being 

diluted in 6 ml o f antibody buffer. Incubation was carried out at room temperature on a 

roller mixer for 1 hour. Following incubation, the nitro-cellulose strips were washed x 3 

in 15 ml TTBS for 15 min. Nitro-cellulose membranes were then incubated with Alkaline 

Phosphatase conjugated to Streptavidin at similar dilutions to section 5.14.

Colour Identification o f  antibody binding: this step was again carried out under 

identical conditions to those used for the last experiment.

Results

Following electro-blotting to nitro-cellulose, again it was possible to see the colour 

protein size markers on the membrane confirming that protein transfer had occurred. On 

this occasion, however, clear immunoreactive bands were seen in both the colon protein 

extract and within the lanes containing chicken and porcine tropomyosin (see figure 

5.10). Molecular weights were calculated from the semi-log plot o f the R f 

(electrophoretic mobility values) o f the molecular weight standards versus logio o f their 

molecular weight, (see graph 5.3). Table 5.3 below shows the figures obtained for the 

weight o f both species o f tropomyosin from these results. The company data for the 

molecular weights o f the two predominant isotypes o f tropomyosin are also shown in 

table 5.4.
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GRAPH 5.3: M O LE C U LA R  W E IG H T  C A LIB R A TIO N  CURVE IN W ESTERN  

BLOT OF TRO PO M YO SIN

Rf values for scanned Western blot of chicken and porcine tropomyosin. The graph 

plots the electrophoretic mobility against the known molecular weights of the 

standard molecular weight markers

Rf value
4 5 0

4 0 0

3 5 0

3 0 0

2 5 0

200

1 5 0

1 0 0
5 .2 5 .44 .6 4 .8 54 .2 4 .44

log 10 molecular weight

= 0.994 

p = 1.1x10-6 

Intercept = 1449.34 

Slope = -253.65
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Table 5.3: Comparison of manufacturers data for molecular weights of chicken 

and porcine tropomyosin contained with the values obtained from Western 

blotting. These values are compared with the molecular weight of tropomyosin 

detected in the colon protein extract.

Chicken 

tropomyosin 

(company data)

Porcine

tropomyosin

(company

data)

Chicken

tropomyosin

Porcine

tropomyosin

Colon

protein

extract

38 kD 45 kD 46 kD 48 kD 48 kD

36 kD 43 kD 42 kD 41 kD

Table 5.4: Comparison of manufacturers data for molecular weights of chicken 

(CT) and porcine tropomyosin (PT), with values obtained from Western blotting 

and SDS-PAGE. Ihe table also shows the data for the molecular weight of 

tropomyosin contained in the colon protein extract, determined by Western 

blotting.

Molecular

weight o f

chicken

tropomyosin

(company

data)

Molecular

weight o f

porcine

tropomyosin

(company

data)

CT

SDS-

PAGE

data

PT

SDS-

PAGE

data

CT

Western 

blot data

PT

Western 

blot data

colon 

protein 

extract 

Western 

blot data

38 kD 45 kD 40 kD 46 kD 48 kD 48 kD

36 kD 43 kD 35 kD 41 kD 42 kD 41 kD

Discussion

The company data together with the calculated weights from the previous SDS-PAGE 

experiments are also shown in table 5.4. It is o f note that the molecular weights 

calculated for tropomyosin from the Western blots, are slightly higher than those found 

using the SDS-PAGE method. All R f values in these experiments were measured from
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the scanned images o f the SDS-PAGE gels or nitro-cellulose blots. This system allows 

very precise measurement o f the migration distance o f the centre o f the band o f interest. 

It therefore seems unlikely that this difference results from an error o f inaccurate 

measurement o f the electrophoretic mobilities. Indeed it is possible to see from the blot 

shown in figure 5.10, that one o f the bands from chicken tropomyosin lies adjacent to the 

46kD weight standard marker Thus this isotype o f chicken tropomyosin has migrated 

the same distance as the standard weight marker and gives further confirmation that the 

weights have not been measured or calculated incorrectly.

One possible explanation for the higher calculated weights from Western blotting in 

comparison to SDS-PAGE is that the antigenic determinants o f these two forms o f 

tropomyosin that are bound by anti-tropomyosin, may constitute only a small proportion 

o f the total peptide molecule. Thus although these epitopes may be easily detectable with 

the sensitivity o f the immunoidentification system on nitro-cellulose, they may not 

represent enough protein to show as such a dense band when stained using Coomasie 

blue.

5.18 W ESTERN BLOT OF PORCINE TR O PO M YO SIN  AND COLON

PROTEIN EXTRA CT IN A FINA L A TTE M P T TO ID E N T IFY  UCAg ON 

N ITR O  CELLULOSE USING 7E12H12 

Introduction

Previous attempts to identify UCAg with 7E12H12 following Western transfer had been 

unsuccessful for many o f the reasons outlined. Indeed the original workers had similar 

problems and had failed to repeatedly and reliably confirm this observation (Das, 1993, 

personal communication). This experiment was to be carried out under optimal 

experimental conditions, using the same monoclonal antibodies and protocols developed 

during the dot-blot experiments. Failure to identify UCAg under these conditions using 

7E12H12 would mean that further attempts to characterise UCAg would not be practical 

as the majority o f techniques to characterise an antigen further than morphological 

observations, rely on the use o f Western blotting.
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Methods

Sample Preparation : anti}>ens

• Chicken gizzard Tropomyosin 20pg (20pl) (product number T3026 Sigma)

• Porcine Tropomyosin 20 pg (20pl) (product number T2400 Sigma)

• Colon protein extract 20pg (pi)

Antibody dilutions

Antibody Dilution Preparation
Anti tropomyosin 1:100 60pl o f anti tropomyosin diluted in 6 ml 

o f antibody buffer
7E12HI2 1:50 20pl diluted in 1 ml o f antibody buffer

r a m '’ 1:100 60pl o f antibody was diluted in 6 ml o f 
antibody buffer

g a m '’ 1:100 60pl o f antibody was diluted in 6 ml o f 
antibody buffer

Streptavidin
Alkaline
Phosphatase

1:50 I20pl diluted in 6 ml o f antibody buffer

SDS-PA(iE and Western transfer: electrophoresis and transfer to nitro-cellulose was 

carried out under identical conditions to those used for the previous experiments. SDS- 

PAGE electrophoresis was performed on this occasion without the addition o f reducing 

sample buffer,

Im m unoidentification: this was again carried out using the methods outlined in the 

previous experiments.

Results

The blot shown in figure 5.11 shows again that tropomyosin was bound by anti

tropomyosin and was identifiable after Western blotting. However, under these 

appropriately controlled conditions no reaction is seen for 7E12HI2 and the colon 

protein extract. The positive identification o f tropomyosin under these conditions 

confirms that this is not because o f failure o f protein transfer or colour development 

reactions. Given the absence o f binding between 7E12HI2 and the colon protein extract 

this experiment was repeated without the addition o f the mercaptoethanol reducing 

buffer. The immunoblotting experiments had suggested that this may result in reduction 

o f signal. However there was still no binding seen.
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5.19 CONCLUSIONS

Despite the development o f optimal conditions for the identification o f UCAg by 

7E12H12 in a Western blot there has again been no after Western blotting. The previous 

dot-blot experiments have confirmed that the colon protein extract contains UCAg and 

that this can easily and consistently be identified without the use o f SDS-PAGE and 

Western blotting using 7E12H12. Even without the reducing sample buffer that had 

earlier been shown to reduce the signal in dot-blot experiments there was no binding 

seen.

This failure in Western blotting means that it is neither possible to confirm the exact 

molecular weight o f UCAg as detected by 7E12H12, nor to extract this band from nitro

cellulose membranes for amino acid sequencing. Thus it was not possible to take this 

work further using these methods.

The nature o f UCAg thus remains uncertain.
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FIG U R E  5.1; SDS G EL ELECTRO PHO RESIS OF CO LO N PR O TEIN  
E X TR A C T FR O M  N O R M A L COLO N

Molecular Weight KD

/  ;̂200

«4

SDS-PAGE gel showing the resolution of the constituent proteins of the colon 
protein extract. Lane 1 shows the standard molecular weight markers. In the 
adjacent lanes the proteins from the colon protein extract (lane 2) and the 
retentate from the Amicon concentration step (lane 3) are shown. A number of 
proteins are evident at around 40kD, the weight of UCAg.

140



F IG U R E  5.2: SDS G E L  E LE C TR O P H O R E S IS  O F C H IC K E N  T R O P O M Y O S IN

M W  Chicken M W  markers Colon protein
Tropomyosin extract

200

-/6 /rD

20

2/.JAD

SDS-PAGE gel showing the resolution of the constituent proteins of chicken 
tropomyosin. The doublet band of chicken tropomyosin is seen in the region of 
40kD as determined by the molecular weight standards. The right side of the gel 
shows the proteins contained in the colon protein extract.
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FIG U R E 5.3: SDS G EL ELECTROPHORESIS OF C H IC K E N  AND PORCINE  
TR O PO M YO SIN

M fV  M W  markers
■Tropomyosin 

Chicken Porcine Colon protein 
library

200 kD
97.4 kD  
69 kD  
46 kD

30 kD
21.5 kD

14.3 kD

ts

SDS-PAGE gel showing the resolution of the constituent proteins of chicken and 
porcine tropomyosin. Again the doublet band is seen in the region of 40kD for 
chicken tropomyosin and a single major band is seen for porcine tropomyosin.
The proteins contained in the colon protein extract are shown in the far right lane.
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F IG U R E  5.4: D O T -B L O T  O F g2 M IC R O G L O B U L IN , C H IC K E N
TR O PO M YO SIN  AND COLON PROTEIN EX TR A C T USING p2 
M IC R O G LO B U LIN  AS A PO SITIVE CO NTRO L

p2 microglobuHn p2 microglobulin Tropomyosin 
+ sample buffer

Tropomyosin Colon protein 
+ sample buffer extract

Negative controls ; A ll reagents but NO primary antibody

P2 microglobulin Tropomyosin Colon protein extract

Dot blot confirming that p2 microglobiilin can be identified on nitro cellulose using 
the appropriate antibody (aL368 anti- P2 microglobulin). Dot-blot also shows the 
identification of chicken tropomyosin, both as pure antigen and contained in the 
colon protein extract. On the original blot, signal was also seen when sample 
buffer was added, but it was difficult to see after photographic processing.
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F IG U R E  5.5: D O T -B L O T  O F T H E  C O LO N  P R O TE IN  E X T R A C T  A ND
T R O P O M Y O S IN , USING  7E12H12 A N D  A N T I-T R O P O M Y O S IN

Chicken Tropomyosin Chicken Tropomyosin Coion Protein Extract
-^Anti-tropomyosin  +  Das Ah + Anti-tropomyosin + Da^ Ah

Negative Controls : A ll reagents except N Q prim ary antibody

Ch icken Tropomyosin Colon Protein E xtrac t

Dot-blot confirming the presence of UCAg in the colon protein extract identified 
by 7E12H12. Anti-tropomyosin also confirms the presence of tropomyosin within 
the colon protein extract. Anti-tropomyosin also binds to chicken tropomyosin but 
no reaction is seen between 7E12H12 and chicken tropomyosin.
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F IG U R E  5.6: D O T -B L O T  O F C O LO N  P R O T E IN  E X T R A C T  A N D  P O R C IN E
T R O P O M Y O S IN  U S IN G  7E12H12 A N D  A N T I-T R O P O M Y O S IN

Porcine Tropomyosin Porcine Tropomyosin Colon Protein Extract
+ Anti-tropomyosin + Das Ah + Anti-tropomyosin + Das Ah

Negative Controls : A ll reagents except N O  primary antibody

Porcine Tropomyosin Colon Protein E xtract

Dot-blot again confirm in g the presence of UCAg in the colon protein extract, 
identified by 7E12H12, and the presence of tropomyosin within the colon protein 
extract is confirmed by anti-tropomyosin. In this blot where tropomyosin is clearly 
' ■ ' ' anti-tropomyosin, no reaction is seen between 7E12H12 andidentified by 
tropomyosin.
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FIG U R E 5.7: DO T-BLO T OF TR O PO M YO SIN  AND A N TI-TR O P O M Y O S IN  
USING y C H AIN  SPECIFIC L IN K  PO LYCLO NA L IN AN A T T E M P T  TO  
ENHANCE SIG NAL

Chicken Tropomyosin Porcine Tropomyosin
+  A nti-tropomyosin  +  A nti-tropomyosin

Colon Protein Extract 
+  A nti-tropomyosin

iisJii^ y-chain specific

Negative Controls : A ll reapents except N O  prim ary antibody

Chicken Tropomyosin Porcine Tropomyosin Ctdon Protein Lxtract

Dot-blot demonstrating the enhanced signal obtained between tropomyosin of 
chicken, porcine and human origin and monoclonal anti-tropomyosin, when using 
a y chain specific link polyclonal.
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FIG URE 5.8: DO T-BLO T USING INCREASED A N TIG E N  LO AD IN  AN  
A T T E M P T  TO SHOW  R E A C TIV IT Y  BETW EEN 7E12H12 AND  
TR O PO M YO SIN

Porcine tropomyosin

+  anti-tropom yosin  4- 7E 12H 12

increased antigenic load

C o h n  protein library  

+ 7 E 1 2 H I2

Negative controls : AH  reagents except no p rim ary antibody 

Porcine tropomyosin Colon protein library

Dot-blot showing the absence of immunoreactivity between 7E12H12 and 
tropomyosin when the antigenic load of tropomyosin is increased. In this blot 
tropomyosin is clearly identified by anti-tropomyosin and 7E12H12 identifies 
UCAg in the colon protein extract.
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FIG U R E 5.9: D O T-B LO T PERFORM ED UNDER O P T IM A L  C O N D IT IO N S  
USING COLON PROTEIN EXTRA CT, TR O PO M YO SIN  AND D ILU TIO N S  
O BTA IN ED IN PREVIOUS EXPERIM ENTS

Chicken tropomyosin 

+ anti-tropomyosin +7EI2H12

Colon protein extract 

+ anti-tropomyosin +7E l 2H12

#
For ci n e trop omyosi n 

+ anti-tropomyosin +7E12H12

Colon prote in extract 

-4- anti-tropom yosin + 7 E I2 H I2

Final dot-blot experiment confirming that under optimal conditions that there is 
no immunoreactivity between 7E12H12 and tropomyosin. Again the colon protein 
extract is shown to contain both the UCAg and tropomyosin, using the appropriate 
monoclonal antibodies.
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FIG U RE 5.10: W ESTERN BLOT OF TRO PO M YO SIN  USING M O N O C LO N A L  
A N TI-TR O P O M YO SIN  TO ID E N TIFY  ANTIG EN ON N ITR O  CELLULOSE

M W
Tropomyosin ^ 

M W  markers Chicken Porcine Colon prote in  
lib ra ry

200 kD

97.4 kD 

46 kD

14.3 kD

Western blot with standard niolecnlar weight markers in Lane 1. Lanes 2 and 3 
show positive iiniminoidentification of tropomyosin using anti-tropomyosin 
antibody. Tropomyosin is also identified in the colon protein extract as seen in 
Lanes 4 &  5.
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FIG U RE 5.11: W ESTERN BLOT OF COLON PROTEIN EX TR A C T W IT H  
7EI2H12, USING TR O PO M YO SIN  AND A N TI-TR O P O M Y O S IN  AS TH E  
PO SITIVE  CO NTRO L

200 k l)

■46 k!)

30 kD  

21.5 kD 

N .S k D

Tropomyo.sin 
markers Chicken Porcine CPL

+ 7E12HI2

3

Tropomyosin 
Chicken Porcine CPL

+anti-tropomyosin

T

i :

Western blot with standard inolecniar weight markers in Lane 1. Lanes 2,3 and 4 
of the left blot show the absence of reactivity between 7E12H12 and either chicken 
or porcine tropomyosin or tropomyosin contained in the colon protein extract. The 
validity of this observation is confirmed by the positive control blot on the right of 
the figure, where anti-tropomyosin antibody has identified tropomyosin in both 
species of animal tropomyosin and within the human colon protein extract.
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Chapter 6

VASCULAR FACTORS IN ULCERATIVE COLIT IS

6.1 IN TR O D U C TIO N  AND A IM S

Although the pathogenesis o f ulcerative colitis is unknown, important clues could be 

gained from direct observation o f the diseased intestine. One such clue may be the often 

dramatic demarcation between diseased and normal mucosa (Jewell et al 1992, 

Misiewicz et al 1987). Severe, contiguous disease may end abruptly with the remaining 

proximal colon unaftected, both macroscopically and microscopically. This phenomenon 

is not readily explained by either a luminal insult, an abnormality o f colonic mucus, or an 

immune response directed against the colonic epithelium - all currently favoured 

hypotheses.

On closer inspection a further clue may be present in resection specimens, particularly 

those in which the disease demarcates at either the hepatic or splenic flexures. The line 

o f demarcation follows a course across the mucosa in the line o f the incident blood

vessels. This raises the possibility that the demarcation may represent the limit o f a 

vascular territory; i f  so, this might have important implications for the pathogenesis o f 

ulcerative colitis.

Previous reports have suggested that microvascular changes may be important in the 

pathogenesis o f ulcerative colitis and a vascular aetiology for this disease has been 

proposed (Tsuchiya el al 1980, Lunderquist and Lunderquist 1967, Bacaner 1966) 

Angiographic studies o f patients have identified recognisable patterns o f vascular 

abnormality including dilatation o f the marginal artery within areas o f disease, and 

irregularities in the calibre o f the encircling arcades. However, these studies failed to 

identify any consistent association between the vascular changes and the extent o f 

involvement. In an attempt to investigate the basis for this demarcation, the present 

study examined the following hypotheses: firstly, that the marginal artery o f Drummond 

originates from the inferior mesenteric artery and that it extends proximally, for a 

variable distance, and may or may not anastamose with the colic branch o f the superior 

mesenteric artery; secondly, that intestine affected by ulcerative colitis lies within the
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territory o f the inferior mesenteric artery, thirdly, that the proximal limit o f the disease is 

determined by the extent o f the marginal artery o f Drummond.

6.2 PATIENTS, M A TER IA LS AND M ETH O D S

The colons o f 10 patients with ulcerative colitis were studied. In each case the diagnosis 

was established by standard clinical, endoscopic, radiological and histological criteria. 

Patients were aged 32-65, with a mean age o f 46 years. A ll had rectal disease. Two 

patients had a rectal stump left in-sHu that was later excised, but in both there was clear 

evidence o f rectal inflammation. 5 o f the patients had a short histoiy/ o f disease prior to 

surgery with a duration ranging from 1 to 14 months (mean = 6 months). In the 

remaining 5 patients the disease duration was from 6 to 10 years (mean = 8 years). There 

was no evidence o f progression o f disease extent from the time o f diagnosis (in 7 o f the 

patients for whom reliable data were available). None o f the patients had rapid 

progression from initially limited rectal involvement and none had clinical evidence o f 

extra-intestinal vascular disease.

In-vitro angiography; ten patients with severe, refractory ulcerative colitis underwent 

total colectomy At operation the major colonic vascular pedicles were identified and 

preserved until the moment prior to resection: a single arterial forcep was placed on the 

pedicle, prior to its division, such that the vessels distally were undamaged. The arteries 

were cannulated immediately after the bowel was resected and the vasculature flushed 

with heparinised saline prior to perfusion-fixation using formol saline at mean arterial 

pressure (lOOmmHg) as described previously (Wakefield et al 1989). Following 

overnight immersion-fixation the specimen underwent in-vHro angiography via each 

vascular pedicle, starting from a sigmoid branch o f the inferior mesenteric artery, and 

working sequentially to the colic branch o f the ileocolic artery, a terminal branch o f the 

superior mesenteric artery. Ionic contrast medium (Conray 280, May &  Baker, 

Dagenham,UK) was used for imaging and X-ray plates (UltraVision; Dupont, Stevenage, 

UK) were exposed at 55KVp at 4mA/sec. The angiograms were reported without 

knowledge o f the disease extent

Following angiography the specimen was divided longitudinally, removing the anterior 

aspect o f the colon to reveal the mucosal face o f the full length specimen underneath.
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The specimen was then washed carefully, and the site and extent o f macroscopic disease 

noted and photographed

Specimens for histological analysis (a minimum o f 10 blocks per case) were prepared 

from both macroscopically diseased and normal areas, with a block taken longitudinally 

across any line o f demarcation. Sections cut from these blocks were stained with 

haematoxylin and eosin and examined by light microscopy in order to establish whether 

macroscopic "normality" was corroborated by absence o f microscopic inflammation. In 

addition to the 10 cases collected prospectively, a further 3 archival cases o f ulcerative 

colitis, that showed sharp demarcation, were available for histological examination. 

Histopathological data were ascertained from both the routine pathology reports and 

independent assessment o f tissue sections.

Ethical approval: permission for these studies was approved by the Ethical Practices 

Committee o f the Royal Free Hampstead NHS Trust

Statistical analysis: a Fisher’ s exact test was performed to determine the significance o f 

the association between lett-sided colitis and an incomplete marginal artery.

6.3 RESULTS 

In-vitro angiography

O f the 10 cases studied, 6 had a marginal artery that spanned the length o f the colon, 

uniting the inferior mesenteric artery and superior mesenteric artery (figure 6.1 A). Figure 

6 .IB  shows the caecum from this case and disease is clearly present macroscopically. 

This was confirmed histologically. In 3 cases the marginal artery originated in continuity 

with the inferior mesenteric artery and extended to the right colon. At a point that was 

clearly visible on the angiogram the marginal artery stopped, and beyond this point the 

colon was supplied by branches o f the superior mesenteric artery (Figures 6.2A and 6.3). 

There was no demonstrable anastamosis between these two vascular territories. Figure

6.3 shows the watershed between these vascular territories at the junction o f the caecum 

and ascending colon. This cut otT is seen macroscopically in figure 6.4A and the 

histological confirmation o f this demarcation in the ascending colon is seen in figure 

6.48. The ascending colon was perfused via the marginal arteiy arising from the inferior 

mesenteric artery, and the caecum was perfused, independently, via the colic branch o f
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the ileocolic artery. It is notable that vessels distal to the watershed appeared dilated and 

irregular, while those proximal to the watershed were smaller and more regular in 

comparison (arrowed in figure 6.3). Figure 6.2A shows a similar situation to figure 6.3; 

the limit o f the marginal artery was the distal ascending colon, with no flow o f contrast 

beyond this point.

In addition to marked dilatation o f the marginal artery o f Drummond, several cases 

showed irregularities o f calibre in the vessels o f the encircling arcades. In figure 6.3 the 

marginal artery filled ectactic proximal branches on the mesenteric aspect o f the 

ascending colon.

Macroscopic examination: o f the 7 cases that had a complete marginal artery, 6 had 

pan-colitis (as shown in figure 6.1B) and 1 had disease o f the left colon the proximal 

margin o f which was not sharply demarcated (figure 6.5) The disease stopped abruptly in 

the 3 cases with an incomplete marginal artery, precisely at the watershed o f the vascular 

territories. The line o f demarcation was perpendicular to the long axis o f the colon in 

each case (Figures 6.28 and 6.4A). There was a significant association between having 

demarcated disease and an incomplete marginal artery in this series o f 10 patients 

(p=0.03).

Histopatholo^y: in those with pan-colitis, changes characteristic o f ulcerative colitis - 

acute and chronic inflammation, crypt distortion, cryptitis, crypt abscess and ulceration - 

were seen in sections from throughout the colon. In those with macroscopic 

demarcation o f disease that were available for study (n = 6), severe distal disease was 

replaced by microscopic normality at the line o f demarcation. There was no histological 

evidence o f colitis in sections from the colon proximal to this point, (figure 6.48)

6.4 DISCUSSION

The results o f this investigation suggests that in ulcerative colitis, the frequent 

phenomenon o f proximally demarcated disease is consistent with anatomical dichotomy - 

that is, the distinct blood supplies o f affected and unaffected colon. These data suggest 

an intimate relationship between the anatomy o f the marginal artery o f Drummond and 

the proximal extent o f the disease process. This vessel appears to arise as a branch o f the 

inferior mesenteric artery, and this would be consistent with previous descriptions
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(Hollishead 1956). Embryologicaliy, the marginal artery develops in association with the 

hind gut which is supplied by the inferior mesenteric artery (Hamilton and Mossman 

1972).

It is the variable anatomy o f the marginal artery that may account for the demarcation o f 

disease observed in ulcerative colitis. In 3 patients, the marginal artery terminated as a 

descending branch o f the right colic artery, a situation that is well described (Hollishead 

1956). In each o f these 3 patients, disease stopped abruptly at this watershed, in the line 

o f the incident vessels. In contrast, in those 6 patients with pancolitis, the marginal artery 

extended uninterrupted along the entire length o f the large bowel.

Over the past 6 years the vascular anatomy o f 78 prospectively collected cases o f 

perfusion-fixed Crohn's disease has been studied in detail by the IBDSG (Wakefield et al 

1989). The observations regarding the marginal artery were not seen in any o f these 

patients, in whom there was evidence o f colonic involvement with the inflammatory 

process. O f the patient s examined in this study, there was only one patient in whom there 

was poor demarcation. Is the single patient with left-sided, non-demarcated disease that 

was associated with a complete marginal artery, inconsistent with the proposed 

hypothesis‘d This may not be the case. I f  the proximal extent o f disease were to always 

lie within the extent o f the marginal artery and, when present, be determined by the limit 

o f the marginal arteiy, the findings in this one patient would be compatible.

Previous reports have suggested that there is a rate o f cephalic extension o f ulcerative 

colitis o f up to 10% after 11 years (Farmer 1979). Other studies have reported 

progression rates o f 16% in patients at 5 years (Ayres et al 1994). It may be that 

although the absolute extent o f disease is determined by the extent o f the marginal artery 

o f Drummond, within this territory there exists the possibility for extension o f disease.

What is the potential significance o f these observations? The data suggest that the 

disease may be intimately related to the embryology o f the inferior mesenteric artery. It 

may be that some characteristic(s) o f the embryologicaliy distinct mucosal 

microvasculature in this region predisposes the bowel to ulcerative colitis. The nature o f 

this characteristic is unknown It could be hypothesised that there are predetermined
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differences in either functional or antigenic properties o f this region o f the 

microvasculature, the nature o f which remain to be determined.

There are several other possible explanations for the observed anatomical distribution o f 

disease The putative antigenic stimulus for the abnormal immune response in ulcerative 

colitis may be specifically o f hind gut origin, although this would not explain why the 

colon - a hind gut structure - should be antigenically heterogeneous. Secondly, the 

autonomic nerve supply follows the arterial vasculature, and these observations could 

implicate a neural origin for ulcerative colitis; Herpes zoster, for example, manifests as 

shingles within defined anatomical limits.

There are additional data to implicate a vascular pathogenesis for ulcerative colitis. These 

have been alluded to elsewhere, but a brief reconsideration o f the data in the light o f the 

findings o f this study is important Mucosal microthrombi have been observed both in 

association with and independently o f inflamed rectal mucosal biopsies in ulcerative 

colitis (Dhillon et al 1992). In addition, ulcerative colitis is associated with 

antineutrophil cytoplasmic antibodies (ANCA) (Saxon et al 1990), thrombotic (Miyazaki 

et al 1995, Papi et al 1995, Talbot et al 1986), and vasculitic extraintestinal associations 

(Neef et al 1995, Nelson et al 1986, Collins et al 1979). A beneficial response o f 

ulcerative colitis to intravenous heparin (Gaffney et al 1995) and a protective effect o f 

haemophilia (Thompson et al 1995) have been reported. Furthermore, dynamic 

radioisotope wash-out studies o f the colonic circulation demonstrated a rapid venous 

phase in ulcerative colitis, suggesting shunting o f blood across a potentially ischaemic 

mucosa (Bacaner 1966). The observed microangiopathic changes (dilatation o f the 

marginal artery, poor vascularisation o f the encircling arcades and irregularities in their 

calibre) are all features consistent with previously published observations o f the vascular 

changes that accompany ulcerative colitis (Tsuchiya et al 1980, Lunderquist and 

Lunderquist 1967).

The absence o f histological evidence o f frank vasculitis in the mucosa o f ulcerative colitis 

argues against a vascular pathogenesis for this disease. However, the absence o f 

classical histological evidence o f vasculitis may relate to both the size and nature o f the 

blood vessels involved, and the processes by which these blood vessels are injured. One 

could hypothesise that damage to mucosal capillaries mediated - for example, by free
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radicals released from adherent neutrophils - might lead to rupture and haemorrhage into 

the mucosa, the latter being a common feature o f ulcerative colitis.

There are other features o f ulcerative colitis that are not explained by these the current 

theories o f aetiology o f colitis, discussed in the introduction. The unexplained 

observations include the apparently beneficial response o f ulcerative colitis to cigarette 

smoking and the association with primary sclerosing cholangitis However, these 

observations provide a starting point from which the basis for these specific associations 

might be addressed.

I f  these findings are substantiated in further studies, they may have implications for 

reconstructive surgery in those patients whose uninvolved proximal large bowel is 

perfused independently o f the marginal artery. I f  one could predict the eventual extent o f 

disease using angiography, then it might be that one could predict the remaining colon 

would not become involved in the inflammatory process, and colo-anal anastamoses 

would allow the patient to retain a degree o f continence and control not always offered 

by pouch surgery.

In-vivo studies

Following these observations in the in -viiro  system this finding was examined further not 

only by continued angiography o f resected colons, but also in patients. To date, 2 

patients who have clear endoscopic evidence o f a demarcation, again confirmed 

histologically, underwent angiography. In both o f these patients, the extent o f disease 

was seen to lie within the territory o f the marginal artery (see figure 6.6). The patient 

shown in this figure had left sided disease that extended to mid-descending colon. The 

extent o f this disease had been determined endoscopically.

6.5 SU M M A R Y

In summary, using a combination o f in-vitro  angiography, gross morphology and 

histopathology, this study has demonstrated that the proximal extent o f ulcerative colitis, 

often sharply demarcated, is limited by the vascular territo iy  o f the colonic marginal 

artei-y o f Drummond This observation needs to be confirmed in further in-vitro  and in- 

vivo angiographic studies. One could hypothesise that the endothelium within this 

microvascular territory, possess antigens which predispose this region o f the colon to an
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immune mediated attack. Endothelial heterogeneity, perhaps determined by factors 

related to embroyological development, may lead to this predisposition.
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F IG U R E  6.1: IN-VITRO A N G IO G R A M  F R O M  T H E  R E S EC TED  C O L O N
S H O W N  IN  6.1B

lA  This in-vitro angiogram shows a marginal artei^ (arrowed) that extends from 
the rectum to the caecum.
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F IG U R E  6.IB

The corresponding resection specimen from the angiogram in 6.1 A showing disease 
extending to the caecum. The extent of disease was confirmed histologically, with 
multiple sections.
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F IG U R E  6.2: IN-VITRO A N G IO G R A M  F R O M  T H E  R ESEC TED C O L O N
S H O W N  IN  F IG U R E  6.2B

6.2A. The point at which the marginal artery in this resection specimen terminates 
is arrowed. There were no surgical ties at this point to account for this.

6.2B Colon resection specimen showing demarcation of disease at the point of 
termination of the marginal a rte ij (arrowed).
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FIG U R E 6.3; IN-VITRO  A N G IO G R A M  FROM  P A TIEN T W IT H  
D E M A R C A TIO N  SEEN A T THE JUNCTIO N OF TH E C A EC U M  AND  
ASCENDING  COLON SEEN IN FIGURE 6.4A

■ -

The point of demarcation of disease is arrowed. Proximal vessels in the caecum 
appear normal. Irregularities in the calibre of encircling arcade vessels are seen in 
the distal diseased colon (arrowed).
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FIGURE 6.4A: COLON RESECTION SPECIMEN FROM 6.3 W IT H  
D E M A R C A TIO N  OF DISEASE AT TH E JUNCTIO N OF CA EC U M  AND  
ASCENDING COLON

*

Resection specimen from patient shown in figure 6.3. The macroscopic 
demarcation of disease is shown and is arrowed.
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FIGURE 6.4B: HISTOLOGICAL DEMARCATION FROM THE RESECTION
SPECIMEN IN 6.4A

V'-

«

■ W  ™

The slide is orientated to show the normal proximal colon and caecum below. The 
exact site of demarcation is arrowed.
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FIG U RE 6.5: RESECTION SPECIM EN AND IN -V IT R O  A N G IO G R A M  
SH O W ING  D E M A R C A TIO N  OF DISEASE A T SPLENIC FLEXURE

6.5A Resection specimen showing poorly defined demarcation of disease at the 
splenic flexure.

6.5B In-vitro angiogram from colon specimen in 6.5A showing change in calibre of 
the marginal artery just proximal to the site of demarcation (arrowed).
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FIG U RE 6. 6: INFERIO R M ESENTERIC  ANG IO G R APH Y FROM  A PATIENT  
W IT H  DEM ARCATED DISEASE IN TH E  DESCENDING COLO N

Demarcation of disease in this patient had been determined using colonoscopy and 
confirmed using histology. The approximate site of demarcation of the disease in 
the descending colon is arrowed. The extent of disease in this patient is seen to fall 
within the extent of the marginal arte ij.
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Chapter 7

THE ROLE OF AN TI-NEU TRO PH IL CYTOPLASM IC  

ANTIBODIES IN IN FLA M M A TO R Y BOWEL DISEASE

Acknowledgement: The ANCA assays and immunohiocltentica! purifica tion  o f  B P I 

were carried out in the ANCA Reference Laboratory, Dept, o f  Medicine, 

Addenhrooke’s Hospital, Cambridge by D r M  Zhao, M r P  Chapman, and D r A 

Ardilles.

7.1 IN TR O D U C TIO N

The presence o f corticosteroid responsiveness and an association with a variety o f 

autoimmune diseases suggests that ulcerative colitis may be a disease with an 

autoimmune basis (Section 1.3). Many autoimmune diseases are associated with 

circulating antibodies, some o f which have been shown to have a role in mediating 

disease pathogenesis. Others merely appear, at current levels o f understanding, to 

indicate the presence o f disease (Snook 1992). A number o f antibodies have been 

described in ulcerative colitis, including anti-neutrophil cytoplasmic antibodies (p- 

ANCA). p-ANCA are found in 34-80% o f patients with ulcerative colitis and up to 25% 

o f patients with Crohn’ s disease (Gudkerk Pool et al 1993, Peen et al 1993, Rump et al 

1993, Saxon et al 1993, Sung et al 1993, Colombel 1992, Kallenberg et al 1992, 

Schlenker et al 1992, May et et al 1992, Duerr and Targan 1991, Rump et al 1990, Saxon 

et al 1990, Chapman et al 1986). The majority o f reports showed no fluctuation with 

disease activity and persistence o f ANCA after colectomy (Patel et al 1994, Lamproye et 

al 1994, Gudkerk Pool et al 1993, Deusch et al 1993, Reumaux et al 1993, Mulder et al 

1993, Saxon et al 1990). A variety o f potential target antigens have been suggested for 

p-ANCA, including (3-glucuronidase, (Kaneko et al 1993), lactoferrin (Peen et al 1993) 

and cathepsin-G (Halbwachs-Mecarelli et al 1992). In the majority o f cases, a single 

antigen involved in all cases o f ulcerative colitis has not been identified.

ANCA occur in a variety o f vasculitic disorders, in which ANCA subtype is distinguished 

by both the immunofluorescence pattern on alcohol fixed neutrophils and target antigen 

specificity (Lockwood 1993). In Wegener’ s granulomatosis (WG) the characteristic 

subset, C-A.NCA, show a fine granular cytoplasmic staining pattern using IIP and in the
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majority o f cases the relevant antigen has been shown to be Proteinase 3 (PR3) (Nolle et 

al 1989). In WG, c-ANCA titres fluctuate with disease activity and treatment. In 

contrast among the microscopic polyarteritides, the pattern o f IIP is perinuclear (p- 

ANCA) and in 70% o f cases the relevant antigen is myeloperoxidase (MPO) (Jennett and 

Falk 1991, Savage and Lockwood 1990).

A ll test sera that are positive by IIP are then examined for reactivity with both purified 

PR3 and MPO using ELISA methodology that has been established and validated by a 

European working group. Interestingly, samples may be positive by IIP but negative for 

reactivity with both PR3 and MPO. This subset has been grouped into a distinct clinical 

subset, referred to as ‘double-negative’ ANCA. In Cambridge all test sera are examined 

using an ELISA technique with a crude acid extract o f neutrophils.

7.2 A N Tr-E TH A N G L EXTR A C T AN TIBO DIES AND A N TI-PH O SPH O LIP ID  

ANTIBO DIES

This group has previously noted that a proportion o f patients are negative for ANCA 

using IIP but positive when examined by ELISA where the antigen is an acid extract o f 

neutrophils. This observation would suggest that ethanol labile antigen(s) are removed by 

ethanol fixation. This antigen(s) is then preserved in the acid extract used for the ELISA. 

All serum samples examined in the Cambridge system are therefore tested using both the 

IIP and ELISA methodology. A number o f antigens may be removed by ethanol fixation, 

amongst them phospholipids. Previous work in Cambridge has identified phospholipid 

antibodies, in patients with detectable antibodies to the ethanol extract.

Anti-phospholipid antibodies have been reported in patients with Wegener’s 

granulomatosis, systemic vasculitic disorders and vascular diseases associated with 

thrombosis. In addition to ANCA, antibodies have been identified that bind to 

cardiolipin. It may be that these anti-phospholipid antibodies mediate an additional 

vasculopathic process in these vasculitic diseases. (Wang et al 1993, Klok et al 1992, 

Bleil et al 1991 )

ANCA are felt to have a pathogenetic role in vasculitic disease (Kallenberg et al 1992). 

A number o f hypotheses have been proposed for the mechanisms o f vascular endothelial 

injury mediated by ANCA. In a hypothesis known as the ANCA cytokine sequence
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(Mayet et al 1994, Robertson and McCallum 1994, Gross et al 1991), it is proposed that 

under the influence o f cytokines, neutrophil proteases are translocated to the cell surface. 

These proteases are then accessible to circulating ANCA, which bind to these enzyme. 

Cytokines also lead to the expression o f adhesion molecules on endothelial cells, 

allowing a close contact between neutrophils and the vascular endothelium The resulting 

respiratory burst and degranulation result in vascultic injury (Mayet et al 1994, 

Robertson and McCallum 1994, Gross et al 1991). In addition to this vasculitic injury, it 

has been proposed that the anti-phospholipid antibodies in WG, contribute to a 

vasculopathy. This may augment the microvascular injury mediated by ANCA directed 

against classical targets such as PR3 and MPO. Because phospholipids are widespread in 

cellular distribution, inflammation resulting from auto-antibodies directed towards 

phospholipid antigen may result in multifocal sites o f endothelial injury. In a similar way 

anti-cardiolipin antibodies in SLE are reported, associated with an excess o f thrombotic 

events, this tendency for a vasculopathy and pro-thrombosis is also seen in patients with 

vasculitis (Wang et al 1993, D ’ Druzet al 1991).

Previous work has shown by immunostaining for Factor X llla , using sections o f 

ulcerative colitis and Crohn’ s disease, that there is evidence o f microvascular thrombosis. 

This often occurs in regions where there is no inflammatory response in either o f these 

conditions (Dhillon et al 1992). Thus it appears that these microthrombotic events may 

be a primary event. It is o f interest that in a disease such as WG, which appears to have 

a clear vasculitic basis, there is a coexistent vasculopathy that may be mediated by the 

presence o f anti-phospholipid antibodies.

In a significant number o f patients with ANCA positive vasculitic disease, the target 

antigen appears to be neither PR3 nor MPO. Previous work has identified a 57 kD 

protein as the target antigen in these patients, termed CAP57 (Falk 1987). Recent studies 

from Cambridge have identified a 55kD protein which has homology with, and is 

possibly identical to, CAP57. In those cases o f ANCA positive vasculitis where the 

antigen is neither MPO or PR3 (double-negative), 45% o f sera are reactive with BPI 

(Zhao et al 1995). BPI is a 55kD highly cationic protein, found exclusively in cells o f 

myeloid lineage BPI is a membrane-bound protein, found within the intra-cellular 

primary granules. BPI binds to and inactivates gram-negative derived lipopolysaccharide 

endotoxin
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The purpose o f this study was to identify whether BPI is a target antigen for p-ANCA in 

patients with inflammatory bowel disease, who were ‘double negative’ for both PR3 and 

MPO.

In other diseases that are associated with ANCA and a prothrombotic tendency, these 

antibodies have been found binding to phospholipid targets. As a prothrombotic tendency 

is described in inflammatory bowel disease, it would seem appropriate to look for 

phospholipid targeted ANCA in inflammatory bowel disease.

7.3 A IM S

The aims o f this series o f studies were:

• to determine the frequency o f p-ANCA in patients with inflammatory bowel disease 

at the Royal Free Hospital, as determined by IIP assay

• to determine ANCA positivity by both IIP assay and solid-phase ELISA using a crude 

acid extract o f neutrophils

•  i f  IBD sera were found to negative by IIP and positive by this ELISA technique, to 

determine whether there detectable antibodies to phospholipids

• to examine the antigen specificity o f ANCA in this inflammatory bowel disease 

population and to attempt to identify a possible mechanism for microvascular injury, 

mediated by ANCA in patients with colitis

•  to examine for the presence o f anti-BPI targeted ANCA

• to construct a hypothesis for ANCA-mediated pathogenesis and microvascular injury 

in ulcerative colitis

Serum samples: the Inflammatory Bowel Disease Study Group at the Royal Free has a 

serum bank o f some 4,000 samples, collected prospectively over the last 7 years. A 

significant number o f these samples derive from patients with well characterised disease, 

with the diagnosis based on standard clinical, radiological, histologic and endoscopic 

criteria. Samples were chosen from this serum bank from patients who had either 

ulcerative colitis and Crohn’ s disease. The samples were selected when there were also 

clinical data available to allow disease scores at the time o f sample collection to be made. 

Serial samples were also available for many o f these patients to permit further studies.

170



Sera from 26 patients with ulcerative colitis and 32 patients with Crohn’s disease were 

examined. Control sera were available from Dr Lockwood’s laboratory to use either as 

normal or non-IBD inflammatory controls. The inflammatory control sera were obtained 

from 100 double-negative (i.e. PR3 and MPO negative) ANCA-positive (by IIP) patients 

w ith systemic vasculitic disease. Non inflammatory control sera were obtained from 59 

healthy blood donors.

A ll samples were coded, with the investigator unaware o f the diagnosis. The codes were 

not broken until all o f the analyses had been performed.

7.4 M ETH O D S

7.4.1 Assays to detect ANCA frequency

These assays were performed at the regional reference laboratory for ANCA, in the 

Department o f Medicine at Addenbrooke’ s hospital. The presence o f ANCA were 

detected firstly by an indirect immunofluorescence assay, using ethanol fixed neutrophils. 

The IIP assay was pert'ormed according to standardised methodology (Zhao et al 1995). 

In addition an ELISA assay was performed, using a crude acid extract o f neutrophils as 

immobilised antigen. The frequency o f occurrence and the pattern o f IIP were 

determined as well as the titre o f antibody. Por all ANCA positive sera, the reactivity o f 

antibody against PR3 and MPO was then determined by ELISA.

7.4.2 I I F  detection o f  ANCA

Neutrophils were separated from fresh blood or bufly coat using a Methylcellulose- 

Hypaque gradient. Cytospin preparations o f neutrophils were made using a Shandon 

cytospin 2 (Shandon, Cheshire). 200 |_il o f the freshly prepared human neutrophil 

suspension (IxlO*’ cells) were transferred to cytocentrifuge cups and deposited onto 

slides (1,000 rpm; 15 sec). Slides, each with two neutrophils cytospins round sites were 

then air dried for 1 h, and fixed in pre-chilled ethanol (4"C; 5 min). The prepared slides 

were stored at 4"C for up to 2 weeks before the assays were performed

The IIP assay was carried out as described previously (Zhao et al 1995). All dilutions and 

washing steps (5min; 10 min and 10 min) were performed in PBS and the incubation 

stages were performed in a humid environment (40 min; room temperature). The ANCA 

positive control, negative sera and test sera were diluted 1:8. All cytospins were
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incubated with 30  |l i 1 o f negative control on one site and test serum or ANCA positive 

control serum on the other site. Unbound antibodies were washed o ff and the bound 

human antibodies were detected with fluorescein isothiocyanate (FITC) conjugated 

rabbit anti-human IgG diluted 1 40 (cat # F200, Dakopatt, Denmark). Slides were then 

washed, and mounted in Citifluor (Citifluor, London) and examined under ultraviolet 

light on a Zeiss M C I00 microscope (Zeiss, Germany). Intensity o f staining was assessed 

by two observers and positive fluorescence scored as ++, +, +/-, and the pattern o f 

fluorescence, either cytoplasmic or perinuclear, was noted.

7.4.3 Detection o f  Proteinase 3 and myeloperoxidase reactivity o f  ANCA

For all sera in which ANCA were detected, reactivity with the 2 classical neutrophil 

antigenic targets was determined. Purified PR3, and MPO were diluted to 0.5pg/ml and 

1.0 pg /I were applied to Dynatech microtitre plates (Dynatech, USA). Demonstration o f 

immunoreactivity was performed as shown for the BPI ELISA as below.

7.4.4 Preparation o f  an ethanol extract o f  neutrophils

Neutrophils were separated from fresh blood or buffy coat using a Methylcellulose- 

Hypaque gradient. Ethanol extraction o f antigens was then performed. 1 ml o f cold 

ethanol was added per 1 x 10̂  neutrophils. These were then incubated, mixing 

occasionally on ice for 90 min. Subsequently they were centrifuged at 3,000 rpm for 5 

min and then the ethanol supernatant collected. A dilution curve was then made using 

known positive and negative samples, (normally the best dilution is 1/8 in ethanol.)

7.4.5 Detection o f  antibodies to ethanol extract o f  neutrophils (EE) isotypes IgG  and 

lf>A

Dynatech plates were coated with ethanol extract (EE) diluted 1/8 in ethanol. H a lf a 

plate was coated with antigen free ethanol. 50pl was used per well and left overnight at 

4̂ ^C. Plates were blocked for 1 hour at room temperature with lOOpl per well o f Gel 2% 

PBS for IgA assays and ABS 10%-PBS for the IgG assay. The blocking solution was 

then poured otT Following air-di'ying, 50pl o f the test sera were added / well at the 

following dilutions. 1/100 in gel 2% for IgA assays and 1/50 ABS 10% for IgG. Plates 

were incubated in the sera for 1 hour at room temperature. The plates were then washed 

with pure PBS x 3 . 50 ml per well o f Aik Phos conjugated anti-human Ig (goat) was then
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added at a 1/3000 for IgG assay and at 1/250 for IgA assays. This was then incubated at 

1 hour at room temperature. The wells were then washed x3 with pure PBS, 50pj o f 

substrate was added per well and the plates read at 405nm.

7.4.6 Assessment o f  B P I antibodies

BPI was purified from buffy coat proteins using a process o f cation exchange 

chromatography as described previously. Briefly, Buffy coat preparations were lysed, 

centrifuged to produce a pellet o f leucocytes and then washed with PBS. Neutrophils 

were then suspended in cavitation buffer (lOmM KCL, 33mM NaCl, ImM ATP, 3.5 mM 

MgCb, and 10 mM Pipes with 1 mM PMSF). Granules were then disrupted by recurrent 

freeze thaw cycles and then clarified by centrifugation. Chromatographic separation o f 

BPI was achieved using a Mono-S column prepacked with HRlO/10 (Pharmacia, 

Upssala, Sweden) a strong cation exchanger. The acid extract o f neutrophils was applied 

to the column and the bound proteins were eluted using 0.75 to 1.2M buffered NaCl. 

Fractions were analysed for their content o f cathepsin G, elastase, lactoferrin, MPO, PR3 

and BPI using an ELISA system.

Fractions eluted and dialysed were then assayed for BPI activity using serum known to 

contain anti-BPI antibodies as demonstrated by the ability o f the serum to blot the 55kD 

protein in a Western blot system, subsequently shown to be BPI by amino acid 

sequencing Aliquots o f the eluates obtained from the column this serum was diluted 

1:200 in PBS buffer containing 1.0 gelatine and 0.1% Tween 20. lOOp 1 aliquots o f the 

eluted fractions were diluted with coating buffer (0.05M bicarbonate buffer at pH 9.6) 

and incubated in a 96 well microtitre plate. Binding was detected using secondary 

antibodies conjugated to alkaline phosphatase diluted 1:3000 with antibody buffer. The 

incubations were carried out at 3?"C for 1 hour and the assay developed with phosphate 

substrate (Sigma 104, Sigma Ltd, Poole, Dorset, UK) ) 1.0 mg/ml in substrate buffer (16 

mM NaCO;, 12mM Na2C0:, and 2 mM MgCb). BPI purified in this way was then used 

as the ligand in the subsequent ELISA assays.
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7.4.7 Assays to detect anti-HPI antibodies

Anti-BPI antibodies were detected using purified BPl as the solid phase ligand. Purified 

BPI was diluted to 1.0 pg/1 with PBS and coated onto the wells o f a microtitre plate. 

Antigen-free wells acting as controls were coated with PBS alone, all incubations were 

carried out at 37^C for 1 hour. Plates were washed 3 times using PBS containing 0.1% 

Tween 20. Test sera were diluted 1:50 with PBSGT20 and added to both antigen coated 

and control wells. Binding was detected using alkaline phosphatase conjugated goat anti

human IgG 1:3000 in PBSGT20. The alkaline phosphate substrate (Sigma 104) was then 

added at l .Omg/ml in substrate buffer. Results were expressed as the net ODaosnm and 

expressed as a percentage o f a known positive sample. Samples were considered positive 

i f  they exceeded 17% o f the reference range o f a known positive sample. ( > mean + 

3SD from 40 normal blood donors).

7.4.8 Analysis o f specificity o f anti-BP I antibodies

In order to confirm that the antibodies identified in these assays were specific for BPI the 

following additional step was carried out. Preincubation o f the test sera with purified 

antigen o f interest w ill block the ELISA reaction an confirm that the antibodies are in 

fact specific for BPI. This was performed using standard tluid-phase inhibition assays. 

Purified BPI at a concentration o f lOOpg/1 was preincubated with diluted sera at room 

temperature and the assay performed as for the previous ELISA studies.

Examination o f phospholipid specificity o f  sera: sera were examined for reactivity with 

a panel o f commercially available phospholipid antigens, namely - choline, inositol, 

ethanolamine and cardiolipin.

Statistical Methods: Fishers exact test was used to determine whether there was a 

statistically significant association between the presence o f ANCA in Crohn's disease, 

and involvement o f the colon with the inflammatory process.

Patient details: in none o f the patients included in this study was there any evidence o f 

extra-intestinal vasculitic disease, or a history o f thromboembolic events. There was no 

correlation between the presence o f ANCA as detected by IIP and disease activity or 

extent The diagnosis in all cases had been achieved using standard clinical, radiological, 

endoscopic and histological criteria. In this cohort o f patients with Crohn's disease, 24
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had disease confined to the small bowel. 8 patients had involvement o f the colon +/- the 

perineum and were classified as patients with Crohn’ s colitis. A ll patients with ulcerative 

colitis had evidence o f distal involvement.

7.5 RESULTS (IIP  AND AN TI-B PI P O S IT IV ITY )

ANCA positivily by IIF :  p-ANCA were detected by IIF in 57% o f patients with 

ulcerative colitis and in 19% o f the patients with Crohn’ s disease (see table 7.1). 60% o f 

the patients showed a cytoplasmic and 40% perinuclear pattern o f immunofluorescence. 

In the Crohn's disease group 80% showed cytoplasmic and 20% perinuclear 

immunofluorescence.

Table 7.1: Frequency of ANCA and anti-BPI antibodies in patients with ulcerative 

colitis and Crohn’s disease

ANCA ANTI-BPI ANCA 11F& BPI +ve
uc 15/26-57% 7/26-27% 5/15 - 33.3%
CD 6/32-19% 5/31 - 15.6% 3/5 - 60%

None o f the inflammatory bowel disease ANCA positive sera showed any reactivity with 

the ligands MPO or PR3 in ELISA assays. The frequency o f ANCA antibodies in the 

group with Crohn's disease was stratified according to the distribution o f disease ( figure 

7.1). ANCA occurred more frequently in patients who had inflammatory change 

localised predominantly to the colon. This difference was statistically significant (p=0.02 

- Fisher’s exact test). 3/4 (75%) o f patients with colonic Crohn's disease and ANCA, 

had target specificity for BPI.

The frequency o f anti-BPI antibodies in this group o f patients studied is shown in table 

7.1. 27% o f the ulcerative colitis population and 15.6% in patients with Crohn's disease 

respectively.
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FIGURE 7.1: ANCA P O S IT IV ITY  IN C R O H N ’S DISEASE AC CO RD IN G  TO  

D ISTR IB U TIO N  OF DISEASE

This figure shows the frequency of ANCA in patients with colonic or small 
bowel Crohn’s disease. ANCA was statistically significantly associated with the 
presence of colonic inflammation.

Crohn’s disease n-=32

#  %
24 small bowel disease

é  %
2 ANCA +ve 22 ANCA -ve 

8%

8 Crohn’s colitis

#  %
4 ANCA +ve 4 ANCA -ve 

50%

ANCA significantly associated with colonic involvement in CD
p=0.02 (Fisher’s exact test)

Table 7.2: Frequency of ANCA in Crohn’s disease, analysed according to disease 

site.

Crohn’s disease jr-ANCA

Colonic 4/8 50%

Small bowel only 2/24 8%

Anti-ethanol extract antibodies: the same serum samples were used for the assay o f IIF. 

3 o f the 32 Crohn's disease patients showed negative IIF and positive ELISA. This 

suggested the presence o f additional, phospholipid targets in some patients. O f the 

phospholipid target antigens chosen, clear reactivity was demonstrated between the sera 

and inositol in a significant number o f patients. However there was not a complete 

correlation between the presence o f anti-inositol and anti-ethanol extract, (correlation = 

0.8). This suggest that there may be reactivity with a further as yet unidentified 

phospholipid target antigen.
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The immunoglobulin sub-class is shown in table 7.3. These anti-ethanol extract 

antibodies were all IgA sub-class.

Table 7.3: Frequency of ANCA and anti-phospholipid antibodies in ulcerative 

colitis and Crohn’s disease

p-ANCA + v e - I IF IgA anti-ethanol 

extract +ve

Anti-inositol

Ulcerative colitis 15/26 - 58% 12/26 - 46% 8/26 -31%

Crohn’s disease 6/32 - 19% 21/32 - 66% 22/32 - 69%

Normals 0/59 2/59 - 3% 0/59
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FIG URE 7.2: VENN D IA G R A M  OF TH E OF A N TI-B P I A N TIBO DIES AND  
ANCA P O S IT IV IT Y  IN PATIENTS W IT H  U LC E R A TIV E  C O L IT IS  AS 
DETEC TED BY IN D IR E C T  IM M U N O FLU O R ESC EN C E

This figure shows that there is an overlap between IIF  positivity ANCA and anti 
BPI antibodies in patients with ulcerative colitis. However this illustrates that 
reporting of the presence of ANCA is influenced by the method of detection and 
the antigen specificity that is under examination.

A N T I-B P I ANCA +ve

FIGURE 7.3: VENN D IAG RA M  OF TH E OF A N TI-B PI AN TIBO DIES AND  
ANCA P O S IT IV ITY  IN PATIENTS W IT H  C R O H N ’S DISEASE AS DETECTED  
BY IN D IR E C T  IM M UN O FLUO RESCENCE

Overlap between IIF  positive ANCA and anti BPI antibodies in patients with 
Crohn’s disease.

A N T I-B P I ANCA +ve
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FIG U R E 7.4: VENN D IAG RA M  SH O W ING  O VERLAP BETW EEN ANCA  
DETECTED BY IIF , AN TI-B PI AND A N T I-E TH A N O L EXTR A C T  
A N TIBO DIES IN PATIENTS W IT H  C R O H N ’S DISEASE

A n t i - B P I

Ant i -ethanol  
extract

16

1

1 2

2

1 1
A N C A
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7.6 DISCUSSION

This study presents some novel observations on the nature o f the target-antigen(s) in a 

subset o f patients with inflammatory bowel disease who have detectable ANCA. The 

conclusion from these data taken with previously published observations suggest that 

ANCA are a group o f antibodies that target multiple antigens. It seems unlikely that any 

o f these autoantibodies found in any o f the systemic vasculitic disorders or inflammatory 

bowel disease are directed against a single antigen that is responsible for disease 

pathogenesis. Even in Wegener’s granulomatosis, the disease where the presence o f 

ANCA is most closely linked to a pathogenetic role, other target antigens have been 

identified, including anti-phospholipid antibodies (Bleil et al 1991, Klok et al 1992, Wang 

et al 1993). This multitargeting o f antibodies is the likely explanation for the many 

reports o f ANCA in inflammatory bowel disease targeting a wide variety o f antigens. 

Although these studies have been carried out on a relatively small number o f patients, the 

data provide an hypotheses for how ANCA may be a contributory factor to the 

pathogenesis o f inflammatory bowel disease.

These studies sought to identify target antigens for ANCA that have been found in a 

number o f systemic vasculitic diseases, where a hypothetical role for ANCA is also being 

investigated. The evidence for a role for vascular injury in the pathogenesis o f ulcerative 

colitis from both historical studies and the work carried out in this thesis, has been 

discussed in the previous chapter.

In systemic vasculitic disorders, 45% o f ANCA, which show no target specificity for 

either PR3 or MPO, have been shown to be directed against BPI (Zhao et al 1995). This 

is a 55kD highly cationic membrane-bound protein, found exclusively in cells o f myeloid 

lineage. It has target specificity exclusively for lipopolysaccharide derived from gram 

negative bacteria, and has been hypothesised to protect against EPS mediated endothelial 

damage. (Weiss and Olsson 1987). Since in inflammatory bowel disease the p-ANCA are 

also ‘ double-negative’ , these studies sought to examine whether BPI could also be a 

target in inflammatory bowel disease.

7.6.1 A n ti B P I targeted ANCA in infhinim atory bowel disease

The results confirm that in approximately 1/3 o f ulcerative colitis and 2/3 o f Crohn's 

disease patients who are p-ANCA positive by IIF, BPI is a target antigen. The question
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then arises is, do anti-BPI antibodies have a pathological role in inflammatory bowel 

disease, as has been suggested for systemic vasculitis? (Zhao et al 1995) ANCA have 

been postulated to be involved in mediating endothelial injury by a variety o f 

mechanisms: in the ANCA-cytokine sequence, there is translocation o f neutrophil

proteases to the surface o f activated neutrophils. These bind ANCA directed against the 

appropriate neutrophil antigen and also bind to adhesion molecules present on the 

vascular endothelium. Subsequent degranulation and the resulting respiratory burst, 

results in vascular endothelial injury (Mayet et al 1994, Robertson and McCallum 1994, 

Gross et al 1991). However, a further possible mechanism o f action for ANCA, is that 

they may interfere with the function o f essential neutrophil enzymes. This may be the 

case with anti-BPI antibodies which by interfering with the protective function o f BPI, 

render the mucosal microvasculature susceptible to LPS mediated injury Although this 

is conjectural, further investigation that is underway, may enable this point to be 

examined further.

7.6.2 Anti-phosphoVipid tarf^eted ANCA

The presence o f anti-ethanol extract antibodies found in this population o f patients 

studied suggests that there may be targets for ANCA in intlammatory bowel disease that 

may also contribute to the pathogenesis o f vascular injury. As is seen in WG, it may be 

that these additional anti-phospholipid antibodies are responsible for mediating 

‘vasculopathy’ rather than 'vasculitis’ . Phospholipids are ubiquitous and contained in cell 

membranes. It could then be postulated that anti-phospholipid antibodies could excite a 

local inflammatory process that could contribute to local endothelial inflammation and 

thrombosis. This is an observation o f particular interest in that there is conclusive 

explanation for the recognised pro-thrombotic tendency found in patients with 

inflammatoi-y bowel disease.

Although these studies have shown that the majority o f ANCA targeting phospholipid 

are directed against inositol, the absence o f a complete correlation between anti-inositol 

and anti-ethanol extract antibodies suggest that there may be a novel and as yet 

unidentified phospholipid target antigen in patients with inflammatory bowel disease. It is 

possible that this phospholipid has been co-purified with inositol in the extraction 

process. The nature o f this antigen remains to be determined.
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It is clear from these data that not all patients positive for anti-BPI show positive IIF. 

These data have been shown in the Venn diagrams. This emphasises the point that the 

detection o f ANCA is highly dependent not only on the assay used for their detection but 

also on the potential target antigen that is examined.

Do these data imply a role for ANCA in causing microvascular injury in ulcerative 

colitis? Whereas the majority o f work to date has focused on the mucosa as the site o f 

primary injury in this disease, there is growing evidence that the primary site o f injury 

may lie within the microvasculature o f the colon. The evidence already presented in the 

last chapter including the demonstration o f mucosal microthrombi in ulcerative colitis its 

association with thrombotic (Miyazaki et al 1995, Papi et al 1995, Talbot et al 1986) 

and vasculitic extraintestinal associations (Nelson et al 1986, Collins et al 1979), the 

reported beneficial response o f ulcerative colitis to intravenous heparin (Gaffney et al 

1993), the protective effect from haemophilia (Thompson et al 1995) and radioisotope 

wash-out studies o f the colonic circulation are historical evidence for this. In-vitro  

arteriography has presented evidence for microangiopathic changes o f the colonic 

vasculature in ulcerative colitis. This technique has demonstrated that the extent o f 

disease in the colon lies consistently within the territory subserved by the marginal artery. 

This observation provides further evidence suggesting the involvement o f vascular 

factors in the pathogenesis o f ulcerative colitis. It may be that the endothelium, within 

predetermined regions o f the colonic vasculature, is susceptible to injury perhaps 

meditated by ANCA.

The arguments against this have been that why do not all patients with ulcerative colitis 

have ANCA and the relevant target antigen. The same objections could obviously apply 

to this work. However, these studies have provided further evidence for the multiple 

target specificity o f ANCA. They have also shown that the demonstration o f ANCA is 

highly dependent on the assays used to detect their presence. Indeed, using some o f the 

previously reported techniques, many o f the patients from this study would not have had 

detectable antibodies. In addition in a small subset o f these patients studied, the titre o f 

antibody appeared to fluctuate with disease. Whilst this is clearly not the case in all 

patients it may be that this is a further explanation for the underdetection o f ANCA. 

Work is currently underway to look at larger numbers o f patients, in an attempt to 

identify further links between disease activity and the presence o f ANCA.
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The absence o f histological evidence o f vasculitis in the mucosa o f ulcerative colitis has 

been said to argue against a vascular pathogenesis for this disease. However, the 

absence o f classical histological evidence o f vasculitis may relate to both the size and 

nature o f the blood vessels involved, and the processes by which these blood vessels are 

injured. Indeed immunohistochemical studies have shown endothelial cell tissue factor 

expression in active ulcerative colitis (More et al 1993), a prothrombotic effector 

mechanism that is exquisitely sensitive to LPS.

7.63 ANCA in C rohn’s disease

The observation that ANCA was significantly increased in colonic Crohn’ s disease 

compared with small bowel Crohn's disease, suggests that the presence o f ANCA may 

reflect colonic inflammation rather than being specific for ulcerative colitis as suggested 

previously (Peen et al 1993). Although this observation has been previously reported the 

importance o f the colonic specificity o f ANCA may have been overlooked by 

investigators who have not considered the vasculature an important site o f primary 

injury. This study has also identified > 60% o f patients with Crohn’ s disease who have 

circulating IgA anti-ethanol extract antibodies. This has not been reported previously and 

requires further investigation which is outside the scope o f this project and is currently 

underway.
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Chapter 8

CONCLUSIONS AND OVERALL SUM M ARY

The initial experiments in this project were able to confirm the presence o f protein o f an 

appropriate size for the UCAg, within the colon protein extract. SDS-PAGE was also 

used to demonstrate the molecular weights o f the constituent proteins in both chicken 

and porcine tropomyosin. All attempts to use the 7E12H12 to demonstrate the presence 

o f UCAg in the colon protein extracts were unsuccessful. The experiments have shown 

that the colon protein extract contains proteins o f the expected sizes, and that loss o f 

conformational epitopes occurs during the SDS-PAGE and electroblotting o f the protein. 

This is often a problem with using monoclonal antibodies in Western blotting. This is 

particularly true for those antibodies which have an antigenic target that is highly labile 

under the stress o f these experimental conditions.

Having failed to demonstrate the antigen using Western blotting techniques, another 

method was developed to demonstrate the presence o f antigen in the colon protein 

extract. This method was also used to assess whether 7E I2H I2  was able to bind with 

tropomyosin Using the dot-blot technique it was shown that progressive antigenic 

lability occurred following addition o f the reducing bufter to the antigenic preparations. 

Although there was some loss o f signal, this was never complete and antigenicity was 

maintained. Further attempts at SDS-PAGE under non-reducing conditions were also 

not successful in identifying UCAg. Thus it can be assumed from these experiments that 

the antigenicity o f UCAg was lost during the steps o f SDS-PAGE

The dot-blot experiments showed conclusively that the colon protein extract contained 

both tropomyosin and UCAg. They have also shown that there is no reactivity between 

7E12H12 and any o f the animal species o f tropomyosin that were examined. Ideally, 

these experiments should have been carried out using a pure preparation o f human 

tropomyosin. Extensive enquires to other groups both in the UK and the USA, working 

with human cytoskeletal elements revealed that no pure forms are currently available. 

The majority o f workers have used human myocardial extracts that contain many 

different proteins. It was therefore felt that experiments carried out using these 

preparations would not significantly advance the study.
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There appears to be a considerable degree o f homology between animal and human 

isoforms o f tropomyosin. Das has previously shown that in patients with ulcerative 

colitis, circulating antibodies to porcine tropomyosin are demonstrable (Das KM  et al 

1993). This is further evidence for cross reactivity and thus it was felt that observations 

from animal studies could be extrapolated to the human situation.

The reasons why Das may have incorrectly identified tropomyosin as UCAg, are dealt 

with in further detail in this discussion.

8.1 A U T O IM M U N IT Y  AND U LC ER A TIVE C O LIT IS

The first section o f this work set out to characterise the UCAg, the target for antibody 

7E12H12. The antigen UCAg, appeared to be o f particular interest in ulcerative colitis, 

because o f its colocalisation with immunoglobulin and complement in the diseased 

mucosa. In addition the antigen was found in other organ systems involved in the 

systemic disease complex, and circulating antibodies to UCAg in patients with ulcerative 

colitis were demonstrated, that paralleled disease activity.

With a supply o f the antibody 7E12H12, donated by Dr Das, this study set out to look 

further at the localisation o f the UCAg, using a combination o f immunocytochemistry, 

protein analysis and SDS-PAGE combined with Western and immunoblotting. These 

studies have confirmed the immunolocalisation o f UCAg to the luminal and basolateral 

plasma membrane in normal and diseased colon. The studies with con-focal microscopy 

further showed that there is localisation o f UCAg to the supranuclear regions o f 

colonocytes, compatible with golgi production o f UCAg and exportation o f this protein 

to the plasma membrane.

Using extracts o f colon protein and SDS-PAGE it was possible to demonstrate that 

proteins o f 40kD (the approximate molecular weight o f UCAg) were present within the 

colon protein extract. However, it was not possible to identify UCAg in this colon 

protein extract using 7E12H12 and Western blotting. The technical reasons for this 

failure o f identification have already been discussed in some detail. However this is a not 

uncommon problem when using monoclonal antibodies in Western blotting, because o f 

the narrow range o f epitopic recognition. It is often possible to use polyclonal antibodies
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in Western blot. Das et al had used a polyclonal antigen to UCAg and identified a 40kD 

protein in Western blots which was subsequently identified as laminin (Das, 1993, 

personal communication), however this polyclonal antibody was not available for further 

studies in this project.

The experiments that were performed using the dot-blot techniques were able to identify 

the stage at which specific signal was lost during SDS-PAGE and Western blotting. 

Some signal loss occurred when boiling antigen in the mercaptoethanol reducing buffer. 

However the majority o f signal was lost when the samples were run in SDS. Using a 

non-reducing buffer, it was not possible to overcome this problem. Thus it was assumed 

that the linearisation o f the antigen in SDS and the addition o f negative charge was 

sufficient to alter conformational epitopes conferring antigenicity.

The subsequent work using the dot-blot technique was able to demonstrate that the 

colon protein extract did contain UCAg. It was further demonstrated that UCAg was not 

tropomyosin. This conclusion was based on studies carried out using the two 

commercially available animal preparations o f this cytoskeletal protein. There is little 

evidence to suggest that there exists much variation between animal and human species 

in the antigenic epitopes o f tropomyosin.

The reaction o f human antibodies with porcine tropomyosin as shown by Das, suggests 

that it is possible to extrapolate these data to the human situation. The reason that 

porcine tropomyosin was chosen for these experiments, as this is the same antigen that 

Das had used to identify circulating antibodies from patients with ulcerative colitis.

The following paragraphs summarise the evidence accumulated from these studies that 

UCAg is not tropomyosin and some o f the reasons why Das may have incorrectly 

identified UCAg, the target for 7E I2H I2  as tropomyosin
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8.2 M O R P H O LO G IC A L EVIDENCE AG AINST UCAg BEING  

TRO PO M YO SIN

Morphological evidence argues against UCAg being tropomyosin. In these initial studies 

the original pattern o f localisation o f UCAg as detected by immunohistochemical staining 

o f the colon with 7E12H12 and described by Das et al, was confirmed. Tropomyosin, a 

ubiquitous cytoskeletal protein is present in intestinal tissues such as small intestine and 

stomach, that have not been reported to contain UCAg, either in the original work 

performed by Das or in these studies. Although regional differences in isoforms o f 

tropomyosin might explain this observation, there is no evidence for this. Perhaps more 

significantly, the sub-cellular localisation o f 7E12H12 binding was not consistent with 

tropomyosin which was readily demonstrable in primate cells maintained in-vitro. The 

pattern o f immunostaining that has been reported previously by other groups for 

tropomyosin is substantially different from that seen with 7E12H12. With tropomyosin, 

staining o f the rootlet filaments and the terminal web has been seen and was restricted to 

the apical and basal cytoplasm (Drenkham and Grosche-Stewart 1980), The localisation 

for UCAg as detected by 7E12H12 is not therefore, typical for this cytoskeletal element. 

The pattern o f staining observed with 7E12H12, is consistent with the local synthesis and 

export o f an epithelial cell-associated molecule.

8.3 IM M U N O B L O T T IN G  EVIDENCE AG AINST UCAg BEING  

TR O PO M YO SIN

In this work an extract o f colonic protein was produced using similar methods to Das 

(Das et al 1987). The cross species reactivity demonstrated in these studies using the 

antibody raised against chicken gizzard tropomyosin, suggests marked interspecies 

conservation o f the antigenic epitopes o f tropomyosin. The dot-blots failed to identify 

any immunoreactivity between 7E12H12 and tropomyosin. This lack o f binding between 

7E12H12 and tropomyosin implies that the latter is not the major antigen to which this 

antibody binds. It could be argued that human tropomyosin has a unique antigenic 

determinant, to which 7E12H12 binds, that is not shared by other animal species. 

However, not only were the morphological studies against this, but it has not been 

possible to obtain human tropomyosin to assess this.

It might be argued that the absence o f binding to purified tropomyosin in dot-blots, was 

due either to inadequate amounts o f antigen, or to excessive dilution o f 7E12H12. The
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first argument seems unlikely since the colon protein extract contained a total o f 1 mg/ml 

o f protein. Both human tropomyosin and UCAg are likely to represent only a small 

proportion o f the total proteins present in this extract. Conversely, when increased 

amounts o f tropomyosin were used in an attempt to detect immunoreactivity with 

7E12H12, none was seen, whereas both UCAg and tropomyosin were readily detected in 

the colon protein extract using the same system. In addition, increasing the concentration 

o f 7E12H12 from 1:50 to 1:10 did not produce a positive signal with tropomyosin.

It has also not been possible to repeat the identification o f UCAg in a Western blot 

system using 7E12H12 as described by Das (Das et al 1987). However it was possible 

to consistently identify immunoreactivity between 7E12H12 and the colon protein 

extract, containing UCAg, using the dot-blot system Similarly, the original authors have 

reported difficulty in repeating the Western blot technique and their original observations 

(Das, 1993, personal communication). Das has commented that his group were only 

able to demonstrate consistently the presence o f UCAg in Western blots using 7E12H12. 

Only when they used large amounts o f partially purified UCAg, highly concentrated 

7E12H12 and a radioisotope technique o f signal identification, with prolonged exposure 

to the X-ray plate, were they successful (Das, 1993, personal communication).

Loss o f antigenicity in this system persists with non-reducing SDS-PAGE conditions, 

suggesting that the antigen was labile even under these circumstances. In contrast, the 

Western blotting o f pure tropomyosin did not afiect its antigenicity and it is clearly 

demonstrable in both the colon protein extract and the pure animal preparations.

As UCAg was not detected using Western blotting with 7E12H12, it was not possible to 

compare the molecular weight o f UCAg with that o f tropomyosin. However the 

identification o f a band for human tropomyosin in the colon protein extract o f > 40 kD, 

suggests that a significant part o f the antigenic determinant o f human tropomyosin, is 

larger than UCAg.

Circulating antibodies to UCAg, which have been reported to parallel disease activity, 

(Takahashi et al 1990) have been demonstrated by ELISA. Das et al have also examined 

sera from patients with ulcerative colitis for circulating antibodies to tropomyosin. They 

reported the presence o f circulating antibodies to tropomyosin in an ELISA assay, using
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porcine tropomyosin (Sigma T2400) as the antigen (Das et al 1993). However others 

have failed to confirm this finding (Lee et al 1994, Khoo et al 1994).

8.4 REASONS W H Y  DAS M A Y  HAVE IN C O R R EC TLY ID E N T IF IE D  TH E  

AN TIG EN  (UCAg) TO W H IC H  7E12H12 BINDS, AS TR O PO M YO SIN

Tropomyosin forms part o f a large group o f closely related actin binding proteins that are 

responsible for maintaining cytoskeletal structure and cellular contractility. Tropomyosin 

exists in all mammalian cell types in various isoforms with molecular weights o f 30 - 45 

kD. Das et al demonstrated immunoreactivity between partially purified UCAg and anti

tropomyosin, evidence that at least one o f the constituent proteins was tropomyosin. 

However using a partial purification method, he may have co-purified several different 

colon-derived proteins, including human tropomyosin along with the major antigenic 

determinant for 7E12H 12

It can be concluded from the results o f this study that the antigenic epitope to which 

7E12H12 was produced is not shared by mammalian isotypes o f tropomyosin. In his 

original report. Das used anion-exchange chromatography to partially purify UCAg for 

use as an immunogen in the production o f a panel o f monoclonal antibodies. Das has 

now identified tropomyosin as the antigen for 7E12H12, showing that the amino acid 

constituents o f the peptides within UCAg had >90% homology with tropomyosin. The 

method o f identification used in this latest report, (Das et al 1993) involved protein 

sequencing and HPLC (high pressure liquid chromatography) analysis, following a 

similar method o f partial purification. These methods may have been appropriate, but the 

results o f these studies show that there may have been co-purification o f at least one 

contaminating protein o f similar molecular weight

The HPLC plot, showed that although the two predominant peptide peaks selected for 

subsequent amino acid sequencing had significant homology with tropomyosin, there 

were also a number o f other peptides that were not sequenced, which formed a 

significant part o f UCAg (Das et al 1993). In addition, the amino acid content differed in 

comparison with known isoforms o f tropomyosin in that it contained large amounts o f 

both glycine and phenylalanine. These data further suggest that several proteins may have 

been co-purified
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It is notable that the tissue specificity o f UCAg, which included its localisation to the 

organs involved in the systemic manifestations o f ulcerative colitis, has recently been 

challenged by the original workers. They have reported that UCAg, detected by 

7E12H12, has been found to localise to the abnormal epithelium found in Barrett’ s 

oesophagus (Gujral et al 1994).

The failure o f identification o f UCAg in Western blotting precluded the further analysis 

o f the nature o f this antigen. Had it been possible to identify the band on nitro-cellulose 

using 7E12H12, direct amino acid sequencing o f this protein may have been possible. 

Further elucidation o f UCAg could be performed using screening o f cDNA libraries. 

However this technique is dependent on the identification o f antigen produced in 

expression vectors, using Western blotting. Alternatively DNA libraries can be probed 

using oligonucleotides constructed from knowledge o f the amino-acid composition o f the 

antigen. In this case the failure o f Western blotting to identify UCAg, precluded the use 

o f either o f these options. Thus, although UCAg remains a putative autoantigen in 

ulcerative colitis, the nature o f UCAg remains to be established.

8.5 SU M M A R Y

Ulcerative colitis is a disease that affects 1:1000 o f the UK population. Despite the large 

amount o f time and money that has been invested into intensive research o f this disease, 

there is as yet no final and unifying hypothesis. A number o f theories have been proposed 

for the pathogenesis o f the disease.

There is certainly good evidence o f a genetic predisposition to developing colitis with a 

10% increase in incidence in relatives o f probands with disease (Reed et al 1992). There 

are features o f this disease that fulfil some o f the characteristics that are necessary for the 

diagnosis o f an autoimmune disease. These include the corticosteroid response, 

inflammatory infiltrate at the site o f disease, increased local class II HLA expression and 

the association with other autoimmune diseases. The majority o f research work to date 

has, however, focused on the epithelium as the primary site o f injury in this disease, 

perhaps in individuals already genetically predisposed to developing ulcerative colitis.

This work has examined some o f the antigens and autoantibodies that have been 

implicated in the immune process that occurs in ulcerative colitis. The Das antigen,
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UCAg, which was o f considerable interest as a potential auto-antigen remains to be 

characterised further. The work performed within the project has failed to identify the 

nature o f UCAg because o f a number o f insurmountable technical problems that have 

been outlined previously.

The role o f ANCA in inflammatory bowel disease has been controversial and there 

remain as yet unanswered questions which are the subject o f ongoing studies. However 

an association between the presence o f ANCA and colonic specificity o f inflammation 

has been identified. Rather than differentiating between the two diseases, the presence o f 

ANCA may in fact identify a subset o f inflammatory bowel diseases with colonic 

inflammation. This work has identified novel antigens for subsets o f ANCA in 

inflammatory bowel disease and has suggested possible mechanisms whereby they may 

mediate vascular endothelial damage.

Important clues to the aetiology o f any disease may be made from simple clinical and 

pathological observations o f disease. The marked demarcation o f disease that occurs in a 

proportion o f patients with ulcerative colitis, is not explained adequately by any o f the 

above hypotheses It was felt that the abrupt demarcation o f disease that occurs in 

ulcerative colitis could in fact be explained by vascular factors. This thesis has presented 

evidence to show that the distribution o f disease may be determined by vascular factors. 

The vasculature may provide an alternative site for primary antigen presentation.

In summary, one could hypothesise that ulcerative colitis is a disease that occurs in 

genetically predisposed individuals. The final distribution o f the disease may be 

determined by an as yet unidentified property o f the vascular endothelium that renders 

the vasculature subserved by the inferior mesenteric artery and thence the marginal 

artery, susceptible to immune attack. The presence o f ANCA may provide a further clue 

to the role o f vascular inflammation and a mechanism whereby this is mediated. There is 

evidence that this immune attack may involve ANCA which may contribute to the 

intravascular inflammatory process. The final mediators o f such an inflammatory process 

must involve cytokines, reactive oxygen metabolites and cells o f the immune system that 

are responsible for initiating and perpetuating the inflammatory process.
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Appendix 3

PROTOCOLS AND BUFFERS 

Buffers for homogenisation of tissue

♦ PBS standard buffer @ pH 7.2 made up just prior to use

♦ Na EDTA - 0.5M stock solution made up and diluted appropriately

♦ PMSF (poly methyl sulphonyl fluoride)

1 litre PBS

2mM Na EDTA 

2mM Na Azide

♦ Samples were washed x 5 in buffer containing

2mM EDTA 

PBS

2mM PMSF 

2mM Na EDTA

SDS polyaci*ylamide minigel using the Biorad system.

Separating ^e l buffer (L 5 M  Tris) Tris pH 8 8 Dissolve 18.15g Tris in H2O. pH with 

cone. HCl and make up to 100 ml Store at 4"C

Stackinjf ^e l buffer (0.5M Tris) Tris pH 6.8 Dissolve 6g Tris in DD H2O and pH

with Cone, HCl Make up to 100ml and store at 4̂ ’C

lOVoSDS : Dissolve lOg SDS in H20 and make up to 100 ml (wear mask) and store at

room temperature.

Polyacrylamide Dissolve 22.2g acr>famide and 0.6g bisacrylamide in H 2O and make up 

to 100 ml. Store at 4*̂ C in a brown bottle.

Premade gels Biorad Gradient 4-20% Preassembled and inserted into gel casting 

apparatus.

Preparation of separating gel

Prior to addition to the casting apparatus the following volumes o f the individual 

components were mixed.
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Constituent Volume

50% Polyacrylamide 2ml 

Tris pH 8.8 3.75ml

D D H 2 0  3.92

10%SDS 0.100ml

Ammonium persulphate - 0.230ml

A fresh solution o f ammonium persulphate was made up by the addition o f 0.15g to 

10ml o f DD water.

TEMED 0.007ml

The last two components were added just prior to addition to plate assembly. 

Preparation of separating gel

Constituent Volume

Acrylamide 1.00ml

Tris pH6.8 1.25ml

DD H 20 7.3 ml

10%SDS 0.1 ml

Ammonium persulphate 0.35ml

TEMED 0.01 ml

Sample buffer: Denaturing buffer

In order to denature the sample prior to resolution in SDS the sample was boiled with a 

denaturing bulTer

The following constituents were used.

(3-mercaptoethanol 3.75% 3.75ml

Bromophenol blue 0.03% 0.015g

This makes up 2x sample buffer. For use, the above solution was diluted in double 

distilled and added in equal volumes to sample.
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Constituent Conc". Volume

Tris base 46.8mM 0.75g

SDS 2.25% 2.25g

Glycerol 7.5% 7.5 ml

H 20 36ml

Total Vol 48.5 ml

The pH was then checked and adjusted to 6.8 using conc. HCl. The following were then 

added

Running buffer 

lOx concentration

0.25M Tris 30.Og

1.92M glycine I44.0g

1%SDS lOg

DD water make up to I litre

pH was approx. 8.8. (Additional acid or base should not be added to running buffer). 

Running buffer could be reused approx. 4 times.

Protocol for making gels for SDS

The gel apparatus was thoroughly cleaned using detergent, water and 95% ethanol to 

avoid the formation o f bubbles within the gel. The separating gel was made up and 

placed between the glass plates in the gel casting apparatus. This was left to set for one 

hour with a layer o f DD H 20 above. This was left until a clear line o f demarcation 

appeared between the two layers and then the stacking gel was added. (Remember to 

add the comb to the stacking gel. Butan-l-ol can be used to remove the air bubbles from 

the stacking gel).

Sample Preparation

20pl samples o f protein with approx. 20-30pg o f protein were added to each well. 

Protein content was estimated using the BioRad protein assay. lOpI o f rainbow marker 

was mixed with sample butTer, and used as the standard molecular weight marker. A
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quarter volume o f the sample buffer was then added to the samples to be loaded onto 

the gels. The samples were centrifuged in Eppendorf tubes and then boiled for 5 min to 

ensure adequate both mixing with the sample buffer and dénaturation o f the protein.

Prior to loading the samples into the stacking gel the central reservoir was filled with 

fresh buffer and then the samples added to the wells using a Hamilton syringe. The 

power supply was then connected the gel run at a constant current o f 35-40mA.

STAIN ING  AND DESTAINING SOLUTIONS FOR USE IN SDS 

ELECTROPHORESIS

Staining solution

10 % Acetic acid, 25% Isopropanol, 0.025% Coomasie Blue R-250

250 ml Acetic acid

625 ml Isopropanol

1625 ml dd H20

625 mg Coomasie Blue R-250

Destain

250 ml Acetic acid 

2500 ml ddH2

STOCK SOLUTIONS FOR W ESTERN TRANSFER  

Transfer Buffer

(39mM Glycine, 48mM Tris, 0.0375 % SDS, 20% v/v methanol)

Dissolve 2.93g glycine and 5.81g Tris and 0.375g SDS in about 700ml o f water. Add 

200ml methanol, then make up to 1 litre with water.

TBS 20mM Tris, 500mM NaCl, pH7 5 

9.6g Tris

116.9 g NaCl in 3.5 litres o f H20

Adjust pH to 7.5 with NaCl and make up to 4 litres with dd H 20 

TTBS 0.05%v/v Tween 20 in TBS 

Add 4ml Tween to 2 litres TBS
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Colour Development: these reactions were all carried out in glass containers and 

solutions prepared immediately prior to use. A 70% solution o f DM F was made by 

diluting 700 pi o f DMF in 300 pi o f double distilled water. 30 mg o f nitro blue 

tétrazolium (NET) was then diluted in this solution o f 70% DMF.

BCIP was purchased as a solution o f ISOmg o f the p-toluidine salt o f bromo-chloro- 

indolyl-phosphate (BCIP) in 300pl o f DMF (500mg/ml). Therefore 30pl o f this solution 

o f BCIP was added to 970pl o f DMF to give a 15mg/ml solution.

Immediately prior to use, the NET and BCIP solutions were mixed using a glass pipette 

and added to 100ml o f bicarbonate buffer containing O .IM  NaHCO], Im M  M gCli 

pH9.8. 5 ml o f this developer solution was added to the sterilin pots which were left on a 

roller mixer for 5 min. The reaction was terminated by washing x 5 in 10% acetic acid in 

double distilled H 2O before a final 3 washes in 5 ml o f dd H2O.
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