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Abstract i

Abstract

Parasite excretory/secretory (ES) products are believed to play a role in the initiation of the
host response to the abomasal parasites Haemonchus contortus and Teladorsagia circumcineta.
Both parasites inhibit and cause loss of the acid-producing parietal cells. Three days after
transplantation of adult T. creumcincta into parasite-naive sheep, a subpopulation of their
parietal cells no longer expressed the proton pump B-subunit, but still stained for
Transforming Growth Factor-«, suggesting loss of the proton pump preceded cell death.
To investigate the ability of parasites to modify the function of mammalian cells zz vitro,
HeLa, AGS and CaCo-2 cells were exposed to ES products. ES products vacuolated all
three cells, causing the development of large numbers of small vacuoles, which differed in
appearance from those produced by Helicobacter pylori bacterial toxin VacA or ammonia.
The vacuoles were unlike those which develop in parietal cells in the parasitised abomasum.
Neither lipids nor prostaglandins appeared to play a role in vacuolation and the vacuolating
factor in vitro is likely to be a protein because of its heat and acid lability. Vacuolation
occurred within one hour and was partially reversible. ES products were also able to cause
cytoskeletal rearrangement and detachment of Hel.a cells, similar processes to those caused
by bacterial pathogens, which also disrupt tight junctions in mammalian cells. H. contortus
ES products also disrupted tight junctions of CaCo-2 cell monolayers, a model cell system
used for these studies. The increased epithelial permeability was associated with structural
rearrangements of the tight junction proteins occludin and ZO-1. This could explain
protein loss and back-diffusion of pepsinogen into the blood, a marker of abomasal
parasitism. Cell detachment and disruption of cell-cell adhesion in parasitised sheep may
inhibit acid production by parietal cells, which cannot function when separated from
adjacent cells. Increased permeability of the surface epithelium would allow parasite ES
products to penetrate the mucosal barrier, causing further damage. This could also allow
inhibition of parietal cells deeper in the abomasal glands and also allowing adult parasites

living in the gastric lumen to modulate host immunity to enhance their survival.
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Introduction

Infections with gastrointestinal nematodes, particularly trichostrongylids, in domestic
ruminants are an important economic burden worldwide (Holmes, 1985; Fox, 1997; Miller
and Horohov, 2006). A major factor in the pathogenesis of abomasal parasitism of sheep
(McLeay et al., 1973; Anderson et al., 1976) and cattle (Fox e al., 1989a; b) is a depression in
voluntary food intake (anorexia) that leads to decreased weight gain (Holmes, 1985; 1993;
Parkins and Holmes, 1989) as well as diarrhoea, malabsorption (Koski and Scott, 2001) and
increased protein loss due to a more permeable epithelium, which all in turn increases
susceptibility to infection (van Houtert and Sykes, 1996; Scrimshaw and SanGiovanni,
1997). In particular, infections with the blood-feeding nematode Haemonchus contortus are
concerning, as they additionally cause considerable anaemia in infected animals (Parkins
and Holmes, 1989). Adding to the production loss are costs for anthelmintics, veterinary
care and death of infected animals. Around 29% of the animal health market are anti-
parasitic drugs, worth US$5.2 billion in 2007 (International Federation for Animal Health,
2007).

Parasite control relies on anthelmintic treatment, although alternative strategies also exist to
cope with increasing anthelmintic resistance, including grazing management, breeding
management, nutrition supplementation, use of plants containing natural antheltmintics
and vaccine development (Coop and Kyriazakis, 1999; Newton and Munn, 1999; Koski
and Scott, 2001; 2003; Bakker ez al, 2004; Miller and Horohov, 2006; Pomroy and
Adlington, 2006). Anthelmintic resistance is widespread, even multiple drug resistant
parasites have been reported worldwide (Kaplan, 2004; Wolstenholme ef @/, 2004; von
Samson-Himmelstjerna, 2006; Kaminski e# /., 2009). Although a new class of anthelmintics
has been recently discovered and monepantel as the first component was launched earlier
this year (Kaminski ez a/, 2008; 2009), there is still need for the improvement of already

existing alternative strategies and the development of new ones.
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An alternative control method would be an antiparasitic vaccine. Attention has focused on
using antigens present in the excretory/secretory (ES) products, as these are often
recognised by immune animals (Schallig and Leeuwen, 1997; Schallig e a/, 1997; Bakker ez
al., 2004) and may also be a source of ongoing antigenic stimulation to maintain immunity.
ES products contain numerous proteins and glycoproteins with functions including
depression of host immunity and probably also in initiating the host immune response and

pathology.

The role of parasite ES products in abomasal pathophysiology and histopathology has been
previously examined (Rhoads and Fetterer, 1996; Scott and McKellar, 1998; Lawton ef al.,
2002; Merkelbach ez al., 2002; Haag ef al., 2005; Huber ez al., 2005; Przemeck ez al., 2005),
but it is still unclear whether ES products act at least in part directly on abomasal cells or
also indirectly through the inflammatory response. The aim of this study was to further
investigate the host-parasite interactions with the main focus on the role of ES products.
Particular interest was on the effects on parietal cells leading to impaired acid secretion.
Tissue samples of infected and control animals were used as well as different cell lines as

model systems.



