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Summary

Fluorescent lipid analogues are known to intercalate into
the lipid phase of the surface membrane of S.mansoni and
report on their properties. A variety of such anélogues
have been employed to gain insight into the structure and
function of the surface membrane of both the schistosomula
and adult stages of the parasite.

An analysis of the extent of uptake of the dye
aminof luorescein C18 by the parasite at various time points
during the first three hours of schistosomula development
after transformation was carried out. A sharp increase 1n
the relative fluorescence of the surface membrane during:
the first 60 minutes was observed. The rate of increase
declined Dbetween 60 to 90 ‘minutes and levelled out
thereafter. This pattern of temporal variation was also
observed for several other fluorescence linked parameters
of this dve. These included the vertical distribution of
these molecules within the leaflets (i.e. the percentage of
molecules at the surface) and the mobility of the molecules
as measured by FRAP. These results were discussed 1in
relation to the formation of the outer bilaver. It was
proposed that these changes accurately reflect the
formation of the outer bilavyer dnd that the saturable
increase in aminofluorescein C18 can in fact be used as a'
fluorescent based assay to monitor the development of the
outer bilayer in early < 3 hr schistosomula. Using this
technique preliminary studies were carried out which
demonstrate that the presence of colchicine 1 mg/ml
markedly inhibits the formation of the outer bilaver
indicating a possible requirement or role for microtubules.
In contrast U.V. irradiation had no effect.

xvii



A qualitative difference in the labelling pattern of two
lipid analogues aminofluorescein C18 and Dil C18 was
observed in the newly transformed (45 mins) schistosomula.
Aminof luorescein C18 labelled all regions of the parasite.
Dil C18 labelling was extremely polarised and restricted to
the anterior region. This polarised pattern of labelling
decreased with time and was absent by three hours post
transformation. It was postulated that restricted Dil C18
labelling reflected the localised 1loss of <cercarial
glycocalyx. Biophysical studies wutilising FRAP and
quantitative fluorescence on the more uniformly distributed
- analogue aminofluorescein Cl8 were carried put in parallel
‘ using Dil C18 as a marker for glycocalyx loss. A timé“

course experiment was undertaken in which these biophysical

properties of aminofluorescein Ci8, in both the anterior
and posterior regions of the early schistosomula, were
carried out as the polarised 1labelling of Dil developed

shortly after transformation and receded at two hours.

The results observed were that the anterior region of the
membrane exhibited both higher fluorescence and greater
mobility. This contrast was maximal at around 45 minutes,
the time at which DilI C18 polarisation was also maximal,
‘but did persist to three hours. Also during this time
period there was a direct correlation between membrane
fluidity as measured by FRAP and dye uptake as measured by
quantitative fluorescence. This correlation did not
persist past 60 minutes. These results were discussed in
‘terms of the influence of a glycocalyx on underlying
membrane, the disordered nature of newly exposed surface
membrane derived from membraneous bodies, and the existence
of differences in membrane properties and functions along
the length of the parasite.

xviii



It was observed that schistosomula labelled with
aminof luorescein C18 lost their probe to media containing
low concentrations of serum. This prompted an
investigation of the possible interaction between LDL and
the parasite surface. It was shown that it was possible to
transfer lipid analogues and H3 cholesterol from LDL to the
schistosomula. The kinetics of this transfer exhibited
saturable transfer at approximately 80 - 100 ug/ml LDL. An
investigation of LDL binding to schistosomula, in the
absence of serum, using 1125 labelled LDL was undertaken.
This showed a non-specific pattern of LDL binding which had
two componenfs. It was suggested that one of these may be
incorporation of LDL into the membrane and the other

binding‘ to it. There was no evidence of 1lysosomal 1like
degradation of 1125 1DL indicating the absence of
endocytosis under these conditions. This conclusion was

further supported by the observation that FITC dextran |
beads Mol. wt. 20,000 failed to be taken up into the
tegument of either the schistosomula or adult parasite.
Indirect immunofluorescence studies indicated that LDL or
LDL epitopes bound uniformly to the schistosomula surface
membrane but in the adult binding was 1localised at the
membrane overlying the tubercles. In schistosomula binding
of LDL as measured by indirect immunofluorescence could be
strongly enhanced by exposure of the parasite to Con A or

anti-schistosomula human I1gG.

These results were discussed in relation to possible non
specific binding mechanisms dependant on membrane surface
hydrophobicity and also cholesterol metabolism in vivo with
reference in particular to a possible role for the enzyme
LCAT. |

xviv



Some remarkable changes in the morphology of the surface
membrane of both schistosomula and adult parasites were
observed upon cooling parasites previously labelled with
aminof luorescein C18, rhodamine C18 and Dil C18. In adults
the normally entirely fold covered dorsal surface of the
adult male changes upon cooling to expose a surface
consisting of alternating regions of tubercle rich folded
“membrane and tubercle free smooth membrane. The effect is
to make the surface appear striped as the transverse folded
regions stand out against the smooth background. This
effect does not occur with cooling of Dil labelled adult
parasites. In this <case cooling induces widespread

disruption of the membrane.

Similarly 1in schistosomula cooling of Dil labelled
parasites 1in association with Dbleaching of the dye
chromophore group itself causes damage. However in
contrast to the adult the membrane does not disintegrate
rather detatches from the parasite body to form a large
balloon like bleb of membrane. This preferentially occurs
at the anterior region of the schistosomula.

These observations are discussed with reference to the
known biophysical and immunological differences exhibited
between these two stages. The implications of the striping
effect on current ideas concerning the adult surface

membrane morphology and function are also discussed.

Finally, resonance energy transfer between the
aminof luorescein C18 probe and Dil C18 or Merocyanine has
been demonstrated to occur in the schistosomula membrane.
A theoretical strategy whereby this phenomenon associated
with the fluorescent analogues can be‘fexploited in
conjunction with the FRAP technique to investigate the
nature of domain structure of the parasite's surface

membrane is advanced.

XX



Introduction

INTRODUCTION

The cell biology of the surface membrane of S. mansoni:

a fluorescence based study.

1.1. General Introduction
1.1.1 Disease and Life Cycle.

Schistosomiasis is a water borne disease known to have
infected man since the ancient civilisations of Egypt
[Ruffner 1910] and 1is still an immense public health
problem today. The disease is endemic in 75 developing
countries in the tropics and subtropics. Over 200 million
people are believed to be infected with the disease and of
that total approximately ten percent are seriously disabled
by it. [Wright 1972]

The causative agent of the disease is a parasitic trematode
worm. Three species belonging to the genus Schistosoma are
responéible for the vast majority of human infection.
Other species of the génus can parasitise a wide range of
mammals and birds. The three species responsible for human
infection are: Schistosoma haematobium, Schistosoma
japonicum and Schistosoma mansoni. Each of these species
has a similar complex life cycle, involving two free living
and two parasitic developmental stages. Reproduction is
sexual 1in man, the definitive host, asexual 1in the
intermediate host which is a species of freshwater snail.
The important differences of concern to man lie in their
differing geographical distributions and differences in the
pathology of the disease that each induces. Most

experimental work has concentrated on S. mansoni which is

the most simple to maintain experimentally in non—endemic
regions. This reason has determined the species of
investigation in this study. Its 1life cycle will Dbe

described in some detail as it involves a complex series of
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adaptations to different environments and different hosts.
This adaptive process occurs within the definitive host and
will be a major feature of this work. A diagrammatic

representation of the life cycle is shown in Figure 1.1.

The final developmental form of the organism is the "adult”
stage of the worm 1in man. This stage is sexually
differentiated and inhabits the mesenteric wveins of the
liver. Male and female worms are associated in pairs. the
female being held within a specialised groove in the adult
male termed the gynaecophoric canal. The adult male
parasite is approximately 10mm in length, the female up to
17mm in length but appreciably thinner. Both sexes have -
ventral and oral suckers which assist in the attachment of

the parasites to the vascular endothelium.

Each paired adult female produces between 100 and 300
immature eggs per day, roughly equivalent to its own body
weight. Since adult parasites survive usually between 5 -
7 vears in man [Butterworth 1987] an infected host is
exposed to enormous numbers of eggs. These are spherical
in appearance approximately 150um long with a diameter of
S50um. From the female lodged in the 1liver mesentery the
eggs are circulated around the body in the bloodstream.
The majority of eggs escare the bloodstream by breaching
the blood vessel walls around the intestine. These enter
the lumen of the intestine and are eventually excreted 1n

the faeces.

However a significant number of eggs do ﬁot leave the host
in this manner but become entrapped in other tissues of the
body notably the liver. Inf lammatory immune reactions to
such eggs i1nitiates the formation of granﬁlomata in the
liver and clinical development of the disease [Von
Lichtenberg 1987].
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Life cycle of S.mansoni
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Introduction of the excreted eggs into water under suitable
environmental conditions results in their hatching and the
release of the first free living 1larval stage, the
miracidium. The miracidium is equipped to find and
penetrate the soft tissues of the intermediate host, a

fresh water snail, Biomphalaria glabrata. Following

penetration the miracidium transforms into a mother
sporocsyt which feplicates asexually to produce daughter
sporocysts. These migrate to the liver or ovotestes of the
snail and undergo a further period of asexual reproduction.
This eventually gives rise to the second free living stage
the cercaria, which is shed by the snail into water. The
cercaria is the stage of the life cycle which is infective
to man. Cercariae are endowed with a locomotory tail and
are photosensitive. Upon shedding they swim through the
water towards the surface of the water body in which the
snails reside. On contact with human skin the cercaria can
attach to and penetrate the skin very gquickly. Penetration
through the epidermis and dermis 1is accomplished by a
combination of physical abrasion, 1lytic secretions and
mechanical disruption [Bruce et al 1970], [Stirewalt and
Dorsey 1974]. Upon penetration the tail is shed and the
parasite form termed the schistosomulum. At this stage
the parasite adapts very quickly from a freshwater
environment to a mammalian environment of physiological
osmolarity. This adaptive process is termed transformation
and 1is marked by the parasite gaining €he ability to
survive in saline or serum [Stirewalt 1963] and becoming
incapable of survival in freshwater [Clegg and Smithers
1968]. Schistosomula move from the skin into the
bloodstream via capillaries and migrate through heart,

lungs and liver to the hepatic portal wvein.
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This migration occurs over a period of several weeks during
which time the parasite shows many developmental changes,
the most obvious of these being an increase in size. In
the portal vein maturation is completed, mating between
male and female occurs, followed by movement to the final

habitat in the mesenteric veins of the liver.

1.1.2. The Schistosomulum and its outer double membrane.

The general morprhology of all schistosome stages is
similar. It consists of a gut or intestine bounded by a
caecal membrane that runs the 1length of the parasité.
Surrounding this are two lavers of 1longitudinal and
circular muscles 1n addition to parenchymal cells and other
specialised cell types such as flame cells which mediate
excretion of waste products. Bounding this region is
another membrane, the basal lamina. Around the exterior of
the parasite there is a continuous thin laver of cytoplasm
2um in depth forming a tegument. This . is bounded by a
limiting membrane between the parasite and the host. The
tegument consists of a continuous syncytium of cell
cytoplasm. Cellular nuclei are contained in cell bodies
which reside immediately beneath the basal lamina but are
connected to the syncytial cytoplasm by numerous narrow

microtubule lined cytoplasmic connections.

The limiting membrane of the tegument and organism is the
surface membrane which overlies the tegumental cytoplasm.
This has a unique double membrane structure which develops
shortly after transformation. This is due to the fusion of
multilamminate membraneous bodies from the tegument with
‘the original single bilaver of the cercarial membrane.
This structure appears to be the major adaptation adopted
by blood dwelling flukes to their sanguinous environment
[McLaren and Hockley 1977]. Formation of this structure
takes about three hours in vitro and as monitored by
electron microscopy shows a characteristic transition from
a trilaminate to a heptalaminate membraﬁe section. However

formation of the outer double membrane, which will be
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denoted the surface membrane, represents only the genesis
of the structure. The surface membrane shows significant
changes subsequently as the parasite develops from

schistosomulum to adult.

The term '"cell biology" of the surface membrane will be
used to collectively describe biochemical or biophysical
features of the membrane and the functions dependant on
them. This term is a useful and descriptive shorthand as
it imparts some sense of the scale and nature of the
investigations carried out. Much of this study has
involved the application of techniques evolved from cell
biology to parasitology. The scale of this definition of
cell biology ranges from substructures such as "lipid
domains'" within the membrane to superstructures such as

pits and folds formed by it.

The main function of the surface membrane of S. mansoni is
to form a limiting membrane around the organism. The most
important property of this surface membrane is its ability
to resist or avoid immune attack by the host's immune
system. An understanding of the molecular basis of this
property has been the main stimulus for many studies
including this one. The immunological events occurring at
the surface membrane and the immunology of schistosomiasis

infections will now be discussed in some detail.

1.2 Schistosome Immunology

1.2.1. Introduction.

The salient feature of schistosome immunology 1is that
although the host can mount an immune response to the
parasite, this response in vivo is only partially
effective. This is true even of a secondary challenge
infection in an animal sensitised by carrying an infection
itself or immunised by one of several putative ''vaccines".
1t is <clear then that in both primary and secondary
infections evasion of, or resistance to, the host's immune

Yesponse occurs. Research in this field has concentrated
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on three tobics; investigation of immune effector
mechanisms capable of damaging and killing the parasite;
elucidation of 1its defensive mechanisms against these
effectors and the development of vaccines to enable the

former to totally overcome the latter in wvivo.

Since the surface membrane forms the interface between the
parasite and the host it is wvery likely to be the site of
both effector and evasion mechanisms. The outcome of this
contest will be determined largely by on the one hand, the
main features determining the cell biology of the surface
membrane and on the other by attributes of the cellular
immunology of the host. Studies that could be classified
under these two headings have created a huge literature,
over the past 25 vyears, most of it pertaining to
S. mansoni. Not only has this provided a large body of
experimental data but more importantly a number of distinct

models concerning membrane function have been formulated.

This accumulated experimental evidence and the models
derived from it will be reviewed in terms of: immune
effector mechanisms; models of resistance and evasion; the
influence of the cell biology of the surface membrane on
each. This is preceded by some discussion of the nature‘
of immunity to S. mansoni exhibited by infected animals in

particular the pheriomena of concomitant immunity.

1.2.2. Innate and Acquired Immunity.

Innate immunity is that level of resistance displayed by a
naive host that has never been exposed to the parasite. In
human schistosomiasis innate immunity is illustrated by the
range of non-human hosts that different species of
schistosome can infect and in which the parasite can be
maintained under laboratory conditions. Thus S.

haematobium is poorly adapted to non~human hosts énd can be

maintained only in certain rodents and primates. In
contrast S. mansoni can be maintained in a number of
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experimental animal models [Smithers and Terry 19691.
~Innate immunity is also apparent in variation in thé degree
of susceptibility to infection exhibited by different hosts
to the same species of parasite. For example only 10% of
invading S. mansoni schistosomula in an exposed hamster are
damaged vcrossing the skin of Thamsters whereas the
equivalent percentages for mice and rats are 30% and 50%

respectively. Innate immunity to S. mansoni appears to be

largely dependent on the effectiveness of the epidermis and
dermis of the skin 1in acting as a barrier. [Clegg and
Smithers 1968].

Acquired 1immunity 1is that level of damaging or lethal
resistance gained by a host as a result of ©prior
sensitization of the host. This immunity can be humoral or
cell mediated, specifically induced by the parasite or non-
specifically by unrelated organisms. Acquired immunity to
S. mansoni can be induced in experimental animals either by
infection with the viable parasite itself or an irradiation
attenuated parasite or by ~innoculation with parasite
derived antigen preparations. These two types of immunity
are commonly distinguished as concomitant or wvaccine
immunity. Comcomitant in this context refers to infection
and describes the paradoxical situation whereby the
presence of an active infection induces high levels of
immunity directed against parasites of subsequent
infections but not against those parasites comprising the
initial infection itself [Smithers and Terry 1969]1. This
concept has been extremely influential in that it directed
research towards ‘investigation of the mechanisms underlying
the ability of the initial infection to apparently resist
the host's immune response and conversely the basis of the
susceptibility of parasites of the challenge infection.
There is however marked variability in the ability of
different experimental animal models exhibiting concomitant
immunity to tolerate the primary infection. The rat

exhibits self cure in which the adult worm burden of the
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primary infection is eliminated between weeks four and five

of infection. In contrast the mouse , a permissive host,

allows the initial infection to mature and commence egg
laying. There are also striking differences in the

immunology of infection with S. mansoni between mice and
rats. It has been suggested that the fat is particularly
suitable for studies on antibody dependant cellular
cytotoxic ADCC immune mechanisms and that there are
parallels in such immunity between rats and man [Capron and
Capron 1986, Capron et al 1987]1. It has been suggested that
concomitant immunity occurs in man [Bradley and McCullough
1973] . Man also exhibits the development of age related,

naturally occurring acquired immunity [Butterworth 1987]. .
The vrelationship of these types of immunity with one
“another has been the subject of much recent research and an
explanatory model recently proposed [Butterworth 19871.

However the basis of acquired immunity in humans in terms
of immune effector mechanisms responsible for it 1is at
present unclear. Extrapolation from rodent models to the
human situation is difficult and can be subject to great
error. However there have recently been important advances

made using rodent models in elucidating the immune effector
mechanisms that may be of most importance to humans. The
result of this has been the emergence of a consensus view
regarding immune effector mechanisms which may be plausibly

extended to human infection [Smithers et al 1987}1.
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1.3 Immune Effector Mechanisms

1.3.1. In vitro studies: general.
The action of various effector mechanisms against

S. mansoni has been shown directly by reconstitutive

in vitro killing assays or inferred by in vitro data, in
particular radiolabelling tracking studies on migrating
schistosomula. Reconstitutive in vitro experiments
involved the isolation of the immune components of interest
typically specific antibody complement and a particular
immunologically active cell type such as a neutrophil.
These would then be incubated in vitro in microtitre plates
with juvenile schistosomula, lung worms or adults and their
efficacy of killing estimated by various criteria notably
motility and exclusion of vital dyes such as methylene
blue. The most informative experiments correlated killing
efficacy, as monitored by such killing assays with
investigations, mainly by electron microscopy. of the mode

of action of wvarious cell types.

An exhaustive review of the experimental data concerned
with this type of assay, particularly killing efficacy, is
reviewed 1in the following sources ([McLaren 1980, Smithers
and Doenhoff 1982]. Of more interest with respect to the
cell biology of the surface membrane is the mode of action
of thése'effector mechanisms rather than their efficacy.
Detailed analysis and comparison of the wvariable modes of
action of the important effector ‘Mmechanisms:  will take

place later, particularly in section 1.3.

1.3.2 Efficacy of in vitro killing.

The data derived from in vitro killing assays 1is of
significance for two reasons. Firstly it produced an
in vitro rank order of immune effector mechanisms active
against schistosomula. At the time of McLaren's review of
this subject in 1980 this would have been roughly as
follows. Cytotoxic T-cells would be ranked -as the least

effective mechanism [Vadas et al 1979] below complement and
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complement plus specific antibody ([Clegg and Smithers 1972,
Tavares et al 1978] which are vpartially effective against
newly transformed schistosomula. Antibody dependant
cytotokicity mechanisms would be ranked higher again with
neutrophils and macrophage killing [Dean, Wistar and Murrel
1974, Perez and Smithers 1977] markedly less efficient than
eosinophil mediated killing [Anwar 1979, McLaren et al
19771. At this time antibody dependant eosinophil killing
mediated by complement and both IgE or I1gG was demonstrably
the most efficient immune mechanism in vitro and it was
postulated to be the most important mechanism in vivo
[McLaren and Terry 1982]. Accordingly there was much
interest in the mode of action of this cell type at the
parasite surface. This was found to be primarily due to the
action of 1locally secreted high concentrations of basic
cationic protein. Sequential damage of the outer bilaver
preceded damage to the inner surface membrane and was
followed by tegumental vacuolation and disruption leading
to parasite death [Butterworth et al 1979, McLaren et al
1977, Glauert et al 1978]. Damage by this immune effector
mechanism is directed against the surface membrane.

The primacy of the eosinophil as the most effective agent
of immune attack in vitro was subsequently challenged by a
prime role postulated for the activated macrophage. [James
et al 1982, McLaren and Boros 1983]. The mode of action of
these effector mechanisms is crucially different from that
of the eosinophil in that damage is directed at the
subtegumental structures rather than the surface membrane
[McLaren and James 1985]. The significance of this
difference will be expanded upon in section 1.3.4.

The second significant contribution of cellular killing
assays came from the measurement of the efficacy of killing
in standardised assays such as MacKenzie 1977. This
provided a means for the determination of the relative
levels of resistance or susceptibility to immune attack .
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exhibited by different developmental stages of the
parasite. Such developmental studies established that the
4 day old lung worm stage of the parasite was, relative to
the 3 hour schistosomula and the.adult parasite, extremely
‘resistant to immunological attack [Ramalho-Pinto, MclLaren
and Smithers 1978, Incani and McLaren 1981]. These authors
showed that marked immune resistance developed relatively

guickly at an early stage in development.

1.3.3 In vivo killing.

In vivo studies investigating the ability of the host's
effector mechanisms to destroy the parasites have relied on
tracking experiments to determine physiologically where
parasite attrition occurs. Alternatively - they have
utilised animal strains defective in some immune effector
to infer its importance. Specific genetic deficiencies 1in
the immune response of experimental animals have Dbeen

exploited to yield reliable information bf this type.

Autoradiographic studies on animals infected with cercaria
labelled with very high activity radiocactive markers sgch
as Se’9 have been widely employed. In mice, strain
dependant differences in the site of attrition of challenge
infections have emerged with some workers implicating the
skin as the main site of attrition [Smithers et al 1987]
and others the lungs [Dean et al 1984, Crabtree and Wilson
19861 . In vaccinated rats the main site is also the lungs
[McLaren. et al 1985, Ford et al 1984] and in the vaccinated
guinea pig the lungs and the 1liver [McLaren and Rogers
19861 . Collectively, what these studies indicate is that
there are two phases in development and migration at which
schistosomula are susceptible to immune attack. An early
phase in the skin and a late phase at the lungs and liver.
These studies confirm the findings of Smithers and Gammage
1980 and validate their two phase killing hypothesis. Good
evidence that the macrophage activity is responsible for

resistance to challenge infection has come from utilising
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inbred strains of mice with characterised defects in
macrophage activation and delaved hypersensitivity, the P
and A strains. Neither of these strains of mice develop
significant levels of resistance after immunisation
procedures that induce significant levels of resistance in
non-defective mouse strains [James 19861. However, other
in vivo evidence in which a particular immune mechanism was
rendered defective by the selective killing of that
particular immune cell type by specific antiserum, points
to a role for the eosinophils. In the paper of Mahmoud et
al 1975 infected mice were treated with specific anti-sera
against eosinophils, lymphocytes, macrophages and
neutrophils. Anti-eosinophil serum completely abrogated
resistance to reinfection in both infected and passively
immunised mice, while antisera to other cell types had no
effect. Thus conflicting in vivo evidence implicating the
activated macrophage and the ebsinophil has been produced.
In addition these two in vivo studies are to an 'extent
exclusive since genetically defective'mice were defective
in macrophage function not in eosinophil function.
Conversely, the antisera experiments showed abrogation only
in the case of the anti—eosinophil sera and not in the case
of the anti-macrophage sera. The recent consensus on the
primary role of the activated macrophage compared to the
eosinophil has only come about >due to a synthesis of

in vivo and in vitro data.

1.3.4 Eosinophil or activated Macrophage.
In vitro studies in mice concerned with ADCC eosinophil
killing and activated macrophage killing indicate that both

cellular mechanisms can effectively destroy juvenile 3 hour

schistosomula. {[Pearce and James 1986, MclLaren and Terry
1982] Where they differ crucially 1s in their respective
abilities to kill at the 2 - 3 week stage. Activated

macrophages can kill at this developmental stage whereas
eosinophil ADCC does not. However from shortly afterwards

at 3 weeks S. mansoni 1is susceptible to eosinophil ADCC
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once more. In relation to in vivo killing as determined by
tracking studies these in vitro studies imply that either
eosinophil ADCC or activated macrophages could Dbe
respohsible for the early phase of killing in the skin.
Late phase killing in the 1lung probably is a result of
activated macrophage killing but there remains some doubt
about killing after three weeks in the liver in vivo. The
absence of typical ADCC reactions involving cell adherence
and degradation onto the parasite surface, has been
reported from in vivo studies, on cutaneous or pulmonary
tissues of resistant animals. This has been taken to
indicate that such ADCC reactions are not important in vivo
[Smithers 1987]. This argument is not conclusive because
it is based on negative results and assumes that "typical
ADCC" reactions against schistosomula are the same both
in vitro and in_  vivo. Comparative in vitro studies
investigating activated macrophage killing and eosinophil
ADCC killing have indicated that in peritoneal exudates
from infected mice both cell types are present.

These indicated that activated macrophage killing is more
efficient than eosinophil ADCC [James et al 1982, McLaren
and Boros 1983) and that abrogation of eosinophil specific
anti sera does not .abrogate killing by other cell types in
the peritoneal exudate [Kassis et al 1979]. One could
argue that these studies indicate that in vivo eosinophil
ADCC killing and activated‘ macrophage killing can take

place concurrently.
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A conclusive argument cannot be made for the primacy of
either eosinophil ADCC or activated macrophage CMI killing
mechanisms on the basis of available evidence. It would
appear that immunity varies markedly with the species of
the host, in rats the evidence points to eosinophil ADCC
killing and in mice activated macrophage CMI [Capron and
Capron 1986]. The situation in man at present is unclear.
When considering the cell biology of the surface membrane
in relation to 1its susceptibility to 1immune attack,
similarities and differences 1in the action of immune
effector mechanisms are important as they strongly direct

research.

The hypothesis postulated by Smithers et al 1987 for-
schistosomula killing involving the combined effects of the
cytotoxic effects of activated macrophages and the
inf lammatory response of the mouse represents a consensus
view of killing in the mouse. What is proposed is that a
synergistic cellular response to secreted antigens impedes
the normal development and migration of the parasite. The
release of mediators from activated macrophages leads to
damage to the parasite which in turn results in greater
local inflammation. This cycle eventually leads to death
of the parasite. An important role for T-lymphocvtes,
primed by soluble antigens released by the parasite, 1in
providing lymphokines to activate the macrophages is
envisaged in this model. This model is attractive as it
explains in particular a mechanism for the killing of the

highly resistant lung stage of the parasite.
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Acceptance of this synergistic cellular inflammation
hypothesis as a model for parasite attrition would direct
research on the cell biology of the surface membrane
towards particular questions:

1. What is the nature of both the "priming" parasite
antigens and the mechanism of their release from the
membrane?

2. What features on the surface membrane of the parasite
mediate the transient adherence of activated
macrophages, which precedes their damaging effects?
[McLaren and James 1985].

3. Most importantly from a biophysical perspective how are
these damaging effects able to be transmitted across
the surface membrane and tegument, to damage
subtegumentally leaving the membrane and tegument
unaffected?

Consideration of the means of action of eosinophil ADCC

would prompt a set of broadly similar questions which

differed in small but significant details. Eosinophil ADCC
killing has been shown to come about due to the very close
apposition of eosinophil and parasite membranes. This is
mediated by IgE or IgG bound to the surface of the parasite
and the effect is for the parasite surface to form a
template to which the cell moulds [McLaren 1980]. 1Into
the very small space between the parasite and the cell, the
eosinophil discharges the contents of its secretory
granules. These contain hydrolytic enzymes and a unique
major basic protein which has been shown to induce damage
to the surface membrane of S. mansoni [Butterworth et al

1979 bl. The process of damage is of interest as it

contrasts so markedly with activated macrophages. Damage

is induced at the surface membrane itself in a sequential
manner beginning with damage to the outer bilayer followed
by its local separation from the inner Dbilaver.
Subsequently the contents of the eosinophil secretory
granules are deposited on the inner bilayer resulting in
tegumental vacuolation. This is due to permeability
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changes induced in the membrane and ,this eventually
results 1in the fbrmation of small lesions in the membrane
through which eosinophils migrate. These cells then
strip away the tegument from the pgrasite body killing the
parasite. This leads to the further degradation of the
muscle laver by macrophages [MclLaren, Ramalho-Pinto and
Smithers 1978]. The main questions prompted by this

cellular effector mechanism would be:

1. What primes the host to produce antibodies against the
surface membrane that mediate opsonisation?

2. What features of the surface membrane do these
antibodies recognise? '

3. How do the <contents of the eosinophil secretory
granules damage and disorganise the structure of the
surface membrane. In particular, what causes local
separation of inner and outer bilavers and lesion

formation in the inner bilayver?
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1.4 Immune Evasion

1.4.1 Susceptibility and Resistance.

Analysis of the main questions listed above reveals three
common elements important to explaining susceptibility of
the parasite. These are: lymphocyte recognition and
activation; immune recognition at the level of the parasite
surface membrane itself; and structural features of the
surface membrane capable of being damaged. Since
successful operation of these three elements appears to be
the key feature essential for killing the parasite, 1t
follows, that modulation of these three elements by the
parasite as it develops in the host would provide a means
to avoid déstruction by the host's immune system. In each
case this has proved to be the case. In many ways studies
which elucidated these mechanisms have contributed more to
an understanding of the cell biology of' the surface-
membrane than any others. These mechanisms fall neatly
under the headings described. that is; modulation of the
lymphocyte response, evasion of recognition at the surface
membrane and the intrinsic resistance of the membrane to

immunological attack.

1.4.2 Evasion by modulation of the lymphocyte response.

Comparison of the nature of the humoral immunity induced by
vaccination with irradiated cercaria or non-attenuated
cercaria, ‘'"vaccine" and concomitant immunity has been’
informative and has 1lead indirectly to the concept of
blocking antibodies as a mechanism of immune evasion. The
targets for antibodies of concomitant immunity have been
shown to be mainly carbohydrate epitopes on the surface of
schistosomula. These antibodies are directed against
carbohydrate epitopes found on both schistosomula and the
egg therefore could have been elicited by either. In
contrast the antibodies of vaccine immunity are targetted
against polypeptide epitopes of the schistosomular surface
not found on eggs. [Omer-Ali et al 1986] These results
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provided an explanation of both the previously observed
close correlation of concomitant immunity with parasite
eggs and its lack of species specificity. Concomitant
immunity elicited against S. mansoni will protect agaihst

infection by S. haematobium also [Smithers and Doenhoff

19821 . This explanation was that in essence concomitant
immunity is directed against commonly occurring
carbohydrate epritopes on the schistosomula which are shared

both between schistosomula of differing species and between

schistosomula and eggs within species. Concomitant
immunity appears to be a non—-specific egg elicited
immunity. Vaccine immunity on the other hand is elicited

against polypeptide antigens occurring on the schistosomula
itself. These conclusions were derived from data from
experiments investigating differences in antibody
specificity from sera of mice exhibiting concomitant and
vaccine immunity. This was only possible due to recent
advances 1in vaccination techniques which provided a means
of inducing vaccine immunity that  was demonstrably
effective as measured by passive transfer of immunity

!  (S@itﬁefé é§7a171987].This provided a source of vaccine serum

with definite immunological protective activity which could
be analysed alongside concomitant immune sera. As has been
seen such comparative analysis can link immunocytochemical

differences to biological immunity.
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The key findings wunderlying the concept of Dblocking
antibodies in mice are summarised in list form below.

1. In the mouse binding of antibodies to the schistosomula
surface derived from concomitant immune sera is up to
three times greater than that of binding of wvaccine
sera antibodies. This is despite the fact that the
same set of antigens is recognised by both sera.

2. Treatment of schistosomula to remove carbohydrate
residues on their surface antigens removed this
relative difference in binding. This indicated that
the difference was due to the presence of carbohydrate
binding antibodies present in concomitant immune sera
but absent in vaccine sera. [Omer ali et al 1986,
Simpson, James and Sher 1983]

3. In mice the presence of eggs elicits the production of
high titres of antibodies which are directed against
carbohydrate epitopes which cross-react strongly with
schistosomula.

4. In mouse anticarbohydrate antibodies are of IgM isotype
and the removal of this immunoglobin fraction from
infected serum results in an increase in the relative
killing efficacy as measured by in vitro killing

assays. Similar fractionation of vaccine sera has no
effect on killing efficacy. [Yi et al 1986 a, Yi et al
1986 Dbl

Thus in the mouse 1t would appear that carbohydrate
epitopes of the eggs elicit production of high titres of
IgM class antibody which <can avidly bind to the
schistosomula surface and inhibit killing. This inhibition
has been proposed to be due to a blocking effect of IgM
binding. Binding of non-lethal 1IgM to carbohydrate
epitopes on glycoprotein surface antigens is 1likely to
sterically inhibit binding of 1lethal 1IgG antibodies
directed against polypeptide epitopes on the same antigen.
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A similar line of enquiry has been pursued by Capron's

group investigating the nature of humoral immunity in the

rat. This group exploited hybridoma technology to produce

two monoclonal antibodies directed against the same highly
immunogenic parasite antigen of 38kD molecular weight.

These monoclonals had the same specificity but were of

different isotypes IgG2a or IgGac. These authors showed
that the IgG2a monoclonal could mediate eosinophil ADCC

in vitro and be used to passively transfer immunity 1in
vivo. Monoclonal antibodies of 1IgG2c isotype caused

inhibition of such killing in vivo and in vitro [Gryzch et

al 1984, Khalife et al 1985].  Thus it appeared that a
major surface protein antigen on the schistosomula surface

could elicit IgG of antagonistic activity depending on
isotype. That 1IgG2c isotype could have a more general

inhibitory role in the rat model was indicated by in vivo
serum fractionation experiments in which removal of that

isotype from serum, increased the relative killing efficacy
of that serum. Moreover isotype status could be correlated
respectively to resistance and susceptibility of rats to

reinfection. [Khalife et al 1985].

Blocking antibodies appear to exist in both the rat and
mouse models and the basis of their activity to 1lie in
their isotype. Evidence has been produced which indicates
that blocking antibodies are produced in human infection.
This reflects similarities with both the mouse and the rat
models in that the blocking isotype is IgM which could
exert its effect on the 38kD molecular weight surface
antigen [Capron 1987]. The demonstration of Dblocking
antibodies in vitro and in vivo has lead to the hypothesis
that such blocking effects underlie the observed age
dependence of acquired immunity of human populations in
endemic areas [Butterworth 1987]. This hypothesis proposes
that in man, 1like mice, blocking IgM antibodies can be
elicited by egg carbohydrate epitopes and potentially
lethal IgG can be elicited by parasite proteins. Thus in
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man there will be a balance of 1lethal and blocking

antibodies. This balance is likely to reflect the extent
of sensitization of the host by either egg or parasite
antigens. Since the physical mass of the eggs is so much

greater than the parasite itself, this balance is likely to
favour the production of Dblocking IgM antibodies. This
will be particularly true of trickle infections associated
with childhood in endemic areas and progressively less true
of older populations. These older populations will have
been exposed more often to the parasite antigens themselves
therefore are able to produce more antibodies directed
against its surface proteins. This hypothesis is
attractive as it explains both age dependant acquisition of
immunity and the widespread occurrence of and
susceptibility to reinfection after pharmacological cure.

1.4.3 Evasion via modulation of lymphocyte function.
Modulation of the lymphocyte function in the sense of
modulating the humoral immune response has been well
characterised and clearly represents a major mechanism of
immune evasion. There is also some evidence for modulation
of the lymphocyte function through immunosuppression of T-
cell activity. Again carbohydrate parasite epitopes are
involved, in this case the glycocalyx of the cercaria,
which is deposited in the skin during transformation and
has been shown to mediate inhibition of T-cell
proliferation induced by parasite antigens in vitro.
[Vieira et al 1987). Whether immunosuppression of T-cell
activity occurs in vivo to any great extent is not known
but it 1is possible that soluble released proteins of
schistosomula could mediate such an effect.
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1.5 Evasion of recognition at the surface membrane
1.5.1. Host antigen uptake: 1in vivo experiments

The first evidence that schistosomes could acquire host
antigens came indirectly - from the classic transfer
experiments of Smithers, Terry & Hockley 1969. The

experiments indicated that adult S. mansoni could acgquire

host antigens from their host, exchange these with antigens
of another host and that such uptake of antigens may confer
protection. These conclusions were drawn from a key
experiment in which groups of adult parasites from mice,
"mouse worms'", were transferred to rhesus monkeys. Two
groups of monkeys were used one of which had been primed
with mouse red blood cells and the other was a control
group. "Mouse worms'" transplanted to non—-primed rhesus
hosts adapted to the new host and resumed egg laving after
transplantation. In addition they also exchanged mouse
antigens for monkey antigens at their surface over an
extended period of three to seven days. In contrast "mouse
worms'" transplanted into rhesus monkeys primed against

mouse erythrocytes were rapidly destroved.

Evidence that masking of parasite antigens was the means
whereby host antigens conferred protection was presented
by MclLaren et al 1975. These authors utilised
immunocytochemical methods in conjunction with electron
microscopy to show that 1lethal antibodies from immune
rhesus monkeys wiil bind to 3 hour schistosomula but not at
all to 4 day old worms removed from mouse lungs. Moreover
three hour schistosomula totally failed to bind anti-mouse
erythroéyte antibodies, whereas 4 day lung worms gave a
very strong reaction for the presence of host antigens on
the surface of the schistosomula. This inability of
antibodies from an immune monkey to bind to the lung worm
surface was taken to indicate that acgquired host antigens
could protect the parasite membrane against antibody

mediated damage. Subsequent studies by two groups using
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independent methods found that all stages of the parasite
stained positively for the presence of host antigens.
However all stages with the sole exception of theblung worm
could also bind lethal antibody from an immune host albeit
weakly [Goldring et al 1977]. However this conclusion,
that lung worms do not expose detectable antigens at their
membrane surface, has been challenged by Bickle & Ford 1982
who demonstrated adherence of a macrophage cell line P388D
via Fc receptors after exposure to serum from chronic
infected and irradiated vaccine serum. This implied that
IgG from the two types of sera bound to exposed antigens on

the parasite surface membrane.

1.5.2 Host Antigen Uptake: 1in vitro.

It is clear then from the in vivo evidence that uptake of
host antigens correlated well with the development of
protection. Numerous in vitro studies have shown directly
that the parasite surface 1is capable of acquiring host
antigens from both serum and cell membranes themselves.
This line of evidence began with experiments which are the
in vitro equivalent of the in vivo transfer experiments.
Clegg et al 1971 showed that in vitro incubation of
schistosomula in media supplemented with serum and
er?throcytes of a particular blood group rendered these
schistosomula highly susceptible to killing upon transfer
into a monkey primed against that blood group. Thus growth
in A% or B~ erythrocytes and serum, in vitro, followed by
appropriate homologuous transfer into monkeys primed
against At or B~ resulted in the destruction of the
parasites. Transfer of such parasites into a non-primed
animal did not affect the viability of the schistosomula
and in addition heterologous transfer to a monkey primed
against a blood Qroup other than that of the initial
culture resulted in high levels of survival. Clegg 1971
interpreted these results as indicating that schistosomula

can acgquire glycolipid blood group antigens in vitro.
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These in vitro culture experiments Migdmw to subsequent
experiments which showed that both blood group antigens and
gene products of the major histocompatibility complex of
the mouse could be acquired. Subsequent analysis of the
uptake of blood group substances indicated that the
antigens acquired were glycolipid in nature and included A,
B, H and Lewis b+ antigens. Significantly glycoprotein
constituents of the erythrocyte membrane were not detected
in these experiments. [Goldring et al 1976, Goldring,
Kusel and Smithers 1977]. In contrast the MHC gene
products shown to be acquired, the K and I gene products,
are known to be integral membrane glycoproteins [Sher et al
1978].

These glycoproteins were acquired from host cells,
therefore some mechanism of antigen transfer from membrane
to membrane must occur. Such a mechanism would also need
to explain the apparent selectivity fof certain
glycoproteins derived from mouse Ilymphocytes [Sher et al
1978] and human lymphoblasts, tonsil cells and platelets
[McLaren 1979] but not erythrocyte glycoproteins. Further
demonstration of a capability of the very vyoung
schistosomula to acquire integral glycoproteins from cell
membranes was produced by Smith, McQueen and Kusel 1977.
These authors reported specific uptake of intercellular
substance ICS antigens from mouse skin in vivo and

in vitro.

1.5.3. Mechanisms of Uptake.

The uptake of host blood group glycolipids is readily
explicable by transfer and interdigitation of the
hydrophobic portion, the ceramide group, of these
structures into the surface membrane. [Clegg 1972]. A
similarly convincing explanation for the transfer of
integral membrane proteins from cell to schistosomula
membranes has only recently been proposed [Golan et al
19861]. This proposes fusion of the cell membrane and the
parasite membrane as being the mechanism of both transfer
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and intercalation. This is a more convincing explanation
of uptake of glycoproteihs than receptor mediated uptake of
MHC antigens by binding of By microglobulin [Torpier et al
1979] as it is less specific, and therefore could apply to
ICS glycoprotein uptake as well as MHC antigen uptake.
Moreover this explanation describes a mechanism to account
for transfer from cell to parasite that could apply more
readily to the lung worm stage.

1.5.4 Antigen masking as a mechanism of immune evasion.
Uptake of host molecules by the parasite surface membrane
certainly does occur and the masking of parasite antigens
that it engenders provided an attractive and conceptually
simple hypothesis to explain immune evasion by the parasite
in vivo [Smithers, Terry and Hockley 1969]. In particular
the close correlation between the total lack of lethal
binding to the 1lung stage and its extreme resistance to
immune attack in vitro suggested that such a mechanism
could operate in_ vivo. Developmentally, transition from
schistosomula to 1lung worm was proposed to lead to
increasing parasite antigen masking and resistance
[Smithers, Terry and Hockley 1969].

This simple and attractive model was subsequently
challenged by several groups of workers who showed that
resistance to immune attack in vitro could develop in the
absence of host molecules (i.e. serum) [Dean 1977 and
Dessein et al 1981]. This 1lead to the concept that
schistosomula could develop intrinsic resistance to immune
attack due to some developmental change in the tegument or
surface membrane. This theory was supported by Moser,
Wassom and Sher [1980). These workers exposed parasites to
immune attack under conditions in which antigen masking was
by-passed due to labelling the surface membrane with the
hapten Trinitrophenyl (TNP) and exposing them to anti-—TNP
antibody. These experiments were extended to show that
schistosomula and 1lung worms treated in this way and
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exposed to an in vitro killing assay showed differential
susceptibility, schistosomula were KkKilled while lung worms

remained resistant [Moser, Wassom and Sher 19801].

An attempt to define the relative contributions of the two
main mechanisms of immune defence identified at that time,
antigen masking and intrinsic resistance, was made by
McLaren and Terry [1982}]. In this paper the experimental
approach was to monitor in vitro killing of parasites of
varying ages from 5 days to adults in a system in which
masking was abrogated by directing the immune attack
against the host antigens absorbed onto the parasite rather
than parasite antigens themselves. It was shown that 5
day., 2 week and small 3 week parasiteé were resistant to
such attack. Larger 3 week and adult parasites were
susceptible. These authors concluded that the parasites
emploved two mechanisms of defence. Masking by acquired
host antigens which is operative throughout development and
some form of intrinsic resistance mechanism which 1is
operative only until the third week of development. Thus
the main mechanism‘ of defence of adult parasites was
concluded to be parasite antigen masking by host molecules.
This confirmed the classic hypothesis of Smithers and Terry
drawn from their transfer experiments 1in vivo. The

validity of extending this hypothesis to earlier
developmental stages particularly the lung worm 1is more
uncertain due to their possession of a second major defence
mechanism. It would appear from the in vitro experiments
described that protection by antigen masking of the
parasite between approximately 5 and 20 days into
development is superfluous. Until some way is found of
abrogating the intrinsic resistance mechanism of the lung
worm the relative contributions of each mechanism cannot be
distinguished. The most important contribution of this
paper of McLaren and Terry 1is in its identification of an
implied developmental transition in mechanisms of immune

defence employed by the parasites at around three weeks in
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development. Large scale changes 1in parasite growth,
morphology and membrane properties also take place at this
time. Therefore this paper provides good circumstantial
evidence of a 1link between the structure of the membrane
and its function in terms of immune defence. This
developmental 1link between surface membrane cell biology

and function will be explored in detail in section 1.7.2.

1.6 Mechanisms of Intrinsic Resistance

1.6.1. Importance of intrinsic resistance.

The concept of the intrinsic resistance of the surface
membrane of S. mansoni has been of great importance to this
project. In summary the aims of this project have been to
devlop or apply new techniques to investigate the structure
of the surface membrane and to relate such knowledge to its
function. At the outset of this project it was clear that
such a biophysical approach could be most usefuly applied
to the investigation of the basis of the intrinsic
resistance of the parasite surface membrane. Although over
the course of this project important progress has been
reported in this area by other workers, this rationale

still applies at the time of writing.

1.6.2 An immunologically inert surface.

An alternative mechanism of resistance has been postulated
for 1lung worms by Pearce et al [1986]. These authors
proposed that the reduced surface antigenicity of
developing schistosomula is due to antigen shedding rather
than host molecule acquisition. They demonstrated that
schistosomula cultured in vitro exhibit markedly greater
expression of parasite antigens than parasites grown
in vivo for an equivalent time period after transformation.
This was ascertained by quantitative indirect
immunof luorescence or quantitative fluorescence of FITC
labelled 1lectins. This differential 1is apparent at 24
hours maximal at 6 days and persists up to 10 days at which
point binding of anti—-parasite antibody can still Dbe
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demonstrated on schistosomula cultured in vitro whereas
in vivo insignificant binding is monitored from 6 days post

transformation.

When radiolabelled 6 day old schistosomula cultured in
vitro are injected intravenously into mice and recovered
from the lungs of mice at wvarious points thereafter there
appeared to be a rapid loss of both lectin binding sites
and anti-parasite antibody binding sites. These authors
proposed that surface antigen shedding promoted by some
unidentified host stimulus accounts for the reduced surface
antigenicity of schistosomula. They. concluded that such
shedding occurs naturally in vivo and contributes to the

immune resistance of the parasite.

These results are in conflict to some extent with those of
Bickle and Ford [1982]. One of the main conclusions of
Pearce et al [1986] 1is that there are exposed parasite
antigen epitopes expressed at the 1lung stage surface
membrane at a very low density. Therefore the disparaties
in detection of antibody binding at this stage can be
explained by the relative sensitivities of the assays
employed by various workers. Clearly reduced antigenicity
at the lung stage will render the surface relatively
immunologically inert, however this seems to occur in
parallel with the acgquisition of some other form of
membrane intrinsic resistance. This is because by-passing
this reduced antigenicity by exploiting absorbed host
antigens as a target for immune attack [McLaren & Terry,
1982] or wusing artificial haptens such as TNP [Moser,
Wasson and Sher, 1980] does not result in killing.
Therefore reduced surface antigenicity cannot be the sole
explanation for the intrinsic resistance exhibited by lung

worms.

In the adult stage an analogy between the structures and
functions of the outer bilayer and the envelope of Gram
negative bacteria has been drawn by Podesta et al [1987].
These authors propose that the thick relatively hydrophilic
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carbohydrate on the outer leaflet of the adult functions

similarly to the coat of wild type S. typhinurium and

renders the parasite relatively resistant to hydrophobic
dependent binding of immune effector. cells. This 1is an
example of an immunologically inert surface relying on a
biophysical inhibition of binding rather than inhibition of

recognition.

1.6.3 Accelerated membrane turnover. _
Some important contributions to an understanding of the

cell biology of the surface membrane of S. mansoni have

come from the collaborative work of Samuelson and
Caulfield. In a series of informative papers they have
described three potential mechanisms to explain aspects of
intrinsic resistance and in the case of two of these a
common molecular mechanism, which may also explain uptake

of integral glycoproteins by the parasite membrane.

The demonstration of the rapid loss of surface glycoprotein
to the media surrounding in vitro newly transformed
schistosomula within a half time of 8-10 hours for Con A
labelled glycoproteins [Samuelson, Caulfield, David 1982]
or 5-6 hours for surface antigens and C3 acceptor sites
[Samuelson, Sher, Caulfield 1980] is indicative of rapid
membrane shedding. This was shown to be shedding of the
entire membrane.  This suggests a means whéreby developing
schistosomula could evade recognition due to the shedding
of antigen plus attached antibody, or the pre-shedding of
potential antibody or complement binding sites prior to
this. These rates of shedding indicate that any immune
effector mechanism dependent on recognition of antigens
specific to the newly transformed schistosomula has only 24
hours to operate in vitro and probably much less in_ vivo.

McLaren et al [1978] have provided evidence that the large
scale turnover of membrane, implied by these experiments,
does occur. Théy demonstrated that shed membrane could be

replaced by fresh membrane derived from the fusion of large
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numbers of tegumental membraneous bodies to the apical
region of the tegument. In these studies this mechanism

could be overcome by the damaging effects of eosinophils.

Evidence for accelerated membrane turnover in response to
immune attack has also been presented for the adult stage
of the parasite [Perez and Terry 1973]. An interesting
mechanism of membrane shedding involving the aggregation
and flow of intra—-membraneous particles off the spines of
adult parasites has been implicated by several groups
[Torpier and Capron 1980, Wilson and Barnes 1977]. Such
shedding implies either mass flow of membrane within the
surface membrane of the adult parasite or that the IMP
recognised are mobile in a fluid membrane. As & mechanism
of immune defence accelerated turnover —clearly has
limitations 1in its effectiveness [Perez and Terry 1973,
McLaren et al 1978]. This point has been . taken up by
Saunders, Wilson and Coulson [1987]. These authors showed
using a sensitive radiometric assay that the loss of
erythrocyte antigens is relatively slow with a half life of
up to 45 hours. This was taken to indicate that the
membrane itself had a similarly' slow rate of turnover.
This would be insufficient in itself to mediate immune
evasion. However they also showed that exposure of the
adult membrane to cationised ferritin increased the rate of
turnover markedly as reported in previous papers [Wilson &
Barnes, 1977, Roberts et al 1983]. This increase was
interpreted as reflecting a capacity of the surface
membrane for rapid but limited repair of damage. This
property was proposed to account for earlier reports listed
above indicating that the parasite membrane turned over
rapidly thereby contributing to immune evasion. Therefore
accelerated membrane turnover per se is not a continuous,
ongoing, general mechanism of immune evasion in the adult
However it appears that a localised limited increase 1in
turnover in response to damage is. Such a distinction is

important since it implies that the parasite surface is
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sufficiently differentiated that it can detect and respond
to local changes 1in 1its environment in a relatively
restricted area. A further distinction could be drawn
between the schistosomula where a new membrane is
developing relatively rapidly and the adult which is fully
differentiated and in which the membrane appears to be
relatively stable until damaged. In cells turnover of cell
membrane 1lipids and proteins is achieved by endocytosis.
Shedding of membrane in the manner described may well
represent the parasites alternative to this. This
alternative it would seem may also be beneficial to some
extent as a mechanism of immune evasion either at the
surface membrane itself or by releasing immunomodulating

agentsvinto the bloodstream.

1.6.4 Neutrophil Inhibition.

Neutrophils héve been shown to be one of the less efficient
immune effectors of schistosomula killing [Anwar, Smithers
and Kay 1979]. The mechanism of both neutrophil and
eosinophil interaction with the schistosomula membrane has
been investigated by Caulfield et al [1980)]. These authors
produced evidence for a series of events during interaction
between schistosomula, opsonised with specific antibody,
and neutrophils which culminated in the fusion of the
neutrophil membrane with that of the schistosomula it
recognised. In this system parasite cell attachment was
mediated by receptor ligand interactions, the ligand being
antibody on the parasite surface, the receptor Fc receptors
on the neutrophil. The comparison of neutrophil and
eosinophil attachment by electron microscopy showed that
the neutrophil attached by several discrete foci between
cell and parasite, 1in contrast the eosinophil showed
greater areas of more closely opposed membrane attachment.
Closer examination showed that the means of neutrophil
parasite attachment was due to fusion of small areas of the
neutrophil cell membrane with the outer bilayer of the

schistosomula to form structures similar to occludens tight

32



Introduction

junctions. This was not the case with eosinophils.
Agitation of schistosomula with adherent eosinophils had no
effect on their adherence. In contrast agitation of
schistosomula with adherent neutrophils 1lead to the
breakdown of the tight junction structure and the release
of the neutrophil from the parasite. As a consegquence
small foci of neutrophil 1lipid and integral membrane
proteins derived from the neutrophil outer membrane were
left in the parasite membrane. Prior to the fusion event
neutrophils were observed to endocytose small areas of
schistosomula membrane including lipids and proteins of the
parasite ([Caulfield, Korman & Samuelson 1982]. There are
three important consequences of this endocytotic, leading
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