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Abbreviations

ABF, d4dscaris body tluid

Ag, antigen

AP, alkaline phosphatase

BSA, bovine serum albumin

“C, degree Celsius
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CO::, carbon dioxide

CMI, cell mediated immunity
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i.v., intravenous

kDa, kilo dalton



L2, second stage larvae

L3774, third-fourth stage larvae

M, molar

mA, milli-amp

MHC, major histocompatability complex
min, minute

mm, milli meter

M., relative molecular mass

NaOCl, sodium pypochlorite

ND, not determined

nm, nano meter

0D, optical density

0/N, overnight

PAGE, polyacrylamide gel electrophoresis
PBS, phosphate—-buifered saline

PCA, passive cutaneous anaphylaxis

RT, room temperature

s, second

SAPU, Scottish antibody production unit
SDS, sodium dodecyl sulphate

Th cell, T helper cell

Iris, trisc(hydroxymethyl)aminomethane
Ts cell, T suppressor cell ‘

V/V, volume per volune

WB, worm burden

W/V, weight per volume

WLEP, Wellcome Laboratories for

Parasit .ology
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The heterogeneity of host resistance or susceptibillity to
parasitic infection and the consequent overdispersion of
the parasite population are well documented phenomena.
This thesis presents an investigation of the genetic
control of the antibody repertoire in infection with
dscaris, {in a rodent model. Inbred and H-Z congenic
strains of mice and rats were infected with 4. =uum, or a
purified Ascaris component, and the antibody response was
examined. The specitficity of the response was studied
using immunoprecipitation of radio-labelled antigens and
SDS—-PAGE. Infection sera were i1immunoprecipitated with
excretory/secretory (ES) antigens, somatic antigen (ABE)
or a purified 14kDa molecule, one of the main conponents
of both ES and ABF. The level of antibody response was
assessed using an ELISA system. The binding capacity of
serum, from 4dscaris infected animals, to the surtface of
living larvae was also examined, using
immunotluorescence. All strains of mice and rats
examined showed restricted recognition of the potentially
antigenic components, in the context of infection. This
restricted recognition could however, be overcome 1f a
puritfied antigen was presented with adjuvant. The
antibody repertoire produoéd as a result of Ascaris
infection is controlled by MHC-linked genes, with non-MHC
linked genes éffecting the kinetics and level of antibody

production.

Helminth infections zharacteristically, induce high

titres of IgE and special attention was, therefore,



focused on the production and control of IgE, i1in this
model . Parasite—-specific IgE was examined using passive
cutaneous anaphylaxis (PCA) and IgE-specific VWestern
blotting. Thlis analysis revealed that the repertoire of

parasite-specific IgE, produced as a result of dscari

m

infection, ils identical to that of IgG antibody,
exhibiting the same restricted recognition of parasite
antigen and both MHC-linked and non-MHC 1linked genetic

control.

Finally, the antibody repertoire produced by Thuman
subjects, living 1n an endemic area, and naturally
infected with 4. Ilumbricoides was examined. Serum from
these 1individuals demonstrated restricted recognition of
dscaris components, Ihere was variation in the level and
specificity of +the human antibody response, but no
apparent correlation could be demonstrated between
antibody production and infection status or age. The
differences 1n antibody levels and specitficity could also
not be explained 1in terms of age or exposure to
infection, suggesting that the differences observed may
reveal that there 1is also genetic control of the human
antibody response to infe;tion with Ascaris. This
system, therefore, provides a means of studying the
genetic control of antibody production in response to
infection, which may i1dentify protective antigens or

resistant host haplotypes.

(vi)



GENERAL INTRODUCTION



I1; Ascaris 1ifecycle

Ascarilasis 1in man 1s caused by the roundworm parasite,
Ascaris lumbricoides. It is estimated that, worldwide,
approximately 1.3 billion people are infected with 4.
lumbricoides (WHO Technical Report, 1981). Ascariasis is
a persistent infection, and, in endenic areas, where
prevalence may approach 100% in early childhood, 1t is

possible that an infant becoming infected may harbour the

parasite for the rest of its life. Infection occurs by
ingestion of embryonated eggs, containing the LZ stage
of the parasite which hatch in the gut (Figure 1). The

L2 larvae mnigrate via the liver to the lungs where they
moult to the L3 and then L4 stages of the parasite. The
L4 larvae re—enter the gut where they mature into adults.
From ingestion to maturity usually takes between 50 and
80 days and adult worms can survive for up to 2 years in
the gut. Once mature, the adult worms mate and a female
worm will produce somewhere in the region of 240,000 eggs
per day during her reproductive lifespan (Cabrera, 1984;
Pawlowski and Arfaa, 1984; Stephenson, 1687>. These
unembryonated eggs pass out with the faeces and, under
conditions of  poor sanitation, contaminate the

environment.

The factors which regulate the ©population of 4.
lumbricoides are complex. Ecological factors such as
landscape, weather and type of soll effect the viability
and infectivity of the eggs. The survival time for these

eggs 1s dependent largely on ecological factors, for



Figure 1:
The life cycle of Ascaris.

Matural host

P Eggs swallowed in water or contaminated food

v

Eggs hatch in the duodenum

'

L,larvae migrate to the heart via lymphatics or veins

L (65 days approx.)

L, 1arvae are carried in the blood to the lungs
where they moult twice

L4larvae ascend the trachea and are swallowed
to re-enter the ileum

Male and female adult worms in the ileum «——

'

Unembryonated eggs passed in the faeces —

Soil (10 - 15 days)

v

L, larvae moult to L, within the egg in soil, <
resulting in an infective egg




exanmple, 4. Iumbricolides eggs can survive for more than 6
years in a temperate climate but for only a few hours
under tropical <onditions (WHO Technical Report, 1981,
Unfavourable climatic conditions such as the cold winter
in Europe, and the brief deviations from the normally
warm, arid conditions in Saudia Arabia, are responsible
for seasonal breaks 1in transmission. However, in many
regions of the world with a warm, moist climate the
transmission of Ascaris occurs throughout the year.
Transmission to humans is largely dependent on
socloeconomic factors, the most relevant of which appear
to be demnsity of human population, their involvement with
agriculture and +the general standard of sanitation

w
(Crompton, Nesheim, and Pq@owski, 19856).

I11; The Pathology of infection with Ascaris

Human hosts are often tolerant of intestinal infection
with adult worms, resulting in asymptomatic infection.
Complications due +to migration of adult worms and
intestinal obstruction are relatively rare, but can be
the cause of mortalities 1n ascariasis (Lloyd and
Soulsby, 1985). However, mass larval mnigration, due to
intermittent exposure can cause pneumonitis which may be
an even greater public health problem than the intestinal
infection 1t precedas (WHO, Technical Report, 1981>.
This sort of lung involvement 1s relatively rare in
populations continuously exposed to Ascaris. This lack
of lung involvement has been attributed to a relatively

low level of infection, as the intensity of the host's




Pulmonary response may be proportional to the number of
larvae destroyed during their migration <(Phills et al,
1972). However, pulmonary changes were observed in
experimental infections in man with as few as 6 to 45 4.
suum eggs (Phills et al, 19725, An altermative
suggestion 1s that some form of tolerance develops in
populations continuously exposed to infection, and that
this tolerance prevents 1lung disease <(Spillman, 1975;

Arfaa and Ghadirian, 1977>.

Intensive infections 1in young, undernourished children,
whose immune systems are counstantly challenged by other
infections are usually symptomatic. It is well known
that nematode infections of the gut are less well
tolerated in animals on diets deficient in protein or
iron, and that in such animals antihelmintics may be less
efficient (Suskind, 1977; Beisel, 1982>. All these
effects have been associated with the reduction in the
immune response due to malnutrition. Studies have shown
that even 1light infections with A4scaris may adversely
affect the nutritional status of children (Gupta et al
1977, Stephenson et al 1980>, and that the presence of
ascariasis in undernourished children is of genuine

public health concern.

The pathology and symptomology differ widely between the
tissue phase of infection, caused by migrating larvae,
and the intestinal phase, caused by pre—-adult and adult

worms. The difference 1s mainly 1in +the +type and




intensity of the reaction. The inflammatory and
immunological reactions prevail in the tissue phase,
whereas the host's intestinal functions seem to be the
most affected in the intestinal phase (Pawlowski, 1982).
The <transit time of food may be increased 1n these
infections, and there are disturbances in myoelectric
activity and pancreatic hormone and gastrin secretion
(Lloyd and Soulsby, 198%5>. Villous atroé& ls often seen
in intestinal nematode infections and may, at least in
part, be a consequence of the immune response <(Ferguson
and Tarrett, 1975)>., Intestinal nematode infection results
in increased permeability of the intestine which has two
separate consequences: there 1is an enhanced 1loss of
serum proteins from the circulation into the intestine,
and enhanced intestinal permeability results in increased
absorption of lactulose or potential antigenic molecules

such as albumen (Bloch et ai, 1979; Cobden et al, 1979).

Although there are IgE antibodies fto 4dscaris antigens in
infected individuals, there are few reports of severe
anaphylactic reactions 1in these people (WHO technical
report, 1981>. = Moreover, there are fewer cases of

Loeffler's syndrome (which has the characteristics of

immediate type hypersensitivity response) , in
continuously exposed, than intermittently infected
individuals <(Spillman, 1975). In contrast to this lack

of anaphylactic symptoms in infected individuals, naive

individuals exposed to the parasite can develop acute




allergic reactions against Ascaris antigens (Coles,

1985),

Iiii; Prevalence of infection

The prevalence of infection in endemic areas may be very
high, For example, in a sanmple from Tazin, Iran, 86% of
the population examined were infected with 4.
lumbricoides (Croll et al, 1982), but the distribution
of worms within the host population was highly
aggregated, such that most people harbour a few or no
worms, while a small percentage of the population harbour
most of the total parasite population (Elkins et al,
1986; Bundy et al, 1986). Many factors may contribute
to this overdispersion, including ecology, the genetic
make-—-up ot the hast and behaviour, which may be

particularly relevant in the infection of children.

This overdispersion is an important consideration in the
design o0f chemotherapy programnes. The magnitude of
natural transmission of ascariasis 1in endemic areas can

be measured by examining the re-infection rate after

successful mass chemotherapy. This rate is a function of
infection pressure and the host's responses, which
regulate the number of adult worms that develop. In some

areas the re-infection rate is as high as 30% of the
population per month, which means that, allowing for the
2 month lag after chemotherapy, the previous level of
infection will be re-established within 6 months <(Hlaing

et al, 19875 This rapid re-infection makes mass




chemotherapy an expensive procedure, but, 1f the minority
of the population that harbour heavy worm burdens could
be readily identified, then treatment could be
administered to this group alone. This targeted
chemotherapy means that the most heavily infected
individuals can be treated in a much more efficient and
cost effective method. Alternatively, the rate of re-
infection can be reduced by improving sanitation and
general levels of hygiene. If the rate of exposure could
be significantly reduced before mass chemotherapy, then

the re-acquisition of infection is less likely.




Iiv: The immune response against Ascaris in the natural host.
Helminth infection results in a variety of host responses
involving both immunological and non—immunclogical
mechanisms. lhere is some confusion about the extent of
pathogenicity of infection with 4. lumbricoides, and the role
of the host immune response in the relationship has been
contraoversial <(Lloyd and Soulsby, 1985>. The evidence most
often cited to support, or refute, the importance of the

immune response in man is from epldemioclogical studies.

Data showing the age distribution of infection, or the
acquisition of dinfection, or re-infection, can be used to
look for a ©possible role for the immune response 1in
resistance (Elkins et al, 1986>. However, 1t is important to
femember that the immune response may operate against worm
graowth, or fecundity, as well as being 1mportant in

initiating worm expulsion.

The role of antibody 1in the response against infection with
A. lumbricoides has been studied 1in several situations.
Jones (1977> studied three populations infected with 4dscaris
in Papua New Guinea. In the population with the highest
infection level in childhood <(approximately 95%) only about
21% of adults were infected, and there was a negative
correlation between the antibody levels measured by
haemagglutination and eosinophil levels; antibody levels in
the adults were much higher than in adults from populations

with a lower childhood intensity of infection. He suggested
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that continuous reinfection occurred in adults with low egg
counts and high antibody titres, but the worms did not

establish because these people had developed immunity.

Johannson et al (1968> were the first to report the increase
in IgE levels characteristic of 4. lumbricoides infection in
man. They observed infected Ethiopian children had 15-20
fold increases in IgE, 2 fold IgG, 5 fold IgD and that IgA
and IgM levels were not increased significantly. It has been
suggested that migrating larvae stimulate classes of antibody
other than IgE <(O'Donnell and Mitchell 1980, In contrast
Phills et al (1972), abserved four patients accidentally
infected with 4. suum and found that only two had increased
IgM and IgE responses, and 1in these the clinical symptoms

were most marked.

Most of the IgE found in infections with 4scaris and certain
other helminths is not directed against parasite antigens, as
was demonstrated by Turner et al (1979). These authors
investigated the specificity of serum IgE in individuals with
high levels of total serum IgE from two populations; non-
parasitised Australian subjects of European descent naturally
sensitised to environmental allergens, and patients from
Papua New Guinea infected with dscaris and/or hookworm. A
significant proportiqn of the I[gE in the mnon-parasitised
individuals was specific for common inhalant antigens (Gleich
and lacob, 1975 . In parasitised dindividuals, although
specific IgE antibodies to helminth allergens were

demonstrated, their abscolute level was law and 1t was not
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possible to demonstrate any parasite antigen specificity for
the bulk of +the IgE. [his study clearly shows that the
regulation of IgE production in parasitised individuals

differs from that in atopic patients.

It has been demonstrated that giving repeated doses of A.
suum eggs to pigs can render them immune as demonstrated by
fewer larvae 1n the 1lungs after a <challenge infection
(Roberts 1934, Naumycheva and Malakhova 1958, Taffs 1964,
Kelley and Nayak 1964; Bindseil, 1971). Benkova (1982),
showed protection in terms of the number of migratory larvae,
could also be achieved using antigen prepared from larvae by
ultrasound treatment, and soluble antigen from adults. This
protection can be +transferred with hyperimmune serum and
colostrum <(Kelley and Nayak, 1964;1965). The serological
response 1in pigs 1s bi~-phasic with the first response
stimulated by the tissue stages and the second by the gut
stage. There is also evidence that 4. s=svum in pigs and T,
canis in dogs may be expelled in a self-cure reaction <(latfts

1964, Fernoando 1968).

Iv: The immune response against nematodes in animal models.

Most of the information available on the immune response to
helminths comes from work involving rodents. In general
helminth infections cause an increase in IgE, IgM and IgG
antibodies, a T lymphocyte response, and eosinophilia.
Nematodes of the small intestine also produce an increase 1in
IgA levels, basophilia, proliferation of +the mast cells

associated with the intestinal mucosa and an increase in the



12

number of goblet cells on the intestinal villi (Ogilvie and
De Savigny, 1982)>. The production of anti-parasite
antibodies including IgE and the increase in accessory cells
is T cell dependent, and the presence of T cells seems
essential 1f resistance 1s to develop (Ogilvie and De

Savigny, 1982).

Helminth infections are often assoclated with marked
intestinal inflammation, reflected both in cellular changes
in the mucosa 1tself and in altered physiochemical conditions
in the intestinal lumen. It 1s +thought +that in primary
infection the i1mmediate cause o0of worm expulsion lies with

inflammatory changes in the intestine (Wakelin, 1978).

The importance of accessory cells in worm expulsion was first
demonstrated by Wakelin and Donachie <(<1980> wusing mice
infected with 7Trichinella spiralis. Their work showed that
sensitised lymphocytes taken from strong or weak responder
strains of mice could function equally well in mice with a
strong responder genotype, but were unable to accelerate worm
expulsion in mice with a weak responder genotype. Experiments
using irradiation and reconstitution  have shown  that
expulsion of N, brasiliensis and T. spiralis occurred only in
animals reconstituted both with immune lymphocytes and bone

marrow cells.

Several mnon-lymphoid populations are present in inflamed
mucosa, the two most important being the mast cell-basophil

series, and eosinophils. In vitro studies have demonstrated
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that eosinophils, in collaboration with antibody against the
surface of the nematode, can kill larval stages of +the
parasite QOgilvie et al, 1980). There 1s also some evidence
that eosinophils may i1inhibit the establishment of larval
nematodes In vivo. The antibodies required for the killer
cell role of eosinophils may be either IgG or IgE. These
cells are known to release a2 variety of factors such as
enzymes and prostaglandins which have been considered as
possible effectors of worm expulsion, either directly by
causing worm damage, or indirectly by altering the intestinal
environment <(Wakelin, 1978>. Levels of these enzymes do
increase 1in intestinal helminth infections and peroxidases
from lamina propria cells are known to kill T. spiralis in
vitro <(Castro et al, 1975>, but there remains no direct
evidence for eosinophil involvement in expulsion. Indeed in
at least one case, T.spiralis infection in mice, expulsion is
unaffected by eosinophil depletion <(Grove et al, 1977).
Macrophages may have a similar function to eosinophils but

utilise either IgE or IgM antibodies (Ogilvie et al, 1980).

There has been much interest in whether expulsion from the
gut d1nvolves mast cells or Dbasophils, By introducing
biologically active factors or their precursors directly into
the gut, it has been shown that amines derived from basophils
induce the expulsion of Ivi%Estrongylus colubriformis fron
guinea pigs, and prostaglandin E induces expulsion of W.
brasiliensis in rats <(Rothwell et al, 1974; Richards et al,

1977 .
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The 1ntestinal mucosal mast cells that differentiate and
proliferate in response to parasitic infections are
histochemically, biochemically and functionally distinct from
mast cells widely distributed in other tissues <(Jarrett and
Haig, 1984; Befus, 1986). Mast cells are i1mportant in both
the immediate and late phase of allergic reactions, but also
in the generation of delayed-type hypersensitivity (Askenase
et al, 1983), Histamine has been shown ta be an important
factor in immunoregulation and prostaglandins and serotonin
from mast cells have 1mmunoregulatory zfunctions <(Beer and
Rocklin, 1984>. In rodents infected with &N, brasiliensis,
resistance was expressed in animals in which the mast cell
population had been ablated by irradiation or did not occur
because o0of a genetic defect 1in the host. The present
indication 1is, therefore, that a primary infection 1is
terminated by a mechanism not involving mast cells, but
immunity to re—-infection may involve a laocal anaphylactic
response. Evidence has been obtalined that parasites
invading the intestine of a resistant rodent may be trapped
in the mucus blanket and rapidly expelled before they are
able to establish in the gut (Lee and Ogilvie, 1981; Miller
et al, 1981>. It i1s possible that this mucus discharge is
triggered by an anaphylactic reaction, If dinflammatory
changes do cause worm expulsion, in an essentially non-
specific fashion, the changes induced by immune responses
against one species o0f intestinal parasite should effect
other species present concurrently, and several studies have

shown this to be the case (Wakelin, 19785
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Immunity against helminths has been transferred with immune
serum, but it has proved difficult to correlate protection
Wwith circulating antibody levels (Wakelin, 1978>. Protective
roles have been described for IgG and IgM antibodies
(Wakelin, 1985> but the most important antibodies are thought
to be those at the mucosal surface. In intestinal parasitic
infection increased levels of IgA have been detected in the
serum, nilk, intestinal secretions and Dbile (Befus and
Bienenstock, 1984)> but specific anti-worm IgA has been
identified rarely. However, IgA 1s known to be involved in
the immune response against Taenila t&éﬁiéformis (Wakelin,
19785, N, brasiliensis (Sinski and Holmes, 1977; Jones et
al, 1970>, H., contortus <(Duncan et al, 1978> and ITrichinella

spiralis (Despommier et al, 1977).

Anti-worm antibodies may naot cause expulsion directly, but

perhaps by metabolic interference, may render WOrms
susceptible to attack by subsequent components of the
response. Immune suppression of serum recipients prevents

worm expulsion even though the worms show reduced growth and
decreased reproductive potential. In two experimental
systems, N, brasjliensis and T. spiralis infections in mice,
it has been shown that such worms can be expelled only if the
irradiated host 1s reconstituted with the appropriate cell
populations <(Wakelin, 1978>. This has been interpreted to

mean that two steps are involved in worm expulsion.

The most striking antibody response against intestinal

nematodes 1is IgE production, both specitfic anti-worm IgE and
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non-specific potentiation. Whether IgE contributes toc worn
expulsion is a matter of dispute, but it cannot be obligatory
as spontaneous cure can occur in its absence and its presence

does not guarantee expulsion (Jarrett et al, 1969).

Heavy 4scaris infection in the mouse induces an acute self-
limiting disease, and during *the second week mice often
exhibit signs of infection such as inactivity, ruffled coat
and weight loss correlated with the pneumonitis and bronchial
prneumonia induced by 1larval migration and tissue damage
(Bindseil 1970, Sprent and Chen 1949). During the second
week of infection there is a 10-20 fold increase in serum IgM
levels, paralleled by an IgM antibody response to helminth
antigens with phosphorylcholine determinants. During the
third week, IgG levels are increased and homocytotropic
antibodies <(measured by passive cutaneous anaphylaxis) to
helminth antigens were detected; reaginic antibodies are also
detected at low levels during the second week o0f infection.
During the course of this infection there i1s a definite but
selective immunosuppression <(Crandall and Crandall 1971;
Crandall 1976>. Primary resistance to Ascaris 1s reputed to
be I lymphocyte dependent <(Bindseil 1971). The relative
importance of cell mediated immunity and antibody in natural
and acquired resistance is uncertain. In 1977, Brown et al,
looked at the antibody production in two substrains of inbred
mice infected with 4. suum I'hese authors demonstrated a
possible link between reduced levels of IgGl and IgE antibody

levels and acquired resistance to Ascaris infection.
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Immunity has not been successfully transferred from infected
mice to recipients with cells (Crandall 1965, Mitchell =t al
19765 . Guinea pigs, however, have been passively protected
either with serum or cells from hepatic, mesenteric or
mediastinial 1lymph nodes, but not with spleen cells from
infected animals which appear to contain a population of
suppressor cells that enhanced the infection 1n recipients

(Khoury et al 1977>.

The adult worms of most nematode parasites and the larvae of
T. canis often seem to resist immunity and persist in the
host for long periaods. The available evidence suggests that
these worms are immunogenic but survive despite the induction
of an i1mmune response. Studies i1in mice have shown that
nematodes such as Nematospiroides dubius and Ascaris induce
a degree of immunosuppression in the host, but direct
evidence that immunosuppression contributes to the longevity
of these i1nfections 1is lacking <(Ogilvie and De Savigny,
1982>., In the case of strongyloidiasis in man, the reverse is
true; immunosuppression of the host may result 1in an
overwhelming and often lethal infection <(Ogilvie and De
Savigny, 1982). I' suppressor cells or suppressor macrophages
are also 1induced during " the course of many types of
infection. For example, during infection of guinea pigs with
Adscaris (Khoury et aJ. 1977 . T suppressor cells have been
shown to cause the overwhelming, uncontrolled infections that
invariably result in BALB/c mice infected with Leishmania
tropica (Howard et al, 1980). Mechanisms other than direct

suppression may affect immune activity in parasitic
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infection. For example, in experimental trichinellosis,
antigenic competition has been suggested to explain the
depressed antibody response to heterologous antigens
(Lubiniecki and Cypess, 1975, and agents toxic to
lymphocytes have been found in the helminth and in the host

sera during infection <(Faubert and Tanner, 1975).

There are several situations in which suppressor cells or
immuno-depression may be induced. Several nematodes infect
young animals either In wutero or via the colostrum and when
infected early in life their immune response to the parasite
is likely to be impaired permenantly. Normal spontaneous
cure might faill to take place in young animals, and there is
evidence from experimental studies with N. brasiliensis that
this faillure involves a deficiency in the lymphoid mediated
component. A similar lymphoid deficiency has been suggested
for the failure of i1mmunity against ~N. brasiliensis and T,
muris in lactating rodents. The depression of immunity in
sheep and cattle during lactation leads to the contamination
of pasture with infective stages at a time when parasite-
susceptible young hosts are available. The failure of
immunity in young hosts leads to heavy intfeclion and may

render control by vaccination impractical.

There seems to be nvolearout protective immunity in several
host parasite relationships. However, the immune response 1s
involved 1in limiting the intensity of infection and re-
infection. A variety of explanations could be proposed for

the lack of sterile 1immunity; the parasite as a result of
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evolutionary adaptation may show reduced immunogenicity, i1t

may actively suppress immunity against itselt, or a
percentage of the host population may be incapable of
mounting a completely protective response,. Ihis 1later

possibility would explain the overdispersion of the parasite
within +the host population, whereby <children and heavily
infected individuals could be regarded as low immunological

responders.



Genetic control of the immune response

Ivi; Innate resistance

The effects of host genetics on the outcome of infection
have been documented for a number of years (Ackert, 1942).
The host response against invasion by parasites 1s a
complex process 1nvolving several pathways, therefore,
genetic control may be present at more than one stage. For
example, host genetics may be important in resistance to a
primary challenge, susceptibility to the pathological
eftects of infection, and the resistance to subsequent
challenge infections. Genetic control can be exerted by
single genes or by a number of genes working in unison

(polygenic control).

Initial invasion by a parasite 1s i1influenced by innate
immunity, 1.e., +the host's din-built ability to protect
itself from invasion by pathogens. Single genes have in

some cases been shown to affect the susceptibility of the
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host to primary helminth infection, for example AHymenolepl..

citelli in the deer mouse <(Arnason et al, 1986; Wassom et
al, 19745 . It seems more usual, however, for
susceptiblility to primary infection, e.g. the number of
adult worms that become established, to be under polygenic
control. This is the case for Schistosoma mansoni in mice

-

of different genetic constitutions <(Fanning and Kazura,
1984> in which some strains of mice have up to twice as
many adult worms as other strains, 1f a low infective dose

of cercariae 1s used.



One of the most studied and best understoocd systems for
looking at wvariation in host response is the infection of
mice with 7. spiralis. Mice provide a good model system
for studying genetic control because of the wealth of
information available on the genetics of these animals, and
the ease with which breeding experiments can be performned.
With the T. spiralis model, variation exists in all the
parameters studied so far, but these variations are
quantitative, in that all strains of mnice, with the
exception of some mutant strains, expel the intestinal
stage of infection by means of an immune response (Wakelin,
19855 . This genetic control over the outcome of infection
with 7. spiralis is exerted by a number of genes affecting

different stages in the response (Wassom et al, 1984).

Genetically determined differences in the kinetics of the
antibody response, particularly complement fixing isotypes,
have been proposed as the basis for mouse-strain dependent
differences 1n resistance to the larval stages of T.
taeniaeformis <(Mitchell et al, 1980, The early larval
stages are susceptible to complement mediated attack, but
later become resistant by virtue of anti-complement
activity. Resistant strains of mice, for example, C57BL/6,
develop antibody early enough after primary infection to
prevent larval maturation; mice susceptible to primary
infection for exampie C3H, do develop protective antibody
but much later, therefore, they can resist a subsequent

challenge.
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Nematospiroides dubius infections in laboratory mice are
characterised by chronicity. In many strains of mice,
primary infections, which can exceed 8 months, are little
affected by host immunity, although some strains do expel
adult worms atfter a period of time. Under normal
conditions, therefore, it can be assumed that genetic
variability within host populations does not seriously
interfere with the survival of the parasite and its ability
to reproduce. In the mouse system there i1s an association
with pronounced i1mmunodepression against both homologous
and heterologous antigens (Behnke et al, 1983, Recent
findings suggest that there is strain variability in the
effects exerted by N, dubius upon the i1mmunological
conpetence of the host, some strains being immunodependent
to a greater degree, which may reflect mouse strain
variation 1in the ease with which suppressor cells are

induced (Pritchard et al, 1584)>.

Ivii: Acquired Resistance

In 7. spiralis infection 1n mice a single gene, Ilhe-1,
controls the abllity to express the rapid expulsion
response after challenge <(Bell et al, 1884). Differences
in antibody recognition patferns have also been established
in mice infected with T. spiralis; mice that show a greater
aoverall level of resistance recognise surface antigens of
the parasite more rapidly than poor responders <(Jungery and
Ogilvie, 1982>. Because of the complex interrelationship
between immune and inflammatory responses in the intestine,

it 1s difficult to distinguish primary and secondary
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phenomena, but it is important to nots that several other
parameters of intestinal inflammation, such as changes in
permeability, wvillous architecture, and lymphoblast homing,
have been identified as strain-dependent variables in the
infected mouse (Manson—-Smith et al, 1879). Variations
within parameters of resistance in the intestine may
operate independently, reflecting the ability of different
components. Thus mice which can expel adult T. spiralis
only slowly may nevertheless control worm fecundity more
efficiently than some rapid responder strains <(Wassom et

al, 1984a).

Dipetaionema viteae is a parasite of the jird. Mice cannot
be infected by exposure to infective larvae, but 1t 1is
possible to implant adult worms subcutaneously and these
worms will survive, reproduce and establish a patent
infection. Under these conditions, strain-dependent
variation 1in microfilaraemia 1is readily apparent, being
reflected 1n the duration and 1level of microfilaremia
(Haque et al, 1980; Storey et al, 1985>. The differences
between inbred strains of mice are independent of the
survival time of adult worms, as implanted females die at
approximately the same time in all strains of mice, and of
non-immunological, structural, and physiological
characteristics of the host, as response phenotype 1is
reversed in radiation chimaeras given bone marrow cells
from donors of the opposite phenotype. The immunological
basis for resistance 1s not fully analysed but seems to

involve IgM antibodies with specificity for the
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microfilarial cuticle. The i1inability to produce such
antibodies in BALB/C mice or 1n CBA/N mice probably

results in prolonged microfilaraemia.

Serological responses, against D. viteae in the mouse, are
strain dependent, but within each strain of mouse there is
independent variation in the development of the antibody
response. This i1independent variation of antibody responses
to each bilochemically defined antigen on the surface of
microfilariae of D. viteae is very similar to the variation
observed 1in the murine response to defined antigens of T.
spiralis (Almond and Parkhouse, 1986). Such complex
variation could, therefore, be a feature of murine humoral
immune responses to nematodes, and this may extend to the
level of the epitope as witnessed by comparing the IgM and
IgA responses. Resistance was associated with IgM
antibodies but there is no assoclation between isotype and
antigen, which may explain this. The final possibility is
that some additional component of the immune response 1s
operating in conjunction with Igk to eliminate
microfilariae in resistant mice, for example, a particular

cell or cell subset i1is activated (Almond et al, 1987>.

'In D. viteae infection in mice, the ability to respond
rapidly, in terms of microfilariae clearance is inherited
as a dominant trait <(Wakelin, 1985>. This responsiveness
in F: hybrids has also been reported for several other
nematode infections, including T. spiralis, N. dubius, T.

muris and 7T. taeniéformis.



The tfirst gene identified for its effects on controlling
the early response of mice ta visceral infectian, following
i.v. inoculation of Leishmania donovani amastigotes, was
the Lsh gene located between Idh-1 and 1n on chromosome 1.
The resistant allele, transposed onto a C57BL10 background,
suggested that +this gene controls some form of T cell-
independent macrophage activation process, which appears to
be triggered by Lps-like molecules in the parasite surface
and does not involve production of reactive oxygen
intermediates, as the effector mechanisms for resistance.
I'he outcome of infection with L. donovani 1s also
influenced by genes at two other loci, genes linked to the
MHC and the Scl gene, located on chromosome 8 <(Blackwell

19835 .

I viii: Genetic control of the pathology of infection

Genetically determined differences in pathology are visible
in several parasitic infections, for example, in
schistosomiasis, immunopathologic responses appear to be
under distinct control. Several studies have shown that
inbred mice vary considerably i1in the degree af pathology
associated with egg deposition. For example, with G
Japonicum, hepatic fibrosié was 3-4 times more severe 1in
ICR mice than in C57BL/6 mice <(Cheever et al, 1983). A
similar variation occurred in granuloma size, but there was
little correlation between the two parameters. Marked
individual variation 1in pathology i1is observed in human
populations, infected with schistosomes or filarial

nematodes <(Cohen and Warren, 1982)> and both genetic and
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immunological correlates have been described <(Ellner et
al, 1981; Dean et al, 1981)>. It has been shown with S.
mansoni that strain variability in the level of resistance,
induced by a 12 week infection, ranging from 14% to 95%,
correlated closely with portal blood pressure elevation and
the number of egg granulomata in the lungs (Dean et al,
19815, The rank order of strains used in this work was
closely similar to that obtained when immunity was elicited
by infection of BCG <(Civil and Mahmoud, 1978). This
suggests that a genetically determinded ability to respond
to inflammatory agents might be important in determining
levels of resistance and may dmply that in chronically
infected mice killing of challenge worms in inflammatory
foci as well as diversion of migrating stages are both

involved,

Iix: The implications of genetic control on vaccination
against parasite infections

Genetic differences 1in response against infection must be
considered when designing vaccination programmes and
producing vaccines. If the population wvaries 1in its
ability to respond in a protective way against the
parasitic antigens, then control by vaccination may not be
possible. Variation in the response of different strains
of mice, to vaccination with 1irradiated larvae of S.
mansoni has been studied, and distinct MHC-linked control
of response has been demonstrated <(Sher et al, 1984),.
Failure to achieve successful vaccination may imply some

defect 1in antigen recognition or in a non—immunological,
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perhaps inflammatory component required for effective
resistance. A converse situation holds for mice infected
with 7. taeniaeformis, in which failure to show resistance
to infection arises from a delay in antibody production,

and can easily be corrected by vaccination (Mitchell et al,

19805,

The most common form of genetic control on the ocutcome of
parasitic infection 1s a combination of the effects of a
number of genes. One of the most frequently involved loci
ls the major histocompatability complex <MHC). This group
of genes i1s known to affect the immune response and MHC-
linked <control is frequently apparent in helminth

infection.
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Ix: The major histocompatibility complex

The major histocompatibility complex (MHC> is a group of
closely related genes clustered on one chromosome in a
species. These genes were first identified by
transplantation studies and are the body's means of
identifying self and non-self. The proteins encoded by
MHC genes act as regulatory factors for the activation of
T cells and the expression of these molecules may play a
role 1in the intrathymic development of the T cell
repertoire. MHC genes can be divided 1into distinct
categories, the most important of which in terms of T cell
activation are Class I and Class II genes. These genes
differ in their tissué distribution and function (Klein,
1982; Williamson and Turner, 1987) and there 1s a great

deal of polymorphism within Class I and Class II alleles.

The.proteins encoded by Class I genes are found in all
somatic tissues to various degrees, with the most
concentrated expression being found in cells of the immune
system. Class I molecules are composed of one heavy
glycoprotein chain, anchored in the cell membrane, and one
light protein subunit. The Eredominant function of Class
I molecules is the regulation of cytotoxic T cell <CD8&+
in humans, Lyt2+ 1in mouse)> proliferation. Class 1II
molecules are expressed on B and T lymphocytes,
macrophages, some epidermal and epithelial cells and

other cell groups depending on their stage of activation

and the effects of lymphokines. These Class II molecules
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are glycoproteins consisting of an alpha and a beta chain
and their function 1s the control of regulatory I cells
(CD4+ in humans, L3T4+ in mouse). Class II molecules may
also be involved in the regulation of cytotoxic T cells in
some instances. Class II molecules are expressed oan
antigen presenting cells, and [ cells recognise a
combination of antigenic peptide and Ia <(Rosenthal and
Shevach, 19783; Schwartz, 1985: Brown et al, 1988; Davis

and Bjorkman, 1988).

In mice the MHC, or H-2, 1s 1located on chromosome 17.
Class I genes are coded for by two loci, K and D, which
map to opposite ends of the H-2. The Class II loci occupy
a region between the Class I loci, (see Figure 2.
Polypeptides coded for by the Class II A-alpha and A-beta
loci combine to form functional I-A molecules, and
likewise with E-alpha and E-beta. The region containing
the A and E loci is known as the I region and the genes
located in this region were originally characterised as
immune response <(Ir)> genes, because of the effects they
have on immune responsiveness. All strains of inbred mice
express I-A molecules but some strains do not express
functional I-E molecules-on‘the cell surface (Mathis et
al, 1983>. Specific I-A and I-E molecules have been
identified as the crucial restriction elements in the
response to certalin pathogens (Wassom et al, 1987). The
molecular composition of the human MHC, HLA, located on
chromosome 6,and the rat MHC, RT1l, located on chromosome

14, are comparable to that in the mouse (see Figure 2).
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Genetic control of immune responsiveness by MHC was first
shown by McDevitt and Chintz (1969) and over the last two
decades a large volume of literature on MHC control of
immune responsiveness has accumulated. H-2 linked genes
have been found to affect the response of mice to a
variety of infectious organisms <(Wakelin and Blackwell,
1988>, perhaps the best understood genetic control of a
host parasite relationship is that of mice infected with
T, spiralis. In this host-parasite relationship H-z2-
linked genes affect the host response i1in terms of
resistance to primary and secondary infections, worm
expulsion and worm fecundity (Wassom et al, 1979; Wakelin
and Donachie, 1983; Wakelin, 1985). These H-2 effects can
also be monitored iIin vitro by the level of proliferative

responses in lymphocyte cultures (Wakelin, 1985).

In T. spiralis infection in mice, H-2 control has been
associated with 2 alleles; Ts—-1, located 1in the A-beta
locus and Ts-2, located between the S and D regions
(WVassom et al, 1984b). Ts~1 1s thought to act as an Ir
gene, affecting the reponse of lymphocytes to parasite
antigens. Ts—~2 is thought to affect T lymphocyte
interactions in the oontrc;l c;f an inflammatory response in
the gut. Genetic defects expressed at the level of
secondary T cell populations have been demonstrated in
other systems (Strassman et al, 1980), Under such
circumstances non-responders produce activated Th cells

but 1lack the subsequent T cell population, therefore,

animals sharing the same H-2 haplotype would not
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necessarily have the same phenotype for an H-2 linked

response.

In T. spiralis infection resistant strains of mice, (those
expressing H-2 b, s, £ and q>, only express I-A gene
products and, consequently, antigen presentation and T
cell interactions are mediated by I—-A products (Wassom et
al, 1987)>. [hese authors have proposed that antigen
presentation in the context ot I-E molecules may
preferentially induce [Is cells. The I-E region has also
been implicated as controlling the IgE response against S.

Japonicum in mice (Kajli et al, 1983).

Despite the clear H-2 effects on immune response,
infection with T. spiralis is also regulated by non-H-2
linked genes (Wakelin and Donachie, 1081>. Several
effector mechanisms are active in the response against
this infection and some of these mechanisms are known to
function i1independently (Wassom et al, 1984a), 1t 1is
therefore possible that each mechanism i1s controlled by
different gene groups. Genetic control of dimmune
responsiveness can be mediated by bone marrow derived

cells and extrinsic factors (Wakelin and Donachie, 1981).

MHC linked influenqes have been demonstrated in a number
of other host-parasite relationships, for example, mice
infected with 5. mansoni exhibit H-2 linked effects on the
immune response (Claas and Delder, 1979). These H-2

associated differences can also occur 1n mice vaccinated
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with irradiated cercariae of S. mansoni (Sher et al,
1984>, where H-2= and H-2® haplotypes are associlated with
higher 1levels of immunity than H-2% or H-2=, Ir genmnes
have also been associated with the degree of pathology
seen in %histosome infections 1in mice (Cheevar et al,
1984>, and the T cell response against 5. Japonicum (Kaji
et al, 1983)>. In mice infected with S mansoni both H-2
linked and mon-linked genes have been shown to influence
the humoral response against discrete parasite antigens

(Kee et al, 1986).

Studies on Leismania infection of mice have revealed a
complex pattern of control involving several genes at
different loci <Blackwell, 1985). There are H—-2 linked
effects on the response against this parasite but non-H-2
linked genes play an equally idmportant role, and the
presence of a particular H-2 haplotype is not sufficient
to predict the outcome of infection. The importance of
H-2 1linked genes on antibody specificity has also been
demonstrated in mice infected with M. tuberculosis (Ivanyi

and Sharp, 1986).

In rats, the MHC (RT1> ﬁas.been shown to influence the
immune response against a range of antigens (Gunther et
al, 1973; Inomata et al, 1983>. In rats infected with
Streptococcus mutans three distinct groups are observed,
high, intermediate and 1low responders (Niyama et al,

1087)>. These differences are thought to be controlled by
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genes located at the RT1.D locus which influence antigen

presentation and consequently I cell proliferation.

Several studies have examined the possible assoclation
between HLA and resistance to infection. The level of T
cell proliteration against antigens from S. japonicum has
been linked to particular HLA alleles <(Sher and Scott,
1982; Sasazuki et al, 1980> and this type ot associlation
has also been tfound in T cell responses against antigens
of Streptococci (Sasazuki et al, 1985) . Family studies of
patients with leprosy demonstrated a link between HLA and
both the tuberculoid and the Ilepromatous forms of the
disease (DeVries et al, 1976; Fine et al, 1979; Van Eden

et al, 1980, 1985).

The heterogeneity in the level of infection within a host
population and the variation in the efficacy of the immune
response mounted against the parasite are well documented
phenomena. The work presented here has examined the
antibody repertoire produced during infection with
Ascaris, Parasite—-specific IgG and IgE antibodies may
play an important role in immunity and therefore, the
specificity of these antibodies and the genetic control
of this antibody response is examined. IgE antibodies may
also be involved in the clinical symptoms associated with
infection, and particular attention 1is focused on the
genes controlling this response 1in a rodent model.
Finally, the antigen recognition profiles of i1individuals

living in 4dscaris endemic areas were also examined, to
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compare the recognition profiles produced 1in natural
infection with those found in the rodent model, and to
examine the possible relationship between antibody titre

and age, or antibody titre and level of infection.



Materials and Methods
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PARASITES

Fresh adult A4scaris suum worms were obtained from the
intestines of infected pigs at a local abbatoir. Eggs
were removed from the uteri of females and suspended in a
solution of 5% sodium hypochlorite <(NaOCl, 10-14% w/v
chlorine, BDH, 30169), +o dissclve excess tissue and
sterilise the egg suspension. Eggs were then washed, a
minimum of 8 times, in deionised water and embryonated in
a solution of 2% formalin <(37-41% Formaldelivde, BDH> and
125  units/ml of Nyastatin (Nystan, Peadiatric Oral
Suspension, SquiBB) at 25«C for 40 days and stored at 4=C
until used. Embryonated eggs were treated with 25% NaOCl
solution, until microscopic examination showed removal of
most of the shell. Following thorough washing by
centrifugation in deionised water, the infective second-
stage larvae (L2), were hatched by disruption of the
remaining shell layers 1in a glass tissue homogeniser,
The larvae were separated from shell fragments by
allowing them to migrate overmnight (O/N)> through a cotton
wool plug, 1into defined serum—free medium, at 37<C, as
described by Kennedy and Qureshi (1986). This dscaris
culture medium (see appendix)> was adapted from Stromberg

et al (1977> and Urban and Douves (1984).

The lung-stage larvae were recovered from the lungs of
infected rabbits (New Zealand White, Interfaumna UK, Ltd.>
seven days after an oral infection with 50,000 eggs. The
larvae were separated from chopped 1lung tissue by

migration through a 250 micrometer sieve (Endecotts)
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washed twice 1n phosphate buffered saline (PBS), then
twice in Ascaris medium. Larvae were then separated from
any remaining debris by migration through a cotton wool
plug into Ascaris medium, at 37=C. [he larvae recovered
are undergoing moulting at this point, and are a mixture

of third- and fourth-stage larvae (L3/4).

The perienteric fluid of <fresh adult worms (ABF)> was
collected, on 1ce, by cutting the end of fthe worm and
draining out the fluid. The ABF was then dialysed
against PBS and stored at -70=®C, or stored without

dialysing.

Ascaris Iumbricoides worms were collected by Dr. M. R,
Haswell-Elkins and Dr. D. B. Elkins, Imperial College,
London, by mass chemotherapy using pyrantel pamoate
(Mexin Pharmaceuticals, Bombay) at 10mg/kg body weight in
Tamil ©Nadu, India. Adult female d4dscaris worms were
recovered from fué?es passed within the first 24 hours
(h) after treatment. The worms were rinsed with water,
placed in 4% formalin, on ice and dispatched, by
ailrfreight to Glasgow within  24h. Transit time

approximately 7 days.

Adult worms were also provided, from St. Lucia, by Dr. D.
A, P, Bundy, Imperial College, London, using a similar

protocol to that described above.

38



EXPERIMERTAL ANINALS

Mice and rats were i1initially infected orally at 7-12
weeks of age with 500 -2, 000 and 1, 000-6, 000 eggs
respectively 1in an agar/water suspension. Subsequent

infections were at approximately 28 day intervals.

Wellcome Labs. for Experimental Parasitology (WLEP)> rats
have been inbred at WLEP from an outbred Wistar stock for

12 generations.

F; HYBRID ANIMALS
Fy animals were bred at WLEP from stock obtained from

OLAC 1976 Ltd. and fmfm WLEP stock.

RABBITS
Rabbits (approximately 3kg, New Zealand White, Interfaumna
UK Ltd.» were orally infected with 50,000 eggs, and the

lungs removed 7 days later.

ANTISERA

Blood samples were collected by cardiac puncture eilther
from a group of at least 3 animals, or from individual
animals, before infeotion,_ 28 days after a primary
infection and 14 days after subsequent iufections. The
blood was left Lo clot, then held either O/N at 4=C, or
for 30 min at 37=C. The supernatant was removed and spun
at 3,000 rpm for 10 min. The serum was then aliquoted
and stored at -20«C. Subsequent freeze—thawing was kept

to a minimum,
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Human sera were transported from the Caribbean on ice to
London where it was stored at —-20=C. It was subsequently
transported to Glasgow on ice and on arrival was mixed
with an equal volume of glycerol (May and Baker) and

stored at -20+=C,

INTRAVEROUS IMMUNISATION

Naive animals were 1i.noculated intravenously <(iv) with
approximatley 2,000 L2 for mice, or 6,000 L2 for rats in
the ftall vein at 28 day intervals. Serum was taken 28
days after a primary and 14 days after subsequent

infections.

INTRAPERITOREAL IMMUNISATION

Naive animals were d1:noculated intraperitoneally dp)
with approximately 2,000 L2 for mice, or 6,000 Lz for
rats at 28 day intervals. Serum was taken 28 days atter a
primary infection and 14 days after subsequent

infections.,

INTRANASAL IMMUNISATION

Mice were exposed a2t 14 day intervals to aerolised

parasite material, appréximately 500 microgrammes
protein/mouse in PBS, using a Nebuliser (Aerosol
Products, Colchester, Ref. No. C~-F-18>. They were

subsequently bled 14 days atter a tertiary and subsequent

exposures,
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IMNUNISATION WITH ADJUVART
Mice or rats were 1.noculated in two sites on the back

with 5 microgrammes of purified 1l4kDa protein, measured

using a Plerce Protein Assay <(Pierce, USA>, in Freund's
complete adjuvant <(Gibco, 660-5721)>. After 28 days the
animals were boosted with 5 microgrammes 14kDa in
Freund's Incomplete adjuvant <Gibco, 660-5720>. After a

further 28 days animals were boosted iv with =20
microgrammes of 14kDa protein in PBS and bled 14 days
later, A subsequent group of animals were iv boosted 28

days after the primary 1v boost and bled 14 days Jater.

EXCRETORY/SECRETORY MATERIAL

The excretory/secretory products (ES) from L2 were
produced by artificially hatching eggs as described,
culturing the larvae In vitro in Adscarie medium, 2t 37=C
and 5% COu=, and collecting +the culture medium at

approximately weekly intervals, for 2-3 wveeks,

The L3/4 ES was produced from iIn vitro cultures of the
1L3/4 larvae, collected trom the lungs of rabbits 7 days
after an oral infection and cultured as for L2,
collecting the culture medium at approximately weekly
intervals. The L3/4 cultures were maintained until the

viability of the larvae fell below 95%.

ANTISERA
Sheep anti-mouse gamma globulin (Scottish intibody

Production Unit (SAPU)>, Carluke, Scotland, S021-220).
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Rabbit anti-4. suum infection serum was produced at
Wellcome Labs. for Experimental Parasitology (WLEP)> by
infecting Sandy Lop rabbits with 3,000 viable eggs at 28
day intervals and collecting serum at the peak of the
antibody response <(see Kennedy et al, 1987).

Antiserum to  the l4kDa molecule was  prepared by
immunising Sandy Lop rabbits with approximately 100
microgrammes of 14kDa excised from ABF gels <(Kennedy et
al, 1987>, 1n Freund’'s complete adjuvant <(Gibco Labs.,
660-5721> . Animals were boosted 40 days later with 100
microgrammes 14kDa in Freund's incomplete adjuvant (Gibco
Labs., 660-5720) and bled on days 1z, 14, 17 and 19.

Mouse antili-rat immunoglobulin (Ig> epsilon-chalin specific
monoclonal antibody, clone designation HMARE 1 <«Serotec,
Oxford, MCA 193>,

Goat anti-mouse IgG-Alkaline phosphatase <AP) conijugate
(Sigma, A-4656).

Goat anti-mouse IgA, IgM, IgG-AP (Sigma, A-0162).

Rabbit anti-human IgG-AP (Dakopatts, Denmark, D336>.
Rabbit anti-human IgA, IgM, IgG—AP <(Dakopatts, D342).
Sheep anti-rat gamma globulin (SAPU, S023-220).

Donkey anti-sheep gamma globulin-horse radish peroxidase
(HRP> (SAPU, S084-201>,.

Goat anti-rat IgG-FITC (Sigma, F-6258).

Rabbit anti-mouse-FITC <(Sigma, F-7506).

Donkey anti-rabbilit-FITC (SAPU>.
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RADIO-IODINATION

Iodine labelling of soluble ES material (see Kennedy and
Qureshi, 1986) was carried out by the IODO-GEN method
{Markwell and Fox, 1978)>, IODO-GEN ftubes were prepared
by allowing 200 microlitres of a Ilmg 1,3,4,6-tetrachloro-
3a, Sa—-diphenyl glycoluril (Pierce Chemical Co.>/mnl
chloroform <(May and Baker) solution ko esvaporate O/N, at
room temperature (RT), to coat lLhe sides of a 500
microlitre polyethene microfuge tube (Starstedt, 72.690)
These coated tubes were stored de;sié?ted at RT. For the
labelling 200 microlitres of PBS-dialysed culture medium
were incubated in the IODO-GEN tube with 300 microcuries

for L3/4, and 100 microcuries for L2, Na'#®%I (West of

Scotland Radionucleotide Dispensary, or Amersham
International PLC, IMS 30> for 10 ninutes <min?) on ice
with repeated agitation. Excess iodine was consumed by

the addition of 10% by volume of saturated tyrosine
solution, and labelled macromolecules were separated from
15 [-Tyrosine by gel filtration on Sephadex FPD 10 columns

(Pharmacia, 17-0851-01>.

Radio-iodination of antibodies was carried out i1n a
similar method as above with approximately 100

microgrammes of protein added to 300 microcuries of I'=%,

RADIO-IMNUNOPRECIPITATIOR
Radio-labelled antigens were 1mmunoprecipitated in a
protein-A based assay with serum from various host

species and strains, using a 10% suspension of heat-
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killed, formalin-fixed Staphylococcus aureus bacteria
(Pansorbin Standardised: Calbiochemnm 507861, binding
capacity 2.3mg human IgG/ml) as a solid-phase absorbent
(Kessler, 1975). To 50 microlitres PBS/0.5% Triton X-100
(Sigma, [-6878) were added 2.5 microlitres of serum and
50-200 x 1l0®™counts per minute <(cpm> of antigen. L[
counts were obtained using a 1280 Ultrogamma Counter
(LKB, wallac). Following O/N 1incubation at 4+C, 50
microlitres S, aureus suspension were added aoand the
mixture incubated for 1h at RT, with occasional shaking,
then 1lh at 4*C. The bacteria were then washed 3 times at
4=C, with PBS-Triton, the radicactivity in the pellet was
measured and Lhe pellet prepared for SDS-PAGE. This
method selects for IgG antibody <(Reis et al, 1984> and,
when a broader specificity was required, 10 microlitres
of a 1:9 dilution of Sheep anti-mouse gamma globulin

(SAPU> was added with the S. aureus.

POLYACRYLANIDE GEL ELECTROPHORESIS (SDS—PAGE>

This was carried out 1in a Pharmacia GE-2/4LS slab gel
apparalbtus according to the manutacturer's i1lnstructions.
Gradient gels consisted of 120mm separating and 10mnm
stack gel, and were O0.7mm thick (see appendix>. Samples
were prepared by mixing to 20 microlitres with deionised
water and Ethen 20 microlitres of sample buffer (see
appendix)> were added, containing 5% mercaptoethanol
(Sigma, G-7126) or lmg/ml iodoacetamide (BDH, 444181> for
reducing or non-reducing conditions, respectively,

followed by i(mmersion in a boiling waterbath for [0 min.
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The samples were centrifuged to remove particles using a
microfuge <(MSE, Scientific Imnstruments, 41137-2182) and
the supernatant loaded onto gels. Following
electrophoresis, gels were fixed for 30 min 1n a 25%
methanol, [0% acetic acid and 1% glycerol (May and Baker)
"solution and then dried, at 30%C using a slab gel dryer

(BIO-RAD, 1125B».

AUTORADIOGRAPHY

Dried gels were exposed to flashed Fuji RX x ray tilm
(Technical Phot Systems, Cumbernauld> using Du Pont
Cronex Lightining—-Plus intensifying screens (H. A. Vest,
Edinburgh), and the autoradiographs exposed at -70=C, in
Harmer =x-ray <film cassettes (H. A. West, Edinburgh).
Molecular weights were estimated by mobility relative
(M,.> Lo standard marker proteins {(Pharmacilia, 17-0446-01

and Boehringer Mannheim, 750 11%5).
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ELISA

General Protocol

Dynatech 96 well Microtitre plates <(M129B) were coated
-with antigen, 1n <carbonate/bicarbonate buffer, pH 9.6
(see appendix), at 50 microlitres/well. Plates were then
caovered and incubated for 2h at 37«C, washed 3 lLimes with
0.05% (v/v)> Llween 20 Sigma, P 1379) in PBS (PBS-Tween),
dried and wused immediately. Appropriate antibody
dilutions were then added in PBS-Tween contailning 0.25%
(w/v) bovine serum albumén (BSA> (Sigma, A-9647>, at 50
microlitres/well. Plates were covered and incubated at
37=C for 1L, fhe plates were then washed 3 times, dried
and the enzyme substrate and chromagen (see appendixd
were added at 50 microlitres/well, and incubated at 37<C.
The reaction was stopped 15-60min later with 3M sodium
hydroxide, for alkaline phosphatase reactions or 2.5M
hydrochloric acid, for horse radish peroxidase reactions,
once the required colour had developed, s shown by
positive controls. The aptical demsity <0OD) was read at
a wavelength of 405nm for phosphatase, or 49Znm for
peroxidase, using a Iitertek Multiskan MC plate reader
(Flow Laboratories Ltd., Uxbridge>. All plates included

known positive and negative control wells.
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The optimum antigen and antibody concentrations for each
ELISA system were arrived at using the standard checker-

board procedure and were as follows:

CONJUGATE ANTIGEN ANTIGEN ANTIBODY CONJUGATE

CONCENT. DILUTION DILUTION

MICROGRAM/
ML
Mouse IgG ABF 1.0 1:400 1:500
14k 1.0 1:400 1:500
L3774 1.0 1:100 1:500
L2 1.0 1:100 1:500
Mouse IgA,
IgG, IghM ABF 1.0 1:400 1:500
Human IgG ABF 0.2 1:400 1:500
14k 1.0 1:400 1:500
L3774 1.0 1:400 1:500
L2 1.0 | 1:400 1:500
Human IgAi,

IgG, IgM ABF 0.2 1:400 1:500




PASSIVE CUTANEOUS ANAPHYLAXIS

Naive adult WLEP rats were injected intradermally, on the
back, with 100 microlitre samples of test serumn, or
dilutions lLhereot. 'he animals were challenged 2-48h
later, with an intravenous (iv)> injection of antigen with
Sng Evans Blue (BDH, 241 152L> in 0.5ml PBS.
Approximately 30 min later, the number of blue reaction
spots, on the =znimal's back were recorded. All tests
were carried out iﬁ duplicate, in two separate animals,
and known positive and negative controls were used in
each animal. the specifticily of this Lest ztfor IgE
antibodies of both rat and mouse has been demonstrated

previously (Prouvost-Danon, 1972; Ogilvie, 1964).

PERIODATE TREATMENT OF ANTIGERS

To 3mg of ABF, or 500 microgrammes of 14kDa was added
12ml of 10mM sodium acetate (Sigma, 8S5636> buffer (pH
5.7>, see oappendix, containing 0.1M sodium periodate
(BDH, 10259, The mixture was 1ncubated at RT, in the

dark, O/N and then dialysed against PBS <(pH /.2),. Ihe

(W)

dialysed solution was concentrated to approximately 1lml
by ultrafugation using an amicon protein concentrator
with a molecular weight cut off at 10kDa <(Centricon 10,
Amicon, USA, 4206) ., The protein concentration was

measured using a Plerce protein assay (Plerce, USA).

AUTOCLAVE TREATMENT OF ANTIGERS
To 300mg of ABF, or 500 microgrammes of l4kDa was added

6ml of PBS (pH 7.2> and the mixture was autoclaved at
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120=C for 20 min. After cooling the solution was

concentrated as above and the protein concentration

measured.

REDUCTION AND ALKYLATION OF ANTIGENS

To 1ml of Tris—-HC1l buffer <(pH &.2) containing 30Omg/ml
ABF, was added dithiotreitol <Sigma, D-0632) to a final
concentration of 0.02M. The solution was incubated for
1h at RT. After incubation, iodoacetamide was added, to
a final concentration of 0.12M and the pH was kept at 38
for 1h by the dropwise addition of sodium hydroxide.
This method results in the reduction and subsequent
alkylation of the solution <(Hudson and Hay, 1980). The

solution was then dialysed and concentrated as above.

WESTERN BLOTTING

SDS—-PAGE gels were loaded with 750 microgrammes of
unboiled ABF and run as previously described. The
protein was then transferred from the gel onto
nitrocellulose membranes (Hybond-C extra, 0.45 micron,

Amersham Intermational) using a TRANS-BLOT cell <(Bio-Rad

Labs. , 170-3910> according to manufacturer's
instructions. The transfer buffer used was Tris/Glycine.
0.1% SDS, pH 7.0 (see appendix). Electroblots were run

at a constant 2bmA, O/N, at 4+<=C. After transfer +the
membrane was alr dried and the transferred protein was
visualised using either amido black stain (see appendix)
(BDH, 44291 2X) or an enzyme—linked detection system (see

below>.
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ENZYME-LINKED ANTIBODY DETECTION SYSTEM FOR VESTERKN BLOTS
The nitrocellulose membrane was air dried and cut into
strips approximately lcm in width. these strips were
blocked using 10% dried skimmed milk, in wash buffer
(Tris buffered saline plus 0.05% Tween, see appendix) 4ml
per strip, for 1h, on a rocking lLable. All subsequent
steps involved 4mls per strip on a rocking table.

The primary layer was added at a 1:50 dilution in wash
buffer and incubated for 90 min at RT. After this the
blot was washed 3 times, for Sminswash, 1in wash buffer.
The secondary layer, sheep anti-rat gamma globulin (SAPU,
S023-220>, was added at a 1:500 dilution in wash butfer
and 1ncubated for ©6O0Omin, at RT. After this dincubation
the blot was washed as before.

The tertiary layer, donkey anti-sheep gamma globulin-
horse radish peroxidase-conjugate (SAPU, 8S084-201>, was
added at a 1:250 dilution in wash buffer and incubated
for 60 min, at RT. [he blot was subsequently washed as
before.

4-chlor-1l-napthol (Sigma, Cc8890) was used as the
chromagen to visualise +the antibody conjugate. the
chromagen solution consisted of 48mg of chloronapthol
dissolved in 16ml of methanol and added to 80ml of Tris
buffered saline, pH 7.2, Jjust before use 32 microlitres
of hydrogen peroxide (30% w/v, BDH, 45202) were added, as
enzyme substrate. The reaction was stopped after 20-60
min by removing the <chloronapthol solution and washing
the nitrocellulose with deionised water. The stained

blot was then air dried.
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PROTEIN DETECTION ON VESTERN BLOTS USING 1'=2S-LABELLED
ANTIBODIES

Western blots were produced as described previously, but
the protein concentration was increased to 4.2mg/gel.

The nitrocellulose was cut into strips and blocked using
skimmed milk, as described previously.

The primary layer was added at a 1:10 dilution, in wash
buffer and incubated and washed as described previously.
The secondary layer, Iv=s labelled anti-rat gamma
globulin, was added at approximately 100, 000cpm/track, or
I'=% Jabelled mouse anti-rat epsilon <«(Serotec, MCA 193>
was added at approximately 250,000cpn/track. The blot
was incubated for 60 min at RT and washed a minimum of S
times in wash buffer, 5 min per wash. The blot was then
air dried and exposed with pre-flashed film at -70<C, as

described in gel autoradiography.

ELECTRO ELUTION OF 14kDa PROTEIN FROM PREPARATIVE SDS-
PAGE GELS

ABF was separated on 1.5mm thick 20% homogeneous gels,
with the samples unboiled and laced with radioclabelled
ABF. The unfixed gels were dried at 60=C and the 1l4kDa
band excised using an autoradiograph as template.
Protein was recovered from the matrix of the gel by
electro—-elution in a BIO—RAD electroelutor (Richmond, CA,
165-2976>, using a 25mM Tris <(Boehringer Manheim, 708
976>, 192mM Glycine <(Sigma, G-7126>, 0.1% SDS (BDH,
44244> buffer. SDS was removed by dialysis against

methanol, using 2,000 molecular weight cut-off membrane
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(8igma, D 2272>, at 4=C for 48h, followed by dialysis
against PBS and concentration by ultrafiltration, using
an amicon protein concentrator with a molecular weight

cut oft At 10kla <4Amicon, Cenkricon 10, 4206).

AFFINITY PURIFIED 14kDa PROTEIN

The affinity purified 14kDa molecule was kindly provided
by Dr., JT.F.Christie, WLEP. Briefly, the electro—-eluted
14kDa was used to immunise rabbits to provide antibody
for immunoaffinity chromatography. Protein—-A puritfied
rabbit anti-14kDa antibody was bound to Affigel 10 <(BIO-
RAD, 153-6046) and eluted with a 0.2M, pH 2.3,

glycines/HCl butfer.

IRDIRECT IMMUNOFLUORESCENCE ON LIVING PARASITE LARVAE

For each serum sample to be tested approximately 0.5ml of
larval culture was aliquoted and washed 3 times with PBS-
0.1% azide (Sigma, S-2002>. After the last wash the
supernatant was removed leaving a final volume of 100
microlitres. The serum being tested was thén added to
result in a final volume of 200 microlitres and an
optimum dilution of +the sera. The tubes were then
incubated on ice for 30 min with occasional resuspension.
The larvae were then washed 3 times with PBS-azide
leaving a final volume of 100 microlitres and a FITC-
conjugated antibody added at the appropiate dilutionm.
The tubes were again incubated for 30 min on ice. After
the final incubation the larvae were washed again and as

much of the supernatant as possible was removed. The

56



larval surface was measured by photon counting using a
Leitz MPV Compact 2 microscope photometer linked *to an
Epsom PX 4 computer. The photometer field diaphragm was
set to measure a rectangular orea, 1n the range 230 to
555 micrometers square using a Leitz NPL Fluotar x 40
objective. The measured area was kept constant in any
one experiment and the selected area did not include edge
fluorescence. The fluorescence of one of the brightest
specimens (rabbit> was used to standardise.) the

photometer at the arbitary value 650.
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The appropiate dilutions for infection sera and

conjugates were titrated using a checker board and are

shown below.

SPECIES ANTIGEN ANTISERA CONJUGATE

DILTUION DILUTION

Mouse L2 1:10 1:30
L3/4 1:10 1:30
Rat L2 1:10 1:30
L3774 1:10 1:30
Rabbit L2 1:30 1:30
L3/4 1:30 1:30

DATA HANDLING
The data was analysed using an Apple Macintosh and
Cricket Graph, Version 1.2 <(Cricket Software, Malvern,

P.A.>.



Chapter 1

Ascaris in a laboratory model

Introduction
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Laboratory rodents are commonly used to model parasitic
infections, and it has been possible to study parasites
of humans and domestic animals 1in this way. These
studies range from immunology <(Ogilvie and De Savigny,
1082) to epidemiology <Scott, 1988). Several studies on
the immunology of ascariasis have used the mouse as
experimental host, and as a model system 1t is
relatively well defined <(Crandall and Crandall, 1971;

Crandall, 1976; Brown et al, 1977>.

When mice are orally infected with embryonated eggs, the
eggs hatch in the small intestine and L2 larvae migrate,
via the liver, to the lungs where they moult to the L3
and L4 stages. After approximately seven days L3 and L4
larvae can be found in the lungs of the infected mouse,

as in their natural host (Mitchell et al, 1976; Sprent,

1952>. The 1life cycle, however, proceeds no further in
rodents (Ransom and Foster, 1919). The murine host is,
therefore, exposed to antigens of +the infective and

tissue-penetrating, migratory stages of the parasite, as
is the natural host. WVhen infected with 4. swuwum, mice
show a marked inc?ease in eosinophils, IgM, IgGl and IgA
antibodies <(Crandall and Cfahdall, 1971>, and develop
acquired resistance to infection (Bindseil, 1069, 1970;
Crandall and Arean, 1965; Lejinka, 1965; Sprent and

Chen, 1949; Brown et al, 1977).

Mitchell et al (1976> compared several strains of mice

infected with 4. swum and found that the CBE7Bl strain
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was relatively more susceptible to a primary infection
in terms of the number of worms recovered from the liver
and lungs, In subsequent infections, however, all
strains studied showed similar levels of resistance. In
the same study, hypothymic nu/nu mice did not appear to
be any more susceptible to a primary infection,
implying that T cells are not involved in resistance to
a primary exposure. In subsequent infections, however,
nude mice did not appear +to have developed any
resistance to challenge, i1implying that T cells were
necessary for acquired resistance. The liver has been
ilmplicated in resistance to infection with Ascaris and
Toxocara (Kerr, 1938; Sprent and Chen, 1949; Fernando,
1968> and this was supported by Mitchell's study, which
suggested that resistance was expressed at the liver, or

during migration to the lungs.

There are several possible ways to examine the 1mmune
response against an intestinal parasite. One of the
most accessible means of monitoring the immune system is
to study serological responses. Antibodies may play a
direct role in _resistance and 1mmunity +to parasitic
infection (Miller, 1984>. Sefological studies can also
provide information for serodiagnosis and may be a
useful means of dgﬁecting susceptible individuals in
the population. The antibody production stimulated by
helminth infection is T cell dependent, hence, antibody

production can be used as an 1indication of T cell

activity.
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There 1s growing evidence that the excretory/secretory
components of parasites may be lmportant antigens in
terms of +the immunobiology of the infection. The
activity of these antigens 1in protection has been
demonstrated in several studies, involving a number of
different parasites (Rickard and Adolph, 1977; Kwa and
Liew, 1977; Silverman et al, 1962; Rothwell and Loave,
1974; Murrell and Clay, 19725 . In 1979 Stromberg
demonstrated that the L3/4 ES fraom 4. suum could protect
guinea pigs from a challenge infection. These results
support the conclusion that antigens released by the
living worm are major determinants of the nature of the
immune response. These antigens are presumably secreted
by the parasite within the host and hence, along with
the parasite surface, provide the most accessible site
for d1mmune attack <(Ogilvie and de Savigny, 1982).
Certainly, laboratory animals infected with Adscaris,
produce substantial amounts of antibody against these

ES components (Kennedy et al, 1987>.

In this chapter the specificity of the antibody
repertoire, in the context of infection with Ascaris in
the laboratory model 1is examined. The antigens used
are the perienteric fluid of adult worms C(ABF>, the in
vitro released antigens of both the L2 and L3/4 larvae
(ES) and a purified preparation of a 14kDa molecule.
The latter is a major component of both ES and ABF and
was later found to be allergenic (see Chapter 3). It

has been shown previously that the L3/4 ES 1is
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contaminated with rabbit serum albumin (Kennedy and
Qureshi, 1986) . These preparations consist of
components common to all life-cycle stages, for example
the 14xDa molecule and stage—-specific components
(Kennedy and Qureshi, 1986>. Use of the ES antigens has
been prompted by the knowledge that they are important
in +the immunobiology of infection <(Stromberg, 1979a;
1979b; Ogilvie and De Savigny, 1982)>. The antibody
repertoire praoduced in response to infection by various
species and strains of host was examined, as were the
effects of varying the immunising dose and the route of

administration.
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Chapter 1.

Results.
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Ascaris antigens;

In the analysis of the antibody repertoire to A4scaris in
the model system, tfour antigens have been used. The SDS-
PAGE profiles of radio-iodinated preparations of which
are shown in Figure 3. 0f the two ES materials available
we have concentrated on the L3/4 ES because this

preparation is available in greater concentrations and is

nmore stable than the LZ ES.

The antigenicity of ES in the context of infection;

Serum from rabbits infected with 4. suum was
immunoprecipitated with radio-labelled L3/4 ES to verify
the antigenicity of these products (Figure 4). All the

labelled components appear to be antigenic Lo the

infected rabbit. The i1mmunoprecipltated antigens were
run an SDS—-FAGE under reducing or non—-reducing
conditions. fhe relative mobilities of three of the

antigenic components, 41kDa, 225kDa and 410kDa, were
found to alter under reducing conditions. The 225kDa
and 410kDa molecules appear to be composed of di-sulphide
linked dimers or hetero—dimers; consequently,
immunoprecipitation of the native protein, 1if analysed
under reducing conditions, would suggest, incorrectly,
that more +than one gene product had been precipitated.
For this reason all fsubsequent analyses were performed

under non-reducing conditiomns.
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Figure 3; The SDS-PAGE profiles of 10DO-GEN 1125 1abelled
Ascsris antigens, (a) Asvaris body fluid (ABF), (b) L3/4
excretory/secretory products (ES), (c) L2 ES, (d) 14kDa,
runon 5-25% gradient gels, under non-reducing conditions.
Molecular weights were estimated by mobility relative to
standard marker proteins {M).
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The recognition profiles of three species of laboratory
animal;

The antigen recognition profiles of rabbits, rats and
mice infected with A. suum are shown in Figure 5. The
rabbits (Outbred Sandy lops) recognise all the
discernible components of ES and ABF, while rats (Inbred,
WLEP> and mice (Inbred, BALB/c)> only respond to a subset
of these. The molecules recognised vary between the
rodent species, the most notable difference being the

recognition of the "14kDa" in rats but not mice..

Genetic restriction of antigen recognition;

Given that different species produced different
recognition patterns, the responses of a panel of inbred
mice and rats were examined. The radio-labelled
components precipitated by experimentally infected
animals, when screened against L2 ES, L3774 ES or ABF,
are shown in Figure 6-10. An example of the percentage
of antigen immunoprecipitated in this analysis 1is given
in Tables 1 and 2. The components precipitated show that
all strains of animals examined demonstrated restricted
recogniton of Ascaris antigens in the context of
infection, that is, no .strain recognised all the
potentially antigenic components. The profiles produced
by different inbred strains varied from each other, but
strains with Gthe same MHC haplotype produced similar
profiles, for example Wistar and AO which are both RTI*.
Of the 6 inbred strains of mice examined only one, SJL,

recognised the 14kDa molecule, one  of the major
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Figure 5; The antigen recogntion profiles of 3 species of
laboratory animal infected with &. sewmr . 1129 labelled
L3/4 ES (Panel A) or ABF {Panel B) were immuno-
precipitated with Normal rabbit serum (a), Rabbitanti- 4.
suwm (b)), Normal rat serum (WLEP) (¢), WLEP anti- 4.
swwm (d), Normal mouse serum {(BALB/c) (e), BALB/c

anti- 4. sewm (f), and run on gradient gels under non-
reducing conditions.
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TABLE 1

Immunoprecipitation of infection serum with 125

labelled L3/4 ES.

Strain % precipitated
NMS 3.07
BALB/c 12.80
BALB/c anti-14k 4.66
DBA2 11.86
SJL 7.37
C3H 10.18
C57BL10 7.65
NIH 9.24
10.79

CBA
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Figure 7; The antigen recognition profiles of sera from
inbred strains of mice infected with 4. swwar . 112 labelled
L2 ES {R) was immunoprecipitated with infection serum and
the precipitated antigen was run on SDS- PAGE gels.

Panel A shows the profiles produced by normal mouse serum
(a), or sera taken 14 days after a tertiary infection, SJL
(b),CBA (c), DBAZ (d).

Panel B shows the antigen recognition profiles produced

when infection sera is immunoprecipitated with 1123 1abelled
L2 ES in a Protein A based assay, with, or without 10
microliters of a 1:9 dilution of anti-mouse gamma globulin.
SJL serum from day 14 after a tertiary infection (a), normal
mouse sera plus anti-gamma globulin {b), tertiary SJL plus
anti-gamma globulin {¢), normal mouse serum (d), tertiary
NiH serum (e}, normal mouse serum plus anti-gamma
globulin {f), tertiary NIH plus anti-gamma globulin {g).
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Figure 9; The antigen recognition profiles of inbred and
congenic strains of rats infected with A. swvwae . 1123 1abelled
L3/4 ES {R) was immunoprecipitated with normal rat serum
(b), or sera taken 14 days after a sixth infection, WLEP {a),
AD {c), AGUS {d), PG {e) PYG-RT1Y {f), P¥G-RT1(q)
precipitated antigen was run on gradient SDS- PAGE qels
under non-reducing conditions.
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TABLE 2

Immunoprecipitation of infection serum with
1'25 Jabelled L3/4 ES or ABF

Strain % precipitated
A. L3/4 ES N
NRS 3.96
WLEP 7.64
AGUS 5.87
AO : 6.84
PVG 11.83
PVG-RT1u 7.14
PVG-RTY 7.70
B. ABF

NRS 1.17
WLEP 473
AGUS 2.35
AO 4.59
PVG ' 2.62
PVG-RT1Y - 15.71

PVG-RT1! 3.27



somponents of both ES and ABF, This molecule was only
recognised by certaln rat strains and these strains

shared the same MHC haplotype, RTL1w-.

There are several explanations for these differences in
recognition profiles, for example, they could be related
to the age or sex of the host, the kinetics of the
response, the dose of the antigen or the antibody isotype

precipitated in the assay.

Individual differences;

The differences observed between different strains of
animals may merely represent differences 1in the antigen
recognition profiles of individual animals. To exclude
this possibility the profiles of several individual
animals were examined <(see Figure 11). There were no
significant differences in the components precipitated by
the 7 BALB/c animals examined. Consequently, in
subsequent analyses pools of equal volumes of sera from a

nminimum of 3 animals were used.

The kinetics of antigenic recognition;

The profiles produced by different strains after a
tertiary infection may differ due to a difference in the
kinetics of the response. This hypothesis was tested by
examining the recogniton profiles after multiple
infections. Figure 12 shows the recognition profiles of
BALB/c mice that have received 6 infections. Once the

mature response had developed, after a tertiary
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Figure 12; The antigen recognition profiles of BALB/c
mice at various stages of infection with 4. suem . 1129
labelled L3/4 ES (R) was immunoprecipitated with normal
mouse serum {a), serum from 28 days after a primary
infection {b), or serum from 14 days after s tertiary
infection (c), 14 daysafter 5infections {d), 14 days after
7 infections {e).
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infection, the profile remained +the same even after
subsequent infections. Ihis phenomenom was also
demonstrated 1in rats; Figure 13, shows the kinetic

protfiles or PVG and Wistar rats.

Dose response curve

The effect of altering the dose of embryonated eggs used
in the i1mmunisation protocal was examined (Figure 14 and
Table 3>, No significant immunoprecipitation was
produced by animals which received vwvery low doses of
eggs, but once threshold levels had been reached <2000
eggs/mouse, 4000 eggs/raty, the antigen recognition

profiles did not alter with i1ncreasing doses of eggs.

The antibody 1sotype produced 1in the response to
infection

The protein-A based immunoprecipitation used in this
assay selects predominantly for IgG <(Reis et al, 1984).
Therefore, the differences in recognition profile may be
due to differences 1in the antibody isotype produced in
response to intfection and not antigen recognition. To
remove this bias a broad spectrum anti-immunoglobulin
(anti-Ig> reagent was addéd to the immunoprecipitation
(Figure 7B) ., This demonstrates that the antigen
recognition profile produced is identical with protein—-A

or a broad based anti-Ig reagent.
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Figure 13; The antigen recognition profiles of PYG {Panel
A) and WLEP (Panel B) rsts at various stages of infection
with & sewm. 1129 1abelled L3/4 ES was
immunoprecipitated with (A) normal PYG serum (3), serum
from 28 days after 3 primary infection {b), 14 days sfter
three infections {(c), 14 days sfter four infections (d), 14
days after six infections (e).

{B) Normal WLEP serum (8), serum from 28 days sfter 3
primary infection(b), 14 days after three infections (¢), 14
days after four infections (d), 14 days after seven infections
{e), 14 days after eight infections {f).
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Figure 14; Depicts the antigen recognition profiles
produced when immune sera from (PANEL A) WLEP rats and
{PANEL B) BALB/c mice, infected with various doses of
2ggs, were immunopreci pitated with &, sewm LIF4ES (R).

{A) Normal rat sera {a), tertiary infection sera from
animals which had been infected with 1,000 eggsérat (b)),
2,000 eggs/rat (c), 4,000 eggs/rat (d) or 6,000 eggs/rat
(e).

{B) Normal mouse serum (a), tertiaryinfection serum
from individual animals infected with 2,000 eqgs/mouse (b,
c,d), 4,000 eggs/mouse (e, f, g}, or 5,000 eggs/mouse (h,
i,i.



4 3-
3 0-

20
1 4-

6 7-
4 3

30

20
14

*1

(1))

<$



Recognition profiles produced by immunisation with 1live
larvae or purified "14kDa" and adjuvant

To examine the apparent 1inability of some strains of
rodents to respond to the 14kDa molecule the method of
immunisation was altered. BALB/c and SJL mice and WLEP
rats were immunised using L2 larvae administered
intraperitoneally or intravenously <(Figure 15). This
shows that the recognition profiles were unaltered by
either immunisation technique. Alternatively BALB/c mice
were immunised with the purified 14kDa molecule 1in
Freund's adjuvant (Figure 16, Table 4. These non-
responders were capable of producing a response agailnst

the 14kDa molecule when administered with adjuvant.
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TABLE 3

Immunoprecipitation of infection serum with 125
labelled L3/4 ES.

Serum Infective dose % Precipitated
eggs/mouse
NMS 0 5.73
BALB/c 500 8.41
1000 9.66
2000 14.43
4000 10.45

8000 15.16



Recognition profiles produced by immunisation with 1live
larvae or purified "14kDa"™ and adjuvant

To examine the apparent inability of some strains of
rodents to respond *to the 14kDa molecule the method of
immunisation was altered. BALB/c and SJL mice and WLEP
rats were immunised using L2 larvae administered
intraperitoneally or i1intravenously (Figure 15>. This
shows that the recognition profiles were unaltered by
either immunisation technique. Alternatively BALB/c mice
were 1mmunised with the purified 14kDa molecule in
Freund's adjuvant (Figure 16, Table 4). These non-
responders were capable of producing a response against

the 14kDa molecule when administered with adjuvant.
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Figure 15; The recognition profiles produced by
immunoprecipitating serum from infected SJL mice { Panel
A) or infected WLEP rats (Panel B) with 1123 labelled ABF.

{A) Normal mouse sera (a), tertiary sera from mice that had
been infected orally with 2,000 Ascsrss eggs (b)), tertiary
sera from mice immunised iv with 2,000 L2 larvee.

{B) Normal rat sera (a), tertiary sera from rats infected
orally with 6,000 sscsrss eggs (b), tertiary sera from rats
immunised iv with 6,000 L2 larvae {(c), tertiary sera
from rats immunised ip with 6,000 L2 larvae (d).




6 7-
4 3-
30

20
14

6 7-
4 3

3 0-

20
14

o —
zh.

« 0 »



“SUOL}LPUDD

Bu1anpat-uou a3pun siab 39%d -5AS Jualpeab uo una sem uabyue pajepidioaad (BYHIN ‘(1) 19250 “(3)
S “(P) ¥a2°(9) et | -uue 2/919a “(q) 3/97v¥8 uonoaul fiaerpaay e dsye shepiz | wo.d) 8438 pue
“{®) WNJas aghow |ew.ou Yis pajejididaadounwusl sem alnoajow ediif> | payland ay] " eQia | palleqel
cz 1| YILM paje}1d 19aadounuiwl 901U JO SULRAYS PaAqul Jo sajyoad uorpubosas usbyue ay) ‘9| aanbry



o>



TABLE 4

Immunoprecipitation of infection serum with 1125
labelled 14kDa.

Sera % Precipitated
NMS 2.22
BALB/c 4.46
BALB/c anti-14K 4.19
CBA 1.88
SJL 27.09
C57BL10 3.19

NIH 2.19
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Chapter 1

Discussion
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The effects the host species or strain can have on the
response to, and outcome ot infection have been
documented over a number of years (Mitchell et ai, 1982),
Indeed, the effect of host strain on the response against
Ascaris has been studied previously (Mitchell et al,
19765 . These authors demonstrated that different strains
of mice varied 1in their ability to resist a primary
infection with 4scaris, in terms of the number of larvae
reaching the lungs. The results presented in this
chapter focus on the specificity of the antibody response

to infection.

Ascaris 1is a complex multi-cellular organism with
discrete stages to 1its 1life-cycle, consequently, it
probably presents the host with an array of potentially
antigenic components. It has been demonstrated that the
ES components consist of both cross-reactive antigens, in
that the rodents which are only exposed to the larval
stages of the parasite precipitate adult antigens, and
stage—-specific antigens (Kennedy and Qureshi, 1986), Of
the three species of animals studied, only the rabbit
responded to all the potentially antigenic components
during the course of infection. Rats and mice
demonstrate restricted recognition and  the target

molecules varied with strain (Figure 5, 8, 10>.

These differences may be explained in a number of ways.
The use of inbred strains of animals which are presumably

8enetically identical should result in uniform responses
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to a given challenge. It has been shown, however, Gthat
certain inbred strains do not respond uniformly, When
129/J mice are infected with §. japonicum, approximately
50% respond to a 26kDa antigen and this appears to render
them resistant to challenge infections Mitchell et al,
1085> . These 1individual differences within a strain
have also been demonstrated in inbred strains of mice
infected with %. mansoni <(Kee et al, 19886>. When the
response profiles of individuals within a strain infected
with Ascaris were examined, no such differences were
apparent. The profiles produced were therefore strain
dependent and did not alter with age <(within mature

animals), sex or between individuals.

Studies have shown that, in terms of antibody production,
difterent strains of animals respond at wvarying rates to
infection <(Jungery and Ogilvie, 1982>. This may explain
the differences between recognition profiles at a given
time during infection. However, when the response
profiles produced after each infection of €6 or more
subsequent infections were studied the i1mmune response,
in terms of antigen recognition, appeared to be complete
after the tertiary infection. Further infection did not
alter this profile, and animals still produced restricted
profiles even after multiple infections. This suggests
that the differences seen are not due to differences in

the kinetics of the response.
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Another d1important criterion in determining the immune
response produced is the dose of parasite used (Kayes et
al, 1985; Vassom et al, 1984; Vaz et al, 1971)>. In the
present study +the effects 0t giving mice 4 times the
optimum dose failed to produce recognition of all the
antigenic components; the antigen recognition profiles of
BALB/c mice were constant whether +they were immunised
with 2000 or 8000 Ascaris eggs. Therefore, the dose of
infective eggs does not alter the antigen recognition

profile within these limits.

The protein—-A based 1immunoprecipitation method used in
this study 1s predominantly specific for IgG antibodies
(Reis et al, 1984, The dimportance of +the antibody
isotype produced, in the context of resistance, was
demonstrated by Almond et al (1987)>. It is possible that
the differences in recognition seen with A4scaris, reiflect
the fact that the profiles are produced predominantly by
IgG. When a broad spectrum anti-Ig reagent was used the
antigen recognition profile produced demonstrated that
the differences seen were not due to isotype differences

in the responses of the various strains of mice.

One explanation for the apparent 1nability of some
Strains of mice to respond to certain 4scaris components,
is that these animals lack the necessary T cell receptors
for recognition of these antigenic epitopes (Vidovic and
Matzinger, 1988)>. This hypothesis was tested by altering

the means of immunisation. Non-responders presented with
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the purified 14kDa molecule in adjuvant were able to
produce antibody against this component. Ihis suggests
that these animals do not respond in the context of
intection because this molecule is not presented in the
correct way, but this failure to respond is not due to a
total dinability of their immune systems to see this
nolecule. Ihis finding, of recognition in the context of
adjuvant, which does not occur in the <course of
infection, emphasises the advantages of using a model
system which does not require adjuvants. The model
infection wilill presumably present antigen to the host in
a way comparable to that which occurs in the natural
infection and enable the study of recognition in the
context of infection. The reasons for the differences in
recognition between 1infection and adjuvant presented
components 1s not clear, they may be due to the route of
administration as this is known to alter the responses

produced <Ambler et al, 1973).

The results presented in this chapter suggest that there
is a strain dependent difference between animals whichk is
not due to the kinetics of response or differences in the
immunoglobulin isotypes - produced. These genetic
differences occur only in the context of infection. [he
fact that animals with the same MHC haplotype produce
identical recognition profiles when infected with
dscaris, warrants a further analysis of the genetics

controlling the antibody response to this parasite.
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Chapter 2

The genetic control of the antibody repertoire

experimental infection with A4dscaris.

Introduction

in
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Genetic variations in the responses of animals to
infection have been documented for many years (Ackert,
19425 . These genetic differences have been demonstrated
in many species and against a whole range of infecting
organisms <(Wakelin and Blackwell, 1988>. In parasitic
helminth intections, genetic variation can be demonstrated
in =a2ll the ©parameters used to neasure primary and
subsequent challenge infections. For example, parasite
growth, fecundity, duration of initial infection and speed
of elimination from the host (Wakelin, 1985). The study
of these genetic differences has been pursued in several
systems, the most popular host being the mouse, because of
the wealth of information available on its genetics. The
differences observed in the outcome of infection must 1lie
either with the animal's innate immunity, or the ability
to mount an effective response against the infection.

Most of the effector mechanisms useful in the <fight

against 1intfection are immune processes (Wassom et al,
1974, Wakelin, 1985). Consequently, the search for the
genes controlling these genetic differences has

concentrated on the genetic constitution of the host,
which effects its innate immunity, and the MHC which 1is
involved in the recogniton of antigen and hence can have

& regulatory role in the immune response.

Response to a particular parasite antigen and resistance
to infection need not correlate, but there is at least one
example involving a helminth parasite where there is a

Correlation between these two factors. The mnmost direct
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correlation between effective antigen recognition, immune
response and resistance to infection comes from infection
of 129/J mice with &. japonicum (Mitchell et al, 1985)., A
proportion of mice do not develop adult worms after
infection with cercariae. Sera from these mice recognise
a 26kDa adult worm antigen which 1is not recognised
efficiently by susceptible individuals. There are other
examples of the importance of antibody production; the
specificity, isotype and kinetics of +the response are
known to affect the outcome of infection, and these are
all variables which may be altered by changing the haost
(Jungery and Ogilvie, 1982; Mitchell et al, 1980; Piessens

et al, 1980; Thompson et al, 1979; Storey et al, 1985)>.

The immune response against, and the outcome of infection
with a given parasite can vary depending on the strain of
mouse 1infected (Almond et al, 1987; Wassom et al, 1983;

Blackwell, 1983; Else and Wakelin, 1989; Kennedy et al,

1986> . These differences are associated with the genetic
constitution of the host. Several of the genes
responsible for these differences have now been
recognised. For example, the ability of mice to express

the rapid expulsion responée when challenged with 7.

spiralis is controlled by an allele termed Ihe-l (Bell et

al, 1984>. One gene, Lsh, is responsible for the innate
resistance to Salmonella, Lelishmania donovani,
Mycobacterium tuberculosis and M. leprae = (Brown et al,

1982; Skamene et al, 1984; Bradley et al, 1979).
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As well as the individual autosomal genes thought to be
involved in the response to infection, a group of MHC-
linked genes  have been 1implicated in these strain
differences. The most common means of genetic control
appears to be a partnership between background and MHC
genes <(Wassom et al, 1984; VWakelin, 1985; Wassom et al,
1983; Hormaeche et al, 1985; Ivanyi and Sharp, 1986; Else
and Wakelin, 1989; Deedler et al, 1978; Pond, Wassom and

Hayes, 1988; Gibbemns, Harrison and Parkhouse, 1986).

The involvement of these MHC-linked genes in the response
to infection 1is not surprising, as the proteins they
encode . are associated with antigenic recognition and
cell to cell communication, and hence, play a role 1in
regulation of the i1mmune response (McDevitt and Chintz,
1969; Ball and Stastny, 1984; Gunther et al, 1973; Inomata
et al, 1983; Dorf, 1981>. Evidence for the involvement of
MHC alleles 1in the outcome of infection is now available
in several model systems involving parasitic infections in
the mouse (Wakelin, 1985; Else and Wakelin, 19689; Ivanyi
and Sharp, 1986; Claas and Delder, 1979; Sher et al, 1984;

Vadas, 1980; Kee et al, 1986).

The H-2 complex plays a role in the infection of mice with
T. spiralis. Iwo alleles have now been identified, Ts-1,
which 1is thought to act as an Ir gene, controlling
lymphocyte responsiveness to parasite antigen. This Ir
gene maps in the I region of the H-2 complex and 1is

associated with the Aw locus. The second of these two
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alleles, Ts—-2, 1lies between the 8 and D 1loci and 1is
thought to be involved in the control of a cell population
necessary to amplify the host's response <(Wassom et al,

1983).

In this chapter, the genetic control of antigen
recognition in the context of infection with A4dscaris is
examined 1n both qualitative and quantitative terms.
Preliminary experiments implicated MHC-linked genes in the
response to discrete parasite components, and consequently
particular attention was focused on this gene complex.
The antibodies produced by a range of inbred and congenic
rodents, as measured by SDS-PAGE, ELISA and surface
immunofluorescence are presented. The antibody responses
of a number of F, hybrids are also examined to study how

the antibody repetoire is inherited.
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Chapter 2

Results
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Antigen recognition profiles of congenic mice.

The antigen recognition profiles of B10 and BALB MHC (H-2)
congenic mice infected with 4. suum were examined by SDS-
PAGE. The profiles produced varied within these congenics
against ABF and L3/4 ES (Figure 17, B10 vs ABF; Figure
18, B10 vs L3/4 ES; Figure 19, BALB vs L3/4 ES). Animals
with  the same background genes produced difkferent
recognition patterns but when animals with the same H-2
haplotype were conmpared the ©profiles produced were
identical (Figure 20, H-2+% animals; Figure 21 H-2*
animals). There are slight differences i1in +the primary
profiles of the three H-2¥ gstrains but the tertiary
profiles are the same. Only strains expressing the H-2=
haplotype (SJL and B10.8S> recognise the 14kDa molecule,
and the 168kDa molecule of ABF is only recognised by

animals with the H-2" haplotype (Figure 22).

Antigen recognition profiles of congenic rats.

An examination of the recognition profiles of MHC (RT1)
congenic rats revealed that animals with the same genetic
background did not produce the same recognition profiles
when infected with A. suum (see Figure 9 and 10, Chapter

1; Figure 23, Table 5.

Antigen recognition profiles of F. hybrids.

The antigen recognition profiles of several F: bhybrids
were examined. The <(BALB/c x SJL)F: hybrid showed that
recognition of different molecules was inherited in

different ways (see Figure 24, The 14kDa molecule was
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Figure 22; The recognition profiles of H- 2b haplotype
mice infected with &, sewar . Radio-iodinated ABF {R) was
immunopreci pitated with normal mouse serum {a), or
tertiary infection serum from BALB/¢ (b}, BALB.B (¢),
BALB.K {d), C57BL10 {the profile in this track is very faint
but the H- 2D specific 16kDa band is visible) {e) or BALB/¢
anti- 14kDa serum {f).
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TABLE 5

Immunoprecipitation of infection serum with 1125

labelled 14kDa.

Sera % Precipitated
NRS 2.54
WLEP 30.96
AGUS 1.58
AO 21.88
PVG 2.55
PVG-RT1Y 20.54
PVG-RT1' 2.40
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recognised by both the SJIL parent and the Lybrid, showing
a dominant mode of inheritance. The 25.5kDa mnolecule
recognised by the BALB/c parent and the hybrid showed a
similar mode of inheritance. The 118kDa molecule,
however, was 1inherited in a recessive manner; the BALB/c
parent responded to this molecule but neither the STL nor

the hybrid recognised it.

This (BALB/c x SJL>F: hybrid was derived from parental
strains that varied at both the MHC and background gene
level. To compare the effects of MHC genes in isolation a
hybrid between Bl10.D2 and Bl0.S mice was proddced. This
hybrid produced a recognition profile identical to that of
the <(BALB/c¢ x SJL)> hybrid, with the exception of the
118kDa molecule <(Figure 25>, In this hybrid, there was
dominant recognition of the 14kDa and the 25.5kDa
molecules supporting the hypothesis that recognition ot
these molecules is dependent on the correct association of
MHC and antigen. It would appear frcom the =strains
examined that only the H-2® haplotype is capable of
forming an effective association with the 14kDa molecule,
hence, triggering T cell help and antibody production.
The 118kDa molecule 1is fecdgnised by the (B10.D2 x
B10.8)F: hybrid supporting the hypothesis that the failure
0f the (BALB/c x SJL)F, hybrid to respond *to this molecule

is due to a resemblance to self.

0f the F, hybrids examined, all the mouse hybrids with the

S allele in their H-2 complex, e.g. <(BALB/c x SIL)F:,
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Figure 25; The recognition profiles of (B10.D2 x
B10.5)F, hybrid and parental strains. Radio-iodinated L3/4
ES was immunoprecipitated with normal serum from B10.D2
(a), Fy (c), B10.S (&) or tertiary infection serum B10.D2
{b), Fy {d),B10S {f).






Figure 25, and (SJL x C57BL10>F,, Figure 26, and the rat
hybrids with the u allele in their RTl complex responded
to the 14kDa molecule <(see Figure 23 and Figure 28).
While F: hybrids lacking these alleles fail to respond to

this molecule ( e.g. AGUS x PVG, Figure 27).

Antibody levels against Ascaris antigens in genetically
different hosts.

A further analysis of the antibodies produced during
infection with 4. suum was performed using an ELISA system
(Table 6. Each sample was tested in duplicate and each
test was repeated at 1least once. An exa;nple of the

correlations between repeats 1s shown in Figure 29.

All the strains screened produce antibodies against ABF
(see Figure 30), The recognition of this adult antigen,
by animals which have not been exposed to the adult worm,
shows that there must be components in adult and larval
antigens which are either identical or cross-reactive.
The antibody levels produced against the A4scaris antigens
are on the whole high, with the exception of four strains,
BALB.XK, DBA2, C3H and CBA. These strains produce much
lawer levels against these ahtigens. The low antibody
levels of these animals suggest that both background and

H-2 genes are regulating antibody production.

The four strains which produce lower levels of antibody
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during A4scaris infection have different background genes

and, with the exception of BALB.K, have independent



Figure 26; The recognition profiles of (SJL x CS7BL10}F,
hybrid and parental strains. Radio-iodinated L3/4 ES was
immunopreci pitated with normal serum from SJL {a), Fy
{¢),CS7BL10 (&) or tertiary infection serum SJL {b), F,
{d},C57BL10 {f).
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Figure 29
Correlation between repeats of mouse L3/4 ES ELISA
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Figure 30

The OD of infection serum against ABF
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Figure 31

The optical density of infection sera against 14kDa
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backgrounds to all the other animals screened, This
suggests that the difference may be controlled by
background genes and that these three strains have genes
in their gemetic backgrounds which result either directly
or 1ndirectly in low antibody production. This does not,
however, explain the low response of BALB.K mice, as the
other BALB animals produce high antibody levels, It can
be postulated that antibody production is controlled by a
relationship between background and MHC-linked genes. The
results observed in BALB.K animals can, therefore, be
explained in the context of MHC-linked genes limiting the
antibody production by controlling the specificity of
recognition, from a genetic background capable aof

synthesising high levels of antibody.

Ot the four low responders, three have H-2" haplotypes,
which may suggest that animals with this haplotype respond
to tewer of the potentially antigenic molecules and hence
produce lower antibody levels, 0f the animals screened
there are tfour H-2" strains, the other, B10.BR, produces
high antibody titres against these antigens. This
suggests that the effects of the MHC may be altered by
background genes. In BALﬁ.Kvanimals, the MHC haplotype
appears *to result in lower antibody production by down
regulating the background genes. Whereas, in B;O.BR
animals, the combination of H-2% haplotype and Bl10
background results in higher antibody levels. It should
be noted, however, that most of the Bl0 animals produce

very high antibody titres and the B10.BR production may
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have been down regulated as much as the BALB, but due to

the higher production this regulation is less obvious,

Antibody levels against the purified 14kDa molecule

The only animals to recognise the 14kDa molecule in ELISA
were Bl10.S mice and BALB/c mice immunised with 14kDa and
adjuvant (see Figure 31>, The antibody level of B10.S
mice was higher than that for SJL mice. This may reflect
a background difterence 1in antibody production or may
reflect the fact that these two strains of animals may
actually recognise different epitopes on the 14kDa
molecule, the epitopes favoured by SJL mice being obscured

in the ELISA system.

Qf khe F, hybrids screened, none produced significant
amounts of antibody against the 14kDa after a tertiary
infection. In order to produce significant results
against the 14kDa molecule, these animals had to be
intected for a tfourth time. Why these F, hybrids should
appear to respond more slowly to the 14kDa molecule 1is
unclear. This delayed response can alsc be observed in
SDS-PAGE analysis of this sera. After a tertiary
infection the 1l4kDa recognifioﬁ is quite faint but after a
subsequent infection the recognition was far more intense

(Figure 28>.
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Indirect immunorfluorescence on living parasitic larvae.

The surface binding antibody produced by several strains
of rats and mice was examined using a FITC conjugated
antibody and a photometer. A sample of approximately 21
L2 larvae and 21 readings from at least 5 different L3/4
larvae were counted for each serum sample (see Figure 32,
a positive serum sample against L3/4 larvae; Figure 33, a
positive serum sample against LZ larvae; Figure 34, a
negative serum sample). The results show that most of the
strains tested produce approximately equal amounts of
surface binding antibodies (Figure 35, Mouse strains;
Figure 36, Rat strains>. The readings again%t the L3/4
larvae are higher +than those against the L2 1larvae in
relation to a positive control. However, B10.S mice
produced lower readings against the L2 larvae, and BALB/c
mice and PVG-RT1* rats produced lower readings against
L3/4 larvae. These results may be explained by a
combination of background and MHC genes resulting in these
animals not producing optimal antibody production against

the molecules expressed on the surface of living larvae.

This @analysis, of khe binding capacity of infection sera
to the surface of 1living iar&ae, shows that the larvae
examined consist of a heterogeneous population, This 1i1s
most clearly seen with respect to the L2 larvae (see
Figure 37). From an analysis of this sort, one would
normally expect the results for a given sera to be
normally distributed around the mean value, but while this

can be seen with some of the sera tested it is not the
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Figure 32; 4 svum L3/41arvae (x 40). Panel 4andC,
L3/41arvae seen under bright field . Panel Band D, L3/4
larvae visualised using a surface binding rabbit zerumand 8
FITC conjugate.
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_ Figure 33; 4 svem L21arvae (x 40). Panel 4, L2
larvse, bright field. Panel B, L2 larvae visualised using a
surface binding rabbit serum and § FITC conjugate.






Figure 34; 4 syvm L3/41arvae (x 40). Panel 4, L3/4
larvae, bright field. Panel B, L3/4 Tarvae visuslised using
normal rabbit serum and a FITC conjugate.
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Figure 35
Mean fluo

escence readings of various strains of mice
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Figure 37; J seum L2larvae {x 40). Panel &, L2
\lar\fae, bright field. Panel B, L2 larvae visualised using

rabbit-anti 4. swews serum and a FITC conjugate. This panel

highlights the heterogeneity seen between individual larvas.
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case for all of +them <(Figure 38, Normal rat serum,
WLEPXPVG and AGUS frequency distribution of photometer

readings).
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Normal rat serum

The frequency distribution of photometer readings
20

Figure 38
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Chapter 2

Discussion




The results presented in this chapter suggest that the
qualitative and quantitative antibody response of mice
infected with A. suum is controlled by MHC-linked and
non-MHC-linked genes, respectively. This observation
has been made in several studies involving a variety of
organisms <(Wassom et al, 1984; Wakelin, 1985; Wakelin
and Blackwell, 1988; Else and Wakelin, 1989). 0Of *the
inbred and congenic animals examined, none respond to

all the potentially antigenic components of the ABF or

E/S products. This lack of response to certain

components can be explained in the context of antigen
presentation to T cells, as the IgG production

monitored is T cell dependent.

The dimmune system has "blind spots”" which lead to
precisely delineated failures in responsiveness
(Benacerratf and Mc Devitt 1972; Schwartz 1986), These
"holes" 1in the repertoire can be caused by three
separate gene groups. If the necessary V region gene
for either the T cell or B cell receptor 1is missing
from an animal's gene pool, 1t will be wunable to
respond to the specific antigen this V region codes for
(Blomberg et al, 1972; Cohh et al, 1974; Epstein et al,
1986), This explanation may account for +the non-
responsiveness to some of the dscaris components (those
not recognised by any strain)> but cannot explain the
selective recognition by some congenics. All congenic
animals should have the same background genes. This

means that +the gene pool encoding the T and B cell
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receptors for B10 or BALB congenics 1s the same.
Consequently, the ability of some animals to respond,
for example, the H-2% haplotype strains respond to the
14kDa, and H-2* respond to the 16kDa molecule, means
that the necessary receptors are present 1in the
repertoire of these congenic animals, The required
receptor for 14kDa recognition is also present - in
BALB/c mice as these animals can respond to this

molecule when immunised with purified 14kDa and FCA.

Alternatively, this lack of response may be caused by
MHC or Ir genes. The immune response agaiﬁst protein
antigens 1involves the activation of MHC-restricted T
cells by peptide fragments of the antigen complexed to
Class II <(Ia> molecules on the surface of the APC
(Heber—-Katz et al, 1983). As there does not appear ta
be any differences in how antigen 1s processed and
presented by different strains (Freidman et al, 1983)
it 1s suggested that Lhese differences occcur due to the
association of antigen with Ia molecules. It has been
found that polymorphisms in  these Ia molecules
correlate with responsiveness to many antigens and
hence failure to respond.'represents a failure of the
antigenic peptide to bind to the Ia molecule <(Janeway
et al, 1976; Benacerraf, 1978). The products of'some
MHC alleles cannot form complexes with particular
antigens (Babbitt et al, 1985; Buus et al, 1987>,
Consequently, individuals bearing these alleles cannot

respond to that specific antigen. This hypothesis may
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explain the lack of response seen in the 4scaris model.
It can be postulated that the only Ia molecule which
results in I cell activation, when complexed with the
14kDa molecule, is that coded for by the H-2=
haplotype, and likewise for H-2* haplotype and the
16kDa molecule. This would also suggest that the Ia
molecules encoded by the other H-2 haplotypes do  not
associate in Lhe correct way with the antigenic

peptides of either of these molecules.

The third possibility 1s that self-tolerance prevents
an 1mmune response to particular 'parasite' components.
To avold continuously attacking self-tissue, animals
are tolerised to their own body proteins, i1e. they are
unable to mount a response against them, hence any
combination of foreign antigen and Ia that resembles
self does not induce a response (Billingham et al,
1956; Vidovic and Matzinger, 1988). This hypothesis
may also provide an explanation for the results
observed in this study. If the complex formed between
the Ia molecule and the antigenic peptides resemble
self the animals will be tolerant to that determinant
of the foreign antigen. Therefore, any combination of
1l4kDa and H-2 other than 14kDa-H-2® may resemble some
self component and the animals would be unable to
respond. The same hypothesis could be proposed for

recognition of the 16kDa molecule with H-2¥. This

hypothesis may explain the observations in this system._

If there is more than one allele for a given background
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gene, then expression of a different allele between
congenic strains together with a different H-2
haplotype could result in tolerance in one congenic

strain but not the others (McDevitt and Chintz, 1969).

Regulation of the immune system is also mediated by
regulatory pathways, for example suppressor cells. . One
model which 1links suppressor cells, the MHC and
response to infection was proposed by Baxevanis and
colleagues (1981>. All inbred strains of mice express
I-A molecules but some strains, those with the H-2
haplotypes b, s, f and g, do not express I;E molecules
(Murphy et al, 1980, Tones et al, 1981). It has been
shown that antigen presented in the context of I-E can
induce a response which suppresses the ability of I-A
restricted T cells to proliferate (Baxevanis et al,

1981; QOliveria et al, 1985). This phenomena has been

used to explain the fact that mice which express I—-E

molecules are generally more susceptible to T. spiralis
and FN. dubilus i1nfections <(Wassom et al, 1987). If the
restricted recognition seen 1n the Ascaris model was
controlled by expression, or non-expression of I-E
molecules, there would be a direct correlation between
I-E expression and antigen recognition. This
correlation could be argued to exist in some strains
with respect to recognition of the 14kDa and' 16kDa

molecules; these molecules are recognised by strains of

animals which do not express I-E molecules (b and s).‘

However, these molecules are not recognised by all non-—
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I-E expressing strains (H—2;==' haplotype mice do not
express I-E, and do not recognise either the 14kDa or
16kDa molecules). The F: hybrids which respond to the
14kDa molecules will express  both I-A and I-E

molecules.

All the Fy hybrids with the s alleles 1in their  H-2
respond to the 14kDa molecule 1in the context of
infection. This further supports the hypothesis that
this regulation is mediated by the combination of Ia
and antigen, as these hybrids will have the necessary
H~-2 allele to assoclate with the 14kDa mo.lecule. In
the (BALB/c b3 SIL>F cross there 1s recessive
recegkion
inheritance Df(k an 118kDa molecule. This molecule 1is
recognised by the BALB/c parent but both the SJL and
the hybrid failed +to respond. This result can be
rationalised within the cross—tolerance model
(Schwartz, 1978; Matzinger, 1981). This model proposes
that 1in a «c¢ross between a responder and a non-—
responder, which results in a non-responding hybrid,
more than one allelic form of the self antigen is
available and a different allele 1s expressed 1n the
hybrid than in the respon&er parent. Hence, the Ia-

antigen complexes expressed in the hybrid mimics self

and the hybrid is tolerant of the antigen.

The apparent delay in responding to the 14kDa molecule

seen in F, hybrids, as compared to parental responses,

may be explained in two ways. The F: hybrids express
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both parental haplotypes in +their MHC, consequently,
the amount of Ia of either haplotype expressed is lower
than 1n the homozygous parent. This reduction in the
expression of the relevant Ia molecule may result in
less efficient antigen presentation and consequently
less [h activity, resulting in a slower response, The
expression of more than one allele at the MHC  may
produce suppression as well as helper activity. If,
for example, the non-responder parent failed to produce
antibody against the 14kDa molecule because this
molecule, in conjunction with the non-responder Ia
resulted in the activation of suppressor éells. then
these suppressors would also be activated 1in the F.
hybrid. This would result in competition between Th
cells triggered by one Ia allele and Ts cells triggered
by the other Ia allele, therefore the final response
would depend on the balance between these two cell

populations.

The heterogeneity seen between individual larvae in the
immunofluorescence analysis reflects +the fact that
these parasites form a genetically diverse population.
The differences in readinés . between certain strains
may reflect the fact that the larvae liberated in these
animals, when infected with embryonated eggs, had a
different genotype to the ones used in the analysis, or

that the antigens expressed on the larval surface

varied. Alternatively, these differences may reflect

the fact that the antigens recognised by the host are
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different from those expressed on the surface of the

lavae.

The results from the ELISA and Iimmunofluorescence
analyses suggest that the differences observed between
these congenic strains of animals are qualitative
rather than quantitative, ie. no strain of animal is
incapable of producing antibody when infected with
dscaris and thils antibody is capable of binding to the
larval surface. However, the ELISA results do show
differences in the 1level and specificity of antibody
produced between strains of mice. These differences
suggest that background and MHC-linked genes affect
antibody production in infection with d4scaris. The
MHC-linked @genes determine the specificlity of +the
response 1in collaboration with the genetic background
and non-MHC-linked genes determine the level of

antibody production.
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Chapter 3

The IgE response to A4scaris infection

- Inmtroduction
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Helminth infection results in the production of
substantial amounts of parasite-specific and non-specific
IgE (Johnasson et al, 1968; Orr and Blair, 1969; Jarrett
and Stewart, 1972; Jarrett and Miller, 1982; Ray and
Saha, 1978> which is I cell dependent Ogilivie, 1967;
Jarrett, 1976). The major biological characteristic of
reagins from mammals 1s their prolonged tissue binding
capability <(Bloch, 1967; Gershwin, 1978>. I'his tissue
binding is a function of the Fc end of the heavy chain of
this class of immunoglobulin and is damaged by heating at
56=C (Dorrington and Bennich, 1978). When specific
antigen binds to cell bound IgE, aggregation of the Fc
receptors occurs and vasoreactive components are released

from the cell (Ishizaka and Ishizaka, 1978).

These parasite-specific reagins are thought to play a
role in the i1mmune response agalinst the parasite, but
their efficacy 1in parasite elimination is controversial
(Ogilvie and Parrott, 1977; Musoke et al, 1978>. For
example the self cure reaction seen 1n infection with
certain helminths 1s thought to be mediated by a local
allergic reaction <(Stewart, 1953, 1955; Urquhart et al,
1065> and IgE antibodies'may have other functions, Ifor
example the binding of macrophages to the surface of

schistosomula (Ogilvie and De Savigny, 1982).

IgE antibodies have been found in the sera of patients
infected with A. Iumbricoides in a number of studies

(Tsuji et al, 1977; 0O'Donnell and Mitchell, 1978). This
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parasite-speciftic IgE identified a range of allergens
from Ascaris. Heterogeneity in the IgE response has also
been demonstrated in many other parasitic infections, for
example, &. mansoni (Harris, 1975; Vannier et al, 1974)

and 7. taeniaeformis (Leid and Williams, 1975).

Helminth infection is a potent means of inducing IgE
production and a number of parasitic components have been
identifed as allergens <(Pe.ry and Luffau, 1979, The

most extensively studied parasitic allergens are probably

those of the ascarids (Jarrett and M@ller, 1982,
Hogarth-Scott (1967) studied +the allergens from N.
brasiliiensis, Toxocara, Toxascaris and Ascaris. He found

that the allergens from these helminths had molecular
weights 1in the range 10,000-50,000, consistent with
allergens from other sources. This allergenic activity
tended to be heterogeneous, i1in that infection serum
identified several allergens, and i1t has been shown that
there is cross-reactivity between these allergenic
components from various parasites <(Turner et zal, 1980).
Allergenic activity has been identified in somatic and ES
antigens (Murrell et al, 1974; Kobayashi et al, 1972;

Senft et al, 1979; Senft and Maddison, 1975).

The presence of  multiple allergens 1in parasitic
components may be explained 1in +two ways; completely
separate molecules with allergenic activity, or as

demonstrated by Fujita et al (1979>, the allergen may be
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a single entity which aggregates or forms complexes with

other molecules in the parasitic extract.

Several groups have identified A4scaris allergens <(Ambler
et al, 1974; Bradbury et al, 1974, O;Donnell and
Mitchell, 1978; Hussain et al, 1972; Herzig, 1974; Kuo
and Yoo, 1977; Campbell, 1836; Kent, 1963) and several of
these molceules have been purified. Allergen A, which is
believed to be the principle allergen of 4. suum (Ambler
et al, 1972, 1973) has a molecular welight of 14,000Da’and
is a very stable protein, present in both E/S and
extracts of adult worms (Ambler et al, 1974). Asc—-1 is a
negatively charged glycoprotein with a molecular weight
of 17,000-19,000Da <(Hussain et al, 1973), and is present
in all stages of the parasite’'s 1life cycle. Asc—1
appears to be directly involved in stimulating reagin
production during the migratory phase of the parasite's
life cycle <(Bradbury et al, 1974). Allergens other than
Asc-1 and allergen A have also been identified in ABF

(Kuo and Yoo, 1977>.

The specificity of the response against these allergens
varies with the route ‘of administration of initial
infection <(Ambler et al, 1973). It is known that
parasites Trelease allergens into the medium when
maintained in culture (Wilson et al, 1967; Ogilvie and
Jones, 1969). These fluids, in which worms have been
maintained in wvitro, are often more reactive as allergens

than whole worm extracts (Kobayashi et al, 1972; Murrell
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et al, 1974; 0Ogilvie and JTones, 1971>. Immunisation with
parasite extracts induces a relatively low and transient
reagin response <(Ogilvie, 19675 . Some property of
helminths more fundamental +than association with a
particular host tissue 1s involved in reagin production
as neilther the stage of the parasite nor the particular

location in the host is critical for IgE stimulation.

As well as producing potent allergens, factors have been
identitied in ‘worm extracts which directly elicit
histamine release from mast cells of unsens;tised animals
(Thompson 1972; Tolone et al, 1974; Uvnas et al, 1960;
Uvnas and Wold, 1967). Mast cell degranulators isolated
from Ascaris have malecular weights 2000-3000 <(Uvnas and
Wold, 1967> 8000-9000 <(Thompson, 1972> and 25000-40000
(Tolone et al, 1974). IgE potentiating and suppressive
factors have also been described (Suemara and Ishizaka,

1979; Yodoi et al, 1981; Hirashima et al, 1980,1981).

In this chapter the IgE produced 1in response to 4dscaris
infection has been assayed by PCA and Western blotting.
The genetic control and specificity of this response will
be examined using MHC congenic animals and a purified
Ascaris allergen. The influence on PCA titre of simple
chemical and physical manipulation of the allergens has

also been studied.
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Chapter 3

Results
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In this chapter the reaginic antibodies produced by
several strains of rats and mice infected with 4. suum,
have been mnmeasured using passive cutaneous anaphylaxis
(PCA>. PCA in rats has been shown to be specific for
the reaginic antibodies of both rats and mice (Prouvost-
Danon, 1972; Ogilvie, 1964)>. PCA analysis can detect
both kinds of homocytrotraophic antibodies, the
transiently tissue fixing IgG and the heat labile IgE
which can bind the Fc receptors on mast cells and
basophils for far longer periods. To determine which
type of reagin was being mneasured titres between native
sera and heat inactivated sera, challenged after 2h and
24h, were compared <(Table 7). This showed that the PCA
titre resided in the heat labile component of the sera
which bound mast cell receptors for more than 24h. The
kinetics of IgE production during a course of Adscaris
infections are presented 1in Table 8. This shows that
the PCA titre peaks after a tertiary infection and

remains constant after subsequent infections.

Reaginic antibody titre against ABF, in homologous PCA.

The PCA titresiof several strains of rats against ABF
were coaompared. All strains examined produced IgE
against ABF in the course of infection. This dimplies
that there are allergens in ABF which are either
ldentical or cross-reactive with allergens found in the
larval parasites, as the rats had only been exposed lo
the larval stages of infection. All 6 strains of rats

Produced PCA titres within the same range when




TABLE 7

The PCA titre of heat inactivated serum
against ABF.

Sera Challenged Titre
after (h)

NRS 4 0
WLEP 4 0
NRS 24 0
WLEP 24 0
Untreated sera

NRS 24 0
WLEP 24 32

WLEP infection serum was heat inactivated by
incubating for 2h in a 569C water bath. After
cooling the serum was used in a PCA test and
the test animals were challenged with 500ug
ABF 4h or 24h after administration of the
serum.
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TABLE 8

The PCA titre of WLEP rats infected with
A. suum.

Sera Titre
NRS 0
WLEP 1° 0
WLEP 3° 32
WLEP 8° 32

Sera from WLEP rats infected with A. suum
was tested by PCA. The test rats were
challenged after 24h with 500ug ABF and the
PCA titre recorded 30 min later.
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challenged with ABF <(lable 9J. An analysis of two Fi
hybrid crosses showed that one cross, (WLEP x PVG)F,,
produced IgE within the expected range. However, the
(AGUS x PVG)F: hybrid produced lower levels of IgE than

either parental strain.

The reaginic antibody response against the 14kDa
molecule in homologous PCA.

Given that SDS-PAGE analysis had revealed restricted
recognition of the 14kDa molecule,infection sera were
assayed for IgE activity against this mo;ecule (Table
105, The concentration of the challenge antigen was
reduced due +to the restricted availability of this
purified molecule, hence the PCA test rats were
challenged with 50 microgrammes of purified 14kDA. The
results from this assay revealed that the 14kDa 1s a
potent allergen capable of eliciting PCA titres higher
than those recorded with the ABF on an aotivity:weighﬁ
basis. This analysis also revealed restricted
recogniton of the 14kDa molecule; only rats with the
RT1“ haplotype produced IgE against this molecule. The
(WLEP x PVG)F:+ hybrid, which has an RT1 haplotype of
u/c, showed lower levels of IgE production than either

parental strain.

PCA titres against chemically modified allergens
In an attempt to gain some information on the chemical
structure of the IgE directed epitopes of these parasite

allergens, the ABF and 14kDa preparations were
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Table 9

PCA titres of sera from various strains of rats against
native and modified ABF

Strain RT1 Native Autoclaved Periodated Reduced/
Haplotype Alkylated
WLEP u 16/32 32 32 32
AGUS I 16/32 0 16 . 16
AO u 32 32 32 32/64
PVG c 16/32 0 0 16
PVG-RTU u 32/64 32 32 32
PVG-RT1! | 32/64 8 32 64
(AGUSXPVG) F1 l,c 8 - - -

(WLEPxPVG) F1 u,c 16/32 - - -

Sera from various strains of rats infected with A. suum were
tested in homologous PCA. PCA rats were challenged with 500ug
of native, autoclaved, periodated, or reduced/alkylated ABF, in
Evans blue. Each serum was tested in duplicate in two separate
rats and the end point titre for .each animal is shown.
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TABLE 10

PCA titre of rat serum in homologous PCA against native and
modified 14kDa.

Strain RTH Native Autoclaved Periodated
Haplotype
WLEP u 32/64 16 64
AGUS | 0 i -
AO u 64 16/32 64
PVG c 0 - -
PVG-RTU u 64 16 64
PVG-RT1! | 0 - -
(AGUSXPVG) F 1, 0 . -
(WLEPXPVG) F  u,c 16 . -

Sera from various strains of rats infected with A. suum were
tested in homologous PCA. Each serum sample was tested in
duplicate in two separate animals. PCA rats were challenged, i.v.,
with 50ug of native, autoclaved, or periodate treated 14kDa in
Evans blue, and the titre of the serum was recorded 30 minutes
later. The endpoint titre from each of the duplicate animals is
recorded. '
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chemically or physically treated in one of three ways.
Samples were autoclaved at 120«C, or periodate treated
to disrupt the carbohydrate epitopes, and ABF was
reduced and then alkylated +to separate di-sulphide
linked dimers. The chemical modification of the ABF did
not alter the PCA titres with respect to the animals
with the RT1“ haplotype <(Table 9). However, the titres
of some of the other strains tested were altered by
chemical manipulation of the antigen. After autoclaving
the ABF lost its ability +to provoke mast cell
degranulation in AGUS and PVG rats and the PCA titre in
PVG-RT1* was reduced. Periodate treatment of the ABF

rendered the molecule no longer allergenic to PVG rats.

Autoclave treatment of the l1l4kDa molecule did not render
it inactive, however, the PCA titre was reduced (Table
10>. Periodate treatment of the 14kDa molecule did

not effect its allergenicity <(Table 10)>.

Reaginic antibody response against ABF in heterologous
PCA

An analysis of the reaginic antibody produced by several
strains of mice as a result aof infection with 4. suum
was carried out (Table 1L). Unlike rats, mice fell
into three groups; low, intermediate and‘ high
responders, with respect to the IgE titre produced in
response to infection. The level of IgE appeared to bé
determined by non-MHC-linked genes, as animals with the

same genetic background produced comparable IgE titres.




TABLE 11
Antibody titre against ABF in heterologous PCA.

Strain H-2 Haplotype End point titre
C3H/He k 16
SJL S 16/32
BALB.B b 32
BALB/c d 64
DBA/2 d 32
CBA k 64
NIH q 32
C57BL/10 b 256
B10.D2 d 256
B10.BR k >512
B10.S S >512
(C57BL10 x B10.S)F, b,s 256
(C57BL10 x SJL)F, b,s 64
(B10.D2 x B10.S)F, d,s 256
(BALB/c x SJL)F, d,s >512
(CBA x SJL)F, k,s 256
(CBA x BALB/c)F, k,d 256
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Sera from various strains of mice were tested in
heterologous PCA, in duplicate and the end point titres are
shown above. PCA rats were challenged with 500ug ABF in
Evans blue, approximately 24 hours after intradermal
injection of the test serum.
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An analysis o0f several F: hybrids showed that these
animals produced high IgE titres when infected, with one
exception, the <(CB57BL10xSJL>F:+ which fell 1into the

intermediate group.

Reaginic antibody titre, against the 14kDa molecule, in
heterologous PCA

The reactivity of the reaginic antibody produced by mice
infected with 4. swuum against the 14kDa molecule was
analysed by screening against this molecule <(Table 12,
This revealed that only the B10.3 mice produced IgE of
this specificity, a result which supports the previous
finding that only mice with the H-2#® haplotype respond
to the 14kDa molecule. The lack of detectable response
by the SJL mice may reflect the very low IgE produced
by these animals. The reaginic activity produced as a
result of i1mmunisation with the purified 14kDa molecule
and adjuvant was also examnined. Mice immunised in this

way did not produce detectable levels of IgE.

Intranasal immunisation

Several strains of mice, including Bl0.S, were exposed
to approximately 500 miérdgrammes of ABF/mouse, on 4
occas ,ions over a 7 week period using a nebuliser. This

type of exposure failed to produce detectable antibody

titres, as measured by immunoprecipitation or PCA,
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TABLE 12;
The reaginic antibody titre of various strains of
mice against the 14kDa molecule.

STRAIN H-2 HAPLOTYPE TITRE

C57BL10 b
B10.D2 d
B10.BR k
B10.G q
B10.S s
SJL s
BALB/c anti-14k d

O O MV O O O O

Sera from mice infected with A. suum, or immunised with
14kDa in adjuvant were tested by PCA in rats. Each serum
was tested in two rats and the end point titres are shown
above. PCA rats were challenged after approximately 24

hours with 50ug 14kDa in Evans blue.
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Reaginic antibody activity against ES molecules

The reaginic antibody activity with specificity for the
ES molecules was examined in mice and rats, infected
with Ascaris. This analysis was limited due to the
short supply of ES, and consequently, the PCAs used wvery
small quantities of ES (Table 13). This analysis
revealed that ES molecules are potent allergens in the
context of infection, in both 14kDa responder and non-

responder strains.

Vestern Blot analysis of serum from rats infected with
A. suum.

Given that the specificty of IgG produced in response to
infection had been shown to be influenced by MHC-linked
genes and that there is strain restricted differences in
IgE specificity a fuller analysis of the IgE response
was warranted. A western blot system was developed to
compare the IgG and IgE components of infection sera.
This analysis revealed that the profiles produced by
SDS-PAGE could be reproduced by Western blotting, and
the blot profiles were the same whether visualised using
an HRP-conjugate, or a I'=%-conjugated antibody
(Figures 39 and 40). The p&‘ofiles produced using an Ig
epsilon chain-specific monoclonal antibody were the same
as those produced , using an anti-gamma antibody (Figure
41>, This suggests that the IgE antibodies produced in
response to infection have the same specificity as the

IgG antibodies.
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Table 13;
Reaginic antibody activity against E/S material.

STRAIN MHC haplotype ANTIGEN END POINT TITRE

C57BL10 b L3/4 4
B10.S s L3/4 8
WLEP u L3/4 4
PVG c L3/4 16
WLEP u L2 4
PVG c L2 4

Sera from two strains of rats and two strains of mice
were screened against L2 and L3/4 ES in PCA and the end
point titres are shown above. PCA rats were challenged
with 7.5ug of L2 ES or 8.5ug of L3/4 ES.
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Chapter 3

Discussion



The factors which control IgE production have been the
subject of several studies over a number of years (Jarrett
and Miller, 1982>. In parasitic infections, it has been
shown that host genetic factors can regulate the amount of
IgE produced (Jarrett, 1978; Jarrett and Bazin, 1977>.
People 1living in endemic areas have higher IgE levels even
when not infected, which may reflect ©previous ~or
undetected infections, or there may be some genetic
difference between populations (Houba and Rowe, 1973; Ray
and Saha, 1978; Somorin et al, 1977). One observation
which suggests that there may be a genetic difference
between human populations 1s that healthy Nigerians who
emigrated to America still had substantially higher IgE
levels several years later (Somorin et al, 1977), In man
the manifestation of allergy has been shown to be
controlled by genetic factors <(Coocke and Van der Veer,
1916; Schwartz, 1952) and Ir genes have been i1dentified
which regulate the recogntion of certain allergens (Levine
et al, 1972; Davie et al, 1972>. The presence of these Ir
genes 1s necessary, but not sufficient, to cause allergy,
that 1is other factors, some of which are genetic, some
enviromental are also involved. This system of dual
control of IgE production has also been demonstrated in

the mouse.

Studies involving the induction of IgE to small quantities
of antigen presented in adjuvant, have demonstrated that
IgE production is controlled by genes at more than ane

locus in the mouse <(Vaz et al, 1971; Levine and Vaz, 1971;
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Vaz et al, 19745 . These authors demonstrated that
different strains of mice produce different amounts of
IgE, and the level of IgE produced depended on non-MHC-
linked genes. IgE production was controlled by two
systems, one of which affected the level of IgE and the
other the specificity of the response. [he genes
controlling specificity were linked to the MHC oomplex ot
the host. The work presented in this chapter, on IgE
production in response to A4dscaris infection, agrees with
that of the above study; IgE production in the mouse is
dependent an genes outside the MHC locus, which regulate
the level of the response, and MHC-linked genes which

regulates the specificity of the response.

Strain dependent differences have also been identified in
rats (Jarrett, 1978)> where poor IgE responses were shown
to be due to active suppression of the response by non-
specitic IgE Ts cells (WVatanabe et al, 1976; Chiorazzi et
al, 1977; Gollapudi and Kind, 1977>. The work presented
in this chapter shows that the specificity of the IgE
produced by rats infected with 4. suum is regulated by

MHC-linked genes as in mice.

Physical or chemical modification of the antigens altered
the PCA titres. Agter autoclaving the ABF lost its
ability to provoke mast cell degranulation in AGUS and PVG
rats and the PCA titre in PVG-RT1l* was reduced (Table 9>,
This suggested that these animals may be responding to a

structural determinant of the allergens present in ABF
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and that autoclave freatment damages this fertiary
structure. Peridoate treatment of the ABF removed the
allergenic activity when tested in PCA using serum from
Ascaris infected PVG rats (Table 9. Periodate treatment
of the kind wused 1in +this study disrupts carbohydrate
determinants (Maizels et al, 1987) and it is possible that
these carbohydrates are involved in the tertiary structure
which produces the recognition site for the PVG rats.

Alternatively, these carbohydrate determinants may

themselves form the IgE epitopes and disruption of the

carbohydrate would, therefore, destroy the epitope.
Autoclave treatment of the l4kDa molecule reduced the PCA
titres (Table 10>, This may suggest that this molecule
had been damaged by autoclaving but the allergenic epitape
was still available. Alternatively, the 14kDa molecule
may contain more than one epitope only some of which are

susceptible to autoclave treatment.

SJL mice have been shown to produce very low levels of
IgE against a wide range of antigenic stimuli <(Levine and
Vaz, 1971), and this trait has been shown to be due to Ts
cells <(Ovary et al, 1978>. The data presented here shows
that SJL mice produce a low level of IgE against the
multiple components of ABF, but when challenged with the
purified 14kDa component no IgE is detected. This result
is surprising given that SJL mice have been sho&n to
produce IgG antibodies against this component (Chapter 2.)
This lack of IgE against the 14kDa molecule may reflect

the fact that the assay system used 1s not sensitive
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enough to detect the very low levels of IgE produced
against this isolated molecule, and IgE 1is detected
against the ABF because this preparation presents a larger

allergenic challenge.

The sera of BALB/c mice immunised with 14kDa in FCA showed
no detectable IgGE against this component despite producing
a very high IgG response (see Chapter 20, This finding

supports work done previously which showed that purified

antigens or parasite extracts are often not good allergens:

in naive animals (Ogilvie, 1967>. This highlights one ot
the problems of purifing parasite allergens;.in that a
product which results in IgE production when administered
with adjuvant is not necessarily the allergen the infected
animal is exposed to. In this study the purified 14kDa
did bind tao either IgE or IgG antibodies elicited as a

result of infection with the parasite.

The F: hybrids examined fall into the high IgE group, as
defined by this system, with the exception of (CH7BL x
SILYF . This hybrid produced IgE titres in the
intermediate graoup. This result was surprising because
the suppression, which is known to cause the low responses
of SJL mice, i1s inherited in a recessive manner (Ovary et
al, 1978), a result which would be supported by the ather
SJL crosses. This lower than expected response is noé due
solely to the MHC haplotype of the hybrid, since animals
with +the same H-2 haplotype <(b/s)>, produce high IgE

levels. One explanation would be cross tolerance in the
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hybrid (Schwartz, 1978; Matzinger, 1981) resulting in a
more limited repertoire of antibody specificities and

hence a lower titre against the ABF.

In a study examining IgE produced by individuals naturally
infected with A. lumbricoides it was found that this sera
identified a whole range of allergens in ABF (Tsuji et al,
1977; O'Donnell and Mitchell, 1978)>. Heterogeneity in the
IRE response has also been demonstrated in many other
parasitic infections, for example, §. mansoni (Harris;
1975; Vannier et al, 1974) and 7. taeniaeformis (L gd and
Williams, 1975). In this chapter we have éhown that
rodents infected with 4scaris produce IgE against a whole
range of parasite allergens. Heterogeneity i1in IgE
responses has also been documented with other parasite
systems (Hogarth-Scott, 1967> and one explanation for this
response 1s that a small allergenic component associates
with 1itself +to form allergenic dimers, or with other
molecules present in the parasite antigen <(Fujita et al,
19795, When the specificity of IgE from rats infected
with Ascaris 1s examined .by Western blotting allergens
with molecular weights in the region of 14, 28 and 42kDa
are detected, by rats with the RT1- haplotype, raising
the possibility that these allergens are actually

aggregates of the 14kDa molecule.

The IgE and IgG produced as a result of 4scaris infection
appear to have the same specificity. This dual production

of antibodies with the same specilificity but of a different
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class may be important in the outcome of infection in
terms of resistance to the parasite and Lhe presence of

clinical allergy.

In the tropics there is a lower than expected prevalence
of allergies against parasite antigens in humans (Alcasid
et al, 1973; Cheah and Khan, 1972; Turner et al, 1978>.
Several hypotheses have been proposed to account for this
phenomenom; 1t has been speculated that the large amounts
of non-specific IgE produced as a result of parasitic
infection may block the IgE binding sites on mast cells
and hence limit the binding of specific IgE (&arrett et
al, 1971, Stanworth, 1971>. Alternatively, infection in
very young animals may alter the development of subsequent
allergies (Turner et al, 1982). A role for IgG antibodies
has also been proposed. In a study on lymphatic
filariasis, Hussain and Ottesen (1985), demonstrated that
while there wsre high levels of IgE 1n the whole
population relatively few i1individuals showed <linical
signs of allergy. These authors propose that one means of
modulating the effects of IgE 1s by IgG blocking
antibodies. If antibodies of both classes are produced
with the same specificity then there will be competition
for antigen binding and the response could thus be down

regulated.

The model system presented in this chapter has important
implications for the study of IgE production in response

to helminth infection and for hypersensitivity reactions
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in general. The mouse has been shown to control IgE
production in a manner very similar to that seen in man
(Levine et al, 1972). Consequently, this model provides a
means of studying that control in the context of
infection. The genetically determined restriction of the
antibody repertoire in this model provides an opportunity
to study the genetic control of IgE production purely in
the context of infection, in contrast to some other
studies which have tended to look at IgE produced as a
result of immunisation with adjuvant. The differences
between infection-induced or adjuvant-induced responses
can be clearly seen with the lack of IgE aﬁtibodies in
animals immunised with purified 14kDa and FCA. Therefore
this model system provides a means of studying the genetic
control of IgE production in different strains of animals

and utilising various means of immunisation.
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Chapter 4.

The human antibody response to Ascaris lumbricoides.

Introduction.




There are numerous reports on the prevalence and intensity
of human infection with 4. lumbricoides from many regions,
especially the tropics and subtropics, where ascariasis is
endemic (Crompton, Nesheim and Pawlowski, 1085, 1089;
Anderson, 1986; Seo et al, 1979; Croll et al, 1982; Bundy
et al, 1985; Anderson and May, 1985; Anderson and Schad,
1985; Elkins et al, 1986). The results of these studies
can be summarised as follows; prevalence of infection is
usually greater in the young and decreases with age, giving
a convex curve of prevalence against age. The intensity of
infection tends to be greater in young children, but varies
between individuals of all age classes, soO tﬂat there is an
aggregated dispersion of the parasite within the host
population. This overdispersion means that a small
percentage of the total population of hosts harbours the
majority of the parasite population. This heavily infected
group plays a major role in Ascaris transmission and the
level of contaminaticon of the environment. Overall, there
seem to be no differences between the sexes 1in either
intensity or prevalence. Some studies, however, have
found sex differences, but these can usually be explained
by differing social and behavioural patterns, or differing
occupations which means that the exposure rate of these
groups is different (Elkins et al, 1986). The persistence
Df’ high prevalence of 1infection 1in some areas can be
attributed +to pover%y and 1ts associated prablems of
malnutrition, ignorance, inadequate sanitation and

overcrowding.
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Mass chemotherapy can reduce the long-term levels of
infection only 1if anthelmintics are administered regularly,
at least every 4-6 months, and if there 1s a parallel
improvement in sanitation and education to sustain the
reduction 1n transmission and reduce the <chances of
reinfection. After chemotherapy, people become re-infected
rapidly, often reaching their pre-treatment levels within
6—-12 months (Anderson and Medley, 1986; Elkins et al, 1986;
Hlaing et al, 1987; Elkins et al, 1987). Infection with
dscaris (ascariasis) often occurs as part of a multiple
infection, particularly common accomplices being Trichuris
trichiura and hookworm (Kan, 1985; Elkins et.al,1987; Welch
et al, 1986; Bundy et al, 1987; Robertson et al,1989).
There has been conflicting data on whether predisposition
to heavy infection with one helminth reflects a
predisposition to heavy i1infection with other helminths
(Bundy et al, 1987; Haswell-Elkins et al, 1987; Croll and
Ghadirian, 1981)>. Immunosuppression may also be an
important factor din multiple infections, as there 1is
experimental evidence which suggests that infection with
Ascaris may suppress immune responses against heterologous
antigens (Crandall, Crandall and Jones, 1978; WHO, 1981).
Parasite-induced suppression” against parasite—-specific and
heterologous antigens has been reported with parasites
other than Ascaris FWakelin, 1985>, and therefore the
outcome of multiple ‘infections will be decided by the
combination of parasites involved as well as the host

response.
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Several studies have demonstrated that the fecundity of
female Ascaris is inversely related to worm density (Hlaing
et al, 1984; Croll et al, 1982; Keymer, 1982>, this implies
that if the number of worms is reduced, the worm fecundity
will increase. Ihkis may =sxplalin the obser—ration that, as
re-intection occurs, after chemotherapy, the egg output
from previously Theavily intected individuals actually
appears to increase, until the previously high number of

worms re—establish,

In the past, the differences in intensity of infection with
age, and between communities, has been explained on the
basis of exposure levels. The hypothesis has been that the
more heavily infected groups have been exposed to a greater
challenge fronm infective eggs because of their
environments, or because of their high risk behaviour <(Kan,
1985; Jones, 1977). While the link between exposure and
infection cannot be disputed 1t is possible +that other
factors, such as the host's ability to resist infection,

may also be relevant in this relationship.

The strongest indications that factors other than exposure
are relevant come from studies of predisposition and the
reduction of prevalence with age. Several studies have
demonstrated a marked predisposition with regard to the
intensity of infection <(Anderson and May, 1985; Anderson
and Medley, 1985; Schad and Anderson, 1985; Hlaing, 1985;
Elkins et al, 1986; Bundy, 1986; Bensted-Smith et al, 1986;

Haswell-Elkins et al, 1987 . IThis «can be aptly




demonstrated by the fact that, after successful
chemotherapy, people who previously had heavy worm burdens
reacquire these high levels of infection, while thaose with
lower 1levels of infection reacquire 1lower levels of
infection. Predisposition, which is found 1in all age
groups, suggests that there are differences between
individuals, which determines their level of infection and

that, +these differences cannot be explained purely by

exposure.

The observation that older people have lower 1levels of
infection may be explained by altered behavioﬁr and/or some
form of acquired immunity. After chemotherapy, however,
these people are not re-infected at a significantly slower
rate than the younger members of the community and immature
larvae are found in adult hosts, suggesting that this group
is continuously re-infected <(Elkins et al, 1986)>, While
these results rule out a role for sterile iImmunity, they do
not exclude the possibllity of some level of protection.
Reports, from studies wusing laboratory models, have
demonstrated that, 1f acquired immunity is dependent on
past infection then in communities with a high overall
intensity of transmission the age intensity profile will be
more convex when compared to communities with lower levels
of transmission (Anderson and May, 1985; Crombie and
Anderson 1985; Keymer; 1985)>. This appears to be the case
when different communities are compared. Therefore, some
sort of immunity may be involved. This immunity, although

not completely protective, could serve to limit the extent
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of the infection. This 'limiting' immunity may explain
the differences between wormy individuals and their more
lightly infected peers, Heavily dinfected people may be
more susceptible, either because they have a lower level of
innate immunity, or because they are less able to mount an
effective response. The factors most likely to Dbe
responsible for a deficient immune response 1n . these

circumstances are diet and host genetic constitution.

There 1s significant evidence +to 1link ascariasis with
malnutrition, which can lead to a deficient immune response
(Nesheim, Crompton and Sanjur, 1985; Suskind; 1977, Beisel,
1982; Taren et al, 1987; Geefkysen et al, 1971; Stephenson,
1987 . The importance of genetics and nutrition has been
demonstrated in several laboratory models (Wakelin, 1985;
Crombie and Anderson, 1985; Behnke and Robinson, 1085;
Keymer and Hiorns 1986; Slater and Keymer, 1986). If
genetic constraints are part of the answer to
predisposition, then one possible area of control would be
the major histocompatability complex (MHC), as this is
involved in the regulation of the immune response. There
are several reports using animal models demonstrating MHC
effects on the immune response (Wakelin, 1985; WVakelin and
Blackwell, 1988) and a growing number of assoclations
between diseases and HLA alleles or haplotypes have been
described in man (Saiam. et al, 1979; Chong—goﬁg et al,
1984; Smeraldi et al, 1986>. There is now enough evidence

to warrant an examination of the possible link between
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genetic control, immune response and levels of infection in

parasitic infections.

In this chapter the serological responses of individuals
resident in one of several endemic communities have been
examined, and ©possible links between antibody titre, age
and level of infection considered. The antigens used were
either from the humaﬁ roundworm, A4. lIlumbricoides, or the
closely related pig roundworm, A4.swum (WHO, 1981>. The use
of A. suum in this analysis can be justified by the high
level of homology between the components of 4. suum and A4.

lumbricoides (Kennedy et al, 1987)>.
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Chapter 4

Results.




Serum samples from a total of 285 individuals, living in
four endemic areas (Anse Le Ray (A>, Dennery (D>, Boguis
(B> and Canaries (C)), were screened against four
different Ascaris antigen preparations in an ELISA
system, using an anti-IgG conjugate. Each sample was
screened 1in duplicate and each test was repeated at least
once. An example of the reproducibility between tests is
shown in Figure 42, in which the correlation between
optical densities, recorded in two separate tests, from
ELISAs 1involving sera from Anse le Ray (panel A), or

Dennery (Panel B>, are screened against L3/4 ES.

Level of infection and age

The data available on these sera shows that the most
heavily infected individuals, 1in terms of eggs per gran
of faeces (epg), or worm burden, 1.e. the number Qf worms
passed after anthelminthic treatment, occurred 1in the

under 20 years old age group (Figure 43).

Level of infection and antibody levels

The relationship between antibody level from ELISA and
infection in terms of epg was examined (Figure 44). This
analysis revealed that there was no simple correlation
between infection levels and antibody level, that is, a
heavier infection does not necessarily result in higher
antibody levels. The widest range of antibody levels
occurred 1in the individuals who had no eggs in their
faeces. The antibody level patterns associated with a

measure of the infection intensity were very similar for
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Figure 42

The correlation between ELISA repeats using human sera
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Figure 43
Relationship between EPG of faeces and age
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Figure 44

Relationship between level of infection and ABF
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all four antigens examined (Figure 45). The majority of
the sera tested produced antibody levels which are higher
than the control serum but are still at the lower end of
the ELISA scale, with a minority of individuals producing

higher antibody levels.

Antibody level and age

It is possible that immunity develops or fluctuates with
age, 1in response to repeated infection. Accordingly, the
correlation between age and antibody level‘was exanined
(Figure 46)>. The antibody levels of older individuals
lie within the expected range, as defined by the ELISA
readings for the +total population, with no significant

increase in antibody level with repeated infection.

Antibody level against stage specific antigens

Examination of the degree of correlation between antibody
levels and each of the antigens used in this analysis was
undertaken in order to investigate the relative
-importance of stage-specific antigens <(Figure 47), A
high degree of correlation between levels for ABF and
14kDa, L3/4 ES and ABF, and L2 ES and L3774 ES was
detected. No positive correlation between the levels

agalinst L2 ES and ABF was observed.

The responses of several individuals against each antigen
were studied 1in greater detall (Figure 48). This

approach emphasises the variation in antibody levels
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Figure 46
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Figure 47

The correlation between ODs of different antigens
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OD L2 ES

Figure 47 (contd.)
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within the population. Some 1individuals produce very low
antibody levels, apparently independently of the presence
of adult worms, seen, for example in patient 120 from
Dennery (D120>, aged 3 years. This child was found not
to be passing eggs in the faeces and had a low antibody
level. Patient 46 from Canaries (C46)>, aged 18 years,
was found to have an infection intensity of 3510 epg ~ and
had a low antibody 1level. Patient C244, aged 5 years,
had an infection intensity of 99770 epg and had a low

antibody level.

There 1s also wvariation 1in the infection status of
patients identified as high antibody responders, for
example, B105, O epg, Bl24, 2400 epg and D34, 26540 epg.
Within this high responder group there is also variation
in the recognition of the 14kDa molecule. B105 and Bl24
praoduce high 1levels against the 14kDa molecule whereas
D34, which has a comparable level against ABF, does not

produce a significant response against the 14kDa.

This vwvariation 1in detected antibody levels 1is also

apparent in age matched samples (Figure 49).

Antibody level using a broad spectrum conjugate
The possibility that use of an anti-gamma specific
conjugate may have 1nfluenced the correlation between

antibody level and infection status was investigated by
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use o0of a broad spectrum conjugate. The correlation

between antibody level and infection status <(Figure 50>
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Figure 49
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Figure 50
OD against level of infection using anti-gamma globulin
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were compared with those produced using the anti-gamma
reagent (Figure 445, There was no difference 1in the

patterns produced by ELISA with either of these reagents.

SDS—PAGE analysis of human sera

Antigen recognition profiles against A. lumbricoides L3/4
ES

As well as analysis by ELISA, samples of sera were
analysed by SDS-PAGE. The antigen recognition profiles
produced when sera from 8 i1ndividuals 1living 1in the
Canaries region were immunoprecipitated with A.
lumbricoides L3/4 ES are shown in Figﬁre 51. This
result reveals that there is restricted recognition of
the ES; no single serum recognises all the potentially
antigenic components. Different recognition profiles are
detected for different individuals; most notably only one
person, from this group, recognises the 14kDa molecule,
only one person recognises the 23kDa molecule and 4 out

of the 8 recognise the Z28kDa band.

Antigen recognition profiles and age

The possibilh}y that all +the potentially antigenic
components would be recognised with time and repeated
infection was examined by 1looking at the antigen
recognition profiles of serum from 7 individuals over the
age of 60 years (see Figure 52). This analysis showed
that the recognition profiles did not become less
restricted with age. Indeed the same level of

restriction and heterogeneity in antigen recognition can
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be seen in this age group, for exanple none of these

Serumn samples recognised the 14kDa molecule.

Restricted recognition of the 14kDa molecule

In view of the restricted recognition of the 14kDa in ES
and ABF, serum samples were screened against a purified
preparation of this antigen. Restricted recognition of
this purified molecule by serum from individuals living

in an Ascaris endemic area is presented in Figure 583.

Helminth cross-reactivity

One of the main problems for serodiagnosis under field
conditions 1is the cross-reactivity of certain parasite
antigens (Malzels et al, 1982; Kennedy et al, 1989), The
crass-reactivity against Ascaris antigens in the animal
model is demonstrated 1in Figure 54, In this study
individuals who, on field examination, were thought only
to be infected with Toxocara, Trichuris, or bore no
evidence of intestinal helminths were examined. These
-sera produced strong recognition profiles when screened
against Ascaris antigens (Figure 55). The presence of
antibodies which bind Ascaris antigens, 1in the sera of
people who did not appear to be infected, could be
explained by previous exposure, or an infection which has
not as yet reached the stage of adult worms dday 702.
The presence of Ascaris -specific antibodies 1in the
Toxocara or ITrichurls only groups maybe due to cross-—

reactivity or prior Ascaris infection.
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Figure 54; Cross-reactivity sgainst sAxcerds ES. Radio-
iodinated 4. swwm L374 ES was immunopreci pitated with
{Panel A) normal hamster serum {a), Hamster anti-
Akcstor (b), normal mouse serum (¢}, NIH anti- 4. sewm
{d), mouse anti- 7 mawds (o), mouse anti- & drasifiensis
(1), mouse anti- 7. spirelis (g), mouse anti- 7. s (h),
mouse anti- 7. saars (i),

{Panel B) Normal rat serum (a), WLEP anti- 4. swwm (b),
rat anti- & drastiiensis (), rat anti - Srongyioides
immunoprecipitated with 1125 labelled ABF.






Figure 55; The recogniton profiles produced against
Asesris by individuals thought to be infected with Zovarsrs
only. Radio-iodinated & Jumdricordes L3/4 ES was
immunoprecipitated with normal human serum ¢a), D81
(b}, D99 (c), A176 (d).
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Chapter 4

Discussion




The antibody responses of four human populations known to
be exposed to 4dscaris Iumbricoides have been examined.
Within these ©populations +there 1is Theterogeneility 1in
response agalinst the parasite in terms of antibody titre
and 1in the parasite components recognised. One possible
explanation for these results would be a difference 1in
levels of infection, so that more heavily infected people
respond to a broader spectrum of antigens or produce
higher antibody titres. Alternatively, higher antibody
titres may be indicative of a protective response and
hence be present in 1individuals whose worm burdens are
lower. This sort of relationship between aﬁtibody’ and
anti-parasite immunity was demonstrated by Plessens et al
(1980>, 1in a detailed study on 90 individuals in a region
endemic for Brugia malayl. lhese authors demonstrated a
correlation between microfilaraemia and anti-microfilaria
antibodies. The higher the microfilaraemia the lower the
antibody titre, the lower the parasitaemia the higher the
level of antibodies. There were individual variations but
at the population level, the relationship held. Patients
tended to show either a cell mediated d1mmune (CMID
response agalinst microfilaria or anti-microfilarial
antibodies and no CMI. The reasons for this wvariation

between individuals 1s unclear.

The data presented in this chapter are not commensurate
with the view that antibody ftitre is dependent on level of
infection. There i1s heterogeneity of response in all

infection levels studied. The most marked heterogeneity
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" being present in the group of individuals who do not have
eggs 1in their faeces. This difference between individuals

is also evident in all age groups.

It is possible that monitoring infection by measuring epg
of faeces does not give a completely accurate picture of
Ascaris infection because this method only indicates the
number of female worms present. The most inmportant stage
for triggering antibody production and effective immune
intervention may be against the embryonated eggs and
tissue penetrating larvae. However, one can assume that
individuals within these endemic areas are cdntinually
exposed, and that the number of adult worms developing is
indicative of the host's susceptibility, which i1is a

comblnation of egg intake and the host response.

The differences in antigen recognition and antibody titre
are between individuals regardless of their infection
level or age. Therefore a mechanism other than exposure
to the parasite 1s responsible ifor these differences.
This would suggest that the genetic constitution of these

hosts is responsible for this difference.

In the last 60 years there has been a steady accumulation
0of information demonstrating differences in respounse to
infection, with a.’variety of organisms, betﬁeen
populations and individuals within that population (Keller
et al, 1937; Cram 1940; Ackert 1942; Croll and Ghadirian,

1981). The available evidence suggests Lhat there may be
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some genetic basis for these differences. Recently,
several reports have demonstrated the importance of  the
MHC in the deveopment of resistance against parasites in
animal models <(Vakelin and Blackwell, 1988; Wassom et al,
1983) and Lhere Is growing evidence of |he importance of
HLA in regulation of the immune system and the response to

infection in humans (Tiwari and Terasaki, 1985).

The assoclation of particular HLA alleles or haplotypes
with resistance or susceptibility to parasitic infection
and the associated pathology has been the subject of
several studies. In a study of 2 groups. of Egyptian
schoolchildren with similar levels of infection with &.
mansoni a link was established between HLA and pathology.
There was a higher frequency of HLA-Al and -B5 1imn
individuals with hepatomegaly and splenomegaly <(Salam et
al, 1979, It has been proposed that this may explain the
heterogenelity seen in the response to this parasite. A
correlation has also been found with HLA and response
against 5. taponicum <(Sasasukl et al, 1980). Vork
involving infection with &. 7aponicum has linked HLA-Al

and HLA-B13 with susceptibility to the more severe stages

of disease (Chong—gong et 2l, 1984),

In 1983, Okta et al, suggested the presence of an HLA-
linked Immune suppression (Is> gene which determinded
responses to post-schistosomal 1liver cirrhosis. The
mechanism was shown Lo be mediated by an antigen—-specific

suppressor CD8+ T cell. This led to a study of the roles
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of particular HLA encoded products in the expression of
high and low responsiveness to &. jJaponicum (Hirayama et
al, 1987)>. Using specific T cell lines from high and Jow
responding individuals they demonstrated that HLA-DQwl
plays an important role in determining antigen-specific
suppression and HLA-DRZ is required for proliferation of T
cells against S. japonicum antigen. They concluded that
DR2 1is the product of an Ir gene, DQwl the product of an
Is gene and that these genes control the response agalinst

this parasite.

Studies in areas endemic for ascariasis havé now revealed
a link between i1infection status and particular HLA
haplotypes <(Bundy et al, 1988)>,. The evidence for an
assoclation between HLA haplotype and level of infection
supports the hypothesis +that the differences in antibody
titre reflect individual differences which are controlled
by the genetic constitution of the host. In the rodent
model, presented in Chapters 1 and 2, variation in the
antibody repertoire produced to A4dscaris infection has been
shown to be controlled by genes linked to the MHC. This
work would support the hypothesis that the serological
differences between individuals with a similar parasile-
exposure rate may be explained by the genetic constitution
of the host, and would warrant a study of HLA haplotype
and infection status, and HLA haplotype and antibody

specificity.
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General Discussion
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i: The genetic control of the IgG repertoire during
infection with Ascaris

In this thesis the results of an investigation of the
genetic control of antibody production during infection
with Ascaris have been presented. When rodents and
rabbits are used as hosts for 4scaris under experimental
conditions, infection proceeds to the lung @ stage,
exposing the host's immune system to the infective and
tissue penetrating larvae (Mitchell et al, 1982). All the
evidence shows that 4. Iumbricoides follows the same route
in humans <(Crompton, 1989). This model system 1is,
therefore, a valid means of studying the résponse against
the larval stages of infection, and there appear to be
cross-reactive or identical antigens present in the larval
and adult stages of the parasite (Kennedy and Qureshi,

1986 .

In an etffective immune response against eukaryotic
parasites, the importance of both antibody specificity
and isotype have been demonstrated 1in several studies
(Mitchell et al, 1976; River-Ortiz and Nussenzweig, 1976;
Almond and Parkhouse, 1986a, b; Roelants and Pinder,
1987>; the specilficity may vary between antibody classes
(Almond et al, 1987>. These authors studied the dimmune
response responsible for the clearance o0f microfilariae
from the circulaticon in mice infected with D. ?iteae. In
this host-parasite relationship, elimination of
microfilariae is antibody mediated, the protective

antibody being IgM. Other antibody classes, most notably
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IgA, are also produced but they do not bind to the surface
of the intact microlfilariae, and seem to be specific for
internal components. However, 1in the 4scaris model no
such variation i1in specificity between antibody isotypes
has been detected. The antigen recognition profile
produced by IgG, IgE and total immunoglobulin did not vary
significantly, and there was restricted recognition of
Ascaris components in all cases (Chapters 1 and 3). It is
possible that a more detalled analysis of isotype
specificity, wusing anti-IgA and anti-IgM reagents, and
sera from primary and subsequent infections, might reveal
some differences in the class profiles ogtained, but as
IgG and IgE antibodies are known to be the most relevant
in immunity to 4scaris <(Brown et al, 1977; Johansson et

al, 1968) this study has concentrated on these isotypes.

The genetic control of antibody production has been the
subject of several studies <(Rivera-Ortiz and Nussenzweilg,
1976; JTungery and Ogilvie, 1982; Storey et al, 1987) and
both MHC and non-MHC 1linked affects have been described
(Deelder et al, 1978; Kennedy et al, 1986; Kee et al,
1986; Ivanyi and Sharp, 1986>. When experimental animals
are infected with Ascaris, the antibody response is
affected by both non-MHC-linked and MHC-linked genes. The
antibody repertoire produced as a response to this
infection i1s controlled by genes 1linked to the MHC
(Chapter 2>. These genes restrict the specificity of
the response, during the course of the infection, but this

restriction can be overcome 1f the parasite antigens are
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presented with Freund's adjuvant <(Chapter 1). The level
of antibody production and the kinetics of the response

appear to be under the control of non—-MHC linked genes.

The antigen recogniton profiles produced by H-2 congenic
strains of mice, infected with standard doses of Ascaris,
suggest that the allele controlling recogniton, at least
for the 14kDa molecule, 1is located at the I-A region since
the presence or absence of cell-surface I-E molecules
does mnot seem to be related to recognigpn of ‘this
molecule, This hypothesis could be tested using
recombinant strains of mice expressing different alleles
at their I-A and I-E loci together with a recombinant
strain which expresses different alleles at the A-alpha

and A-beta locli which could be used to map this allele.

Antibodies may have a variety of functions in the host
response against helminth dinfection. Some reports 1link
specific antibody with elimination of +the worm either
through hypersensitivity reactions (Taffs, 19645, or
adherence of effector <cells <(Ogilvie and de Savigny,
1e982>, and the lack of specific antibody has been
associated with less resistant strains of animals (Brown
et al, 1977; Mitchell et al, 1985>. The presence of
specific antibodies has been linked with im@unity in
several parasite systems <(Thompson et al, 1979; Ogilvie
and de Savigny, 1982; Storey et ad, 1985>. Parasite
specific antibodies bhave, however, also been associlated

with susceptibilility to infection (Deelder et al, 1978;
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Pond =t al, 1988> and in these studies it 1is thought that
these antibodies block effective immune responses, the
antibody production during A4scaris infection is thought to
be under T cell control (Bindseil, 1971) and therefore the
MHC control of the specificity of the antibody repertoire

will retlect the MHC control of T cell specificity.

ii: The gemetic control of the IgE repertoire during
infection with Ascaris

Some 4dscaris antigens are known to be potent allergens
(Ambler et =2&l, 1973; Marsh, 1975; Bradbury et al, 1974),
and the parasites also produce histamine—reieasing factors
which can cause degranulation of mast cells in naive hosts
(Uvnas and Wold, 1967; Thompson, 1972; Tolone et al,
19745 . In this study, the production of IgE has been
found to be controlled by both HMHC-linked and non—-MHC
genes (Chapter 3). The specificity of the IgE antibodies
is controlled by MHC-linked genes, and the IgE repertoire,
produced by a given strain, appears to be identical in
specificity to the IgG repertoire. The level of IgE
produced in response to infection is controlled by non-MHC
linked genes as reported in the response to other antigens
(Levine and Vaz, 1971>.  The antibody response against
specific allergens may play a crucial role in the clinical
manifestations of infection. dscaris can cause potent
hypersensitivity reactions in uninfected individuals
exposed to the parasite (Pawlowski, 1978; Coles, 1975;
19085> as well as hypersensitivity responses 1n infected

individuals <(Pawlaowski, 1978>. These hypersensitivity
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reactions are believed to be an important factor in the
clinical manifestations of +the infection. The factors
controlling this specific IgE production may reflect the
control of IgGE in allergic individuals and hence provide a
valuable model for hypersensitivity reactions in general.
This model 1loocks at IgE production i1in response to
infection and may thus represent genetic control against
speclfic allergens more precisely than models involving

the use of adjuvants.

iii: The antibody response against A4scaris in the course
of natural exposure

During natural infections, dscaris 1nduces antibody
production, predominantly IgE and IgG, against parasite
specific components <(Johansson et al, 1968). In the
analysis of sera from four endemic areas, carried out in
the present study, Ig8G antibodies which react with the
larval and intestinal stages of the parasite have been
observed <(Chapter 4>. There 1is considerable heterogeneity
in this antibody response 1n terms of both quantitative
and qualitative analyses. No obvious correlation between
worm burden and antibody level was observed; although this
type of correlation has been reported elsewhere <(Leikina
and Guseinov, 1954; Leikina et al, 1957>. The type of
analysis undertaken ;in the present study can identify the
level of antibody produced and its specificity, but does
not aim to identify any role 1in protection or allergy
leading to disease. The results show that there 1s a

difference in antibody production 1in individuals which
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cannot be explained purely by exposure to the parasite.
Links between antibody titre and susceptibility have been
demonstrated in other host-parasite relationships <(Else
and Wakelin, 1989; Gibbens et al, 1986) and 1in these
studies, higher antibody production has been linked with

susceptibility to infection.

It is possible that worm burden may more readily correlate
with IgE antibody levels as these antibodies may play the
major role in elimination of the infection (Miller, 1984).
Altermatively, a correlation between cell mediated
immunity and protection may occur. A relationship between
antibody response and cell mediated immunity has been
described in individuals infected with B. ﬁalayi (Piessens
et al, 1980>. In this study the presence of anti-
microfilarial antibodies correlated with low
microfilaraemia, and patients appeared to develop either
an antibody response or a cell mediated response. During
infection with A4Ascaris protection may be due to either an
IgE or a cell-mediated reponse; this would account for the
apparent lack of correlation between worm burden and IgG.
Cross—-reactivity of antibodies produced to concommitant
infections must also be borne in mind in an analysis of
this type. In the sample population analysed, infection
with Toxocara and Zricburis are known to occur <(Bundy
D.A.P., personal communication) and there 1s a strong
degree of cross-reactivity between Toxocara and 4dscaris

components (Kennedy et al, 1989; Chapter 4).
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The i1mmune response against a complex multicellular
organism such as Ascaris is inevitably complex, involving
several stages, which may function independently (Wassom
et al, 1984; Wakelin, 1985)>. Genetic control, therefore,
could be mediated at any one of these levels, and the
outcome ot infection would depend on the inter-—
relationship between these responses. For example, two of
the effector mechanisms associated with the  immune
response against a helminth infection are IgE and
eosinophilia, SJL mice are very poor IgE producers but
produce high eosinophilia in response to parasite
infection <(Sugane and Oshima, 1984). This model system
provides a means for studying the MHC control of the

antibody repertoire during infection.

Future development of the analytical system used in this
work may ddentify a serclogical marker, within these
various antibody responses, which could be used to predict
the level of infection, or the clinical manifestations of
that infection. Alternatively, the heterogeneity in the
specificity of the host response may reveal protective
antigens recognised by resistant hosts. Given that the
heterogeneity of antibody fesponse witnessed in the rodent
host also appears to occur 1in natural infection one
possible explanation for this heterogeneity in man would
be MHC involvement. Interestingly, preliminary studies
by two groups suggest that there may be a link between
certain HLA alleles and resistance or susceptibility to

infection (Bundy, 1988; Holland et al, 1989).
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' APPENDIX



ASCARIS CULTURE MEDIUM

100ml RPMI <(Gibco, 041-02409M> supplemented with 240
microgram L-glutamine (Flow, 16-801-49), 100 microgrammes
D-glucose <(Formachem Ltd. Scotland), 40 microgrammes
Tripeptide (Sigma, G-1887>, 4 microgrammes glutathione
(Sigma, G-4251), 10,000IU penicillin and 10,000
microgrammes streptomycin <(Flow, 16-700-49), 1mM sodium
pyruvate (Flow, 16-820-49), 1mg sodium bicarbonate <(Flow,
16-883-49), 2ml fungizone (Flaow, 16-723-46) , 0.25ml
gentamycin (Sigma, G-7632), 1 tablet Cephalexin
selectatab (Mast, M¥M310>, 1 tablet VCNT selectatab (Mast,

MS6) .

ELISA CARBONATE/BICARBONATE BUFFER

1.5g sodium carbonate <(BDH, 10240)

2.93g sodium hydrogen carbonate (BDH, 0164160
0.2g sodium azide <(Sigma, S-2002>

Made up to 1L with deionised water, store at 4~=C.

ELISA ENZYME SUBSTRATE AND CHROMAGEN SOLUTIONS
ALKALINE PHOSPHATASE
S5mg phosphatase substrate tablet (Sigma, 104-105> per S5Sml

diethanolamine buffer.

DIETHANOLAMINE BUFFER, pH 9.8
97ml diethanolamine (BDH, 10393)
0.5mM magnesium chloride (May and Baker, 25108-295)>

0.2g sodium azide
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TRIS/GLYCINE BUFFER

9.09g Tris <(BCL, 11450320/44>
43.26g glycine <(Sigma, G-7126>

600ml methanol <(May and Baker, L868)
3.0g SDS (BDH, 44244>

Made up to 3L with deionised water.

ANMIDO BLACK STAIN
0.1% amido black <(DIFCQO, 8338-12>
45% methanol

10% acetic acid (May and Baker, L723>

AMIDO BLACK DESTAIN
45% methanol

10% acetic acid

TRIS BUFFERED SALINE, pH 7.2
9g sodium chloride <(Formachem, 82685)>
1.21g Tris

Made up to 1L with deionised water.

PHOSPHATE BUFFERED SALINE, pH 7.2

100g sodium chloride

2.5g potassium chloride (Hopkin and Villiams,
14.37g sodium dihydrogen phosphate (BDH, 30716)>

2.5g potassium orthophosphate <(anhydrous> (BDH, 10203)

Made up to 10L with deionised water.

692800>
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Solution N
40% acrilamide (BDH, 44299)

0.54% N,N'-methylene—bilis—-acrylamide (BDH, 44300>

Stored at 4<C with Amberlite monobed resin (MB-1,

55007>

SOLUTION AA, PH 9.8

480ml 1M hydrochloric acid (May and Baker, MY0042)
366g Tris

0.8% SDS

0.23% Temed <(Sigma, T 8133>

Made up to 1L with deionised water.

SOLUTION S, pH 6.8
121.1g Tris

0.8% SDS

0.4% Temed

Made up to 1L with delonised water

Solution AP

200 microgrammes Ammonium persulphate (BDH, 10031)

2ml deionised H=z0

BDH,
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5%—-25% GRADIENT GELS (x 4, 0.75mm thick)

5%
H:O0 (ml> 36
Sol N 6
Sol AA 6
Sol S 0
AP {(microlitres> 180

25% STACK
i2 30
30 5
6 0
0. 5
100 400

20% HOMOGENEOUS GELS (x 4, 1.5mm thick)

20%
H=0 (ml)> 72
Sol N 96
Sol AA 24
Sol S 0
AP (microlitres) © 400

BUFFER B (x5)

5.98g Tris

0.46ml Temed

48ml hydrochloric acid

Made up to 100ml with deionised

use.,

STACK
60
10

0}
10

800

water. Dilute 1:5 to
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SAMPLE BUFFER, pH 6.8

5g SDS

S5ml 1M Tris, pH 7.5

2ml 100mM PMSF in isopropancl (May and Baker, L865)
lml 100mM EDTA <Sigma, EDZ255>

10ml Glycerol (May and Baker, L885)>

2ml 0.2% Bromophenol blue (BDH, 443095)

Made up to a final volume of 95ml.

ELECTROPHORESIS BUFFER

140g glycine <(Sigma, G-7126)
300g Tris

50g SDS

Made up to a final volume of 10L with deionised water.
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