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Foreword

The International Laboratory for Research on Animal Diseases (ILRAD)
established in 1973 by the Consultative Group on International Agricult
Research (CGIAR) and given a mandate to conduct intensive research leac
the improved control of important livestock diseases in developing count
Research at ILRAD concentrated initially on developing novel immunolog
control methods for theileriosis and trypanosomiasis. More recently
Theileriosis Programme has been expanded to cover other tick-borne disea

East Coast fever is a virulent and usually fatal disease caused by the pz
Theileria parva. It is estimated that about 40% of the 63 million cattle
eastern, central and southern Africa are at risk of infection with the orgar
Theileria parvais an intracellular protozoan parasite that invades bov
lymphocytes, causing them to proliferate in an uncontrolled manner. Int
destruction of lymphoid organs coupled with invasion of non-lymphoid tiss
with parasitized cells lead ultimately to the death of the majority of infec
cattle. Those animals that recover from infection are solidly immune
homologous challenge, and a method of vaccination is available base
infection with a sporozoite stabilate in the face of treatment with long ac
formulations of oxytetracycline. Major drawbacks of this form of immunizat
are its dependence on an effective cold chain, and the considerable ant
diversity that exists between different isolates of the parasite. The develor
of a broadly protective subunit vaccine agaifisparvahas therefore been ¢
major research goal of ILRAD's Tick-Borne Diseases Programme.

Bovine trypanosomiasis affects some 50 million cattle in Africa and
considered to be the major disease constraint on livestock production in
Saharan Africa. The disease is caused by an extracellular protozoan psz
and is characterized by anaemia, progressive cachexia and eventual deatt
disease has serious effects on productivity and reduces the reprodi
potential of the host. The absence of sterile immunity following trypanost
infection due to the parasite's ability to vary its surface glycoprotein coat le
concern that a vaccine against trypanosomiasis may not be practical. Ho
this view has been overturned by recent findings. Certain breeds of c
found mainly in West Africa, have evolved a degree of genetic resistance t
disease and are termed trypanotolerant. Trypanotolerant cattle appear to c
parasite numbers as well as the pathological consequences of the diseas
description and characterization of trypanotolerance has renewed interest
feasibility of designing novel immunological control methods for the dise:
The trypanosomiasis research programme at ILRAD is now largely focuse
the elucidation of mechanisms responsible for trypanotolerance. Its major
are to determine if there is an immunological basis for trypanotolerance
ascertain how trypanotolerant cattle control their parasitaemia and to ide
the genes responsible for the trait.

The parasite systems in which ILRAD is involved are complex and pre
problems similar to those faced by scientists attempting to develop impr
control measures against malaria, leishmaniasis and Chaga's disease.
information has been generated in the latter systems that have altered c
perceptions of the role of immunity in protection and disease and mod



vaccine development strategies. It was therefore considered timely tt
workshop be convened to discuss novel immunization strategies ag
protozoan parasites. The principal aim of the meeting was to review t
developments in the fields of immunology and immunoparasitology that t
relevance to the development of vaccination strategies for ECF
trypanosomiasis. Of relevance to the control of ECF were recent developr
in the elucidation of events that surround the induction of cytotoxic
lymphocytes, and the role of cytokines in the control and pathogenes;
parasitic infections. Chief areas of interest to the trypanosomiasis progra
were disease-related perturbations of the immune system, the role of indiv
T cell subsets in immunity to parasites and the involvement of cytokines ir
control and pathogenesis of parasitic diseases. More specific discus
focused on:

* therole of CTL in parasitic infections;

e antigen processing for class | MHC-restricted responses;

* novel technologies for identifying antigens that provoke CTL responses

* the role of detrimental immune responses in pathogenesis;

« therole of T cell subsets and their products in the control of parasitic
diseases; and

* immunization strategies for driving immune responses towards favoura
rather than detrimental mechanisms.

Ten experts in these fields participated in the workshop, and through lively

discussions contributed to be formulation of a series of recommendations tr

will be incorporated in ILRAD's immunology programmes for the next five

years.

D.J.L. Williams
Chairperson, Workshop Organizing Committe
International Laboratory for Research on Animal Diseas
Nairobi, Kenya

January, 1994.

Workshop Organizing Committee

Eley, R.
McKeever, D.J.
Naessens, J.
Sileghem, M.
Williams, D.J.L.
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The Trypanosomiasis Research Programme a
ILRAD

A.J. Teale

International Laboratory for Research on Animal Diseases
P.O. Box 30709, Nairobi, Kenya

Research into improved means of control of trypanosomiasis of livestock
been a part of the Laboratory's research agenda since its inception in the
At that time, it was recognized that trypanosomiasis constituted the 1
significant disease constraint on livestock development in sub-Saharan A
Also at that time, rapid advances were being made in understanding the bz
immune responses and in the development of new vaccines. Twenty years
trypanosomiasis remains the most important disease constraint on live
development on the African continent, and to a lesser, but still important ex
in other parts of the world where non-tsetse transmitted forms of the dise
are prevalent. This is particularly the case in Asia and Latin America.
difficult io ascertain the real costs of the disease in direct and indirect terms
a generally accepted figure is $5 billion annually in sub-Saharan Africa al
The disease also affects man, and the number of new cases reported ea
runs into the tens of thousands, many of which prove fatal.

The trypanosomiasis research programme in the Laboratory has two |
objectives. First, to develop approaches and technologies which will er
currently available control strategies to be applied more effectively and, sec
to develop novel means of control. Trypanosomiasis control at present reli
three basic approaches: (a) chemotherapy and chemoprophylaxis, (b) v
control and (c) the farming of trypanotolerant livestock. The Laboratory has
engaged in research on improved means of vector control, this beinc
mandate of other institutions, most notably the International Centre for In
Physiology and Ecology (ICIPE) in Nairobi.

In support of current control options, the Laboratory has placed conside
emphasis on the development of effective diagnostic tools to underpin dic
and disease control monitoring. Emphasis has been given to antibody-|
systems for detecting circulating parasite antigens and these new and sel
diagnostic tests have been transferred to the International Atomic Er
Agency for field validation across Africa.

In recent years, reports of apparent drug resistance have been incre
Given the importance of drugs in the disease controllers' armamentarium
the fact that all of the currently available drugs are chemically related or
another, the emergence of drug resistance in trypanosomes is a serious cc
The programme at ILRAD has therefore included research into the evolutic
drug resistance in the field, on the one hand, and into the molecular bas
drug resistance, on the other. Through better understanding of the circumst



which lead to the development of drug resistance, and with the availabilit
rapid and accurate methods to detect and quantify drug resistance in
isolates, it is hoped that chemotherapy can be sustained as an effective c
measure into the foreseeable future without the need to develop new dru
latter being a very costly and unattractive proposition for the drug industry.

With respect to trypanotolerant livestock, research on the definition of
trypanotolerance trait, estimation of heritability and development of effec
means for selection of better trypanotolerant cattle has been undertaken |
by ILRAD and the International Livestock Centre of Africa (ILCA). Thi
research has led to the identification of selection criteria and developme
selection programmes based on field challenge and monitoring of respon
immature animals.

The Laboratory's programme on development of novel control strate
envisages two principal outputs-vaccines and candidate trypanotolerance g

With respect to vaccine development, scientists at ILRAD, during its e
years were instrumental in the description of antigenic variation
subsequently in the description of the genetic control of this phenomenon.
more that was understood about antigenic variation, the clearer it becam
vaccines based on immune responses to the variant surface co
trypanosomes would be unlikely to have an impact in the field. Howe
increased understanding of the cell biology of trypanosomes and their mole
biology has led to the identification of parasite components and products w
may in their own right be responsible for development of disease. This in
has brought the possibility of development of vaccines based on imn
responses to invariant molecules such as cystein proteases and cyclop
which are produced by trypanosomes and which may be expected to cont
to the disease process. A further potential option for development of r
strategies based on the immune response is the development of vaccines
invariant antigens of the trypanosome which may be accessible to the hui
arm of the immune system. Work continues in this area.

This research at ILRAD, which may lead to the development of novel cor
technologies, was considerably strengthened during the 1980s by
establishment of a herd of trypanotolerant N'Dama cattle in the Labora
providing scientists with the means to compare and contrast immune
pathological responses in resistant and susceptible host genotypes, and
compare trypanosome growth and differentiation in the different host types
this way it may be possible to identify the key features of response to infe
which impart resistance to the disease as it occurs in genetically resistant
and, at the same time, this may lead to the identification of candidate gene
the trypanotolerance trait.

During the last few years, a second approach to the identification of ge
regions, and ultimately genes, responsible for the trypanotolerance trait has
developed in the Laboratory. This has involved the breeding o
trypanotolerant resource population based on a cross between tolerant N
cattle and susceptible Boran cattle. Currently, an F2 population is undere
phenotyping. Using the rapidly developing map of the bovine genome, it
soon be possible to undertake a linkage analysis and search for trypanotole
control regions in the N'Dama genome. If successful, this will provide ani
breeders with markers of the trypanotolerance trait which could be use
introgress resistance genes into highly productive but susceptible genotype



it may be expected to give livestock geneticists essential clues as to whe
begin the search for the individual genes. If such genes can be identified, i
be expected that the development of transgenic cattle will follow relati
quickly, but, perhaps even more importantly, an understanding of the mole
bases of this disease resistance trait should be achieved.

It seems certain that trypanosomiasis control in the future, as in the pas
depend on successful integration of the different options available, anc
Laboratory will therefore continue to research questions related to optimi
integration of control strategies, whilst at the same time continuing to striv
develop new options to replace or add to those currently available.



The Tick-Borne Diseases Research Programn
at ILRAD

T.T. Dolan

International Laboratory for Research on Animal Diseases
P.O. Box 30709, Nairobi, Kenya

The Tick-Borne Diseases Programme at the International Laboratory
Research on Animal Diseases (ELRAD) has as its major objective
improvement of the control of tick-borne diseases by immunological me
The focus of its research has been a novel vaccirkhfgteria parvathe cause
of East Coast fever (ECF) in 11 countries in eastern, central and sou
Africa. Conventional control of tick-borne diseases in this region is by s
tick control using regular application of acaricides in dips or sprays. -
method has become less reliable because of the development of ace
resistance, poor management, high cost of acaricides in hard currency,
unrest and a growing concern about the use of environmentally dame
chemicals. Live vaccines exist for the complex of tick-borne diseases that ¢
in association with ECF, anaplasmosis, babesiosis and cowdriosis. How
live vaccines have the important limitations of cold chain delivery, inductior
persistent infections and the risk of causing diseases during immunization
introducing pathogens that contaminate the vaccines during preparation
addition, the live vaccine foll. parva, based upon ground up infected tic
stabilate inoculated simultaneously with tetracycline, is complicated b
multitude of different antigenic parasite types.

ILRAD's approach to the development of a new vaccine aghipsirva has
been through exploring the protective immune responses in cattle. This
has identified CD8 T-cell responses directed against parasite antigens or
surface of infected lymphocytes as the major response. In addi
hyperimmune cattle sera and monoclonal antibodies have been shov
neutralize the infectivity ofT. parva sporozoites, the tick-derived stag
inoculated during feeding that invades and transforms lymphocytes. Pur:
this neutralization has identified a dominant circumsporotozite antigen o
kDa. The gene for this antigen has been cloned and expressed. Immuni
experiments with recombinant p67 have provided infection blocking protec
varying from 70-100% and its potential as a future vaccine antigen is b
explored. In addition, ILRAD's work has attempted to develop characterize
reagents that can distinguish differditeileria parasites isolated from the field
This latter research has yielded a range of monocional antibodies and
probes that provide unique markers for individliaparva parasites but do not
identify its antigenic nature. These reagents are excellent epidemiologica
biological tools and have been used to show that many, if not all, field iso
contain mixtures of parasites and tiat parva undergoes sexual reproductio
which may further contribute to its antigenic complexity. An important resec



objective is to complete the development of these technologies as reliabls
robust diagnostic and epidemiological tools for the complex of tick-bo
diseases.

The search for schizont antigens will be concentrated on the isolation of 1
antigens using peptide stripping and screening of random DNAs from par
libraries expressed in COS cells. The focus of research will be maintaifded
parva,exploring adjuvant and live vaccination systems, but will be expande
collaboration with other laboratories working dknaplasma, Babesia anc
Cowdriato exploit ILRAD's immunological and vaccine development expert
to investigate the vaccine potential of candidate antigens of the other pare
The long-term objective is the development of antigen-based vaccines fo
major tick-borne diseases that can be designed to protect cattle in part
challenge environments. These vaccines will be applied where the tick-k
disease epidemiology has been defined so that the most appropriate c
strategy is used.
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The role of class | MHC-restricted T-cell
responses in immunity tbheileria parva:
prospects for a vaccine

D.J. McKeever, E.L.N. Taracha, E. Innes* , N. MacHugh,
H. Goddeeri§and W.L. Morrisoh

*Moredun Research Institute, Edinburgh, UK
TCatholic University of Louvain, Louvain, Belgium

*Institute for Animal Health, Berkshire, UK

INTRODUCTION

Disease of humans and domestic animals caused by sporozoan blood pa
are a major hindrance to Third World development. Human malaria affects
300 million people each year and the increasing incidence of drug resistar
Plasmodiumspecies has stimulated an intense search for an effective va
against the disease. Although much information on the biology and immunc
of these parasites has resulted from these efforts, an effective and pre
vaccine against human malaria has yet to be develdpedleria parvais a
related parasite that causes East Coast fever, an acute lymphoprolife
disease of cattle in eastern, central and southern Africa. Although nc
devastating as malaria in human terms, the disease is a huge constraint
improvement of livestock production in the region and so reduces the cap
of affected countries to feed their expanding populations. This paper
attempt to highlight the common features ®heileria and Plasmodium
infections and to discuss advances made in the characterization of im
mechanisms that protect recovered cattle against subsequent challenge v
parva.

Because the life cycles dheileria and Plasmodiumparasites share a numbe
of features, the approaches followed by scientists in the search for vac
against these diseases have had much in common. However, a n
difference has been that work @nparva has been conducted entirely in th
target host species. Transmitted bAnopheles mosquitoes andthe
Rhipicephalus appendiculatuicks, respectively, sporozoites of both speci
invade host cells and undergo schizogenous division. After inoculation ma
sporozoites invade a small number of hepatocytes, which rupture
schizogeny and release merozoites. Clinical disease is not apparent U
subsequent expansion of the parasite in erythrocytes. Sporozoitgsaofa
invade all lineages of bovine lymphocytes, and unlike malaria, tt
development to schizonts is associated with transformation of the infected
By associating with the spindle apparatus, the parasite ensures that



daughter cell inherits the infection (Fawcett al, 1984). The extensive
invasion of non-lymphoid tissues with parasitized cells that characterizes
disease is associated with this clonal expansion of infected cells. The path
is also undoubtedly contributed to by cytokine products of the transfor
lymphoblasts.

IMMUNE RESPONSES TAOHEILERIA PARVA

In contrast to malaria, the immune responses Tto parva have been
characterized extensively in the host species. Much of this information has
derived from animals immunized against the parasite by infection \
characterized parasite stabilates in the face of treatment with long a
formulations of oxytetracycline. This method of immunization engenders s
immunity against homologous challenge that lasts at least 31/2 years (Rad
al., 1975; Burridgeet al., 1972), but has many disadvantages that preclude
widespread use as a vaccine. These include its dependence on liquid ni
for stabilate viability and the possibility of introducing vaccine strains into ar
previously free of them. The method has however allowed scientist
establish the basis of the immunity that it induces, as part of a rational app
to the design of an improvad parvavaccine.

It was soon established that cattle immunized by infection and treatmer
protected by virtue of cellular mechanisms directed at the schizont-infectec
(Eugui and Emery, 1981; Muhammedt al., 1975; Theiler, 1907).
Characterization of these responses was facilitated by the ease with \
parasitized cells can be cultur@d vitro. It was quickly demonstrated tha
peripheral blood mononuclear cells proliferated in the presence of infected
and that these cultures contained Kkilling activity (Peaetoal., 1979). This
activity in immune cattle was restricted to autologous infected cells,
observation that was reminiscent of cytotoxicity for virus-infected cells
contemporary reports of murine influenza. The MHC-restriction of murine *
specific cytotoxicity prompted an examination of the involvement of bov
MHC products inT. parvaspecific cytotoxicity. This was made possible by t
availability of a large panel of aerological reagents that define bovine cle
MHC specificities. In a short time it was established that cytotoxicity in th
cattle was parasite-specific and restricted to infected target cells that shal
least one class | MHC specificity with the effector cells (Morrisbal.,1987).
In addition, it was shown that killing could be blocked by the addition
monoclonal antibodies specific for monomorphic or appropriate polymory
determinants on bovine class | MHC antigens. An interesting feature of t
experiments was the observation that the restriction of these responses
consistently biased towards one or other haplotype and, further, that ce
class | MHC specificities seemed to dominate as restricting elements w
populations (Morrisonet al., 1987). The subsequent demonstration tt
parasitespecific cytolytic activity resided in the CD8T-cell fraction of
peripheral blood confirmed that classical CTL responses are induced in cat
infection withT. parva(Goddeerist al.,1986).

Several features of CTL responsesTinparvaimmune cattle implicate this
population as major effectors in protective immunity. Their appearanc
peripheral blood after challenge is kinetically associated with the onset of p



parasitosis and its subsequent clearance (Morgsal., 1987). Studies with
two stocks of the parasite have shown that the specificity of the CTL respc
in immunized cattle is reflected in the cross-protective properties of the st
(Morrison et al., 1987; Irvinet al., 1983). More recent studies of this syste
have indicated that the capacity of an immune animal to resist challenge w
heterologous stock of the parasite appears to depend on the recognition ¢
stock by its CTL (Tarachat al.,1995). More direct evidence for the role c
CTL in immunity toT. parvahas recently been provided by adoptive trans
experiments carried out in monozygous twin calves (McKeevel., 1994).
Ruminants provide many advantages over human and murine subjects ft
study of immune responsés vivo. Prominent among these is the ease w
which lymphatic vessels entering and leaving lymph nodes can be cannt
for prolonged periods of time with minimal disturbance to the animal.
cannulating the efferent duct of immune lymph nodes under challengd wi
parva, it was possible by limiting dilution analysis to determine that paras
specific CTL constitute as many as 1 in 32 of the cells leaving the node d
the peak of the response (McKeeegral., 1994). This frequency can be 2
times that of the same population in concurrent samples of peripheral blooc
eliminating cells of non-CD8 lineages in responding lymph by compleme
mediated lysis, over 1 x 1Denriched CD8 T cells can be prepared from a
overnight collection of lymph. These cells can be shown to confer protectio
naive twin recipients undergoing lethal challenge with the parasite, and
capacity is abrogated by elimination of CD¥ cells in the transfer population
These observations provide direct evidence that CTL play a major role ir
clearance off. parvafrom immune cattle under challenge. The induction
these responses is clearly important for the development of an impr
vaccine. They also support the belief of many malariologists that CTL ag
the liver stages oPlasmodiumparasites might be effective in clearing malar
infections prior to the development of clinical signs.

CONCLUDING REMARKS

The potential of a vaccine againist parvabased on a recombinant sporozoi
surface antigen is discussed in a separate contribution to this volume. |
light of the observations presented above, and the fact that schizont-sp
immunity againsfT. parva islong-lasting, it is clear that an improved vaccir
against this parasite should also incorporate a schizont-derived component
identification of proteins that constitute targets for CTL recognition is a diffic
task in any system, and especially so in complex intracellular parasites. |
been estimated that the schizont Tof parva expresses approximately 400
antigens (Gerhardst al.,1989). Based on analyses of the parasite specifici
of T. parvaspecific CTL clones, only a few of these are likely to be C
targets. Technological advances in the purification and sequencing of pej
associated with cell surface MHC molecules have now provided a m
whereby the antigens from which these peptides are derived can be ider
(Falket al.,1991; Huntet al.,1992). A malaria schizont antigen recognized |
CTL in naturally exposed individuals that express the human HLA-B53 cla
MHC molecule has recently been identified by searching known antig
sequences of the parasite for a motif derived from peptides isolated from



molecule (Hillet al.,1992). In addition, it has recently been possible to iden
a human CTL target on a melanoma cell line by screening a CDNA library
tumour-specific CTL (Bricharcet al., 1993). The necessary materials at
reagents for applying these technique$ .tparvaare available. Large number:
of parasitized cells can be culturedvitro with ease, and the analysis of CT
responses in immune cattle, both at bulk and clonal levels, is considerably
complicated forT. parvathan for Plasmodiumspecies. Accordingly, intense
efforts are under way in this institute to apply these technologies to
identification of T. parvaschizont antigens that constitute targets for protect
CTL.
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Class | MHC-restricted immunity in malaria

W. Weiss
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The malaria parasite has a complex life cycle involving several stage
development in its mosquito and vertebrate hosts. In the latter, the para:
intracellular. Following inoculation by a female mosquito taking a blood m
sporozoite forms of the parasite pass into the liver and within minutes in
hepatocyte cells. Here the sporozoites develop into schizont forms over a |
lasting from days to years, depending on the species of host and parasite
infection is silent during this hepatic incubation: the handful of matur
malaria parasites causes no liver damage and no illness in the host.

When the parasite's development in the liver is complete and it has multi
many thousand-fold, merozoite parasite forms are released from rupt
hepatocytes into the circulation, where they readily bind to receptor molec
on the surface membrane of erythrocytes. The merozoites enter the red
cells and, over several days, develop into erythrocytic schizonts. The rupt
of many schizont-infected red blood cells causes clinical malaria. Some c
merozoites, after invading an erythrocyte, rather than multiply furt
differentiate to sexual forms that can infect mosquitoes. The life cycle is
perpetuated when these sexual forms are ingested by a mosquito taking a
meal.

The behaviour of the malaria parasite in its mammalian host suggests the
parasite has evolved a survival strategy based on minimizing its exposure
host's humoral immune responses. These have been demonstrated
effective against the parasite: both sporozoites and merozoites are rendere
infective when incubated with antimalarial antibodies (Potocaejadl., 1980;
Charoenvit et al, 1986).

All mammalian cells except red blood cells express on their surface N
molecules, which are encoded by genes of the major histocompatit
complex. The expression of surface MHC molecules enables these mamn
cells to present antigen to T lymphocytes of the immune system, which c
the destruction of infected cells. By invading red blood cells, the mal
parasite therefore avoids recognition and attack by MHC-restricted CD
(helper) and CD8" (cytotoxic) T lymphocytes. Other cells of the immur
system, such as natural killer cells and gammaldelta T cells, do not require
antigen be presented in association with MHC molecules. Although these
may recognize parasite antigen on the surface of infected red cells, it is un
thataf3 TCR T cells can attack the infected erythrocytes directly. Rather, |
may help control infection by interacting with parasite antigens released ol
rupture of red cells, by producing systemic cytokines that will induce of
protective immune responses, and/or by inducing B-cell responses again



parasite. MHC-restricted T cells thus play an indirect role in controlling r
cell infection by malaria parasites T-cell responses against the parasite are
direct in the intrahepatic stages of malaria development. Hepatocyte
express MHC class | molecules and can be induced to express MHC cl:
molecules. It is thus possible that both CBAd CDS effector cells recognize
and bind to malaria antigens. (CDB cells recognize antigen presented in t|
binding cleft of class | molecules; CD8 cells recognize antigen in the bindin
cleft of class Il molecules.) Under natural conditions, however, few if .
people appear to develop strong sterile immunity to the early phases of m:
This is perhaps because the immune system is exposed to only a hanc
sporozoites or developing liver-stage schizont forms in contrast to billion
infected red blood cells.

Much of our knowledge of cellular immunity to the hepatic stages of mal
was gained by infecting human (Clyeeal., 1973), rodent (Nussenzweigt al,
1976) and avian (Russell and Mohan, 1942) hosts with large number
parasites attenuated by radiation. A typical protocol for such immuniza
involves moderately irradiating infected mosquitoes with X-rays so that
sporozoites remain motile and able to invade their hepatocyte targets. A h
then infected by inoculation through bites from these mosquitoes or thre
needle injection of sporozoites harvested from the irradiated mosquil
Sporozoites irradiated to the point of immobility or administered throt
intraperitoneal or intradermal routes provoke no protective immune respons
the experimental hosts (Vanderbegg al, 1968). The number of sporozoite:
as well as boosting doses, needed to immunize a host depends on the spe
parasite and host. For example, to protect an individual against disease ¢
by Plasmodium falciparumthe person must be bitten by infected irradiat
mosquitoes more than 800 times and over a period of several months €Cly
al., 1975); BALB/c mice, on the other hand, can be protected against dis
caused byPlasmodium bergheby administration of a thousand irradiate
sporozoites in a single inoculation (Jai¢al, 1990).

In this immunization method, the irradiated sporozoites pass into the liver
invade hepatocytes but, because the radiation has damaged their DNA, th
unable to develop into liver-stage schizont forms. Instead, the irradi
sporozoites induce a lymphocytic infiltrate which is absent in hosts infe
with healthy sporozoites (Hoffmaret al, 1989). One effect of the arreste
development of the liver-stage parasites is that a lymphocyte inhibitory fe
normally made by the hepatic-stage parasites is not produced. ¢
vaccinologists speculate that irradiated sporozoite vaccines induce T
immunity by putting malaria antigens directly into the hepatic cytosol, and 1
into the class |, and possibly class Il, antigen-processing pathways.

A host immunized with irradiated sporozoites is protected for a perioc
months to years against disease caused by subsequent infection with
thousands of healthy sporozoites (Edelnetral, 1993). This protection take:
two forms. In human and murine malaria, the models most comm
employed, the immunity engendered is one of sterile protection: no blood-
parasites are detected in immune and protected animals. In breakthrough
blood-stage parasites appear and follow their normal patterns of growth wi
alteration, leading to death or self-cure of the animal host. The second ty
immunity induced by irradiated sporozoites, not seen in rodent malaria, was
described in avian malaria (Nussenzweigal, 1967). Young birds immunizec



with irradiated sporozoites do develop blood-stage infections after rechall
with normal parasites, but the severity of the blood-stage infection is n
reduced and the birds do not die. This less-studied form of avian immunity
have similarities with natural human immunityRofalciparummalaria in West
Africa, discussed below.

The sterile immunity to malaria engendered in mice after immunization v
irradiated sporozoites is heavily if not exclusively dependent on effectof,C
class I-restricted T cells. This has been best illustrated by depleting immul
mice of CD4 or CD8 T-cell subpopulations after immunization usin
monoclonal antibodies (Schofielét al, 1987; Weiss et al, 1988). Sterile
immunity is lost after removing the CD8&ell population but remains if CD4
cells are removed. CD&nd CD4 T cells that react with malaria antigens ce
be found in the spleens of immunized animals usimgitro assays for
proliferation and cytotoxicity. Inbred strains of mice show a genetic:
restricted immune response after immunization with some but not all mt
parasite species (Weisst al, 1989). This response is partly MHC-restricte
and partly dependent on genetic factors mapping outside the MHC.

Much less is known about immunity to sporozoite and liver-stage antiger
the human than in the mouse. Irradiated sporozoites offbdticiparumand
P. vivaxinduce protective immunity in humans. This immunity is known to
dependent on antigen specificity because no cross-protection occurs (€ly
al., 1973). CD8and CD4 T cells reactive with sporozoite antigens have be
identified in the blood of persons immunized with irradiated sporozoites (M
et al, 1991) as well as in people living in areas where malaria is ende
(Doolan et al, 1991). However, the relative importance of class I- and clas
restricted T-cell responses has been difficult to assess in humans. Our gre
western Kenya is looking for correlations between responses of &UCDS
T cells that recognize malaria antigens and resistance to infection
sporozoites.

Work in The Gambia has shed light on the role T cells play in human mal
A study of human lymphocyte antigen (HLA) types in children with sev
malaria (Hill et al, 1991) has showed that the HLA Bw53 class | molecule ¢
a HLA class Il haplotype were independently associated with less severe di
outcomes during blood-stage infection. This suggests that antigens by
class | and class Il MHC molecules are important in protecting the human
Interestingly, both these HLA types are common in West Africa and \
uncommon in other parts of the world, indicating that their protective effe
may have fixed them in malaria-exposed populations.

Follow-up work in The Gambia showed that the HLA Bw53 product was &
to present a fragment ofRa falciparumliver-stage antigen to CD&ells (Hill
et al, 1992). This is a paradox: how can immunity to the liver stages of ma
affect the virulence of infection once the parasite successfully leaves the
and invades red cells? The question may be answered by looking more ¢
at avian immunity to malaria induced by irradiated sporozoites: either
immune response in the liver reduces the numbers of infective parasites rel
into the blood or immune responses in the liver cross-react with blood stag
human malaria.

IMMUNIZATION STRATEGIES IN MALARIA



With the understanding of the importance of class | MHC-restricted T-
immunity in malaria, a variety of techniques have been used in attemp
induce immunity to sporozoite and liver-stage antigens.

Irradiated Sporozoite Vaccines

Until recently, malaria sporozoites could be grown only in live mosquitc
Producing sporozoites for mass immunization was thus highly impract
Recent breakthroughs in growing sporozoitesvitro (Warburg and Miller,

1992) may solve the problem of mass sporozoite production. Howe
immunization with irradiated sporozoites will probably continue to

constrained by the necessity for the immunizing sporozoites to remain ak
invade liver cells.

Recombinant Live Vector Vaccines

One way to introduce malaria antigens into the class | MHC pathway i
incorporate the genes encoding these antigens in the genetic material of
intracellular organisms. Researchers have successfully expressed m
parasite antigens in vaccinia viruses (Sedegeh al, 1988) but no such
recombinant virus has yet been able to induce in the host protective imr
responses or cytotoxic T lymphocytes (CTLS) that specifically recognize
antigens. Use of recombinant attenuated bacteria to deliver antigen has
greater promise Salmonellastrains with amAro A mutation are able to invade
cells but are then unable to multiply. In an encouraging experiment with n
however, the addition of a plasmid expressing the malaria circumsporo
antigen to a non-virulenSalmonellabacterium protected 70 per cent of tf
immunized mice against a subsequent sporozoite challenge (Sado#l,
1988). Not all vaccinations with recombing®dlmonellahave protected mice
against malaria, however, despite the fact that the vaccinations induced
responses (Flynret al, 1990). Research in this area continues in attempt
make a comparable, protectiRefalciparumvaccine for humans.



Synthetic Peptide Vaccines to Induce Class | MHC-Restricted Immune
Responses

Attempts are being made to use chemically synthesized peptides correspc
to fragments of malaria parasite antigens as the bases for malaria vaccines
aim of most of these attempts is to induce responses from COlls. along
with antibody and class Il MHC-restricted immune responses.

Unmodified proteins and short peptides can induce CTLs when given in
high doses with incomplete Freund's adjuvant (Carbone and Bevan, 1
These techniques have been tried in the mouse malaria models, using pe
representing a CTL epitope from the circumsporozoite protein. Signific
CD8' T-cell responses have been induced, but these peptide vaccines ha
protected mice against parasite challenge (W. Weiss, unpublished observat

Modified peptides can also induce CDg-cell responses and often requir
much lower quantities of antigen than unmodified peptides. Adding covale
coupled lipids to peptides reduces one hundred-fold the amount of pe
required to induce CTL; this has been demonstrated for the ma
circumsporozoite antigen in the mouse (Verhatlal. 1993). Such modified
peptides can be further combined into particle forms, such as ISC(
(Takahashi et al.,1990) or liposomes. For example (Whitt al., 1993), a
modified circumsporozoite protein from the hunfanfalciparumparasite with
a repeating motif deleted was incorporated into liposomes with the adjL
monophosphoryl lipid A. A single 10-microgram intraperitoneal injecti
induced CTLS. However, such modified peptide and protein vaccines havi
yet successfully protected mice against malaria sporozoite infection.

Induction of Class | MHC-Restricted Responses by Injection with DNA

An extremely novel technique for inducing class | MHC-restricted immt
responses has recently been described for viral antigens (Udtat., 1993)
and is also showing great promise for malaria (M. Sedegah and S.L. Hoff
manuscript in preparation). Plasmids containing complementary DNA (cDI
sequences from influenza nucleoprotein and malaria circumsporozoite ant
were injected intramuscularly into mice. The plasmids were taken up inta
muscle cells, where they resided without multiplying. The cDNA sequer
were transcribed to make intracellular proteins corresponding to
nucleoprotein or circumsporozoite antigens. Although the proteins v
produced at extremely low levels, significant antibody, CBdd CD8 T-cell
responses are made to these antigens. Most excitingly, the immunized
some of these experiments were protected against influenza and malaria.

Problems with Class | MHC-Restricted T Cells and Protective Immunization

Both CD8 (Romero et al, 1989; Weiss et al.,1992) and CD4 (Tsuji et al,

1990) mouse T-cell clones that recognize particular malaria parasite epi
have been shown in passive transfer experiments to protect animals
malaria. However, when animals are immunized with constructs that in
CD8" responses to these same epitopes, there is no evidence that the par



affected. Ibis raises the possibility of the induction of protective immu
responses is brought about not only by the activity of CTLs but also by sp
characteristics of those CTLS.

One such characteristic is the presence of the correct adhesion molecu
the surface of the CTL. A study of protective and non-protective CTL clc
(Rodgigues et al, 1992) showed that the presence of CD44 and VLA on
surface of these cells correlated with an ability to protect mice in pas
transfer experiments. Non-protective clones did not home to their targetinfi
hepatocytes—as well as protective clones. The reason so many immuni:
strategies that induce CTL proliferation do not protect the host against me
infection may be that the induction does not produce class | MHC-restrict
cells with the necessary homing characteristics.

We have recently published experimental results showing thaf C&ll4
activity is required for development of protective C8lIs in mice immunized
with irradiated sporozoites (Weisst al.,1993). Mice depleted of CD4ells at
the time of immunization developed the same numbers of CBI& in their
spleens and livers as did the controls but were completely unprotected a
malaria sporozoites. Although we were not able to define the critical ac
CD4" cells provide in a protective immune response, it may be related tc
development of a special characteristic of CBBector cells.

Interactiongn vivo among T-cell subpopulations are almost certainly cruc
to the success of a vaccine against malaria. It is possible that many ¢
vaccine constructs mentioned here, which successfully inducé @Bgonses
but do not protect against the parasite is that the constructs are not ind
properly coordinated CD4and CD8 T-cell responses. The rational design of
synthetic malaria vaccine may therefore require further study of the induc
phase of CTLs in animal models and in humans.
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INTRODUCTION

Cellular immunity mediated by cytotoxic.Cells (CTL) is an essential part o
the specific immune specific response to viruses and other intracel
parasites. CTL recognize a complex ligand at the surface of infected
comprising pathogen-derived peptide epitopes bound to glycoproteins enc
by the class | locus of the major histocompatibility complex (class | MHC).
study of class | MHC at the micromolecular level, and of the peptides tha
naturally bound by them, has provided a detailed picture of the com
recognized by CTL.

How class | MHC molecules select peptides from a potentially Iz
intracellular pool of pathogen-encoded proteins is as yet unclear, an
understanding of these selection processes is crucial to the assessm
vaccine strategies designed to prime the class | MHC-restricted arm o
immune system. Selection could operate at the level of proteol
translocation of peptides from the site of production to the site of t
interaction with MHC, or the MHC binding event itself. This paper brie
reviews what is known about each of these events with respect to
permissiveness.

COMPLEMENTARITY BETWEEN CLASS | MHC AND BOUND EPTIDES

By isolating class | MHC molecules and stripping them of bound peptide:
denaturation, it has been possible to purify a representative, heteroge
mixture of ligands bound to a number of human and murine allele prodi
Sequencing of this mixture has revealed that all bound peptides
homogeneous in length, and share common amino acids at particular pos
in the sequence—described as anchor residues éFadk, 1991). Because
class | MHC associated peptides are homogeneous in length, the positic
these anchor residues within the sequence thus defined allele-specific bi
motifs. Examples of such motifs are shown in Figure 1.

The molecular basis of complementarity between class | MHC and its b
peptides was elucidated by high resolution X-ray crystallography and confir
by biochemical approaches. The two membrane-distal domains of cl.
MHC



Figure 1. Peptide bindingnotifs for several class | MHC allelesmouse andnan.
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heary chain fom a bindirg groove lined withmary of the polymorphic residues
and contoured in such a was to define six pdets (Sapaet al, 1991).
Crystallographic eidence has shown that the function ofrfafl thes podkets
is to acconmodate side chains of anchor residues wittie bourd peptide.
Hene the arginine side chan found at position 2 of all HLA27-binding
peptides fits into a deéB' podket at the end of which is foundgutamic acid
residue(Maderet al, 1992) In same alleles, this poket is obscuredyba buky
side chan at either position 67 or 45 with the result that either othekgieare
utilized, or peptides with proline at position 2 are preferred. Thkepdhbat
defines théleft hand end of thegroove is lined with non-polymorphic hydrogen
bond donors such agrosine, and interacts with the alphaiao group of bound
peptides. The p&et definirg the'right handend is similar and makes aseries
of hydrogen bonds between consged residues and the free carpd&minus of
bound peptidesln addition, a correlation has been noted between the natul
the sidechan at position 116 (which forms the floor of this pdet), and the



side chain of the C-terminus residue of the bound peptide (E#iotal.,
manuscript in preparation). Thus, aromatic side chains are found in
position in those alleles that prefer a C-terminal hydrophobic residue, seri
found in alleles that prefer aromatic C-termini, and aspartic acid is always fi
at position 116 of alleles that bind peptides with basic C-termini.

CLASS | MHC ASSEMBLY

Peptide binding and class | MHC assembly are linked phenomena. A stu
the assembly of class | with peptidasvitro has shown that peptide binding ¢
the 'empty’ heavy chain/beta 2-microglobulin heterodimer stabilizes
interaction between the two class | MHC chains. Furthermore, peptides bir
to free heavy chain in the absence of beta 2-microglobulin has been sho
induce a conformational change in heavy chain leading to its native structu
which it binds to beta 2-microglobulin with high affinity (Ellictt al., 1991).
Either of these reactions could contribute to the selection of intracell
epitopes since 1) Peptides of 9 amino acids bind with the highest affinit
'empty’ class | molecules (Cerundo& al., 1991) and 2) only peptides
corresponding to naturally processed epitopes will induce the conformati
change in free heavy chains (Elliat al., 1991). The last of these may b
particularly important, since the alpha-3 domain of heavy chain is not reqt
to observe the effect, and there is some evidence to suggest that peptide:
optimal length and sequence may actually lower the activation energy req
for correct folding of the free HC in the absence of beta 2-microglobulin (Ell
et al.,1992a, 1992b).

PEPTIDE TRANSPORT

Current evidence supports the notion that the primary site of pathogen pr
degradation is the cytosol. Class | MHC is synthesized and binds to peptic
the lumen of rough endoplasmic reticulum (ER), and it was clear from an ¢
stage that the topological paradox which these observations pose could ol
resolved if there exists a mechanism for translocating peptides across th
membrane in a signal sequence-independent way. Recently, a heterod
protein encoded in the MHC class Il locus has been identified that fulfils
role. The complex, known as TAP.(Transporter associated with Anti
Processing, reviewed in Townsend and Trowsdale, 1993), belongs to a fam
ATP-binding cassette (ABC) proteins and has been shown to transport pe|
from the cytosolic to the lumenal side of the ER membrane in an A
dependent way (Neefjest al., 1993; Shepherdt al., 1993). The two TAP
chains are genetically polymorphic and there is one instance in which thi:
been associated with functional polymorphism (Pa#tial.,1992). Differences
in substrate specificity of TAP alleles could therefore contribute to the selec
of cytosolic peptides that could be made available for class | MHC bindin
the ER. Studies to date clearly show that the TAP complex is not selectiv
nonameric peptides, but can transport peptides up to 15 amino acids in leng



PROTEOLYSIS

The best-studied agent of protein degradation in the cytosol is a multicat:
complex known as the proteasome. Two of the proteasome subunit
polymorphic gamma-interferon inducible and encoded by the class Il loct
MHC (Martinez and Monaco, 1991). Recent evidence shows that of the
ATP-independent proteolytic activities of the proteasome, those which cl
after hydrophobic and basic amino acids are augmented after interferon g
treatment, whereas the third, which cleaves after acidic residues is supp!
(Driscoll et al., 1993; Gaczynsket al., 1993). The modulation of these
activities appears to be dependent on the presence of the two MHC-en
subunits.  Thus, under conditions found during immune activation,

proteasome may preferentially generate peptides with C-termini that
compatible with all class | MHC alleles studies to date, while reducing
generation of peptides with acidic C-termini (for which a complementary cla
MHC binding groove has not been identified). Down regulation of the ac
specificity would also prevent peptide epitopes containing acidic residues
being destroyed.

The same abundance of basic and hydrophobic residues seen at the C-
of peptide epitopes is not evident at the position immediately preceding th
termini. Here, the relative abundance of each amino acid approximates f
frequency with which they occur in nature, suggesting that different set
enzymes may be involved in generating the N-termini of peptide epitopes.
have recently investigated the role of enzymes resident in the ER in trimi
longer peptides containing a natural epitope (Elliettal., 1993). Long
precursor peptides generated by recombinant vaccinia viruses were
translationally transported into the ER of a mutant cell line that is unabl
expose newly synthesized class | molecules to peptides generated in the ¢
Although the longer peptides were shown to bind to class | MHC with a fe
high affinity, only the 'naturally processed' nonameric peptide could be isol
from class | MHC molecules synthesized by the infected cells. These re
indicate that longer peptides transported into the ER (either by a TAP-depel
mechanism, or by leader sequence-dependent mechanisms as in this expe
could be trimmed by ER-resident peptidases giving rise to peptides capal
inducing tiie folding of nascent class | MHC and forming stable complexes \
them.

CONCLUSIONS

An effective vaccine should incorporate all the elements necessary fc
processing and presentation to appropriate precursor T-cell subset(s)
general, vaccination strategies targeted at MHC class I-restricted respons
within a spectrum ranging from infection/treatment to immunization w
defined epitopes. Both of these extremes are suboptimal. Although infe
with a pathogenic organism is likely to prime appropriate effector
regulatory Tcells, there are obvious disadvantages to using live organisms
the strategy is limiting to those diseases for which a suitable and rel
treatment is available. On the other hand, peptide vaccination strategies
the response to a single epitope/class | immunostimulatory complex which



be ineffective or even detrimental if the vaccinating epitope differs in any
between individuals (of the same haplotype) or is not produced throughot
course of the pathogenic challenge. In addition, there may be as yet und
disadvantages associated with delivering a bolus of preprocessed antigen
circulation.

In the absence of detailed information regarding the processing requirel
of intracellular antigens for presentation by class | MHC, vaccination strate
have tended to focus on attenuated live vaccines designed to deliver a nun
potentially immunogenic proteins to intracellular processing components
non-pathogenic form. Though these vaccines may be effective in delive
antigens in a way analogous to that of the wild-type pathogens, there are
difficulties associated with the approach, not least of which is the worry
effective attenuation. Also, the approach is only feasible in cases wher
pathogen is simple (i.e. viruses with a small genome) and its biology is
understood.

What remains, therefore, are strategies that draw on information derived
the study of antigen processing and presentation. Since this informati
currently limited, the popular strategies focus on the delivery
immunodominant antigens to the cytosol of antigen presenting cells by
example, enclosing them in liposomes or making them fusogenic by some
means. Clearly, a more detailed knowledge of the way in which antigen:
handled by antigen presenting cells prior to their association with class | V
and an understanding of the structure of the class | molecules which pr
them, will enhance our ability to approach the development of effec
vaccines in a rational way.

REFERENCES

CERUNDOLO, V., ELLIO'RT, T., BASTIN, J., RAMMENSEE, H.-G. and
TOWNSEND, T. 1991. The binding affinity and dissociation rates of
peptides for class | major histocompability complex moleculegopean
Journal of Immunolog®1: 2069-2076.

DRISCOLL, J., BROWN, M.G., FINLAY, D. and MONACO, J.J. 1993. MHC
linked LMP.gene products specifically alter peptidase activities of the
proteasomeNature365: 262—264.

ELLIOTT, T., CERUNDOLO, V. and TOWNSEND, A. 1992b. Short peptide
assist the folding of free class | heavy chains in solutiéuropean
Journal of Immunolog®2: 3121-3125.

ELLIOTT, T., ELVIN, J., CERUNDOLO, V., ALLEN, H. and TOWNSEND, T.
1992a. Structural requirements for peptide-induced conformational of 1
major histocompatibility complex class | heavy chaiksiropean Journal
of Immunology22: 2085-2091.

ELLIO'IT, T., CERUNDOLO, V., ELVIN, J. and TOWNSEND, A. 1991.
Peptide induce conformational change of a class | heavy cNaiture
351: 402-406.

ELLIOIT, T., SMITH, M., DRISCOLL, P. and McMICHAEL, A. 1993 Peptide
selection by class | molecules of the major histocompability complex.
Current Biology3: 854-866.



FALK, K., ROTZSCHKE, 0., STEVANOVIC, S., JUNG, G. and
RAMMENSEE, H.-G. 1991. Allele specific motifs revealed by sequenci
of self peptides eluted from MHC moleculdsature 351:290-296.

GACZYNSKA, M., ROCK, K.L. and GOLDBERG, A.L. 1993.,y-interferon an
expression of MHC genes regulate peptide hydrolysis by proteasomes.
Nature365: 264—-267.

MADEN, D.R., GORGA, J.C., STROMINGER, J.L. and WILEY, D.C. 1992.
The three dimensional structure of HLA-B27 at 2. 1 A resolution sugge:s
general mechanism for tight peptide binding to MHZzII 70:1035-1048.

MARTINEZ, C.K. and MONACO, J.J. 1991. Homology of the proteasome
subunits to a major histocompability complex-linked LMP.gedature
353: 664—-667.

NEEFJES, J., MOMBERG, F. and HAMMERLING, G. 1993. Selective and
ATP-dependent transiocation of peptides by the MHC-encoded transpc
Science261: 769-771.

POWIS, S.J., DEVERSON, E.V., COADWELL, W.J., CIRUELA, A.,
HUSKISSON, N., SMITH, S.H., BUTCHER, G.W. and HOWARD, J.C.
1992. Effect of polymorphism of an MHC-linked transporter on the
peptides assembled in a class | moleciature357: 207-215.

SAPER, M.A., BJORKMAN, P.J. and WILEY, D.C. 1991. Refined structure
the human histocompatibility antigen HLA-A2 at 2.6 A resolutidaurnal
of Molecular Biology219: 277-319.

SHEPHERD, J.C., SCHUMACHER, T.N.M., ASHTON-RICKARDT, P.G.,
IMAEDA, S., PLOEGH, H.L., JANEAWAY, C.A. and TONEGAWA, S.
1993. TAP1-dependent peptide translocatiowitro is ATP dependent
and peptide selectiveCell 74: 577-584.

TOWNSEND, A. and TROWSDALE, J. 1993. The transporters associated
atnigen presentatioseminars in Cell Biolog¥: 53—61.



Search for CTL-recognized peptide epitopes
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Cytotoxic T.lymphoeytes (CTL) recognize peptide fragments presented or
cell surface by MHC class | molecules. Peptides are generated by protea
the cytosol and transported across the membrane of the endoplasmic reti
where they bind to newly synthesized MHC molecules. However, not
cytosolic proteins can give raise to MHC presented peptides, since nu
(Deckhutet al.,1992) and even mitochondrial (Lovelaatlal., 1990) proteins
have been shown to provide MHC class I-presented CTL epitopes. At pre
no cellular compartment is known to be excluded from the MHC clas
presentation pathway. Indeed, CTL responses have been detected &
bacteria and parasites that reside inside cellular vacuoles (Kaufmann, 199:
are therefore probably not exposed to cytosolic antigen processing enzym
is currently unknown whether generation of immunogenic peptides from ¢
intravacuolar parasites is dependent on cytosolic proteases and pe
transporters, or whether alternative antigen processing pathways exist.

MHC class | binding is an essential prerequisite for peptides to functio
CTL epitopes. Sequence analysis of MHC-bound peptides in combination
crystallographic structures of MHC class | molecules led to the definitior
rules governing peptide-MHC interaction The peptide binding groove of cle
molecules is highly polymorphic, and this results in binding of distinct set:
peptides by different MHC alleles. Study of peptide-MHC interaction resu
in determination of allele-specific peptide binding motifs (Felkal., 1991),
which have been used successfully for accurate prediction of many
epitopes (Falk and Rotzschke, 1993). However, CTL epitope prediction b
on these observations requires protein sequence information of the f
antigen, which is often not available. Also, not all natural CTL epitopes cor
MHC binding motifs (Sadovnikovat al., 1994) and the frequency of motif:
negative epitopes is presently unknown.

IDENTIFICATION OF CTL EPITOPES

Approaches for identification of CTL epitopes without knowledge of tar
proteins have been described. Boon's group developed a procedure
involves generation of variant cells that have lost expression of CTL-recogr
epitopes, followed by transfection of these variant cells with genomic D
from epitope-positive parental cells. This approach has led to the identific:
of tumour antigens expressed by human melanoma (Travetsarj1992) and



murine mastocytoma cells (Sibi al.,1990). The drawback of this techniqu
is that it is extremely labour intensive, and to date it has been used succes
in only one laboratory.

An alternative approach to identify CTL epitopes involves isolation e
purification of MHC class I-presented peptides followed by pept
microsequencing. However, MHC class I|-presented peptides are hi
heterogeneous (estimates are that probably 3,000 to 10,000 distinct peptid
presented per cell) requiring extensive purification before sequence
individual CTL-recognized peptides can be obtained. The most ser
limitation of this approach is the discrepancy in sensitivity of CTL assays
peptide microsequencing. The sensitivity of classical Edman degrad:
sequencing is 1-10 picomole and the sensitivity of current tandem r
spectroscopy is approximately 50 femtomole. Estimated CTL sensitivity i
10 femtomole, indicating that successful purification of CTL-recogniz
peptides does not guarantee successful sequence determination. Nonet
four CTL epitopes have been microsequenced successfully in three diff
laboratories to date (Udakat al., 1992) (unpublished information).
Surprisingly, in most cases classical Edman degradation was employe
sequence determination, while the technically more advanced tandem
spectroscopy was used for identification of one epitope recognized by
reactive CTL specific for HLA-A2.

In our own work we have analysed peptides recognized by CTL raised ac
minor histocompatibility (H) antigens. Minor H antigens can cause tis
transplant rejection in MHC-matched, donor-recipient combinations, du
CTL recognition of polymorphic non-MHC antigens. Except for tv
characterized minor H antigens in mouse (Lovelandl.,1990; Speiseet al.,
1990), the nature of these antigens and the encoding genes are get
unknown. We have studied the murine minor HI antigen which is recognize
CTL in a MHC class |, H-2Kb-restricted fashion (Yah al.,1993). So far, we
have immunopurified Kb molecules from approximately 30 mouse spleens
separated Kb-presented peptides by reverse phase HPLC. Individual t
fractions were collected and tested in CTL assays showing that only one o
adjacent HPLC fractions contained peptides recognized by CTL specific fo
minor HI antigen (Yinret al.,1993). Active fractions were subfractionated ov
three different HPLC columns and CTL-recognized peptides were succes:
identified. Subfractionation revealed that the original HPLC fractions contai
a large number of irrelevant peptides that interfere with microsequencin
CTL-recognized peptides. After the final HPLC purification the CT
recognized fractions contained approximately 1 picomole of peptide which
sufficient to obtain some sequence information using Edman degrade
These purification experiments were encouraging because biologically a
peptides were easily identified even after four purification steps. Our cul
effort is to use more efficient peptide isolation and separation procedure
purification of CTL epitopes.

ISOLATION OF SURFACE PEPTIDES FROM INTACT CELLS

We have developed a peptide extraction protocol which does not require
immunopurification of MHC class | molecules. This procedure is likely
improve peptide vyield because it omits potential losses associated



immunopurification. Aso, the procedure is independentttod availability of
MH C-specific antibodies, allomug peptide isolation fronmany class lallelesof
different species. Enaturation of MK class Imolecules on the surface of
intact cells is used to release I@Hbound peptides, kich are subsequently
purified byHPLC. To monitor MHC class Idenaturation, cellwereexposedo
buffersof pH 6.5, 5.6, 4.5 or 2.7 and then stained with confition-dependent,
MHC class ispecific nonoclonal antibodies. Exposurea#llsto pH 6.50r 5.6
did not significantly reducelevels of class lkexpression, hile exposure to pH
4.5 lead to a sligt reduction (Figre 1). MHC class lexpressiorwasreducedo
undetectable leats in cells exposed to pH 2.7. Exclusion optny blue de by
these cells indicated that p217 exposure did not dage the integty of the
cell menbrane. Therefore, it appeared thpH 2.7 resultedin denaturatiorof
classl moleculeswithout causingdetectable cell daage. Ph 6.5 and 5.6 did
not affect MHC expression and pHK.5 appeared tmduce partial denaturation
of class Imolecules.
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Figure 1. Dereturation of MHC class | nolecues onthe sufaceof intactcells. RMA
cels (H-2b haplotye) were exposed b pH-adjusted bufers (500 M NACI ard 200 nM
acetic acid) dr 3.5 mn at ro(,mtenperatue, followed bystairing at 4 ?C with murine
MAbs specifc for H-2Kb ard Db clasd molecues ard seconl layer FITC-labelledgoat
anti-mouse anibodies Shown is the nmedian of the fluorescerce intensity of the stained
cellsasdeternined by FACScanaralysis. The norphology of cells eyosed to lowpH
was similar to that of cortrol cells, anl pH4reated cells did at show signs of cell
damage whenaralysed bytrypanblue stainng.

Supernatanof cells exposedto the pH-adjusted buffers was collectedand
tested for the presence of peptides recmgl by CTL raised aginst theminor
H | antigen. Supernatantsf cellsexposed to pH 6.5 and 5.6 did not contain a
CTL-recoquized peptides, hile supernatants frongells treatedwith pH 2.7
were efficientlyrecogized byCTL (Figure 2). Teatnent with pH 4.5 appearec



to lead to partial release offC-recoqiized peptides (Figre 2). Together, these
experinents reealed a god correlation between the disappearance of Ml
class Imolecules on the surface of ptieated cellsand the appearancef
peptidesrecoqized by class Irestricted TL (see Figres 1 and 2). Peptide
releasefrom intact cells appeared to be efficient, since titration expemis
suggestedthat the concentration of pkeluted peptides is cquarable to the
amount of peptide obtained frotpsates of whole cells (data not shown).

B Fraction 26
B  Fraction 27

% Specific Lysis

Cell lysate pH 2.7 pH 4.5 pH 5.6
Peptide Extraction Method

Figure 2. CTL recagnition of natural @ptides elutedrom intact cells. 5 x 18 RMA
cels were exposedto pH-adjusted bufers for 3.5 nin at roomtemperaure. Glls were
removed by centrifugation and the sugernatant passel through Centricon 10 filters to
isolate lav molecular weight peptides which were seratedby HPLC. Fractios 26 and
27 were cdlected and analyed with CTL specific for the minor histocompatibility
artigenHI, which recogize peptides preseim these HR.C fractiors (Yin et al.,1993).
Peptides preparedfrom cells by lysis with 0.7% TFA servedas psitive control. For
CTL assays, 1/10 of HPLC fracions 26 am 27 were wsed b coat RMA-S target cels
(uncoated RMA-S cels showed approkmately 5% baclground lysis).

Although pH 5.6 exposure did not result in MHdenaturation and release c
CTL-recoquized peptides, ALC analgis of pH5.6 eluent resaled the presence
of seweral peptide peak (not show). Althoudh the orign of these peptides ha:s
not beendeternined, it is possible that thegre released fromeceptor ligind
interactions wich are nore phsensitie than MHC/peptide interaction. For
exanple, it has been shown that pH 5.6 can cause dissociation oérepid
growth factor bound to its receptdHaigler et al., 1980). Since oimasion of
such peptides should prove the purityof CTL-recoqized peptidescellswere
preexposed to pH5.6 to eluteirrelevant peptidesbefore MHC presented
peptides were extracted usipl 2.7. The pretreatrant at pH5.6 did not result



in any detectable loss of CTL-recognized peptides and was therefore rou
used for peptide preparation.

The experiments described here were designed to develop procedures fol
peptide extraction from a large number of MHC class | molecules. A m
advantage of the described surface extraction procedure is the independe
MHC-specific antibodies allowing peptide extraction from class | molecules
which no antibodies are available. However, peptides prepared in this wa
more heterogeneous than peptides extracted from immunopurified cle
molecules. This is because surface extraction leads to denaturation of all
molecules expressed by treated cells, and the heterogeneity of released p
increases with the number of expressed class | alleles. This drawba:
increased heterogeneity is perhaps compensated by improved peptide yie
by the experimental facility of peptide preparation.

CONCLUDING REMARKS

It is currently unknown whether peptide purification and microsequencing
be achieved in the majority of CTL-recognized epitopes or in only a
exceptional cases. An important factor determining microsequencing succ
probably the level at which a CTL epitope is expressed, which in 1
determines the concentration of purified peptides. At present there is only
information of the minimal number of MHC/peptide complexes that
required for CTL recognition, but no assays are available to measure the :
concentration of a given MHC/peptide complex. In addition to expression |
the biochemical nature of peptides is likely to affect purification &
microsequencing attempts. To date, most peptide isolation procedures us
pH buffers which may result in loss of some peptides that are sensitive to ¢
conditions. This may explain our observation that acid extraction does
always yield CTL-recognized peptides. For example, we have generated s
H-2Kb-specific CTL clones which recognize RMA cells but not the mut:
RMA-S subline which has an MHC class | peptide loading defect. Althol
acid extraction of parental RMA cells yields peptides recognized by most
clones, some clones apparently recognize epitopes that are not present ir
peptide preparations. It is possible that peptides recognized by these clon
unstable under low pH conditions. Alternatively, it is conceivable that HF
purification may not give equally good recovery of all peptides, leading to
of some CTL epitopes. Finally, different CTL may display different affiniti
for peptide MHC complexes in which case lack of CTL recognition might
caused by low affinity T-cell receptors rather than by low peptide concentral

Attempts to microsequence CTL epitopes are currently undertaken in 1
different laboratories and within the next few years it will be possible to ju
the general feasibility of this approach.
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INTRODUCTION

The HLA region lies on the short arm of human chromosome 6 and con
approximately 20 class | MHC heavy chain genes, pseudogenes and
fragments (Geraghtgt al., 1992). Three genes encode serologically detec
HLA-A, B and C antigens, which are expressed by a wide range of tissue:
function in the presentation of peptide antigens to CDi§mphocytes.

Serological typing, using alloantisera obtained from multiparous women,
been the primary tool for characterization of HLA-A, B, C polymorphism
human populations and remains the routine method for clinical Class | N
typing. With this approach, the activities of eleven internatio
histocompatibility workshops have defined 27 HLA-A, 59 HLA-B and 10 HL
C antigenic specificities. Because some of these specificities represent <
public epitopes the number of serotypically defined alleles are 23 for HL/
46 for HLA-B and 9 for HLA-C.

Historically, HLA studies have been carried out in the clinical context
tissue transplantation and autoimmune disease and have therefore focuse
Europeans and derivative populations. The major source of anti |
alloantisera and of the cells used to screen them have been individuals
these same populations. In 1972 the fourth International Histocompatik
Workshop focused on the diversity of human populations. New anti
specific to non-European populations were discovered and striking differe
in antigen frequencies between populations revealed. For example, the nu
of HLA-A and B antigens found in Native American populations were o
fractions of those found in Non-Native Americans (Kostyu and Amos, 1981)

Not long after the 1972 workshop the role of class | HLA molecules in anti
recognition by Tlymphocytes began to be appreciated, stimulating study of
HLA specificity of alloreactive and antigen-specificcé&lls. Unexpectedly,
T.cells were found to distinguish between serologically identical class | M
molecules. This was first recognized with HLA-A2, and then with A3, B:
B35, B44 and others (Biddisat al.,1980). Primary sequence analysis show
that the basis for these differences were amino acid substitutions in the |
chain sequence. In this manner the HLA-A2 and HLA-B27 specificities w
shown to represent a collection of related alleles, which have been c
subtypes (Lépez de Castro, 1989). As more serologically defined antigens
been analyzed using.CElls, isoelectric focusing and nucleotide sequencing



substantial number have now been dissected into subtypes. A common fi
of subtypes is that they segregate between populations. Hence different,
B27 subtypes derived from Africa, India, eastern Asia and Europe have
found (Benjamin and Parham, 1990).

CORRELATING SEQUENCES AND SEROLOGY

Nucleotide sequences for all the WHO-recognized HLA-A, B and C antig
have now been obtained (Zemmour and Parham, 1993; unpublished |
These data enable correlation of the primary sequences with the patter
aerological cross-reactivity previously defined.

HLA-A

HLA-A locus antigens have been divided by aerological analysis into five cr
reacting antigens (CREG) designated A2, A3, A9, A10 and Al19 (Rodey
Fuller, 1987). On the basis of nucleotide sequences five families of alleles
be defined (Kateet al., 1989; Lawloret al.,1991) and these correspond to tf
five CREG. The exception to this rule are the A30 subtypes, wi
serologically belong to the A19 group but show sequence characteristics ¢
A3 group. The structural similarities that create the aerological epitc
sharedby A30 and the A19 family (A29, A30, A31, A32 and A33) are loce
between residues 144-151 of the helix. HLA-A30 molecules are more
frequent in Africans and African Americans than in Europeans, which perl
explains why serology has focused on such a limited region of the
molecule. If alloantisera obtained from individuals stimulated with a crc
reactive antigen were used to define the A30 antigen then serology would
only on the cross-reactive determinants.

Potential problems associated with defining antigens from one population
alloantisera characterized in another are illustrated by an unusual and re
discovered allele, HLA-A*8001. In the African American population 6.7%
HLA-A alleles type serologically negative or 'blank’. Sequencing of such bl
alleles has revealed the A*8001 allele, which was discovered independent
three groups of investigators (Domesataal., 1993; Starlinget al.,1993; Rosen-
Bronsonet al.,1992). HLA-A*8001 is very different from other HLA-A alleles
and on the basis of nucleotide sequence comparisons defines a sixth
family. Its closest relative is A*0101 from which it differs by 34 nucleotide &
24 amino acid substitutions. By superimposing the A* 8001 amino «
sequence on the three dimensional structure of the class | molecule (Bjor
et al.,, 1987a, 1987h), it can be seen that substitutions distinguishing A*C
and A*8001 are exposed on the surface of the molecule and thus expectec
antigenic. Given the distinctive nature of the A*8001 molecule it is remark:
that it escaped aerological detection for so long. This does not appear to
been due to poor immunogenicity of the A*8001 molecule, because re
screening of the appropriate population has revealed A*8001 spe
alloantisera (Starlingt al.,1993).



HLA-B

Serological definition of HLA-B CREG has been less clear than that of HL/
and a similar complexity is seen in the HLA-B nucleotide sequences, whic
not easily subdivide into families like HLA-A alleles. Variation is heavi
concentrated in exons 2 and 3 and the evolutionary lineages have be
obscured through gene conversion events which have resulted in recombi
of short sequence motifs within the region (Parleaa.,1988).

Comparison of HLA-A and B with the chimpanzee homologues shows tha
A alleles are more closely related than the B alleles (Lagtlat., 1988; Mayr
et al., 1988). This observation, indicates that the B locus has evolved r
rapidly than the A locus during the five million years since human -
chimpanzees diverged, and this is supported by the comparison'of HLA-A a
within the human species (Beligh al.,1992; Watkinset al, 1992). Moreover,
the primary difference between the two loci appears to be the frequency
which new alleles formed by interallelic gene conversions enter the gene pc

The degree to which aerological cross-reactivity between HLA-B molec
reflects overall structural similarity is highly variable. The Bw4 and B\
public epitopes, formed by alternative sequence motifs at residues 77—83 «
al helix (Wanet al., 1986) are influential in determining the aerological stat
of HLA-B molecules. A series of crossreactive antigenic pairs has &
identified (B8/B59, B44/B45, B49/B50 B38/B39, B35/B53, B51/B78 a
B62/B63) in which one member of the pair has the Bw4 epitope and the ¢
the Bw6 epitope. In the absence of structural information it was speculatec
these pairs of antigens would differ solely in the sequences determinin
public epitopes. With determination of the sequences it became apparen
the pairs divided into two groups, those that fulfilled this expectation and tl
that did not.

Four of the pairs (B49/B50, B38/B39, B35/B53 and B51/B78) differed
predicted, in the motifs at positions 77-83 (Mukral., 1989; Hildebrandet
al., 1992; Hayashet al., 1990; Sekimatat al., 1990; Madrigalet al., 1992).
For the other three pairs (B8/B59, B44/B45 and B62/B63) many additic
differences were found and it was not obvious from the structures why
alleles were serologically paired (Hildebrageidal., 1992, 1993, 1994). On the
basis of sequence B59 is more closely related to B55 than B8 (Hildedirahd
1993), B45 is more closely related to B50 than B44 (Hildebetna., 1992)
and B63 is more closely related to B 17 than B62 (Hildebetrad.,1994). The
lack of congruity between serology and structure results from dominant epit
formed by highly localized segments of sequence and from the antic
specificities being defined on the basis of cross-reactivities: B59 is specif
Japanese populations and B45 and B63 are most common in Africans
derivative populations (Imanisht al.,1992).

Another example of this effect emerged from analysis of HLA in the Pir
Indians. In this population a aerological variant of the HLA-B21 antig
designated BN21, was defined (Williams and McAuley, 1992). This \
intriguing because neither of the conventional B21 antigens, B49 and B50,
found in any American Indian groups (Kostyu and Amos, 1981) and BN21
restricted to the Pima and certain closely related Native American populat
The sequence of the BN21 allele proved to be highly divergent from
(B*4901) and B50 (B*5001), but was very similar to B*4002, an allele tha



common among American Indian groups, including the Pima, and encode
B61 antigen (Hildebrandet al., 1992; Domenaet al., 1992). The BN21
molecule differs from B *4002 by substitution at positions 152 (V « E) and |
(T.« L) in the a2 helix. At these two positions the BN21 allele, now cal
B*4005, is identical to B*4901 and B*5001, which must explain the aerologi
cross-reactivity. This sequence is present in other alleles including ones 1
in the P»ma, for example B*5101 and B*5102. Therefore, the B*4005 al
was formed by a conversion in which B*4002 was the acceptor and e
B*5101 or B*5102 was the donor. In conclusion, a B21-like antigen v
formed by recombination between two alleles, neither of which was in the
family: a sort of convergent evolution.

HLA-C

Serological definition of HLA-C has proved difficult and there have been
developments in this area in the last decade. Similarly, the characterizati
HLA-C proteins has been hindered by the lack of either allele-specific or lo
specific monoclonal antibodies. The most successful of the analy
approaches applied to HLA-C have been those directed at nucleic &
Analysis of HLA-C allelic sequences reveals intriguing differences from HL
A and B: the peptide binding site is less polymorphic, especially in the al h
yet there is greater variation at positions outside the peptide binding
(Zemmour and Parham, 1992). Many research groups are actively engac
the analysis of HLA-C and the emerging impression is that there is n
undiscovered polymorphism at this locus.

DNA Methods for HLA-A, B, C Typing

Until recently serology was believed to provide adequate typing of class | t
molecules for medical and scientific applications. Systematic molec
analysis of the polymorphism has however revealed limitations in
aerological methods. Many alleles remain undiscovered, particularly
Africans and other non-European populations. Even in the most extens
studied populations new subtypes continue to emerge. The degree of ac
to which alleles can be assigned serologically is variable, as is the exte
which patterns of aerological cross-reactivity correlate with the underly
structures of the proteins. The problems are obvious in the case of HLA-C
apply similarly to HLA-A and B.

A fundamental requirement for analysis of the effects of HLA-A, B, C type
T-cell vaccination, whether aimed at infectious, autoimmune and malig
diseases, or on transplantation between unrelated donors and recipiet
typing that distinguishes all alleles with comparable levels of accuracy.
requirement is most likely to be met by DNA-based methods and develop
and application is one goal of the next international histocompatib
workshop. Another goal is to focus on human populations in which the
profile is poorly defined. It is hoped that the latter effort can be integrated !
that of the Human Genome Diversity Project which proposes to provide sar
from hundreds of anthropologically characterized human populations.



HLA-A, B, C Genes and Natural Selection

In contrast to HLA-A, B and C the class | MHC pseudogenes, HLA-H :
HLA-J, show very little polymorphism (Zemmoet al., 1990; Messeet al.,
1992). Thus function and polymorphism are correlated, suggesting
polymorphism in the HLA-A, B and C genes is the result of natural select
This idea is supported by the nature and distribution of nucleotide substitu
within the genes; coding substitutions affecting residues of the ant
recognition site that contact bound peptides are disproportionately repres
(Parham et al., 1988; Hughes and Nei, 1988; Hedridt al., 1991).
Furthermore, it is clear from many studies of peptide binding and ant
presentation that amino acid changes at such ‘peptide-binding positions'
the specificity of the binding site. All these data are consistent with the \
that polymorphism is naturally selected to give molecules with differ
specificity for the presentation of antigens.

Disease-specific Selection

Survival depends on T-cell responses against an array of micro organ
viruses and foreign proteins. That individuals with any pair of HLA-A, B anc
alleles survive suggests that all the alleles present in the human populatic
capable of presenting a wide range of antigens, a conjecture supported |
diversity of endogenous peptides that are bound by the product of a single
(Jardetzkyet al.,1991). Over and above these basic requirements an indivi
allele may offer a particular advantage under specialized circumstance
example, when a particular disease is a major threat to survival. It woul
envisaged that alleles that are better at presenting peptides from the di
causing pathogen would be favoured under these circumstances. The
frequency of HLA-B53 in West African regions of endemic malaria provides
example of such disease-specific selection (etilal., 1991, 1992). In many
other parts of the world disproportionately high frequencies of particular all
and haplotypes are found (Imanighial., 1992) and are candidates for beir
associated with resistance to particular disease, but the connections be
host and pathogen have yet to be made.

Overdominant Selection (Heterozygote Advantage)

Peptides bound by class | molecules are usually nine amino acids in length
ends of the peptides are bound tightly through 'anchor’ residues, which are
conserved amongst the peptides bound by a particular allele (reviewed in B
and Parham, 1993). In contrast the centre of the peptide is less importa
interaction with HLA and appears to define the epitope seen by the T
receptor. The peptides bound by different alleles are distinct. For examp
position 2 of peptides bound by B27, B7 and B60, arginine, proline

glutamic acid residues respectively are found (Hillal., 1992, unpublished



data). Thus, from a given antigenic protein each of these molecules will pri
a different set of epitopes tackElls.

In view of the mechanism of peptide presentation the potential benef
heterozygosity is obvious. Heterozygotes can present a greater array of pe
than homozygotes and by inference should be capable of making a str
immune response against any pathogen. The maximum twofold effect will |
closely be approached when there is no overlap between the repertoi
peptides bound by the two alleles. Thus one might expect a tendenc
populations to evolve alleles that are highly distinctive and to lose intermet
forms. This effect could explain the presence of distinctive lineages of HL.
alleles and the segregation of closely related subtypes amongst popul:
(Kato et al.,1989; Lopez de Castro, 1989).

Frequency Dependent Selection

So far we have considered two components of the selection upon Class |
molecules. Disease-specific selection, which assesses the ability of cl
molecules to present a limited number of defined peptides, and overdom
selection which assesses their capacity to present a universe of peptides.

Let us consider a hypothetical population in which overdominance is the
selection and all alleles, though complementary in their binding
specificities, are as effective in their function of antigen presentation. Ui
these circumstances selection will act to even the frequency of alleles, th
maximizing the proportion of homozygotes. This same tendency will col
selective advantage to new alieles providing they too are complementa
existing alleles and as functionally effective. Most new alleles are formec
conversions that reassort clusters of substitutions between functional al
They are likely to be functionally distinct and the presence of many s
products in human populations suggests they are functionally effective.
prevalence of previously undiscovered HLA-B alleles in South American Inc
populations (Belichet al., 1992; Watkinset al., 1992) indicates that the
appearance of new alleles is sufficiently frequent to be a significant factc
considerations of the selection acting upon class | HLA genes.

New alleles are advantageous not because they are better than existing
but because they are different; this is a frequency-dependent selection. /
frequency of a new allele increases under this selection its selective adve
will decrease, eventually to zero when the new allele has reached a freq
comparable to that of the existing alleles. The selective advantage of a
allele will be dependent upon the number and distribution of existing alle
and thus upon population size. For large urban populations, with their r
alleles and few homozygotes, this advantage should be considerably les:
for small tribal populations with limited numbers of alleles and gree
homozygosity.

Many of the HLA-B alleles found in South American Indians are not pres
in North American Indians or Japanese, two genetically related populati
The new HLA-B alleles can be derived from HLA-B alleles found in Nol
American populations by single conversion events and this is probably how
evolved. Despite the production of new alleles the numbers of HLA-B allele
South American Indian populations do not appear to be greater than thc



North American Indian groups (Beliat al.,1992; Watkinset al, 1992). Thus
the introduction of new alleles has been accompanied by the loss of the ex
alleles. This may be due to genetic drift, which has increasing impact
decreasing population size; modern populations of South American Indian
small. As a new allele increases in frequency in a population the frequenci
the existing alleles inevitably decrease and the chance of them being
commensurately increases. The replacement of old alleles by new ones
also result from disease-specific selections and the environment of S
America certainly harbours different pathogens from that of North America.
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Summary of discussion

Chairperson: A. Teale
Rapporteurs: S. Kemp and J. -R. Scheerlinck

The possibility of IF production by bovind'. parvaspecific CD8 cells and

its potential role in protection was discussed. Although secretion gf BN
this population has not been examined, a direct role of this cytokine dt
infection was considered unlikely. Although in vivo and indirect effects car
be excluded, it has been established that recombinagtdbés not affect the
growth of T. parvainfected cellsn vitro. Several mechanisms were suggest
to explain the non-reciprocal cross-protective capacities of the Muguga
Marikebuni stocks of the parasite. The possibility of differential sensitivity
the stocks to CTL activity was suggested but epitope dominance durin
course of the immunizing infection was considered a more plaus
explanation. Since individual identical twins immunized with Muguga e
Marakebuni stocks can develop strain-specific and cross reactive resp
respectively, it was considered unlikely that host MHC differences can acc
for this phenomenon.

The potential for peptide immunization as a means of generatifgpzrva-
specificCTL was discussed. The low affinity of CTL induced in this mani
was highlighted as a major drawback. An additional concern was
observation that the optimal size for the immunization is longer at 16aa tha
9aa preferred for optimal binding of peptides te the MHC binding cleft.
may reflect an extended half life of the longer peptidegivia. Other issues
raised in this context were the possibilities that the absence of TDéll
epitopes in short peptides used to induce CTL might lead to the inductic
sub-optimal responses, and that immunization with high doses of peptide |
induce energy rather then stimulation.

The possibility that polymorphism in TAP.and proteosome molecules
different cell types might contribute to the selection of class | MHC-bo
peptides was discussed in relation to the selection of target cells fol
identification of bovine CTL epitopes using gene transfection of heterolog
cells expressing bovine class | MHC antigens. Glycosylation of antigens
also relevant in this regard. Glycosyl moieties might be expected to obstru
association of a given peptide with the antigen binding groove, so that ren
of glycosylation sites could result in the generation of new T-cell epito
More importantly, because glycoproteins are co-translationally translocate
the endoplasmic reticulum, they would not be expected to access
proteosome/TAP.processing pathway.

The use of peptides stripped from class | MHC molecules on the surfa
APC to identify CTL epitopes was discussed at length. The type of APC
and the dilution at which the crudely separated peptides can be used (a
103 to 104 should be considered as a minimum) were highlighted as bei



crucial importance to the success of the technique. The use of the mouse
S mutant cell line transfected with a bovine class | MHC gene was conside
good option for the identification of bovine CTL epitopes, since these c
present peptides 10 times better then the parent line RMA. Predictio
epitopes on the basis of the presence of an MHC binding motif alone
discouraged, even in the case of mice, since many motif-containing per
will bind to class | MHC molecules without constituting T-cell epitopes.

In discussion of MHC polymorphism and its possible influence on the effic
of a vaccine targeted at the induction of CTL, it was emphasized that
should be taken to maintain heterozygosity of the MHC when selecting
particular traits in cattle populations. This increases the chance that
population would survive infection with previously unencountered pathog
The concept of selecting cattle with MHC genes that interact well with vac
antigens is therefore flawed. The aim should be to produce a vaccine capa
providing protection in cattle of many different MHC types. It w
recommended that, once identified, a candidate vaccine antigen for
induction of T. parvaspecific CTL should be tested in a genetically diver
population of cattle.
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An anti-disease vaccine for malaria?

J.H.L. Playfair

Department of Immunology
UCL Medical School, London, UK

Several lines of argument suggest that it might be worth considering a m:
vaccine that operates against the disease rather than the parasite itself. T
a long literature devoted to the concept of 'toxins' in clinical malaria and
development of anti-toxic immunity in endemic areas and standard vac
against well-established toxins (e.g. tetanus, diphtheria) are among the
effective that exist. More recently, attention has focussed on the possible
role of cytokines, particularly tumour necrosis factor (TNF) in sewv
Plasmodium falciparummalaria, and on the identification of the parasi
components that induce them. There is also the fact that solid immunity ac
the parasite is still, after decades of work, proving quite difficult to induce.

ANTI-TOXIC IMMUNITY

Early in the century, malaria was widely considered a toxic disease, and it
recognized that not all patients with the same parasitaemias were equal
Thus the simple presence of parasites was not sufficient to cause symf
which must therefore be produced by indirect means. Furthermore it
proposed that children could become immune to these toxic effects, and
suffer less severe symptoms, at an earlier age than they acquired immur
the parasite (Sintoet al., 1931; Taliaferro, 1949; Hilet al., 1943). More

recent studies in the Gambia confirmed that clinical tolerance' (defined as
ability to live asymptomatically with fairly dense parasitaemia’) developed
the age of three to five despite the persistence of high parasitaemias for
five more years (McGregagt al.,1956). No evidence has been produced tl
this tolerance was immunological in origin and it is still possible thal
represents a reduced responsiveness to unchanged levels of some stim
factor, or the presence of some natural blocking factor. However, recent
in experimental models, reviewed below, does suggest that acquired immr
to symptom-inducing antigens, possibly acting through TNF, might be pa
the explanation.

In considering malaria from this viewpoint, it is necessary to distingt
several patterns of disease. Fever, the hallmark of malaria, is prominent ir
P.falciparum and P.vivainfections, and there is quite good evidence linking
to over-production of TNF (Kwiatkowskét al., 1993; see below). Anaemia
another almost universal complication, is particularly a feature of the first
of life, whereas cerebral malaria, the major cause of mortality, tends to ¢
from about a year later and is not seenPin vivax infections. Nor is



hypoglycaemia, which is frequent i falciparuminfection. Thus it is hardly
likely that a single pathogenetic mechanism is responsible for all the clir
effects of the disease.

CYTOKINES

Nevertheless, as Clark was the fitst point out (Clark, 1987; Clarkt al.,
1989), there are theoretical arguments for an involvement of TNF in these
many other complications dP. falciparum malaria, which bear a striking
resemblance to the toxic effects of high-dose TNF administration, and it is
cytokine that has been most thoroughly studied in this regard. There is a ge
consensus that raised plasma levels of TNF are associated with severit
mortality in cerebral malaria (Kemt al.,1989; Grawet al., 1990; Kwiatkowski
et al.,1990). In a mouse model that somewhat resembles cerebral malaria
TNF antibody protected against cerebral disease but not against anaemia,
did antibodies against several other cytokines (&taal., 1988). In a small
trial of anti-TNF antibody in human malaria, a reduction in fever was the «
significant effect noted (Kwiatkowsket al., 1993). Fever and raised TNF
levels are also found iR.vivaxinfection (Karunaweerat al.,1992), so if TNF
is really responsible for cerebral malaria, some co-factor(s) must be invc
too; a different pattern of sequestration could clearly be one of these, or
may be synergy with other cytokines or mediators. Interestingly, additiv
synergistic effects are also seen in the anti-parasitic activity of TNF: killin
gametocytesn vitro appears to require TNF plus a 'complementary fac
(Nautunneet al, 1990). Although there is clearly much to be learned ab
both the pathogenetic and the protective activities of even this cytokine alol
is important trying to understand why it is over-produced in malaria.

TNF-INDUCING MOLECULES

In experiments with the mouse paragtteyoelii, we found that parasitized rec
cells incubated overnight with peritoneal macrophages induced amounts of
comparable to those induced by bacterial LPS. Both lethal and non-I
strains of the parasite were active. We then found that incubating
parasitized blood over-night yielded supernatants that themselves induced
(Bateet al., 1988). The human parasike falciparum behaved similarly, and
either mouse macrophages or human blood monocytes could be
interchangeably (Tavernet al., 1988). When injected into mice, thes
supernatants induced TNF sufficient to be detectable in the serum, and
lethal in mice that had been made hypersensitive to TNF by pre-treatment
D-galactosamine (Batet al.,1989).

Evidently, then, there were molecules in or on parasitized red cells
induced TNF production in macrophages. One obvious possibility was tha
effect was the result of contaminating bacterial lipopolysaccharide (LPS)
for reasons to be summarized later, we believe that this was not the
However the active material did resemble LPS in certain respects; it rete
activity after boiling, digestion with proteases and deamination by nitrous ¢
but was destroyed by lipase treatment, by some types of phospholipase



dephosphorylation with HF and by deacylation with NAOH. In a two-ph
lipid extraction, it appeared in the chloroform/methanol rather than
water/methanol phase. When injected into normal mice at sub-toxic dos
induced antibody which blocked its ability to induce TNF hiatlvitro andin
vivo, and was predominantly IgM; we found no evidence for a memory resp
or a switch to IgG on boosting (Baet al., 1990). Using this assay, activi
material from all the species we have tested so far, including the m
parasited. yoeliiandP. bergheiand the human parasitPs falciparum and P.
vivax,show complete cross-blocking, which is in striking contrast to the spe«
strain and even variant specificity of the protein antigens commonly stu
(Bateet al.,1992a). We concluded that parasitized red cells contain, and
releasg(in vitro at least), phospholipid molecules that induce TNF and beh
as T-independent antigens. We refer to these molecules as parasite 'exoar
or 'toxic antigens' (Batet al., 1992b). Similar induction of TNF from humat
macrophages bk. falciparumsupernatants has also been reported (Ricat.,
1990).

Further characterization of the active molecule came from studies in whicl
used standard phospholipids of the type found in red cell membre
phosphatidylcholine (PC), phosphatidyl serine (PS), phosphatidyl inositol
and phosphatidyl ethenolamine (PE), as well as phosphatidic acid (PA)
cardiolipin (CL). None of these molecules induced TNF from macrophages
one of them, PI, completely blocked the ability of exoantigens to induce
Surprisingly, the phosphated monosaccharide inositol monophosphate (
also blocked, and so did preparations of exoantigen treated with either lipa
HF; we refer to these as 'detoxified'exoantigens (Ratal., 1992c¢). At this
point we concluded that a phosphate group and an inositol ring were som
involved in the TNF-triggering part of the exoantigens. This was furt
supported by the finding that antisera raised by simply immunizing mice wit
or IMP, but not the other phospholipids, blocked TNF release. However PC
and PA incorporated into liposomes with or without cholesterol did ind
blocking antibody, but this could be absorbed out by PC liposomes, w
antibody raised to PI or IMP.could not (Bagé al., 1992d). From this we
concluded that blocking antibodies were of two types—one specific
phosphate groups and one additionally recognizing inositol.

DISTINCTION FROM LPS

Our exoantigens appear to differ from LPS in a number of important w
First, their TNF-triggering activity is not blocked by the inclusion of polymynx
B in the cultures, while the blocking antisera, whether against the exoanti
themselves or against Pl or IMP, do not block triggering by LPS. Second,
stimulate macrophages from the LPS-hyporesponsive C3H/HeJ mouse ¢
Third, triggering by LPS is not abolished, as that of the exoantigens is
phospholipase C digestion; conversely deamination abolished the activil
LPS but not of the exoantigens. Fourth, neither Pl, IMP.or detoxil
exoantigens block triggering by LPS, which may even suggest that diffe
macrophage receptors are involved. We therefore feel safe in concluding
LPS alone cannot account for our results. However we cannot eliminatt
possibility that trace amounts of LPS, insufficient to stimulate on their own,



needed as 'adjuvant' to the effects of the exoantigens, particularly w
induction of blocking antibody is concerned (Schusteal, 1979; Banerji and
Alving, 1990); indeed there would be nothing unphysiological if this was
since malaria patients probably have increased amounts of circulating
(Feltonet al.,1980).

HYPOGLYCAEMIA

During the experiments on toxicity of exoantigéms/ivo, we had noticed that
injected mice often looked ruffled and ill. Investigating this, we founc
dramatic drop in blood sugar lasting from two until at least eight hours ¢
injection. By comparison with the normal mid-morning blood sugar of |
mmol/L, the four-hour value averaged 3.4 mmol/L, and values below 2 mm
were quite common. Since TNF (and other cytokines) can ce
hypoglycaemia, we attempted to inhibit this drop with repeated injections
monoclonal anti-TNF antibody. Though this antibody protected
galactosamine pre-treated mice from death, it had no effect on hypoglyca
On the other hand, a second and third injection of exoantigen at two-\
intervals induced progressively less hypoglycaemia in normal mice, but
protection was not seen in mice with Severe Combined Immunodeficie
(SCID mice). We concluded that antibody against the exoantigens could pi
against hypoglycaemia. In line with the TNF experiments described earliel
then showed that IMP.mixed with the exoantigens blocked their hypoglyca
effect, as also did antibody raised against IMP.or against a PI-BSA conijl
(Tayloret al.,1992).

We do not know whether the same molecules) induced both TNF
hypoglycaemia. Moreover we have occasionally detected low levels of "
and hypoglycaemia induction with supernatants of normal red cells, so tt
remains possible that the active phospholipids are normal red cell compo
that are increased in concentration or otherwise modified by the parasite (|
et al.,1991; Vialet al.,1990).

ANAEMIA

Anaemia is recognized as one of the most severe complications of ma
particularly in very young children, and it is generally agreed that it canno
accounted for solely by red cell parasitization (Abdatlal.,1980). In our non-
lethal P.yoeliimouse model, the haematocrit falls to 20% of normal in 10 d«
despite the fact that the parasite is restricted to reticulocytes. The same |
in SCID mice, ruling out a major role for antibody. From about day 8
infection, 51 Cr-labelled normal red cells are eliminated from the circula
unusually rapidly. Neither this effect, nor the anaemia itself, are prevente
prior immunization with exoantigens, nor by anti-TNF antibody, though T
has been shown to depress erythropoiesis (Johaisain1989).

RELEVANCE TO THE INFECTION



Having shown that interesting and potentially toxic molecules are release
parasitized red cell® vitro, we wished to establish whether they were releas
during the infection. Here the evidence is incomplete. On the one hand, v
not detect TNF in the blood of infected mice, at least using the bioassay
infected mice do not develop hypoglycaemia until about one day before
die; this might argue against a significant release of exoantigefgo. On the
other hand, serum from infected mice does contain antibodies that block
induction by exoantigens, and also antibodies that bind Pl and c
phospholipids, which at least suggests that the immune system has been e;
to exoantigens. This paradox might be resolved if antibody produced
during infection was able to block both TNF induction and hypoglycaemia,
a detailed study in SCID mice would probably be necessary to test this.
another explanation that we have found attractive is that normal serum cor
non-antibody blocking factors that would be capable of binding and neutrali
exoantigens until their concentration became overwhelming, analogou:
though not necessarily the same as, the lipoproteins that have been repo
inactivate LPS (Emancipatet al.,1992). Supporting this idea, we have four
that normal mouse serum does in fact block TNF induction by exoantigens
only at dilutions up to about 1120; by comparison, the titres of antibod
immunized mice frequently exceed 1/10,000.

RELEVANCE TO PROTECTIVE IMMUNITY AND VACCINATION

The analysis of exoantigens that induce TNF and/or hypoglycaemia woul
rather academic if they could not be exploited as protective vaccines. At pr
this is far from being the case, but there are some encouraging pointers.
large group of genetically homogeneous F|I hybrid mice immunized v
exoantigens and challenged 13 days later with the uniformly |€tlyalelii,
about half recovered after about three weeks with very high parasitaemic
some mice over 80%) without looking particularly ill. This is, of course, w
‘anti-disease' immunity would be expected to look like. Similar protection
been obtained in smaller groups of mice immunized with Pl and IMP. Nei
repeated boosting nor the use of adjuvants improves this level of protectior
though preliminary experiments with exoantigens coupled to protein car
such as bovine serum albumin and keyhole limpet haemocyanin have vyi
substantial increases of blocking antibody, most of which is IgG, the leve
actual protection remains the same (Bzttal.,1993). Perhaps IgM is the mor:
effective isotype in this case.

This may simply reflect the fact that oBr yoeliimodel is not really suitable
for this type of protection study. For example, as noted above, both vaccil
and non-vaccinated mice become extremely anaemic during infection, a
may be that mice are dying of anaemia though 'protected’ against other a:
of pathology. This is typical of the difficulties encountered when trying to st
‘anti-disease' immunity in such a multifactorial disease. However in a mod
cerebral malaria using C57BL mice arRl berghei, immunization with
exoantigens has been shown to give 60% protection against early (‘cere
mortality (Curfset al., 1992) and a somewhat similar partial protection wi
exoantigens has also been reported ifP.afalciparum model in squirrel
monkeys (Ristic and Kreier, 1984), and in cattle with babesiosis (James, 19



RELEVANCE TO THE HUMAN DISEASE

Our hypothesis, then, is that the 'anti-toxic' immunity observed in hul
populations is due to the development of immunity against exoantig
probably mediated by antibody which blocks their ability to induce TR
hypoglycaemia etc. This will be hard to prove, but one could make cel
predictions. 'Tolerant' children with high parasitaemia but mild or no sympt
ought to have blocking antibody in their blood; we are beginning to test this
immune adults who leave the endemic areas, clinical immunity (IgM?) migh
expected to wane more rapidly than immunity to the parasite itself (IgG?),
this does often seem to be the case. If we are right about the conserved
of the toxic exoantigens, anti-toxic immunity should show a wider degres
cross-protection than anti-parasite immunity, but this is still controver
(Jeffery, 1966). Finally, antibody against the relevant exoantigens ougt
correlate with clinical protection. One such exoantigen, a TNF-induc
molecule found inP.falciparum culture supernatants and originally nhame
Antigen 7 by its discoverers, fits the latter criterion since levels of antibod
this antigen peak in Gambian children at about the age of five, which is v
clinical immunity develops; antibody to most other exoantigens pe
considerably later (Jakobsest al., 1991). Moreover, T-cell responses t
Antigen 7, assayed by IFNG release, correlate with clinical severity, wi
might be important in view of the synergy between IFNG and TNF-induc
molecules (Rileyet al.,1991). Unfortunately the best correlation with clinic
immunity in individual patients was with antibody to another exoanti
(Antigen 2). This kind of analysis is further complicated by the fact that sev
of these antibodies also seem to affect parasitaemia. Careful and subs
studies of TNF and other cytokine responses to a range of exoantigens,
presence of sera from both immune and non-immune patients, will be nece
before the existence of true 'anti-toxic' immunity in man can be establis
Nonetheless whether or not it exists in the natural state, the ability to indL
by immunization could be of great potential value.



RELEVANCE TO HUMAN VACCINES

As compared to the candidate vaccines already under study, the anti-di
approach has both advantages and disadvantages. In its favour is the fact
aims to deal with what really matters—disease. Also, the apparent lac
antigenic variation noted in the mouse experiments might suggest that a \
series of species and variant-specific antigens would not be needed. Mor
by acting against cytokine-inducing antigens rather than against the cytol
themselves, as, for example, antibody to TNF or soluble TNF receptors
might exert an effect on other cytokines induced at the same time, such a:
and thus avoid the need for a complex ‘cocktail' of inhibitors. Against it is
lack of T-dependent antibody, with memory, IgG etc., in the mouse experirr
which, if translated directly into the field, would mean a vaccine injection e\
few weeks, or at best a 'tourist' vaccine. Another theoretical danger is the
phospholipid antigens responsible for disease might turn out to be ger
autoantigens, or at least cross-react with host molecules; the vaccine woul
induce autoimmunity. We are currently attempting to confer T-dependenc
the relevant antigen, in the hope that this might possibly overcome both
problems.
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Production of tumour necrosis factmduring
bovine trypanosomiasis: possible correlation
with severity of anaemia associated with the
disease

M. Sileghem and L. Gaidulis

International Laboratory for Research on Animal Diseases
P.O. Box 30709, Nairobi, Kenya

INTRODUCTION

Activation of cells from the monocyte/macrophage lineage during Afric
trypanosomiasis has been reported for experimental model infections in ir
mouse strains (Grosskinslgt al., 1983) and tsetse-transmitted infection i
cattle (Flynn and Sileghem, 1991; Sileghetral., 1993). Although the exact
impact of this macrophage (MO) activation on the immune system is
entirely understood, it has been suggested that it might be responsible
variety of immune disorders including immunosuppression and polyclc
activation (Askonas, 1985; Sileghesh al., 1989). Furthermore, activation o
MO might also have a direct impact on the disease. Cachexia, a sta
exhaustion attributed to MO-derived cytokines (Beutler and Cerami, 1
Frankset al., 1991) is a prominent feature of trypanosomiasis (Rouzer .
Cerami, 1980; Morrisoret al., 1981) and uptake of erythrocytes by activat
MO has long since been accepted as a major cause of anaemia associats
the disease (Connal, 191 1; Fiennes, 1954; Murray and Dexter, 1988).
activation during African trypanosomiasis would thus appear to have delete
rather than a beneficial effect for the host.

In a variety of disease models, erythrophagocytosis, dyserythropoi
cachexia and polyclonal activation have been attributed to tumour nec
factor a (TNF) (Clark and Chaudri, 1988; Milleet al., 1989; Beutler and
Cerami, 1986; Macchiat al.,1993), a cytokine that is predominantly secret
by cells of the monocyte/macrophage lineage. dMBs also been implicatec
in the immunosuppression that is characteristic of African trypanosomi
(Lucas et al., 1993). Production of TN might thus represent a centre
mechanism through which activated MO can mediate a variety of the ef
reported during trypanosomiasis. It was, therefore, important to deter
whether TN production is induced during bovine trypanosomiasis
whether or not production is correlated with disease.



PRODUCTION OF TNe DURING BOVINE TRYPANOSOMIASIS

To measure TNé& during infection in cattle, we have developed a capt
immunoassay (EIA) using a mouse-anti bovine @iNRonoclonal antibody for
capture (BC9, Sileghemt al.,1992) and a rabbit polyclonal anti-bovine TiNF
antiserum for detection. TNfFproduction was studied in cattle infected with
vivaxIL2337 by tsetse fly inoculation (Moloet al.,1987). This isolate induces
acute anaemia and marked erythrophagocytosis in cattle (Astcaa 1992).
Plasma TNFOC was measured weekly by the EIA using recombinant bc
TNFa (rTNFa) diluted in pooled pre-infection plasma as a standard. The |
of detection was defined as three times the standard deviation of the o
density from the background (pooled pre-infection plasma), which was
pg/ml. Small amounts of the cytokine were recorded only on days 14 to :
(Figure 1). In cattle, plasma TMFtitres have been shown to be increas
within hours of intravenous administration of bacterial lipopolysaccharide (|
et al.,1990) or of intratracheal infusion Blasteurella haemolytica (Pace et al
1993). However, plasma TNFcc titres remained negative throughout C
negative septicaemia (Peet al., 1990). Circulating cytokines represent th
excess of cytokine synthesis and therefore may not accurately reflec
production of a given cytokine during disease (Cavaidibal.,1992). We have
therefore resorted tex vivomeasurements of TNFactivity. Peripheral blood
mononuclear cells (PBMC) were sampled from three animals prior to,
following, tsetse fly transmitted infection dfvivaxIL2337. Monocytes were
purified by adhesion to plasma-coated gelatine (Goddetra., 1986) and
cultured. TNF in 5 hr and 24 hr culture supernatants was measured us
modification of the EIA described in which standards were diluted in cult
medium instead of plasma. The use of culture medium instead of plasme
negative control resulted in a decrease of detection limit to 100 pg/ml. TNF
present in 5 hr supernatants derived from all three animals studied (Figure
although titres varied considerably from individual to individual. Product
was maximal at day 17 pi and fell rapidly thereafter; the cytokine was
detected in the 24 hr supernatants (data not shown).

Because cytokine producti@x vivodoes not necessarily reflect the amou
producedn vivo, care should be taken in interpreting the results. Howewxer
vivo titrations can indicate the capacity of cells to produce cytokines and |
been useful in relating production of interleukin-1 to various human dise
states (reviewed by Dinarello, 1991). In our experiments, monocytes prej
at various time points were all cultured in the same batch of med
Therefore, the absence of T&lFproduction in monocytes prepared befo
infection and those isolated after week 4 pi would argue against these re
being anin vitro artefact and would suggest that the production of EXkivo
is due tan vivo macrophage activation.
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Figure 1. TNFa titres in plasra fromBoran cattleinfectedwith T.vivaxIL2337
by tsetse flytransnission. At weely intervals, blood fromfour aninals was
sanpled into ethienediaminetetraacetate tubes fqereparatiorof plasma and
the sarples were stored at70 ZC until use. TNEx was titrated bya capture A
usinga nouse nenoclonal antbovine TNFa antibody(BC9) and, for detection,
a rabbit polyclonal anti-bovine TNF antiserum The rabbit antibodywas
detected by incubation with biotinconjugated donky anti+abbit
immunodobulin  (Amersham International, Arersham Bucks, UK), and
streptaidin-conjugated horseradish peroxidase nférshan. Following
addition of 2,2%azno-bis(3-ethylbenzthiazline -6-sulfonic acid) (ABTS), the
optical densities ere deternimed at 414 nnin a Titertek Multiskan MCC 340
(Flow Laboratories). Pooled piefection plasm was used as the retie
control and bowe rTNFa, diluted in pooled pr@fection plasnma, was usedto
generate a standard cerv The limit of detection, defined abe optical density
from the negtive control” 3 times the standard diation, was 20@g/ml. The
four bars represent four inddual aninals.

ASSOCATION OF TNFa PRODUCTON WITH SEVERITY OF DISEASE

When monocytes were purified from cattle infected wh T.congolensdL Nat
3.1 (Nantuly et al., 1984) rather tharil.vivax L2337, noex vivo TNFa
production vas detected (Fige 2B). These parasites ave selected for this
study because of the amked difference in anadm associated ith the
infections theyinduce. e T.vivaxstock L2337 causes acute anaanearly
sewere eryhrophagcytosis and a pragssive reduction in paad cell volume
(PCV) that reaches aimmum around week 2 to 3 pi (Aosaet al.,1992).
At that
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Figure 2.TNFa titres in culture supernatants obnocytes. A weely intervals
following infection by tsetse flyinoculation, blood was saited from three
Boran cattle infected ith T. vivax1L2337 (A and fromthree Bran cattle
infected with T. congolenseLNat 3.1 (B). The different bars represen
individual aninals. The blood wascollectedinto Alsever? solution, PBMC
were preparedoy densitycentrifugation on FicollPaque (Pharatia, Uppsala,
Sweden) and onocytes purified fronthe PBMCby adhesiorto plasna-coated
gelatinsurfaces.The nonocytes were cultured in 10Ql aliquots in 96 well flat
bottoned plates(Costar, Carridge MA) at a concentration of 4@l in RPMI
1640 (Flow Laboratoriesndine, UK) supplenentedwith 5% heatinactivated
foetal calf serum(Flow Laboratories), 2 L-Glutamine and 50 units/mi
penicillin-streptonycin (culture nediun). The cells wreincubatedfor 5 h at
37 EC in a hunidified atnosphere containing% CQ. The supernatantsere
storedat -70 °C until use. TNFa was titrated bya capture EA as described in
Figure 1 with the onlymodifications beingthe use of culture medium as a
negative control and bowme rTNFa diluted in culture radiuminstead of plasen
to prepare the standard carvThe limit of detection was 100 pul



time, some animals seem to overcome the acute anaemia, and their PCV
increase. Many animals, however, require trypanocidal drug treatment to «
death from anaemia. In contrast, erythrophagocytosis is less marked d
infection with T. congolenséLNat 3. 1, and the PCV is generally stable un
week 2 pi, when it begins to fall reaching a minimum around week 6 to 7 pi
this point, some animals recover and proceed to the chronic stage of the di
Most animals, however, require treatment (Padihgl.,1991). Anaemia is thus
observed during infection with both parasites, but is much more acute
severe during infection witl .vivaxIL2337.

Although it is not clear whether the differences in GiNFoduction between
the two infections are quantitative or qualitative, our data demons
unambiguously thaex vivo TNFA secretion by monocytes is higher durin
infection with T.vivaxIL2337 than during infection witii.congolensdéL.Nat 3.
1. To establish whether thex vivoobservations were a true reflection of the
vivo situation, RNA was extracted from monocytes purified on magnetic be
through negative selection to avoid activation. GTNRRNA was then detectec
using bovine TNE-specific oligonueleotide primers in a 35 cycles rever
transcriptase polymerase chain reaction. dNfRessage was detected i
monocytes from botfi.congolenseandT vivax-infected animals, but was mucl
higher in theT.vivax-irfected animals early in infection (Table 1). Thus, tl
differences between the two groups are apparent at the mRNA level, bl
guantitative rather than qualitative.

In conclusion, TNE& production is induced during bovine trypanosomia:
and is higher inT.vivax IL2337 infection than inT.congolenselLNat 3.1
infection. This difference is observed at the levekxfvivoprotein secretion
and at the level dh vivomRNA expression. Since TNFhas been proposed a
the cause of erythrophagocytosis in murine malaria (Clark and Chaudri, 1
it is interesting that a correlation is found between dN#$roduction and
erythrophagocytosis in bovine trypanosomiasis. This does not establi
causative role for TNé in erythrophagocytosis, but the association of @NI
production with the severity of anaemia and erythrophagocytosis makes
cytokine a clear candidate for future research into the pathogenesis of b
trypanosomiasis.



Table 1. TNFa mRNA expression in monocytes isolated fromgpanosoma
vivaxIL2337 andT.congolenséi_Nat 3.1 infected cattle.

Pre-infection Day 3 pi Day 10 pi

T.congolense ILNat3.1

BJ296 - - -
BJ300 - - -
BJ301 - - ++
BJ349 - - ++
T.vivaxIL2337

BJ249 + ++ ++
BJ250 - ++ ++
BJ344 - ++ ++
BJ352 - ND ++

Blood was sampled from eight Boran cattle prior to and following tsetse fly-transmitted infecti
with eitherT.vivax IL2337 orT.BongolLNat3.1 and collected into Alsever's solution. PBMC
were purified by density centrifugation on Ficoll-Paque. T.cells were removed using magneti
beads (Dynal, Oslo, Norway) coated with anti-CD2, anti-CD4 and anti-CD8 monoclonal
antibodiesyd T.cells using beads coated with an anti-WCI antibody and B cells using an anti:
monoclonal antibody. The negative population was found to contain over 80% monocytes (Il
A24-positive). RNA was extracted by the one-step method of Chomezynskaectd $987)

and 1ug was reverse transcribed into single stranded(ss) cDNA using AMV reverse transcrip
and oligo(dt)15 as the primer (Promega, Madison, WI), according to the manufacturer's direc
One tenth (qul) of the total cDNA mix was used as a template in a PCR reaction containing 1.
mM M9Cl,, 15 pM of each primer, 2.5 U Taq Polymerase 20@uM of each dNTP. The
primers used were CATCAACAGGCCTCTGGTCAG sense and
GAGTCCGGGCAGGTCTACTTTGGGATCATTGCCTGTGA antisense. The 498 bp product
was amplified through 35 cycles wiTh1l minute denaturing €95 minute annealing at 55

and 2 minutes extension at°®2 All samples were tested for the presence of beta actin prior tc
the TNRX analysis to ensure that cDNA synthesis and amplification was possible from all the
samples. A negative control containing all components except cDNA and a positive control c
LPS stimulated alveolar macrophages was included in every analysis. The PCR products we
evaluated by electrophoresis through an ethidium bromide containing 1.2% agarose gel. Thi
figure represents a composite of a visual analysis of the agarose gels.



INDUCTION OF TNFor PRODUCTIONIN VITROBY RYPANOSOMAL
ANTIGENS

When monocytes and tissue macrophages from uninfected -cattle
stimulatedin vitro with bacterial lipopolysaccharide (LPS), tissue macropha
were found to secrete high titres of ToNwhereas the secretion of Thby the
monocytes fluctuated around the detection limit of our assay. However, v
the monocytes were primed with bovine interferon g prior to stimulation v
LPS, secretion of TNéF was up to 2000 times higher than background leve
Monocytes therefore proved more suitable indicators of the macroph
activating potential of parasite fractions than tissue macrophages since
allowed the distinction of priming and trigger functions.

When aT .congolensdysate was added to freshly isolated monocytes
TNFa production was induced. The lysates were then tested in the preser
erogenous triggers or priming agents to further assess their MO activ
potential. After being cultured for 24 to 48 h with a trypanosome lys.
monocytes failed to respond to an external trigger. However, when mono
were primed by incubation with interfergrfor 24 h, a strong TN secretion
was observed after the additionTf congolensdysate. These results indicat
thatT. congolensédysates are unable to prime monocytes but are able to tri
primed cells. The parasite factors responsible for this stimulation are curri
being purified.

CONCLUDING REMARKS

African trypanosomes live free in the bloodstream where they are a direct t
for the host antibodies. Since antibodies are predominantly directed tc
surface coat, the capacity of the parasite to change its coat provides it v
powerful mechanism to escape immune elimination. In addition, the vertel
host does not acquire an immune status after parasite clearance througl
treatment. Since African trypanosomes infect a variety of domestic and
animals that form a reservoir from which new infections can be established
clear that drug treatment cannot provide a long-term solution
trypanosomiasis. For these reasons, the need for prophylactic measure
often been put forward.

Due to the extreme variability of the exposed epitopes of VSG molecules
development of a conventional anti-parasite vaccine based on the inducti
anti-surface coat antibodies is not a feasible option. Therefore, altern
strategies for disease control are being explored such as the developm
anti-disease vaccines. Our observations Thatongolenseanolecules directly
activate macrophages to produce TNFA and that df'Foduction during
disease might be correlated with severity of anaemia provide new option
the design of alternative control measures. Whether preventingg T
production would be sufficient to protect infected animals from the disease
whether the TNE&-inducing molecule will ever be suitable as a vacci
candidate still remain open questions. Nonetheless the development of at



disease vaccine based on TNF-inducing factors clearly deserves fu
exploration.
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Protective and inappropriate antibody respons
In trypanosome-infected cattle

D.J.L. Williams, K. Taylor, J. Newson, J. Naessens and E. Authié
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P.O. Box 30709, Nairobi, Kenya

INTRODUCTION

The trypanosome surface coat is composed almost entirely of a homoge
array of molecules known as variable surface glycoproteins (VSG). TI
molecules are highly immunogenic and elicit a strong antibody response il
infected host. Antibodies against the surface-exposed epitopes of a part
VSG mediate the destruction and clearance of trypanosomes expressin
variant (Morrisonet al, 1982). As those parasites are cleared, they are repl:
by others expressing antigenically different VSG molecules, which in t
provoke specific antibody responses. Trypanosome infections are ther
characterized by waves of parasitaemia followed by waves of VSG-spe
antibody.

It is known that trypanotolerant N'Dama cattle infected Withpanosoma
congolensehave significantly lower levels of parasitaemia than the m
susceptible Boran cattle (Palieg al, 1991 a). It has been suggested that t
reflects a more effective VSG-specific antibody response in the N'Da
(Murray et al., 1982). We have tested this hypothesis by examining VS
specific antibody responses in N'Dama and Boran cattle during experim
infection withT.congolense.

RESULTS AND DISCUSSION

Eleven cattle of each species were infected using tsetse (fHEssina
morsitans centralisjhat had fed on a goat infected wittcongolensdlNat 3.
1, according to the method of Dwingetr al. (1987). The course of infectior
was monitored by measuring percentage packed red cell volume (PCV)
estimating parasitaemia by dark ground/phase contrast microscopydalris
1982) and serum samples were collected from each animal at weekly inte
Cattle whose PCV fell to 15% were treated with diminazene aceturate.

All cattle became parasitaemic between 10 and 12 days after infection
The average parasitaemia in the Boran group during the eight-week monit
period was higher than that of the N'Dama group, whereas the mean PCV
Borans was lower than that of the N'Damas. Although the PCV fell to 159



eight of the eleven Borans, that of all N'Damas remained above this \
throughout the experiment.

Serum antibodies to VSG epitopes exposed on the surface of the parasite
measured in a complement lysis assay usingllivaongolensé_Nat 3.1
parasites. Lytic antibodies were detectable in serum from all cattle by day 2
infection, and in one Boran animal had appeared by day 14. Antibodies
persisted until conclusion of the analysis at day 42. There was no significar
difference in lytic activity of sera from the two groups.

The isotype distribution of antibodies specific for surface-exposed epitope
VSG was determined in sera from four N'Damas and four Borans, by F
analysis of live trypanosomes incubated with heat inactivated bovine test
and stained with monoclonal antibodies (MAb) specific for bovi
immunoglobulin isotypes. Specific antibodies of IgM, IgG, and,ligGtypes
were present in all sera, and the kinetics of their appearance and their titre:
similar in both groups. Highest titres of IgM antibodies were observed on
21 in all eight cattle and these had disappeared by day 35 of infec
Antibodies of IgG and IgG isotypes were first detected 21 dpi and were s
present in sera taken on day 49.

Formalin fixation disrupts the trypanosome surface coat and reveals epi
on VSG molecules that are not accessible on the surface of living para
Antibodies that bound to formalin fixed trypanosomes were measured usir
ELISA technique (Vollert al., 1975; Williamset al.,1990). A trypanosome-
specific IgM response was observed using this assay in both N'Damas
Borans that peaked at day 21 and declined thereafter. No significant diffel
was apparent between the two groups in the intensity of this response. Altt
trypanosome-specific IgG, was also detected in both groups from day 14,
were significantly higher in the N'Dama group. No specific antibodies of |
isotype were detected in either group of cattle.

To examine the development of non-specific antibody responses in
following infection withT. congolense, antibodies specific #8scherichia coli
b-galactosidase were measured in sera from each group using an ELISA
No b-galactosidase-specific antibodies were detected in sera collected frol
N'Dama cattle at any time. In contrast, responses to this antigen were de
in the Borans between days 14 and 35 after infection, with highest titres t
observed on day 21; these antibodies were all of the IgM class. b-galactos
specific IgM was prepared from the sera by affinity chromatography with NV
ILA30 (Naessenst al.,1988) followed by a second chromatography step us
a b-galactosidase affinity column. By testing the bound and unbound frac
in the trypanosome ELISA described above, it was established that tt
galactosidase specific antibodies in these sera bind trypanosome antigens.

CONCLUSIONS

The results of these experiments demonstrate that antibody responses m
N'Dama and Boran cattle against surface-exposed epitopes of VSG d
primary infection withT. congolensare quantitatively and qualitatively similar
Trypanotolerance in N'Dama cattle is therefore not related to a more effe
antibody response against the trypanosome surface coat.



Further analysis revealed that although Boran cattle make strong
responses to non-conformational epitopes of VSG, IggSponses to these
specificities were poor in comparison to those observed in the N'Dama g
In addition, IgM responses in the Boran cattle appeared polyspecific in ng
These observations are indicative of a defect in isotype switching and aff
maturation in Boran cattle that is not apparent in the trypanotolerant N'Da
Since both of these functions are T-cell dependent, our results are cons
with a poor helper T-cell responselincongolense-infectegioran cattle.
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B-cell activation in trypanosome-infected Bora
cattle
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INTRODUCTION

Analysis of serum antibody responses in cattle experimentally infected
Trypanosoma congolense suggested that antibody responses
trypanosusceptible Boran cattle are less efficient in isotype switching
affinity maturation than those of trypanotolerant N'Dama cattle (see prece
report by Williamset al.; Authie et al., 1993). Briefly, high levels of
polyspecific IgM are produced by Boran cattle while N'Dama cattle have hit
titres of 1gG specific for certain trypanosome antigens.

Further characterization of these differences required determination o
frequency and phenotype of antibody secreting cells (ASC), as well as
specificity of the antibody and the isotype secreted in response to infectiol
method was therefore developed to maintain bovine B cells in culture
stimulate them to differentiate into ASC. B cells were examined for
expression of the transferrin receptor and the CD5 antigen using fluorest
activated cell sorter (FACS) analysis and the number of ASC was detern
using an ELISpot assay.

We compared B-cell activation and the frequency of ASC between
Trypanosoma congolense-infectedcattle and three uninfected control:
Peripheral blood lymphocytes (PBL) were analysed before andiaftétro
culture for three and six days with combinations of lipopolysaccharide (LI
pokeweed mitogen (PWM) and recombinant bovine interleukin-2 (rboll
Splenic lymphocytes fronT. congolense-infectedattle were compared with
PBL from the same animals.

CHARACTERIZATION OF B CELLS

The total number of B cells and their expression of the transferrin receptol
the CD5 antigen was determined by FACS analysis. The percentage of B
in freshly isolated PBL was significantly higher in infected (60.1%) than
uninfected animals (25.6%) (Figure 1). After three daystro stimulation the

percentage of B cells present in cultures from uninfected animals

unchanged under all culture conditions. However, the percentage of B cell:
significantly higher in cultures from infected animals stimulated with LI
(79.0%) and LPS plus rbolL 2 (72.8%), than those maintained with mec



alone (47.5%). The expression of the transferrin receptor on B cells from
of uninfected and infected animals was 4.0 and 3.3% respectively (Figur
The percentage of transferrin receptor positive B cells was significantly gre
than the medium control in cultures from cells of infected animals stimulatec
three days under all conditions. The highest expression (44.1%) was se
cells stimulated with LPS plus rboll 2.

The level of transferrin receptor expression was compared between B
derived from PBL and spleen of infected animals. The mean percentage of
B cells derived from the PBL (54.1%) was not significantly different from tl
found in the spleen (48.8%). However, the level of transferrin rece
expression on B cells from the spleens (22.7%) was significantly higher
from PBL (5.6%).

DIFFERENTIATION OF NON-SECRETING B CELLS TO ANTIBODY-SECRETING
CELLS

The number of ASC was determined by ELISpot assay. No ASC were
detected in freshly isolated PBL. PBL from uninfected animals had a very
frequency of ASC aftein vitro stimulation for three days (Figure 3). B cell
from infected animals differentiated to ASC when stimulated for three days
LPS (0.32%), LPS plus rboll 2 (0.17%), rbolL 2 (0.06%) and PWM (0.05
The percentage of ASC decreased significantly when rbolL 2 was included
PWM (0.0 1 %). After six daysn vitro stimulation all responses were
enhanced, particularly among the uninfected animals, where frequel
approached those seen with infected animals (data not shown).
Unlike B cells from PBL, fresh splenic B cells secreted antibexiwivo

(Figure 4). In addition, three days stimulation was sufficient to obtain
maximum number of ASC as opposed to six days for the PBL.
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Figure 1. Mean percent of B cells measured by MAb IL-A 30 (anti-IgM) in the
peripheral blood of uninfected (n=3) afd/panosoma congolensafected (n=3) Boran
cattle before (PBLs) and after three-diayitro culture under various conditions.
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Figure 2. Mean percent of transferrin receptor-positive B cells measured by MAb IL-
A77 and IL-A30 in the peripheral blood of uninfected (n=3) @ndongolensénfected
(n=3) Boran cattle before and after three-thayitro culture under various conditions.
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Figure 3. Mean percent antibody secreting cells from peripheral blook of uninfected
(n=3) andT. congolensénfected (n=6) Boran cattle after three-dayitro culture under
various conditions.
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CONCLUSIONS

The use of LPS, PWM and IL2 to stimulate B cells to secrete antibodtro
and detection of ASC by an ELISpot assay has been thoroughly described
mouse and human systems. However, information on the activation of bovi
cells is limited. There are reports of stimulating bovine B cells with PWM
human IL2 (Olobo and Black, 1989; Lutje and Black, 1992; Collins &
Oldham, 1993). In these cases activation of B cells was measured ¢
through the Ig content of the culture supernatants or plague assays mea
responses to sheep red blood cells. Here we have described a comp:
analysis of in vitro stimulation of bovine peripheral blood and splen
lymphocytes from healthyand trypanosome-infected cattle. The differentiation
B cells with respect to expression of an activation marker, the transfe
receptor, and their ability to secrete immunoglobulin, was quantitated u
FACS analysis and an ELISpot assay.

An increase in the number of circulating B cells during trypanosome infec
in cattle has previously been reported by Williashsl .(1991). Cattle infected
with T. congolensehave a higher frequency of circulating B cells that can
stimulatedin vitro to express the transferrin receptor and secrete antibody
uninfected cattle. LPS and LPS plus IL2 were the most potent stimulato
both transferrin receptor expression and antibody secretion. Stimulation
either PWM or IL2 alone resulted in an increase in the number of A
however when both stimulators were present there were fewer ASC compal
activation with either stimulus alone. This phenomenon was also observe
human peripheral blood cells by Sauerwetial .(1986).

The level of activation of B cells found in the spleen differed from th
found in peripheral blood. A greater number of B cells from the spl
expressed the transferrin receptor and some are capable of secreting atib
vivo without further stimulation. When stimulatéd vitro, splenic B cells
require only three days for the maximum number of cells to differentiate to /
as opposed to six days for B cells from the peripheral blood.

This work will now be extended to compare the isotype and specificit)
antibody produced by trypanotolerant and trypanosusceptible breeds of ca
response to trypanosome infection.
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Bovine T-cell responses to defin€dypanosoma
congolensantigens during infection

V. Lutje, E. Autld. A. Boulan@ and D.J.L. Williams
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P.O. Box 30709, Nairobi, Kenya

INTRODUCTION

Infections of cattle with tsetse-transmittefirypanosoma congolensare
accompanied by antibody responses to the variable surface glycoprotein (
and to two major invariant antigens, a member of the hsp70 family (B oul:
and Authié,1994) and a 33 kDa cysteine protease (CP; Aethaé ., 1992).
During primary infection, trypanotolerant N'Danf@os taurus) cattle exhibit
higher levels of IgGl to CP than susceptible Bor@Bss indicus;Authié et al,
1993a). Boran cattle, on the other hand, have high levels of IgM to irrele
antigens. During rechallenge infections, N'Dama cattle have higher leve
IGGI to hsp70 while Boran cattle exhibit high titres of IgM to this antige
Although Boran cattle do generate high titres of IgM te hsp70, N'Dama ¢
develop higher levels of specific IgG antibody (Autleibal., 1993b). These
observations are consistent with a possible dysfunction in isotype switch
IgM to IgG in Boran cattle. Because of the central role of T helper cell
induction of Ig isotype switch, the difference in antibody responses betv
N'Dama and Boran cattle might reflect defective T helper cell function in
susceptible breeds during infection.

We undertook a study to analyse T-cell function in cattle during infection \
T. congolense .T-cell proliferative responses to a recombinant form of t
hsp70 (R63), cysteine protease and VSG were measured in a group of |
cattle following primary challenge with. congolense The role of CD4 and
CDS8' cells in the response was also investigated.

RESULTS

No proliferative responses to the CP, R63 or VSG were detected in cultur
PBL from cattle infected withTl. congolenselLNat 3.1 up to 45 days post-
infection (data not shown). However, in three animals tested on day 4, 1!
19 post-challenge, respectively, all cells obtained from lymph nodes drainini
site of infection proliferated in the presence of all three antigens (Figure 1).
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Figure 1. Proliferative responses of LN cells from three Boran cattle at different stages of pril
infection with Trypanosoma congolenge the cysteine protease (cpE64), recombinant 63 k
protein (R63) and VSG.



Proliferative responses to thePCR63 and VSGwere hidnest in LN cellsfrom
animal BJ30 1, which wastested 11 day after challeng. When LNcells from
another aniral, BJ349, were tested 19 dayafter challeng, sigificant
proliferative responses to theP@nd to B3 were detectable. hIs experinent
was repeated in a differentogip of aninals and sirtar results were obtained,
with highest proliferative responses obsed in LN cells fromday 11 post-
infection (data not shown).

The role of CD4 and CD8 cells in the responswas analysed by their
selective depletion throug FACS sortingafterstainingwith specificMAbs. No
proliferative response$o the CP or R63 were detected after depletion of eithe
CD4 or CD8 T cells fromwhole LN cell populations (Fige 2). e response
to the VSG wasabrogted bythe depletion of CD4cells but unaffected bthe
renoval of CD8' cells.
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Figure 2. Role of CD4" ard CD8' LN cells in the polif erative respnse toTrypano®ma
congokeng artigers.

DISCUSSON AND CONCLUSDNS

In this study we denonstrate, for the first tim that Tcells respond to three
immunodoninant antiggns of T. congolense i,e. cysteine protease, hsp70 an
VSG, in lymph nodes fromBoran cattle undemjng primary infection. A
previous study (Flynn et al ., 1992) reported that no proliferation to
trypanosone antiggns could be detected in k& lymph node cellsduring
primary challeng. Howewer, whole trypanosone lysate vas usedsanantigen,
and onlyone animal per weekpostinfection was tested. nlerpretationof that
study may thereforehawe been corplicated by variation in the intensityof
individual aninal responses. Furtheome, in our handsT-cell responsedo



trypanosome lysate were generally poorer than those observed with the d
antigens under discussion (data not shown).

By depletion of T-cell subsets, we showed that bovine cell responses to
involve mainly CD4 T cells. Whereas both CD4nd CDS8 cells are required
for the response to cysteine protease and hsp70. T-cell responses to VS
not been detected so far in cattle following infection and have only rece
been described in mice infected wifirypanosoma brucei rhodesiens
(Schleifer et al .1993). The response in mice is only found in peritonea
cells, which secrete TH1-like cytokines (gamma-interferon and IL2) but do
proliferate to VSG (Schleifeet al, 1993). T cells responding to a cysteir
protease offrypanosoma cruziave recently been detected in chagasic patie
(Arnholdtet al,1993) and have been characterized as'GDd T helper 1 -type
(TH1). In our study, proliferative responses to cystein protease and inva
hsplo antigens were abrogated by the depletion of both @Bdt CD8 T cells.
It is not clear as yet whether both CDand CD8 T cells are responding tc
these invariant antigens or whether they are mutually regulated by cytc
production. The difference in T-cell types responding to VSG and to
invariant antigens might be attributed to differences in antigen presenta
Further experiments are needed to clarify these issues.

The study reported here provides the first evidence of T-cell respons
defined antigens ofT. congolense in cattle following tsetse-transmittec
infection. We are currently undertaking more detailed experiments invol
production of T-cell lines and cytokine analysis, in order to analyse the qu
of T-cell help provided to B cells during infection, and to determine whet
differences exist between T-cell responses of trypanotolerant
trypanosusceptible breeds that might account for differences in antibody is
switch between the two breeds.
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CD5' B lymphocytes in cattle infected with
African trypanosomes

J. Naessens

International Laboratory for Research Animal Diseases
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Although specific immunoglobulin (Ig) and B-cell responses are suppre

during infections with African trypanosomes, a general activation of

humoral wing of the immune system is observed. The changes that occur

humoral immune system during these infections have been reviewed (Sile

et al,1993) and can be summarized as follows:

* an increase in cellularity of the spleen and in the proliferative statu:
spleen cells;

e anincrease in the numbers of circulating B cells;

e anincrease in the levels of circulating Ig, particularly that of the IgM cla

» the appearance of increased titres of antibodies specific for antiger
non-trypanosome origin (heterophylic Abs, non-specific Abs);

* the presence of auto-antibodies and immune complexes.

The massive increase in the numbers of circulating B cells, Ig and
occurrence of antibodies to apparently unrelated antigens could be explain
polyclonal activation of B cells such as that provoked in murine B cells
bacterial lipopolysaccharide. Many studies have been undertaken to find v
trypanosome product might be responsible for the polyclonal B-cell stimule
and the generation of non-specific antibodies (reviewed in Silegieah .,
1993). Although purified trypanosome fractions can be shown to ind
antibodies to non-trypanosome antigens, no general consensus has been 1
over which parasite antigen gives rise to the polyclonal B-cell activation ¢
during infection.

However, a subset of B cells known as the B-1 subpopulation, the majori
which express the Ly-1 or CD5 leukocyte differentiation antigen, has &
described (reviewed in Herzenberg and Cantor, 1993; Haugttah, 1993)
that is functionally associated with some of the features seen in trypano
infection. B-1 cells are largely responsible for normal secretion of IgM and
secretion of autoantibodies and the subset is expanded during ce
autoimmune diseases and chronic infections. We have therefore analyse
expression of CD5 by bovine B lymphocytes during the cour3eypfanosoma
congolensénfections (Naessens and Williams, 1992).

In normal uninfected cattle CDB cells represent about 20% of mononucle
leukocytes in peripheral blood, 5-10% of those in the spleen, and 1-2% of |y
node cells. The population has not been observed in Peyer's patches, ¢
CD5' B cells have been detected in foetal blood and spleen.” 8x&lls of
cattle have the same surface phenotype as their CD5- counterparts, apart
higher mean concentration of membrane IgM, and are therefore simile



human and murine B-1 cells. As in mouse and man, boviné BRBlls can be
shown to express the integrin CD11b (Mac-1). CB&ells are slightly larger
than classical B cells, and show higher forward and side scatter profiles ©
flow cytometer.

In monitoring CD5 B-cell numbers iril. congolense -infectechttle, a sharp
increase in the proportion of total circulating B cells was observed at arc
week 3 of infection, approximately one week after parasites were first dete
in peripheral blood. The numbers of CDB cells rose steadily until they
constituted 60-80% of the peripheral blood B-cell population. Analysis of
relative proportions of CD5and CD5- B cells in these animals revealed tt
expansion in B-cell numbers was almost entirely due to the increase in ¢
component. The tissue-distribution of CDB cells remained the same a
before infection with the largest numbers occurring in blood, somewhat few
the spleen, very few (less than 5%) in lymph node, and none being detecte
Peyer's patches. A significant difference in the behaviour of" GD6ells
during infection was not observed between susceptible Boran and res
N'Dama cattle breeds. An increase in numbers of ‘Bells has also beer
observed in cattle infected wiih vivax.

The raised numbers of CDB cells were kinetically associated with th
observed increase in total serum IgM. It is therefore tempting to speculate
it is the expansion of the CDB population during infection that leads to tr
secretion of large amounts of IgM. By analogy with human and muriné BD!
cells, they may also be responsible for secretion of polyspecific Ig
autoantibodies and may explain the occurrence of high titres of antibodies
non-trypanosome specificities. It is therefore important to determine why tl
cells are preferentially amplified during trypanosome infections, and w
signals, from parasite or host, contribute to their expansion.

It is important to note that it has not yet been shown definitively that bo
CD5' B cells are homologous to B-1 cells, and a number of observations
dispute the hypothesis. Prominent among these is that it has not been pc
to demonstrate the expression of IgD by bovine B cells, us
immunoprecipitations with monoclonal antibodies specific for IgM and Ig li¢
chain on lymphocytes derived from a number of tissues. Because their la
IgD distinguishes B-1 cells from classical B cells in mouse and man, this fe:
provides a difficulty in making a similar distinction in cattle. A further anom:e
is that CD5 has not been found on B cells in the bovine foetus, whereds C
B cells constitute the largest B-cell population of human and murine fo
tissue. It remains a possibility that ruminants possess only B cells of the |
class; this is known to be the case for the rabbit, in which all B cells exf
CDS5. In this situation, it is possible that CD5 behaves as an activation me
In the light of these observations, it is clearly important to establish whe
CD5' B cells in cattle do behave as B-1 cells and give rise to the secretic
IgM and high titres of antibodies with non-trypanosome specificity dur
infection with African trypanosomes.
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Summary of discussion

Chairpersons: D. McKeever and M. Sileghem
Rapporteurs: P. Gardiner and L. Gaidulis

This session consisted of eight presentations on the perturbations of the inr
system caused by immune response to parasite antigens. In the introductic
D. Williams (ILRAD) outlined two different areas of research concern to
trypanosomiasis program. One goal was to identify trypanosomal anti
responsible for the immunopathogenesis of the disease by determining ho
infection of cattle with trypanosomes affects their immune system. A sec
goal was to identify protective immune responses that might be targeted «
parasite itself or at the mechanisms through which it causes disease. Th
presentation by Dr. John Playfair (University College, London) focused on
anti-disease approach to a vaccine for malaria. In this type of a vaccine, pe
molecules, identified as phospholipid exoantigens, responsible for ¢
production of TNE in murine malaria, were shown to protect against t
clinical symptoms of the disease. He pointed out that while dTMR&s
responsible for fever and other complications of malaria, studies with inject
of TNFa anti-serum in mice infected witR. chabaudigreatly reduced their
parasitaemia. TN¥ could in this model play both a protective and pathoge
role. A similar approach to an anti-disease vaccine for trypanosomiasis
presented by Dr. Maarten Sileghem (ILRAD).

He showed thal. congolenselysates contain macrophage-activating factc
that are capable of suppressing T-cell proliferation in cattle. On the other |
the membrane form of VSG, specifically the phosphatidyl inositol anchor, w
potent inducer of the cytokine THFwhose levels were shown to be positive
correlated with the severity of anaemia. There were several presentation
centered on the role of the humoral response to trypanosomiasis (Dr.
Williams, ILRAD), and especially on the importance of B-cell activation (N
K. Taylor, ILRAD) and the CD5B-cell function both in trypanosomiasis and i
Chaga's disease (Dr. J. Naessens, ILRAD; Dr. P. Nfinoprio, Institut Pas
Paris). Inefficient isotype switching and affinity maturation of antibodies,
well as a predominantly polyspecific IgM response to selected antigens
shown to be a characteristic of trypanosome infections in trypanosuscej
Boran cattle. Dr. Minoprio's presentation on the role of the two lymphoc
subsets, CD3 gamma-delta and CB5lymphocytes, showed clearly that the
were involved in the autoimmune phenomena in the chronic phase of infe
with T cruzi. Similarly, an increase in CD5B cells during a trypanosome
infection was demonstrated to occur in cattle by Dr. J. Naessens (ILRAD).
presentation by Dr. E. Authié (ILRAD) which highlighted differences betwe
the two breeds of cattle in their immune response to two immunodomi
trypanosome antigens, hsp70 and the 33 kDa cysteine protease (CP), ide
two parasite antigens that could contribute to the pathogenesis of this dis
Data on T-cell function of trypanotolerant and trypanosusceptible cattle u



defined T. conveneantigens was presented by Dr. V. Lutje (ILRAD) wh
showed that depletion of CDA cells or MHC class Tlcells abrogated the
proliferative response of lymph node cells to VG itro, while depletion of
either CD4 or CDS§ cells abrogated the response to CP.

There were brief discussions following each presentation and the salient
were then summarized in a general discussion after the afternoon se
Chimaeric twins with bone-marrow derived cells originating partly frc
N'Dama and Boran breeds are an important resource at ILRAD for the an:
of mechanisms involved in trypanotolerance. A lengthy discussion followe
to how these animals could best be utilised for this purpose. One sugge
was that they would be useful for examining immunoglobulin class switch
since the capacity to effect this during infection might segregate with cla:
MHC type of the thymus-educated bone marrow cells. Since the chimaere
stable and the twins are generally similar, varying only with the proportion k
marrow-derived cells of each genotype that they carry, it was considered t
might also be useful to isolate N'Dama and Boran ‘OB6ells educated in the
same environment to evaluate their respective function. Although 20-25
peripheral blood mononuclear cells in newborn cattle are*@56ells, very
little is known about the function of this population, other than that
proportion increases to approximately 80% in adult cattle undergoing chr
infections. Since the immunoglobulin produced by these cells is polyspe
and of low affinity, it was suggested that they could conceivably serve as
first line of defence in a trypanosome infection, or as one of the earliest an
presenting cells.

An attempt was made to identify the currently known differences in imm
response between the breeds. The group concurred that in Boran
parasitaemia was always more marked, PCV was consistently lower, leuko
was more pronounced; and that there was no IgG response to the cy
protease (CP). These cattle also mount an IgM responBegatactosidase,
which is probably a reflection of polyspecific activation, while the N'Dama
not. Discussion then centered on identifying which traits or differences are
influenced by parasite load. Only the immune responses to the cysteine pre
antigen and isotype class switching seemed to be candidates. Classical ¢
studies on F2 generation of cattle using microsatellite markers to study lin
should eventually pinpoint these traits. The question was raised wh
trypanotolerance results from a difference in parasite load or from diffe
distribution of the parasite in the microenvironment. If the trait is reflected
real difference in parasite load then control of growth of the parasite should
focus of molecular vaccine research. A comment was made regardin
ability of buffalo to resist trypanosome infections. Like the N'Dama they apj
to be able to mount a strong CP-specific response and, in addition, a host
has been identified that is capable of lysing trypanosomes.

The major questions that arose from these presentations can be summar
follows:

e Can trypanotolerance be explained in terms of parasite load or do
reflect breed differences in immune responses to trypanosome infectiol



Are perturbations of immunelcytokine networks the result of to;
molecules of the parasite or are they due to direct damage to

molecules and cell membranes?

How does the quality of antibody responses in infection compare with
seen in response to purified antigens; can we alter specific respons
render them more appropriate to protection?

By studying cytokine expression, antibody responses and toxic molec
of the parasite during infection, can we devise strategies to balance
immune system between suppression and exacerbation of patholoc
distinguish protective immune mechanisms from those that are detrim
to the host mechanism?
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INTRODUCTION

The conventional approach to vaccine design is the identification of domi
antigenic epitopes associated with protective immune responses anc
construction of synthetic or recombinant versions of these epitopes in a
suitable for artificial immunization. This approach has been very successf
the design of vaccines against viral infections but has been less succes:
protozoan infections, mainly because of the complexity of the responses at
eukaryotic cells and the ability of the parasites themselves to manipulate
immune response for their own survival. Parasitic infections present their |
with enormous immunological problems largely because of their antig
complexity and complicated life cycles in which the various stages freque
differ antigenically from one another Parasites have also evolved nume
ways of evading the consequences of immune attack. Parasitic infec
therefore tend to be chronic and accompanied by varied and unsucc
immunological responses on the part of the host that frequently lea
immunopathological damage and immunosuppression. Until recently,
understanding of the immunity and immunopathology of parasitic infections
been hindered by the lack of a comprehensive and stable conceptual fram
within which to work. This situation has been deterred by a numbe
discoveries that have led to the realization that both immunity and patholog
controlled by cytokines.

The first important discovery was that mouse CB#nphocytes could be
divided into two functional subsets with distinct cytokine profiles-Thl large
dominated by the production of interferon-gamma, eliciting cell-media
immunity, and Th2 largely dominated by the production of IL-4, IL-5 and IL-:
eliciting antibody-mediated immunity (Mosmann and Coffman, 1989).
parasitic infections these two immunological pathways are often mutu
antagonistic with one being protective and the other counter-protective (Co»
Liew, 1992). Although the initial observations were made using inbred str
of mice it is now clear that analogous subsets occur in humans (Romag
1991) and a search is on for similar T-cell populations in other species.



A general scheme of the basic features of cytokine activation that has
the test of time is shown in Figure 1. Essentially, 711 cells produce
important cytokines-IL-2 that activates cytotoxic T cells and other lymphok
activated cells such as natural killer (NK) cells, and interferon-gamma
activates macrophages. Th2 cells produce IL-4, IL-5 and IL-10 that
responsible for the growth and differentiation of B cells and the productiol
antibody. There is a certain amount of cross cooperation, with the Thl prc
IL-2 being involved in the production of IgG2a, as well as antagonism \
interferon gamma-inhibiting the production of antibodies and IL-4 and IL
inhibiting the activity of interferon gamma. However this simple pattern
continually being revised and added to as our understanding of the parts
by cytokines in infections increases and this has led to the creation of con
diagrams (Cox and Liew, 1992; Powrie and Coffman, 1993) and comprehe
charts (Burkeet al .,1993). Unfortunately, the demarcations between ‘Giddi
CD8' activities and the roles of Th | and Th2 cells are breaking down &
becomes apparent that Th2 cytokines suppress the generation ‘ofy@@dxic
cells and that CDScells regulate the production of Thl and Th2 cytokines.
parasitic infections, there is an additional complication in that cytokine prof
may vary during the course of an infection and even from host to host infe
with the same parasite. Nevertheless, in parallel with investigations intc
immunology of other infections, including AIDS, and cancers it is essential
both the general patterns and the complexity of the interactions between -
subsets and cytokines should be understood in parasitic infections.

CYTOKINES IN PARASITIC INFECTIONS

Although most of what we know about the role of cytokines in paras
infections is derived from helminth infections (Finklemetnal ., 1991). This
discussion will focus only on the general principles that apply to proto:
infections.

Protozoa that Live in Macrophages

Leishmania majoiinfection of mice can be regarded as the basic model
these parasites and has provided the most information on the influen
cytokines in resolving and fulminating infections. It has also served
baseline against which all other infections can be comparedL. major

infections in mice, interferon-gamma is clearly associated with recovery ar
resistance and IL-4 and IL-10 with exacerbated infections and/or susceptil
(Titus et al .,1992; Liew and O'Donnell, 1993). In human infections, there
clear evidence that similar patterns occur. Un braziliensis infections,

interferongamma predominates in localized infections and IL-4
destructive mucocutaneous
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Figure 1. The overall pattern of cytokine involvement in defence against parasites. Activation
indicated by solid lines and inhibition by dashed lines.

forms of the disease (Pirmezt al., 1993). In patients infected with.
aethiopica, thoseexperiencing diffuse cutaneous leishmaniasis exhibit p
levels of IL-2 (Akuffo, 1992), suggesting an association with a defect in the
pathway. There is also evidence that interferon-gamma is indicative of dis
limitation in L. aethiopicainfections and that different parasite antigens eli
different patterns of cytokine response (Laskayal .,1991). InL. chagasi
infections, patients with acute disease have lower levels of the prote
cytokine interferon-gamma than those that were infected but showing
evidence of infection (Holadagt al ., 1993). In patients infected with.
donovani, thepresence of IL- 10 correlates with the pathogenesis of the dis
(Karpet al .,1993).

Immunity of mice toloxoplasma gondalso involves the Thl pathway and th
production of interferon gamma (Beamahal .,1992). In humans, IL-2 and
lymphokine activated natural killer cells are involved (Subaasttal ., 1992)
suggesting that the Thl pathway is also important in human infections. How
the development of a commercial live vaccine against toxoplasmosis in s
based on the stimulation of antibody production (Buxton, 1993) only serve
indicate how much more information is required before a really effective
acceptable vaccine can be contemplated.

The situation inTrypanosoma cruznfections is very confusing. IL-2 and IL-
2 receptors seem to be the key molecules (Pakianathan and Kuhn, 199:
CD8' T cells are important in controlling the infection at the cellular level (S



and Tarleton, 1993). There is also synergism between interferon gamm:
tumour necrosis factor that results in the activation of trypanocidal mechan
in the host macrophages (Munoz-Fernandeal., 1992). All this evidence
supports a dependence on the Thl pathway, but IL-4, which might be thouc
have an inhibitory counter-protective effect, also appears to play an impo
role in protection (Wirthet al 1989). An antigen specific 1gGl respons
(suggesting a Th2 pathway) also seems to be important (Cetban1992).
Taken together these observations, are difficult to explain in terms of
concepts outlined above.

Blood Parasites

The exhaustive studies of immunity to malaria has revealed no clear patte
cytokine activity. Tumour necrosis factor and nitric oxide, both products of
Thl pathway, appear to have a role in protection (Roekett 1992) but so do
antibodies, which are products of the Th2 pathway.

The overall situation in animals infected witheileriaspp. is also unclear. It
is widely accepted that CD&ytolytic cells are important effector cells il
recovery and immunity, and there are indications that helper and cytolytic (
cells may also be involved (Baldwat al 1992). There is also evidence th:
macrophages, but not natural killer cells, are involved in immunifyatenulata
(Fell and Preston, 1993).

Among the African trypanosomes, b. brucei stimulates CD8 cells that
produce interferon gamma but also stimulate growth of the parasites (@iss
al .,1992). On the other handl, b. bruceiandT. b. gambiensare susceptible
to attack by activated macrophages (Vincendsal .,1992).

This brief overview of the role of cytokines in protozoal infections, which |
been drawn from some of the more recent literature, shows how little
understand the patterns of cytokine activity that occur during these infec
and how difficult it is to make any all-embracing deductions. However
should be possible, by systematically investigating both T-cell subsets
cytokine profiles, to obtain a very good idea about which components of
host reaction to protozoa are essential and protective and which are cc
protective.

EFFECTOR MOLECULES

Examination of cytokine profiles in parasitic infections have provid
information on the effector molecules involved. Antibodies, particularly I¢
and IgGl, characteristic of Th2 cell activation, are involved, to a greater or le
extent, in all infections except leishmaniasis. The effector molecules assoc
with the Thl pathway are mainly macrophage products, such as reactive 0
intermediates, nitric oxide, and tumour necrosis factor; these molecules
contribute to the pathology associated with various parasitic infections (Cox
Liew, 1992). It is becoming clear that nitric oxide, with or without synergi
with other cytokines or reactive oxygen intermediates, is a key molecul
parasite killing. The production of nitric oxide is controlled by an inducil
enzyme, NO synthase, which is under the control of various cytokil



interferon-gamma and tumour necrosis factor enhance its production and
and IL-10 inhibit it (Liew and O'Donnell, 1993)

RELEVANCE OF CYTOKINES

The study of cytokines is now central to our understanding of the immuno
and immunopathology of parasitic infections; it is essential that we are ab
distinguish between those cytokine responses that are protective and thos
are deleterious. The results of such studies should lead to the possibility
immune response towards protection and away from pathology and tc
rational development of vaccines. This approach has already been sugges
non-parasitic infections and is well summarized in this quotation:

'‘Cytokines mediate communication within the immune system and betv
immune and other cell types. In contrast to antibody therapy, where a s
agent can have a single defined effect, cytokine therapy relies on the ¢
manipulation of the complex cytokine network, therefore presenting a m
research challenge' (Gallagledral .,1993).

This challenge has already been taken up in general terms by Powrie
Coffman (1993) and it should now be possible for parasitologists to empl
rational approach to developing vaccines that elicit protective responses bl
counter-protective or damaging ones.

CYTOKINES AND VACCINE DEVELOPMENT

We suggest a strategy for vaccine design which starts from the response
and not the antigen. As pointed out above, immune responses are controlle
directed by various cytokines acting in concert or antagonistically and e
infection induces a plethora of cytokines some of which are desirable and
of which are not. We now know that it is possible to characterize such cytc
profiles and to determine which are protective and which are harmful. U
this kind of information, it is possible to identify the T-cell subsets that
involved and so examine the actual nature of antigen presentation
processing that precedes the response. As particular epitopes drive the in
system towards either Thl or Th2 responses, vaccines can be desigr
facilitate an appropriate response.

The recognition of a particular epitope by the antigen-presenting cells w
occurs as the result of interactions between the antigen-MHC complex ar
cell receptors is of considerable relevance to the design of successful vac
For example, transient carbonyl-amino condensations (Schiff base forma
between cell surface ligands occur and these can be finely tuned fol
recognition of particular epitopes (Zery al ., 1992). Having identified
desirable epitopes, amine-reactive carbonyl groups could therefore
manipulated to enhance the response to such epitopes at the expense
desirable ones. It might also be possible to achieve the same ends t
selective use of adjuvants (Gordon, 1993).
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Figure 2. The involvement of cytokines in the regulation of nitric oxide production.
Nitric oxide synthesis is stimulated by cytokines such as interferon-gamma and tumc
necrosis factor and inhibited by cytokines such as IL4 and IL-5. After Liew and
O'Donnell, 1993.

Novel vaccines should, therefore, take into account the immunogenicity o
epitope and the way it is recognized and processed, the pathways by
subsets of T cells are activated and the resulting cytokine profiles. So far,
information is available from studies dn major but the principles derived
from such studies can be applied to infections vidthsmodium, Babesia,
Theileria, Toxoplasma and Trypanosomilew approaches to vaccines migt
even overcome the inherent problems of antigenic variation in Afri
trypanosomes and autoimmunity in Chagas disease. There is a number o
in which this might be achieved but all depend on a detailed understanding
just knowledge) of the whole pattern of events that occur when an anim
infected with a protozoan parasite. It should be possible, for example to |
an immune response towards protection and away from counter protectic



introducing a particular cytokine at the same time as a vaccine. This has
demonstrated experimentally in mice infected wvithmajor in which a disease
enhancing antigen has been converted into a protective one by introd
tumour necrosis factor at the same time as the antigen @tiainv,1991).

Vaccines of the future will have to be designed to take into account
cytokine profiles produced and it will no longer be acceptable simply to ainr
a protective immune response without considering any possible adverse e
It may be that protective vaccines that induce sterile immunity are unattair
and that what is necessary is to prevent disease rather than infection.
approach is being pioneered by Prof. Playfair and his colleagues for malar
it may be appropriate for other infections also. For example, monocl
antibodies directed against particular cytokines or their receptors could be
to ameliorate a potentially damaging response. Future progress will also re
a willingness to accept mathematical modelling as a means of analysinc
understanding the complex networks of cytokine interactions that occur dt
an infection; a start has already been made in this direction (Schweitzel
Anderson, 1992; Schweitzeat al ., 1993). A cytokine-based approach t
developing new vaccines and control strategies will therefore require se
changes of emphasis and thinking, but there is no easy route to the succ
prevention of disease.
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INTRODUCTION

Infections with Leishmania parasites, which live only in macrophages
mammalian hosts, represent a spectrum of diseases dependent upon the
of the parasite and the immune response of the host. Clinical manifestatic
human cutaneous leishmaniasis can be reproduced in mice of different il
strains following infection withLeishmaniamajor Although the majority of
inbred strains of mice (e.g. C57BL/6, CBA, C3H) are resistant to infectiol
few strains, such as BALB/c, are susceptible to infection, develop se
cutaneous lesions and do not become immune to re-infection (Hawanaid,
1980).

There is no evidence that antibodies play a role in the elimination of
intracellular Leishmaniaspp. The clearancef these intracellular organisms
requires the development of effective T cell-mediated immunity capable
activating infected macrophages to a microbicidal state.

CD4" T-CELL RESPONSES AND PATTERN OF DISEASE FOLLOWING
EXPERIMENTAL INFECTION WITHLEISHMANIA MAJOR

Using the murine model of infection with major,resistance and susceptibility
to infection was correlated with the expansion of CD4ells from unctionally
distinct subsets (Heinzet al .,1991). Thus, during infection with. major,

susceptible BALB/c mice mount a polarized Th2-type response (e.g. an
IL5, IL 1 0 producing CD4 T-cell response [Mosmaret al.,19861]), whereas
resistant C57BU6 or C3H mice develop mainly athl-type response (e.g. @an |
IL2 producing CD4 T-cell response) (reviewed in Locksley and Scott, 199
Furthermore, susceptible BALB/c mice rendered resistant by administratic
anti-CD4 or anti-IL4 MAbs at the onset of infection mounted a predomina



Thl-like response (Heinzeadt al 1991). This concept of a strict correlatio
between virtual absence of Th I-type CD#cell response and susceptibility t
infection should be amended in the light of recent reports that tHRNA was
detected in similar levels in lymph nodes draining lesions in strains of r
covering the entire range of susceptibility to major (Morris et al1993a).
Nonetheless, these studies did confirm that resistance to infection corre
with reduced amounts of IL4 mMRNA and smaller numbers of cells produ
IL4 (Morris et al .,1993b).

The influence of L. major-specific Thl - and Th2-type CDRB cells on
pathogenesis has been assessed by studying the effect of adoptive tran
differentiated T-cell lines into SCID mice. SCID mice reconstituted with T
like T-cell lines were able to restrict parasite growth, whereas n
reconstituted with Th2-like cell lines developed exacerbated disease (Hetac
al.,, 1991). These results indicate that differentiated Thi and Th2 c
respectively are capable of mediating resistance and susceptibility to infe
with L. major.

IFNy is an important anti-L.major effector molecule because of it
macrophage activating properties (reviewed in Liew and O'Donnell, 19
while IL4 has been reported to block the activation of murine macrophage
IFNy in vitro (Liew et al.,1991). Similar observations have been made w
human monocyte-derived macrophages infected litbtmazonensis (Lehn e
al., 1989; Ho, 1992). Evidence for a role of IL4 in susceptibility also deri
from observations that resistant mice are rendered susceptible to infection |
expression of transgenic IL4 (Leet al., 1993). However, although unable t
clear the infection, these mice exhibited lesions that were significantly sm
than those developing in genetically susceptible mice.

EVIDENCE THAT THE PROTECTIVE CAPACITY OF SOMEEISHMANIA
MAJORSPECIFIC CD4 THI T CELLS DEPENDS UPON THEIR
SPECIFICITY

Some L. major-specific CD4T-cell lines and clones, in spite of expressing
functional Thl-type phenotype, exacerbate disease in mice infectedLwit
major (Muller et al .,1989). These parasite-specific Thl-type cells induc
exacerbation in a dose-dependent manner when transferred into syne
recipient mice, even when these were rendered T-cell and B-cell defi
before reconstitution (Titust al .,1991). Ovalbumin-specific Thl cells alsc
exacerbated disease, but only if the cognate antigen, i.e. ovalbumin, wa
injected with the parasites. Following transfer into infected mice, th
parasite-specific Thl cells migrate preferentially to the site of lesions. Tt
results suggest that the major signal for exacerbation of disease by Thi
CD4' T cells is their activatiom situ. The observation that enhandedmajor
growth in lesions of irradiated mice, which occurs as soon as four days
transfer of these Thl-like cells and simultaneous infection, is dependent o
administration of bone marrow cells as a source of circulating monoc
indicates that this exacerbation of disease requires an interaction betweel
cells (or their products) and macrophages (Mendeneh.,1990).



Thl -type CD4 cells capable of enhancing lesions were selecteid bitro
restimulation with a lysate of promastigotes, the extracellular form of
parasite. In contrast, other parasite-specific Thl-like cells, recognizing ¢
living parasites (Muller and Louis, 1989), protected normal mice aga
infectious challenge. These results highlighted key differences between
type CD4 cells that recognize living parasites and those responding to «
parasite products in their effects on disease. The inability of non-protes
parasite-specific Thl-type CDZ cells to recognize their epitope on the surfa
of infected macrophages may result in their failure to focus the B¥iNthe
infected cell and so restrict parasite growth (Locksley and Louis, 1992).

Two reasons might explain the failure of L. major-infected macrophage
present specific epitopes to CD% cells specific for antigen(s) present in
lysate ofL. major promastigotes. The antigenic composition of thenajor
amastigote intracellular form differs from that of the extracellular promastic
used to derive 'exacerbating' Thl-type CD4ells. In addition, even if similar
antigens are present on both stages, their presentation to T cells by macro
may be altered by the presence of living parasites in the compartment in \
processing for the MHC-class Il pathway of antigen presentation occurs.

The second possibility has been tested by studying the infllenoajor
inside macrophages on their antigen-presenting function. Bone marrow-de
macrophages infected with major have a greatly reduced ability to presel
non-parasite antigens to specific T cells. However, the ability of infec
macrophages to present peptide epitopes to specific T-cell hybridomas
normal (Fruth et al.,, 1993). Thus, the impaired ability of parasitize
macrophages to present epitopes from erogenous protein antigens to T cel
not related to a lack of membrane MHC class Il molecules for binding to ne
formed peptides. Neither did this inhibition of presentation of protein anti
by parasitized macrophages result from a decrease either in the antigen 1
or its intracellular degradation. These data suggest that parasite
macrophages interfere with the intracellular loading of MHC class Il moleci
with antigenic peptides derived from exogenously added antigens. Interest
using a T-cell hybridoma specific for epitopes in a lysateLofmajor
promastigotes, it was shown that infected macrophages are profoundly aff
in their ability to present exogenously added antigeris afajorto specific T
cells (Louiset al .,1993; Fruthet al .,1993). These results could explain wr
'exacerbating' Thl-type CDA cells specific for antigen(s) present in a lysa
of L. majordo not recognize their specific epitope at the surface of macroph
parasitized withL. major.

REGULATION OF CD4 T-CELL SUBSET DIFFERENTIATION DURING
INFECTION WITH LEISHMANIA MAJOR

Differentiated Thl - and Th2-type CDZ cells arise from a common lineag
(Rockenet al., 1992; Sedeet al .,1992). The specificity of the T-cell recepto
is not important in determining the pathway of CDZ-cell precursor
differentiation (Reineet al .,1993). Although it is becoming clear that sever
factors may influence the T-cell subset that predominates following antig
stimulation, the precise understanding of the mechanisms involved in



initiation of Thl or Th2 CD4 T-cell development fran naive precursos remains
an important and not ful resoled issue.

Resuls from in vivo and in vito studies strogly suygest that gtokines
present at the initiation of infection \WwitL. major play a crucial role in the
differentiation of nare CD4 T cells towards one or other functional phgpet
Administration of antiFNy MADb at the tme of parasite inoculation alyated
the natural resistance of C3idice to infection (Beleswicetal, 1989) This
treament ablated the Tkdell response namally seen durig infection of these
mice and praoted a Thzype response (Scott, 1991). A role 16Ny in
driving the eary CD4 T-cell response towards a Th -type functional
phenoype was also revealed ly injecting recanbinant IFNy into susceptible
BALB/c mice alorg with the infectve inoculun; the gtokine profile was
inded alterad towards a Th | -type response (Scott, 1991). The obagon of
anlFNy response inyimph nodes drainipthe infection site of resistantice as
soon as 72 hours after infection suppdkte role of IFNy in directirg early
CD4" Thil-type response. Naturkiller (NK) cells have been showrotbe the
major source ofIFNy early during infection (Sharton and Scott, 1993
Similarly, the differentiation of adoptely transferrd CD4™ T cells towards a
Thl phenogpe in infected SO mice and the associated resist&mnt these
mice to infection has been attributedlENy produced # NK cells (Vakila et
al.,, 1993). Howeer, IFNy does not support a sustained Thl response, s
administration of IFNy to susceptible BALB/anice for up to six weles after
infection did not modify the outcone of disease (Sadicet al ., 1990).
Furthemore, infection of BALB/cmice with parasite transfectd with the
murine IFNy gene, led to the delopment of seere lesions and did natodify
the polarzed Th2type response (Tobiet al .,1993). These findigs sugest
that, in themurine model of infection withL. major, IFNy alone is not sufficient
eithe to promote a sustained differentiation of Th | cells in resistanite or to
impede Th2 celimaturation in susceptiblmice. Recentl, obsevationsmace in
IFNy-deficient C57B2/@nice have revealed that thesmice, in contras to wild
type control mice, derelop a Th2ype response followin infection wih L.
major, without evidence of a Thtype response, suppongra role for IFNy in
the differentiation of Thtype CD4 T cells (Wam et al .,1994). In contrast,
recen resuls showirg that mice ladking the ligand bindirg chain of thell. PNy
receptor [FNyR-/-) still mount a polaged IFNy-producirg CD4  T-cell
response withoutvidence for tie expansio of IL4-producirg CD4" T cells
indicate that FNy-mediated ginals are not necesyaifor the differentiatio of
CD4" T-cell precursors towards a Th | pheyjmt (Swihartet al .,1995) The
reasons for this difference in thgpe of CD4 T-cell response tggered in
IFNYR-/- and IFNy-knodkout mice following infection with L. major are not
known. Howeer, since thelFNy and IFNyR-1- mice wee derived on
geneticaly different bakgrounds, it is possible théhe influence of IFNy on the
differentiation of Fcell subsetsnay vary in differentmouse strains.

IL12 is a gtokine produced ¥ macrophages and B cells (Trinchieet al .,
1993 tha stimulates the production dFNy by T and NK cells. Therefore,
inagnuch as the earlIFNy-producirg NK cell response obsexd in resistant
mice has beenniplicated in the deelopment of a poladed Thl response
(Shartan and Scott 1993), it was Igical to consider thallL 12 plays amajor



role in Thl cell differentiation in the model of infection with major
Administration of IL12 during the first week of infection with major cured
BALB/c mice. This treatment also favoured a Thl-type response and preve
a deleterious Th2-type response (Heiretedl .,1993). Furthermore, treatmen
with anti-IL 12 polyclonal antibody, for 25 days from the time of infecti
significantly exacerbated disease in resistant mice (Sygteak.,1993). These
data show that IL12 plays an important role in the development of Thl-
response following infection with. major.

Treatment of BALB/c mice with anti-IL4 MADb at the initiation of infectio
renders them resistant, inhibits the expansion of Th2 cells and leads t
development of a Thl response (Sadatkal., 1990; Tobinet al, 1993).
Administration of IL4 to resistant mice at the time of parasite inoculat
enhanced the development of a Th2-type C@$ponse but this change fror
the normally observed pattern of response was only transient (Chagekin
1992). Results recently obtained in our laboratory also strongly support the
for IL4 in the differentiation ofL. major specific T-cell precursors towards
Th2 functional phenotype. CDA cells isolated from mice seven days aft
infection withL. major produced small amounts of IlMnd IL4 upon specific
restimulationin vitro. After a few cycles of specific restimulation, the amou
of IFNy produced by these CDA cells decreased progressively, whereas |
release of IL4 increased steadily. After six cycles of restimulation, these |
produced almost exclusively IL4 and no NN Addition of soluble IL4
receptors (provided by M. Widmer, Immunex Corp., Seattle, USA) to
cultures led to the differentiation of T cells producing large amounts of If
and almost no IL4 (manuscript in preparation). However, it was also repc
that despite the administration of IL4 for three weeks following infecti
resistant mice resolved their lesions (Sadithal .,1990). Thus, although IL4
might be required for the development of polarized Th2 response follov
infection withL. major,other factors might also be necessary.

CONCLUDING REMARKS

Infection of inbred mice witi.. major remains one of the best experiment
systems for the study of the complex interactions between intracell
pathogens and their hosts. Using this model system, basic research aimec
identification of host factors that lead to or circumvent the development o
effective immune response has already greatly contributed to the demonst
of host-protective (Thl-type) and disease promoting (Th2-type) *C&sl
responses. The dramatic effects of these functionally distinct T4lls on
the disease processs has already been clearly related to the lymphokine
they produce.

This experimental model of infection provides a unique system for defil
the rules that control maturation and activation of distinct CD4ell subsets
during antigenic stimulationin vivo. This not yet fully resolved issue ha
profound implications not only for the field of leishmaniasis, but also fo
number of other diseases with an immunological basis.
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Inductive requirements dtheileria parva
specific cytotoxic T lymphocytes
E.L.N. Taracha and D.J. McKeever
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P.O. Box 30709, Nairobi, Kenya

INTRODUCTION

There is strong evidence that cattle immunized agadihsgileria parvaby
infection and treatment clear the parasite through the deployment of cl:
MHC-restricted parasitespecific CD8cytotoxic T lymphocytes (CTL)
(McKeeveret al., 1994). The induction of these responses is crucial to
development of an improved vaccine fbr parvaand work is in progress to
identify parasite antigens that elicit them. However, the factors involved in
generation and maintenance of these respadnseisyo are poorly understood.
Conflicting data from murine and human systems suggest thaf CD8
specific for certain antigens can be indugedivo and in vitrowith or without
help from CD4 cells (Sprentet al ., 1986.. Bulleret al ., 1987). Other
requirements such as the nature of antigen-presenting cells (APC), their st
molecules and secreted factors have also been shown to be important €Hu
al .,1994).

We have used highly purified (96-99%) populations of Caad CD8 T cells
co-cultured with autologous lymphocytes transformed with the Muguga stoc
T. parva(TpM) to examine the activation requirements of naive and immi
CDS8' T cellsin vitro. We have observed that CD7Z cells and their secretec
products are crucial to the induction of naive and parasite-specific bo
memory CD8 CTL (Table 1). Cultures of naive or immune CDBcells with
TpM in the presence of immune CDZ cells generated CD8CTL activity
comparable to that of unfractionated cells. In addition, specific stimulatiol
CD4" T cells primed with an unrelated antigen, the variable surf
glycoprotein (VSG)of Trypanosoma brucein similar co-cultures generatec
help for the activation of parasite-specific CDBTL from immune but not
naive CD8 T cells. This activity was higher when antigen-pulsed and fi
monocytes presented the VSG (four-cell cluster) than when the parasitize
line was used as APC (three-cell cluster).

To characterize helper signals delivered to CD&sells in these experiments
a supernatant of T-cell growth factors (TCGF) derived from Concanavalir
stimulated lymphocytes or recombinant bovine interleukin-2 (rBolL-2) w
added to co-cultures of naive or immune CD&ells with TpM. Significant



Table 1.Activation of Theileria-immune and naive CDS cells is dependent on help
from antigen-specific CD4T cells.

Culture components Killing activity
iPBM* + TpM +++
nPBM + TpM +

iCD8 + TpM +

iCD8 +iCD4 + TpM +++
iCD8 + nCD4 + TpM +
nCD8 +iCD4 + TpM +++
nCD8 +iCD4 + TpM +

1.i=immune, n = naive, M = periipheral blood monocytes.
2. + =<10%, ++ = 10-25%, +++ = >25-55%.

Table 2. Antigen-primed CD4T cells need not bEheileria-specifidn order to provide
helper function to parasite-specific CTL.

Culture components Killing activity
VSG-specific CD4 + iCD8+ TpM + VSG +++
VSG-specific CD4 +iCD8 + TpM + MO + VSG +++
VSG-specific CD4 + nCD8 + TpM + VSG ++
VSG-specific CD4 + nCD8 + TpM + MO + VSG +

1. i =immune, n = naive, M = periipheral blood monocytes.

2.+ =<10%, ++ = 10-25%, +++ = >25-55%.

Table 3.Role of contact signals and soluble factors from antigen-specifi¢ Thélls
in the provision of helper function to immune and naive CD8ells.

Inner chamber Outer chamber Killing activity
iCD4' + TpM iCD8 + TpM +++
iCD4 + TpM nCD8 + TpM +
None iCD41 + nCD8 + TpM +++
TCGF + medium iCD8 + TpM +++
TCGF + medium nCD8 + TpM +
rBolL-2 + medium iCD8 + TpM +++
rBolL-2 + medium nCD8 + TpM +

1. i =immune, n = naive, M = periipheral blood monocytes.

2.+ =<10%, ++ = 10-25%, +++ = >25-55%.



CTL activity, comparable to that obtained with immune CDB cells
stimulated by TpM in the presence of immune CDi4cells, was detected in
cultures containing primed CD§ cells but not in those containing naive cells

To determine whether contact between parasite-specific CD4+ T cells
CD8+ T cells is an essential requirement for helper function, additic
experiments were performed using two-chamber culture plates incorpor
semi-porous membranes. TpM were co-cultured with naive or immune CD!
cells in the outer chamber and with immune CD4+ T cells in the inner chan
Cytotoxic activity was observed in cultures containing primed CD8+ T cells
was undetectable in those containing naive CD8+ T cells. This observ
suggests that while soluble factors derived from activated CD4+ T helper
are sufficient for the activation of memory CTL, naive CD8+ T cells requ
actual cell contact. Whether this signifies the involvement of receptor-lig
interactions or is a reflection of a requirement for defined local cytok
concentrations is not clear.

SUMMARY

It is evident from these results that Theileria-immune and naive CD8+ T
require help from activated antigen-specific CD4+ T cells to generate pare
specific cytotoxic activity. The CD4+ T cells need not be Theileria-speci
although this bystander effect is operative for primed CD8+ T cells only. W
TCGF or rBolL-2 can replace the requirement of primed CD8+ T cells
CD4+ T cell help, these factors cannot induce CTL activity in naive CD8
cells cultured with autologous parasitized lymphoblasts. The results fu
suggest that contact signals from immune CD4+ T cells are important fo
specific activation of naive CD8+ cells.
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A role foryd T cells in theileriosis
C. Daubenberger
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T cells bearing thgd antigen receptor can constitute up to 50% of T cells
peripheral blood and lymphoid organs of calves below six months of age.
observation prompted us to investigate the involvemendor cells in the
immune response of young calves agaliileria parva(Muguga).

A limiting dilution analysis ofyd T cells sorted from peripheral blood of on
calf was conducted to examine the frequency of proliferg®nf cells changes
during the course of a primary infection. Three different stimulator
populations, namely autologous Con A blasts, autologous heat-stressed
Con A blasts and autologoiis parvainfected cell lines (TpM) were used in th
assay. This analysis revealed tfatparva-specifio®® T cells were present a
measurable frequencies prior to immunization, while those responding to C
blasts or HS Con A blasts were not detectable. Frequencies of prolifegatil
T cells responding to HS Con A blasts and TpM increased dramatically du
immunization and dropped after clearance of the infection.

To investigate the basis of the reactivity of bowdeT cells for autologous
infected cell lines, a panel ofd T-cell clones has been generated. T
phenotype of these T-cell clones is CD@DZ, CD4-, GB21A and CC15,
and a proportion express the CD8 specificity. These T-cell clones prolife
specifically in the presence of autologous and allogeneic TpM.
proliferative response can be increased in some clones by heat shockir
TpM. This reactivity can be blocked by monoclonal antibodies against
bovineyd T-cell receptor (GB21A) and CD2 (IL-A 43). Sory®T-cell clones
can be activated by fixed autologous TpM, although to a lower degree. Bot
2 and IL-4 are required for proliferation of these clones in the presence of T

Since it has been established that a proportiogdof cells in mouse and
human are activated by stress proteins, we examined the possibility.th
parvaspecific yd T cells recognize stress proteins by characterizing
expression of the hsp70 family of stress proteinE. iparvainfected cell lines.
A rat polyclonal sera has been raised againsfTthgarvaderived hsp70 and
gives rise to intense punctate staining of the schizont cytoplasm
immunofluorescence analysis of infected cells; staining of the host cell cyt
is variable and of lower intensity. The latter observation is probably the re
of cross-reactive epitopes located on bovine and parasitic stress proteins,
hsp70 proteins are known to be highly conserved. Staining of the schizc
markedly intensified by prior incubation of the infected cells at 42 'C for 3
Host cytoplasm staining is unaffected by this treatment.



In vivodepletion of T-cell subsets in cattle

J.-P. Scheerlinck and J. Naessens
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INTRODUCTION

Techniques foiin vivo depletion of lymphocytes using monoclonal antibodi
have been well documented for murine systems. This model has playe
important role in analysing the involvement of various lymphocyte subset
several immune mechanisms. In mice @GP of Ab are generally injected
intraperitoneally once a week. In order to study bovine specific imm
mechanisms we have attempted to adapt this technology to cattle.

RESULTS AND DISCUSSION

Previous studies indicated that intravenous inoculation of cattle with
specific for bovine T-cell markers resulted in depletion of the appropriate T-
subsets in peripheral blood (Howaed al., 1989, 1992). However, it was
observed that, with this dose of MAb, T-cell depletion of other lymphoid org
was not complete. Furthermore, intravenous inoculation of these quantiti
MADb was occasionally accompanied by shock-like symptoms. Since it has
observed that the depletion blood can be complete in less than two hour
latter may be related to massive agglutination and lysis of the target
population. We modified the inoculation regime by administering only a sr
dose of MAD in the first injection. In studies that focused on'Gibdl CD8 T
cells, reconstitution of the blood with the depleted population was obse
overnight, presumably the result of migration of T cells from lymphoid orge
The treatment was continued by injection of small amounts of antibodies i
morning followed by a high dose in the afternoon (Table 1). Using this prot
the majority of the animals did not show adverse reactions, although som
show transient mild reactions. Complete depletion of peripheral blood
achieved and animals could be maintained on this regime for up to four w
After this period CD8 T cells reappeared in the blood even under continu
antibody treatment. This is most likely due to the formation of anti-mous
antibodies in cattle. Indeed, bovine anti-mouse-lg antibodies can be detec
serum of treated animals as early as one week after the first injection.
antibodies may be involved in clearing the active mouse monoclonal antibc
but may also contribute to aggregation of T cells.

We have performed an immunohistological analysis of the extent of deple
in lymphoid tissues in one animal sacrificed after complete depletion of TD
cells in peripheral blood. Considerable variation in the extent of the deple



was observed in different immune compartments. Using FACS analysis of
suspensions, extensive CD8B-cell depletion was observed in the blood au
lymph node but not in spleen. By immunohistology, CPp8sitive cells were
shown to be present in the lymph node, spleen and thymus.

Table 1.In vivodepletion of bovine T-cell subsets using monoclonal antibodies.

Day of inoculation Morning Afternoon
Day 1 0.5mg 0.5 mg
Day 2 0.5 mg 2.0mg
Day 3 2.0mg 20.0 mg
Day 4 2.5mg 20.0 mg

To investigate the functional significance of the remaining CD8ells, anin
vitro restimulation assay was performed on different tissues, based on reac
to T. parva, towhich the animal was immune. Lymphocytes were co-cultu
with irradiatedT. parvanfected stimulator cells for one week and analysed
their capacity to kill parasitized target cells (Goddeetisal .,1986). It was
observed that lytic activity could be detected in cells derived from lymph n
spleen and even peripheral blood (data not shown). Since only very
numbers of CD8T cells were detectable in these populations by FACS anal
prior to stimulation, it is clear that the vitro restimulation assay is much mor
sensitive. This might be related to the expected expansion of &i}8 during
the one weekin vitro culture in the presence of. parvainfected cells.
Moreover, these experiments show that cell suspensions such as thos
might be collected in aspirated lymph node biopsies are not representati
total lymph node.

In an attempt to target antibodies more directly to the lymph node
administered MAb to one cow subcutaneously. At the first inoculation e
amounts of antibodies (5 mg) were very well tolerated and no side effects
recorded. Three days after injection of anti-CD#htibodies very good
depletion was observed in the blood. However, depletion in both blood
lymph node were not complete by day 10. Interestingly, no chancre form:
was observed when this animal was infected Witltongolensethrough bites
of infected tsetse flies. Since the chancre formation is mainly the resu
infiltrating lymphocytes, this may suggest that the level of T-cell depletior
the skin can influence the response of cattle to the bite of an infected tset
(Table 2).

To determine whether T-cell memory is affected by cell depletion,
examined the capacity of cattle that had been allowed to recover blood
numbers following complete depletion. We reasoned that if all T cells v
depleted, a memory response would not be present in the reconstit
population. Foot and Mouth Disease virus (FMDV) antigen constituted an i
system for this investigation since all of our animals had been immun
against this virus. Animals were treated with MAb specific for CD8 or b



CD4 and CD8 for one week and allowed to reconstitute the depl
population(s). After 36 days of reconstitution proliferative activity agail
FMDV antigen was measured in peripheral blood of (i) normal, (ii) CD&ell-
depleted and (iii) CD4and CD8 T cell-depleted animals (Table 3). In tw:
animals depleted of both CD4nd CD8 T cells, no FMDV-specific T-cell
proliferation could be observed (Table 3). The control animals and thé TGD:
cell depleted animals showed normal T-cell proliferation.

Table 2.Chancre formation in a CDg cell-depleted animal on day 10 after feeding o
infected tsetse fly bites. Average skin thickness (mm) around five bite sites.

Normal skin Chancres

Control CD&CD4' T cell-depleted
8 8
14 11
16 11
18 11
18 11
18 12

Spontaneous recovery of specific T-cell activity in one of the calves depl
of both CD4 and CD8 T cells might have been the result of residual vacc
antigen present during reconstitution. This antigen could prime naive T
leaving the thymus. However, it cannot be excluded that memory Tbdlls
escaped the depletion and only entered the peripheral circulation in the
stages of reconstitution. Both animals recovered normal proliferative respc
after re-immunization with the antigen of interest, suggesting that a nol
immune response is possible in animals that have recovered from immun
depletion, and that only T-cell memory is affected by this treatment. Te
together these results provide preliminary indications ithativo depletion of
CD4" T-cell memory in peripheral blood is possible.



Table 3.FMDV-specific proliferation of PBM from animals depleted for specific T-cell subsets and allowe
reconstitute normal cell numbers. Figures represent average counts of duplicate wells adjusted for back

Days of Intact Depleted @BHCDS8 T cells _Depleted COST cells
reconstitution BK 66 BK 68 BK 69 BK 70 BK 71 BK 72
36 34706 6528 78 46 30224 2911
43 24226 14026 265 868 59671 2438
59 4987 2994 0 4242 11695 1493
69 9056 9342 0 5485 76599 3592
78 IMMUNIZATION WITH FMDV

85 2188 4700 7931 20317 25897 1395
91 28196 14419 37821 31291 62137 11472
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Summary of discussion

Chairperson: J. Naessens
Rapporteurs: N. McHugh and C. Wells

The session opened with an overview by F. Cox of the roles of cytokines al
cell subsets in the immunity and immunopathology of protozoan para
diseases. J. Louis then described the current perception of immunity of mi
Leishmania majomfection, which is the most extensively studied model of T
and 712 subsets and the cytokines that they produce. Some observations
inductive requirements of bovine CD8ytotoxic T cells were presented by E
Taracha and preliminary data on the involvemengdoT cells inT. parvaand
trypanosome infections of cattle were discussed by C. Daubenberger ar
Sileghem respectively. In the final presentation of the session, J-P Schee
described attempts to deplete bovine T-cell subisetdvo by treatment with
lineage-specific monoclonal antibodies.

In the discussion that followed it was observed that in spite of the cleal
dichotomy between Thl and Th2 CDZ-cell responses in protection of mic
againstLeishmaniamajor, no such distinction exists in many diseases. Inde
in leprosy the best prognosis is for those patients with a mixed Thl/
response. It was suggested that, since immune responses occur within d
microenvironments, the generation of a specific Thl response to an anti
challenge need not preclude the development of a Th2 response in ar
location. There was some debate on the importance of both antigen typ
route of administration in the generation of Thl and Th2 responses. The i
antigen presentation event was considered to be a major factor in detern
the direction of the response, although it was observed that individual pe
antigens can elicit distinct responses when administered through different r
of inoculation. The significance of the latter finding was questioned on
basis that the peptides involved were not targets for protective imn
responses.

There was some discussion on the abilittefshmania majoto access the
MHC class | antigen processing pathway, since the parasite survives witl
phagolysosome. It was suggested that the mechanisms responsibl
translocating peptides from the cytosol to the phagolysosome migh
reversible and allow peptides or proteins to exit to the cytosol and bec
available for MHC class | processing.

The mechanism by which. parvapeptides might be presented to specif
CD4" T cells to elicit help for naive and primed CDB cells was discussed
The possibility was raised that CD§ cells may be capable of presentir
antigen in association with class Il MHC, and so elicit their own help. It
pointed out that activated T cells in cattle express class Il MHC and
activated bovine CD8T cells have been shown to present trypanosol
variable surface glycoprotein to specific CDBcell clones. However, it was



observed that the basis of class Il MHC-associated antigen presentatioffin
parvasystem was still under investigation.

Possible mechanisms whergldyT cells recognize antigen were discussed &
it was observed that in man heat shock proteins (hsp) have been shown
presented toyd T cells by non-classical class | MHC molecules. It w
suggested that hsp antigens may be involved in activatigh Dfcells in both
ECF and trypanosomiasis. It was however stressed that the study of y@oVine
cells is at a preliminary stage and that their precise function and mechar
responsible for their control remain to be elucidated.

A lengthy discussion focused on timevivo depletion of bovine T-cell subset:
using monoclonal antibodies. Two major concerns that arose were the ext
depletion that was possible in cattle and, given the complicated nature of
and trypanosomiasis, whether the results of depletion experiments in
systems could be interpreted accurately. @&ktent of depletion was considere
to be critical since failure to remove precursor cell populations completely ¢
compromise the interpretation of results. Suggestions were made on
greater levels of depletion might be obtained; osmotic pumps or hybridome
lines encapsulated in sodium arsenate and poly-L-lysine to allow persi
levels of antibody might improve the extent of depletion. However, it v
pointed out that the possibility of hypersensitivity and the accumulation of [
amounts of host antibodies to mouse Ig would still be possible source
complication. Although it was generally agreed that good depletion data w
complement adoptive transfer studies, it was felt that the complex natiite
parva infections, where T-cell depletion would be removing both parasiti:
host cells and immune effector populations, would seriously complicate
interpretation of results. However, it was suggested that the technigue mig
applicable in the study of levels of T-dependent antibody production in B
and N'Dama cattle undergoing infection with trypanosomes, where even p
depletion of target cell populations would be sufficient to produce a measu
result.
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The role of immune responses to selected vira
antigens in immunity to infection and enhance:
disease

G. Taylor and W.L. Morrison
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INTRODUCTION

Pathogenic organisms are often capable of stimulating a range of humore
cell-mediated immune responses, only some of which are relevant in medi
recovery from infection and subsequent immunity to challenge. Indeed, in ¢
infections, components of the immune response have been shown to cont
to disease, and the balance of the immune responses determines whett
outcome of infection is recovery or enhanced disease (Scott and Kauffn
1991). This is particularly well-documented for a number of parasitic infecti
where the outcome is determined by the profile of cytokines produced by (
T cells (Scottet al., 1989). Recently, evidence has emerged that sim
phenomena operate in viral infections (Clerici and Shearer, 1993; Alwan
Oppenshaw, 1993). In considering approaches to vaccination against
organisms, the identification of both the beneficial and harmful elements o
immune response and definition of their antigenic specificities are nece:
steps toward choice of antigens and appropriate antigen delivery sys
Because of the relatively simple antigenic structure of viruses and
availability of detailed information on genome sequences, the immune resp
elicited by viruses are particularly amenable to detailed dissection.
presentation will summarize current information on the nature and antig
specificity of immune responses to respiratory syncytial virus (RSV)
consider their role in control of infection and in the pathogenesis of pulmol
lesions.

RESPIRATORY SYNCYTIAL VIRUS

Bovine RSV infects the epithelium of upper and lower respiratory tract and i
important cause of pneumonia in housed calves (Stott and Taylor, 1!
Outbreaks occur annually during the winter months with greatest mort
being observed during the first six months of life, when maternal antibod
often still present. Reinfection is common although the severity of dise
usually decreases with subsequent infections. RSV is a pneumovirus ¢
Paramyxoviridae family and contains a negative sense single-stranded



encoding ten proteins seven of which are incorporated in the virion.
attachment (G) and fusion (F) glycoproteins are expressed on the outer asy
the viral envelope. The bovine virus is structurally and antigenically relate
human RSV and the epidemiology and pathogenesis of the diseases they
are very similar. A number of vaccines of variable efficacy have been prod
for human and bovine RSV. A vaccine consisting of glutaraldehyde-fi
infected cells has proved to be particularly effective in calves (8todtl .,
1984; Howardet al .,1987). However, with some of the vaccines there he
been reports of enhanced pathology following natural challenge of vaccir
individuals (Kimmanet al ., 1989; Kimet al .,1969). This was a particulal
problem with a human vaccine that employed formalin-fixed virus. Th
observations highlight the need for a clearer understanding of the mecha
of immunity against RSY.

In contrast to bovine RSV, which is not infectious for mice, human R
readily infects mice and causes pneumonia (Printcd .,1979; Tayloret al .,
1984a). While the murine model has proved to be a valuable systen
exploring the nature and specificity of immune responses induced by the \
there is evidence that the relative contribution of the components of the imr
response to immunity and enhanced pathology differ from that in the na
hosts. The information presented herein is drawn from studies of the ht
virus in the murine model and the bovine virus in cattle.

IMMUNOGENICITY OF VIRAL GLYCOPROTEINS

Studies of the immunogenicity of human RSV proteins have been carried c
mice using biochemically purified viral proteins (Routledgeal ., 1988) or
recombinant vaccinia viruses expressing individual proteins (Stott and Ta
1989). In both instances, only the G and F glycoproteins stimulated signifi
protection in the lung against RSV challenge; in mice immunized with tt
recombinant vaccinia viruses, titres of virus in the lungs following challel
were reduced by more than @5 plaque-forming units compared witl
controls. Both glycoproteins induced neutralizing antibodies. Althol
vaccinated mice were protected against RSV infection, they developed
severe lung lesions after RSV challenge than control animals ¢Badtt,1987;
Openshavet al .,1992).

Preliminary experiments in calves indicate that immunization w
recombinant vaccinia viruses expressing the F, G or N proteins result in rec
levels of virus replication in the lung. In contrast to the findings in mice, tt
was a marked reduction in the extent of lung lesions in vaccinated ci
following RSV challenge compared with controls.



PROTECTIVE PROPERTIES OF GLYCOPROTEIN-SPECIFIC ANTIBODIE

The role of antibodies in immunity has been studied by examining the prote
activity of monoclonal antibodies (MAbs) specific for RSV proteins. T
MAbs comprised a panel of reagents raised in mice against human RSV a
bovine MAbs, all specific for the F glycoprotein, produced by heterohybridol
generated from cattle immunized with bovine RSV. The MAbs w
administered either intraperitoneally or intravenously to mice 24 h priol
intranasal challenge with human RSV. Protection, as judged by reductic
virus growth, was achieved only with MAbs specific for the F and
glycoproteins (Tayloret al ., 1984b; Kennedyet al .,1988). Not all MAbs

specific for these antigens were protective and the level of protection varie
different antibodies. When tested against a number of different strains of
human and bovine RSV, the protective F-specific MAbs were cross-reac
recognizing all the human and bovine viruses studied. In contrast, G-sp
MAbs were either strain-specific or specific for the subgroup of humar
bovine RSY When the properties of protective and non-protective MAb spe
for the F protein were compared there was no correlation between prote
and the antibody isotype, the capacity to facilitate complement-mediated ly:
in vitro neutralizing activity (although all protective antibodies neutralize
However, a consistent correlation was found between the ability of
antibodies to inhibit fusion and syncytia formation by infected cells
protective activity (Tayloet al .,1984b, 1992). That the protective activity c
these MAbs was independent of their Fc domains was demonstrated b
finding that Fab fragments of the MAb were able to mediate protection.

Protective MAbs specific for the F glycoprotein were also tested
therapeutic activity by administering them to mice four days after infection \
RSV, when high titres of virus are found in the lungs. Somewhat surprisir
this treatment was found to reduce virus titres in the lungs to undetectable |
within 24 hours and again was independent of the Fc domain. A similar r
was obtained in athymic nude mice indicating that the effect did not deper
primed T cells. Furthermore, virus did not reappear in the lungs of pass
immunized athymic mice, even when the antibody had declined below le
previously shown to be protective. In contrast, administration of protective
specific MADb to infected nude mice resulted in a more gradual decline in \
titres. The results of these studies indicate that antibodies specific for t
glycoprotein exert their protective effect directly as a result of binding
functional sites on the molecule. Presumably they are capable of preve
spread of virus from cell to cell, as well as clearing free virus. Whether
antibodies have additional effects on infected cells that result in inhibitio
viral growth has yet to be investigated.

Since the F-specific MAbs reacted with both human and bovine RSV it
been possible to examine the protective activity of these antibodies in ce
Intra-tracheal administration of fusion-inhibiting bovine MAbs that we
protective against RSV infection in mice, 24 h prior to challenge with bov
RSV, resulted in significant reduction in virus replication in the lung an
reduction in the severity of pneumonic lesions, indicating that these antibc
are also protective in cattle.

These studies have shown that certain antibodies to the F protein of RS
highly effective both at preventing and clearing RSV infection. Furtherms



antibody appears to either protect against lung lesions or have no effect or
development.

A combination of techniques has identified two sites on the F glycopro
recognized by protective antibodies (Taybrl .,1992). By sequence analysi
of the F protein gene from antibody-escape mutants selected with the prote
MADb, these areas have been located to amino acid residues 255-275 a
region around amino acid 429 of the F protein (Arkétal .,1992). These
findings indicate that there are two immunodominant sites on the F pre
recognized by protective antibodies. It is of note that the murine and bc
MADb reacted with the same sites on the molecule.

T-CELL RESPONSES IN MICE

Antigen-specific T-cell proliferative responses and MHC-restricted cytotoxi
cells have been demonstrated in mice infected with RSV (Taylal .,1985;
Openshawet al .,1988, 1990). A range of cytokines, including IL-2, IL-4 ar
IL-5, are produced by T cells from previously infected mice after restimula
with RSV in vitro (Alwan and Openshaw, 1993). Similar studies conductec
mice immunized with recombinant vaccinia viruses expressing the F ¢
glycoproteins have revealed a marked difference in the T-cell respo
stimulated by the two antigens (Alwan and Openshaw, 1993). Th
glycoprotein induced readily detectable CTL, abundant IL-2 production and
levels of IL-4 and IL-5. In contrast, the G glycoprotein induced a respc
characteristic of Th2 cells, namely the absence of detectable CTL
production of IL-4 and IL-5 but little if any IL-2. Similarly, F-specific cel
lines, maintained by repeated stimulation with RSV, showed a Thl pattel
cytokines whereas G-specific lines had a Th2 pattern of cytokine produ
(Alwan et al .,1993). Although mice recover from primary infection with RS
or infection with vaccinia recombinants expressing the F or G glycoprot
control virus replication following challenge with RSV, such animals deve
enhanced lung pathology compared with animals undergoing primary infe
(Stottet al .,1987; Openshawt al .,1992). The lung lesions are particularl
pronounced in mice immunized with the G glycoprotein and include infiltre
of eosinophils, a feature associated with IL-5 production.

These findings provide important clues to the basis of the enhanced path
that is sometimes observed after natural human and bovine infectior
vaccinated animals. In particular, they suggest a role for Th2 T-cell respo
However, the observation of pathological lesions following secondary infec
of mice with RSV is not a feature of experimental challenge infections in c:
and highlights the shortcomings of the murine model.

THE ROLE OF T-CELL RESPONSES IN RECOVERY FROM INFECTION
IN CATTLE

The precise nature of the T-cell responses induced by RSV in cattle has n
been investigated. However, the role of T-cell subsets in recovery from prir
infections has been examined by monitoring the course of infection in ce



transiently depleted of T-cell subpopulations. Depletion of the*@D4L£DS
subsets of T cells was achieved by intravenous administration of specific M
Although depletion of CD4T cells resulted in a delay in the onset of RS
specific antibody production, the course of infection was similar to tha
untreated controls. By contrast, animals depleted of' AD&lls exhibited a
significant delay in clearance of virus from nasal secretions and the It
Thus, despite the evidence that antibodies play a prominent role in contt
RSV the results of this study indicate that CDB cells are of critical
importance in recovery from infection. The apparent failure of antibi
produced in CD8-depleted calves to clear the virus perhaps suggests th
primary antibody response may be qualitatively defective These find
contrast with those in mice depleted of T-cell subsets, where failure to
RSV only occurred in mice depleted of both C#d CD8 T cells (Grahanet
al ., 199 1). Current studies are aimed at defining the nature and antig
specificity of the CD8 T-cell response.

In summary, these studies indicate that the F protein is the major prote
antigen of RSV, providing protection against different strains of virus. Fus
inhibiting antibody is highly protective, although, at least in cattle, ‘CD8ell
responses appear to be essential for recovery from primary infect
Furthermore, in contrast with the failure of antibody to potentiate disease, |
is evidence that Th2 responses may contribute to the pathology of RSV dise
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INTRODUCTION

Theileria parva,a protozoan parasite of cattle, causes a disease called
Coast fever (ECF) (reviewed by Irvin and Morrison, 1987). The disease |
economic importance because it causes high morbidity and mortality and |
the development of the cattle industry (Mukhebal.,1991). Recent estimate:
have shown that 20 million cattle are at risk in eastern, central and sou
Africa and indicate that in 1989 alone almost US$ 168 million were lost du
deaths and debilitation (Mukhebt al., 1991). The parasite is transmitted &
the brown ear tickRhipicephalus appendiculatuiée infective stage for cattle,
the sporozoite, develops in the salivary glands of the tick vector and
introduced into the mammalian host during tick feeding. Sporozoites
released into the host where they enter lymphocytes by receptor mec
endocytosis (Fawcett al., 1982; Shaw et al., 1991). CD4énd CDS§ T-
lymphocytes are the major target cells although B-lymphocytes and y8 T
can also be infected (Baldwit al., 1988). Within lymphocytes, sporozoite
differentiate into the pathogenic schizont stage, an event that is associate
the transformation and clonal expansion of the parasitized cells. Schi:
undergo merogony to produce merozoites which are released upon ruptt
the host cells. Merozoites invade erythrocytes where they differentiate int
piroplasm stage, the infective stage to ticks.

East Coast fever is characterized by pyrexia, generalized lymphadeno
and severe leucopaenia and is usually fatal (Irvin and Mwamachi, 1¢
However, animals that recover spontaneously or due to drug interventiol
resistant to re-infection with the same stock of parasite (Radley, 1981)
indication that vaccination against the disease is possible.

The only available method for immunization against ECF is by infection v
live sporozoites and simultaneous treatment with a long acting oxytetracy
(Radley, 1981). The method is not yet widely used because the imm
engendered is parasite strainspecific and because of cold chain and de
problems related to poor infrastructure in ECF endemic areas. In addition,
are risks of transmitting other tick-borne pathogens. A subunit vaccin
therefore an attractive alternative for the control of ECF.



MECHANISMS OF PROTECTION AGAINST EAST COAST FEVER

The infection-and-treatment method of immunization gives rise to a transient parasit
which is followed by the appearance of genetically restricted cellular responses dir
against the schizont-infected cells. It is believed that this response is the |
protective mechanism in immune cattle due to the observation that it appe:
animals at the time of remission of the infection (Eugui and Emery, 1989)
that the immunity can be transferred using thoracic duct lymphocytes (En
198 1). The T cells which are responsible for this activity have been clonec
shown to belong to CD8subset of T-lymphocytes (Goddeess al., 1986).
The role played by these cells has recently been confirmed using tra
experiments which have clearly demonstrated that ‘CD&ells can confer
protection against a lethal challenge withparvasporozoites (McKeevest al.,
1994). However, recent evidence suggests that immune mechanisms dil
against the sporozoite may also be protective. Sera from cattle in endemic
or those immunized repeatedly with sporozoite lysates can neutralize
infectivity of sporozoitesn vitro (Musokeet al., 1984). Similar results have
been obtained using monoclonal antibodies (MAbs) raised against su
antigen ofT. parvasporozoites (Musoket al, 1984; Dobbelaeret al.,1984).
In addition sera from animals immunized with one parasite stock are capat
neutralizing sporozoites from another stock (Musekal.,1984). These sera
and MADbs recognize a 67 kilodalton (kDa) stage-specific antigen (p67
immunoblots (Neneet al., 1992). Immunogold labelling studies using MAb
and immune sera have confirmed that p67 antigen is located on the surfe
the sporozoites (lams at, 1990; Musokeet al.,1993).

Further analysis with MAbs indicated that at least two B-cell epitopes
present on p67 and that these are conserved among the sporozoites of di
parasite stocks (Musoleat al.,1984). A vaccine based on p67 could therefc
circumvent the stock specificity of the responses engendered by the infec
and-treatment method of immunization. Since the severity of the disea
dose-dependent (Jarmtal.,1969), such a vaccine could still be effective ev
if only partial neutralization was achieved.

CLONING AND EXPRESSION OF P67

The isolation and characterization of the gene encoding p67 has been des
previously (Nenest al.,1992). The single copy gene, containing an intron of
base pairs, is transcribed only in the sporozoites, and encodes 709 amin
residues. The predicted amino acid sequence incorporates a signal sequs
the N-terminus, seven sites for N-linked glycosylation and a hydrophobic
terminus. The gene is present in all stock$.gfarvaand has a high degree o
homology with the gene encoding SPAG1Tannulatasporozoite surface
antigen (Nenet al.,1992). The primary amino acid sequences suggest that
is a membrane protein with a predicted molecular mass of 75 kDa. The pr
does not contain multiple short amino acid sequence repeats that charac
several antigens of other protozoan parasites (Enhala, 1984).

The p67 gene has been expressed as a C-terminal fusion protein wi
Schistosomgaponicum antigen, Sj-26, using the PGEX expression vec
system (Neneet al., 1992). Rat anti-serum raised against the purified Sj.



fusion protein neutralized sporozoite infectiviityvitro (Nene et al.1992), but

the fusion protein was highly unstable. On testing alternative expres
systems, the plasmid PMGI, a derivative of the pAS expression system,
found to be more suitable. PMGI gives rise to the expression of recomb
antigens as C-terminal fusion proteins with NS1(Yowngl., 1983), a non-

structural protein of influenza virus A. The translational fusion was create
cloning a repaired 2.3 kbp BamHI fragment containing the p67 gene intc
Hpal site of pMG1. Transcription of the hybrid gene is regulated by
temperature-sensitive mutant of the cl repressor gene of bacteriophage Iz
and is driven by the P promoterlafnbda. Expression of the fusion protein i:
induced by heat shock and the insoluble protein, termed NSI-p67, contain
first 85 amino acid residues of NSI, two residues encoded by a DNA i
sequence and all 709 residues of p67 (Musaksd, 1992).

IMMUNIZATION AND CHALLENGE OF CATTLE

The antigen for immunization was prepared as described previously (Metso
al., 1992). Nine BorarfiBos indicusxattle aged between six and eight montt
which were serologically negative for antibodiesTio parvaand had been
maintained under strict acaricidal control, were used. The nine animals
immunized by subcutaneous inoculation wiThl mg of the antigen prepara
equivalent to 60Qug of NS1-p67, formulated in 3% saponin (Merck). A contr
group, comprising four animals immunized wiThl mg of antigen prepara
expressing NS1 and six uninoculated cattle, was included. The nine cat
well as the four controls received further inoculations of the appropriate ani
at monthly intervals for four months. Ten days after the final boost all the ¢
were challenged with one Lpof a T. parva (Muguga) sporozoite stabilate
3087.

Pre-challenge sera from the nine NS1-p67 immunized animals conte
specific antibody titres in excess of 1:62,000 when analysed by sandv
ELISA (Katendeet al., 1990) using both the native and recombinant antige
and recognized both antigens as well as se\Esaherichia coliproteins on
immunoblots (Musokest al., 1992). The sera had neutralizing antibody titr
greater than 1:200 in aim vitro sporozoite infectivity neutralization assa
(Musokeet al.,1992).

On challenge, six of the nine cattle immunized with NS1-p67, were prote
against challenge with only two of them showing evidence of infection.
remaining three animals underwent severe clinical reactions and |
euthanized. Total neutralization of the challenge by the four non-reactors
indicated by the absence of schizont antibodies for 60 days after chall
Furthermore, the day 9 lymph-node biopsies of two of the non-reactors
negative for the presence ®f parvaDNA when tested using the polymeras
chain reaction described by Saéi al., (1988), suggesting that elimination o
the parasites occurred before schizonts were established. In another grouj
animals, immunized as described above, six were protected agair
heterologous stock oF. parva. This result confirmed our earlier observatior
that stocks ofl. parvasporozoites posses a common conserved neutralize
sensitive epitope(s).



B-CELL EPITOPE MAPPING

The clinical reactions vary, on challenge, from complete protection with
evidence of disease to severe reactions with fatalities. The degree of prot
could not be correlated with the titres of antibody as measured by ELISA o
capacity of the sera to effect neutralization of sporozoites. In search
correlate, we reasoned that animals that exhibit complete protection
recognize different epitopes than those undergoing severe reactions. To a
this question, overlapping peptides covering the entire sequence of the
molecule were made using pin technology (Chiron Mimotopes). The pep
were 15 amino acids in length and overlapped by seven residues. The pe
were tested in an ELISA system using neutralizing monoclonal antibc
(MAbs) generated against recombinant and native p67 antigens, as w
bovine sera from animals immunized with NS1-p67. The neutralizing M.
recognized four distinct peptides, with three being recognized by MAbs re
against recombinant p67 and one by TpM12, which was raised agains
native molecule.

The bovine immune sera recognized only one of the peptides reactive wi
MADbs. The rest of the peptides recognized by bovine sera lay at either e
the molecule and none were recognized strongly in the middle of the molec

CONCLUDING REMARKS

The recombinant form of p67 protected 60-70% of the immunized cattle
challenge with an LR of T. parva sporozoites. That protection of th
immunized animals was due to the NS 1 -p67 antigen is indicated by the
susceptibility of the animals immunized with a lysatdotoli expressing NS1.
In addition, more recent experiments (data not shown) have shown tha
purified form of the antigen can induce a much higher level of protection.
immune mechanisms responsible for protection in the immunized animals
not been fully elucidated. The failure of the parasites to establish infectic
the four non-reactors in firstxperiment suggests that the effect is direct
either against free sporozoites or recently infected cells. It is likely that the
antibody titres present in the immunized cattle prior to challenge were invo
in this effect. However, quantity of the antibody in the immunized cattle did
correlate with protection, suggesting that the efficiency of neutralization |
have been influenced strongly by the antibody affinity. It is also possible th:
cell responses directed at the recently infected cell are involved in
protection. There is evidence that p67 is shed by the sporozoite during its
into the lymphocyte (Websteat al., 1985). It is possible that the shed p€
enters the MHC class Il antigen presentation pathway, and renders the re
infected cells susceptible to cytolytic or cytokine-mediated effector functior
CD4" T cells. An influence of cytokines on parasite multiplicafiowitro has
recently been demonstrated (Preston et al., 1992). It is of interest to note t
the closely relatedPlasmodiumboth humoral and cell-mediated responses
the circumsporozoite antigen have been shown to confer protection €T aliji
1990; Orego and Facer, 1993).

For reasons that are not clear, p67-specific T-cell proliferative activity was
consistently detected in immunized animals up to the time of challe



However, T-cell responses have been detected in other animals immunizec
the native p67, and some T-cell clones from these animals recognize the
p67 molecule. We are currently investigating this anomaly by measu
cytokines in supematants from cultures of cells derived from NS1-
immunized animals.

An efficacious vaccine against a parasite with several stages in

mammalian host should ideally stimulate protective responses against ¢
stages. Partial neutralization of sporozoites may therefore be a desirable f
of a sporozoite-based vaccine agaifistparvasince limited breakthrough of
infection will allow generation of protective responses against the schizont ¢
of the parasite. This was observed to be the case in this study; animal
showed mild clinical reactions as the result of partial neutralization
sporozoites generated potent cytotoxic responses against schizont-inf
lymphocytes and were solidly immune to re-challenge with an LD,00.
Since our protocol did not induce protection in all immunized cattle, alterna
delivery systems need to be explored. Nevertheless, our results cl
demonstrate that it is possible to induce protective immunity to ECF in ci
with the recombinant p67 sporozoite antigen.
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INTRODUCTION

Infection of livestock with African trypanosomes leads to haematolog
changes such as anaemia and pancytopenia (Dargie, 1980; Murray and L
1988) and to immune defects, including suppression of T-cell responsive
(Sileghem and Flynn, 1992) and an excessive increase in thé Bo8ll
population in blood and spleen (Naessens and Williams, 1992). It has
shown that certain breeds of cattle have evolved mechanisms to reduc
effects of trypanosome infections (Murray and Dexter, 1988; Palingl.,
1991b). At ILRAD, trypanosome-specific immune responses of trypanotole
N'Dama cattl€Bos taurushre being compared with those of trypanosuscepti
Boran(Bosindicus)cattle. The molecular and cellular basis of trypanotoleral
are poorly defined, but preliminary data suggest that differences exist bet
these breeds at the level of T and B-cell responses to trypanosome an
during infection. Clear differences have been reported between N'Dame
Boran cattle in the quantity, quality and specificity of antibodies produ
following trypanosome infection (Palingt al., 1991a, 1991b; Authiet al.,
1993a, 1993b). Further characterization of these differences and evaluati
their role in trypanotolerance will require the availability of reagents for
analysis of bovine cytokine responses.

INTERLEUKIN-4

Studies in human and murine systems have shown that IL-4, originally desc
as B-cell growth and differentiation factor, stimulates the proliferation of T ¢
and mast cells and is an important regulator for immunoglobulin isotype s
(for review, see Paul, 1991). A cDNA encoding bovine IL-4 (Heustled.,

1992) was kindly provided by Dr. D. Dobbelaere. The sequences encodin
mature IL-4 molecule were subcloned into the pGEX-3X vector (Smith |
Johnson, 1988) and the fusion protein, termed IL-4-glutathione S-transfi
(GST), was produced iBscherichia coliwith typical yields of 3 mg/l bacterial
culture. Recombinant IL-4-GST (rlL-4-GST) was tested for biological activ
in an assay based on T-cell growth factor activity of IL-4 (TCGF ass.
Proliferative responses are determined by measuring incorporatiGnuidR

into concanavalin A-activated bovine peripheral blood lymphocytes culturec
three days in the presence of rIL-4-GST. Maximum proliferation occurred
50 ug/ml rIL-4-GST while no responses are induced by the GST carrier alor



The rEL-4-GST was used to immunize mice in order to raise polyclonal
monoclonal antibodies (MAb). Eight hybridomas were selected that recogr
riL-4-GST but not GST in ELISA screening. All eight MAbs are of the IgC
isotype and their ability to block the biological activity of rIL-4-GST is beir
tested. The availability of recombinant bovine IL-4 and specific antiboc
provides useful reagents to investigate T- and B-cell interactions in imm
response to infectious diseases in cattle.

TUMOUR NECROSIS FACTOR

In addition to its tumouricidal and immunoregulatory functions, tumour necr
factoi alpha (TNE) plays an important role in the control and pathogenesis
infectious diseases. Specific reagents have been developed at IILRAD to
the role of TNE in the pathogenesis of African trypanosomiasis. Recombir
bovine TNFx (rTNFa), obtained from Ciba-Geigy SA, Switzerland, was used
raise polyclonal and monocional antibodies and these fortn the basis

bioassay and an immunoassay for TNfSileghemet al., 1992). In addition,

the full-length coding region of bovine TFhas been cloned and expressed
E. coliat ILRAD. Biologically active RTNE and the assays specific for TWF
will be of great value in elucidating the involvement of TiNiR the pathology

associated with diseases such as African trypanosomiasis.

HAEMOPOIETIC CYTOKINES/GROWTH FACTORS

Anaemia is a prominent feature of many chronic inflammatory diseases
livestock, infection with trypanosomes causes a profound decrease ir
numbers of circulating erythrocytes and all other blood cell types.
haematological changes during trypanosome-infections have been
characterized and ILRAD scientists have reported differences betv
trypanotolerant N'Dama and trypanosusceptible Boran cattle in the contr
the anaemia (Andrianarivet al, 1993). In contrast, the mechanisms that cal
pancytopaenia in trypanosomiasis are poorly understood. One approact
better understanding of these mechanisms is to study the role of cytokines
regulation of haemopoiesis. It is possible that the action of some cytol
within the bone marrow of infected animals may adversely affect haemopoi
In humans and mice, cytokine-mediated down regulation of bone marrow
been attributed to TNEF transforming growth factor-beta (T@F and
interferon gamma (IF). Conversely, erythropoietin is one of the mo
important positive regulators of erythropoiesis (for review, see Koury
Bondurant, 1992).

To gain a better understanding of the mechanisms controlling ineffe
haemopoiesis in trypanosomiasis, we have started to clone the genes for |
haemopoietic factors.

Stem Cell Factor



Stem cell factor (SCF), also known as c-kit ligand, mast cell growth facto
steel factor, is an essential regulator for normal haemopoiesis, melanoge
gametogenesis and mast cell growth and development. In humans and r
has been shown that SCF exists in both membrane and soluble forms (Anc
et al.,1990). To clone the bovine cDNA portion encoding soluble SCF, prin
were designed based on interspecies homologies. RNA was isolated from
marrow mononuclear cells of Boran cattle and reverse transcribed into cl
for use as a template for the PCR reaction. After subcloning and sequenc
various PCR fragments, a cDNA clone was selected with an open reading
complete to the terminal amino acid residue 174. A 25-residue leader pe
similar to that of human SCF is present and homology with human SC
amino acid and nucleotide level is 85 and 90%, respectively. Preservati
cysteine residues at positions 4, 43, 89 and 139 most likely results in disul,
bridging identical to that seen in the rodent and primate SCFS. The prec
amino acid sequence of the bovine molecule contains an additional resic
position 130 that is not present in humans or rodents, but is present in the ¢
analog. Experiments are in progress to express a truncated bovine
encoding soluble SCF, up to alanine residue 165.

Interleukin-3

Interleukin-3 (IL-3) is produced by activated T cells, activated mast cells
granulocytes. This cytokine acts on early progenitors to produce cells c
haemopoietic lineages and modulates the growth and effector functior
mature cells such as macrophages, lymphocytes and mast cells. IL-3 is |
species-specific in its activity. Complementary DNA sequences of human
mouse IL-3 show very low homology: 29% at amino acid level and 45% at
nucleotide level. We have amplified and cloned a 533 bp DNA fragment f
cDNA derived from PHA/PMA-stimulated bovine peripheral bloc
lymphocytes (PBL) using primers based on 5' and 3' untranslated regions
ovine IL-3 cDNA (Mclnneset al.,1993). The bovine cDNA clone contains a
open reading frame of 432 bp encoding a protein of 144 residues. Homc
with the ovine IL-3 sequence is 85 and 90.5% at amino acid and nucle
levels, respectively. Experiments are under way to produce recombi
protein, and to identify the biological activity in bovine clonogenic assays.

Erythropoietin

The hormone erythropoietin (EPO) is an important regulator of term
erythroid differentiation. A blunted EPO response is implicated in m:
chronic inflammatory diseases (Means and Krantz, 1992) and may

contribute to the chronic anaemia that is characteristic of trypanosomiasis
address this issue, a cDNA clone containing the complete open reading fra
bovine EPO has been isolated from Boran kidney tissue. Recombinant pi
will be produced using an eukaryotic expression system, since glycosylati
human and mouse EPO has been shown to be essential for biological activi



ANALYSIS OF BOVINE CYTOKINE RNA EXPRESSION

Because techniques for detection of cytokines at the protein level are some
not sensitive enough, measurement of cytokine RNA expression can be a |
alternative for the characterization of immune respomsedgtro or in vivo.
While assays such as Northern blot and dot blot hybridization are in u:
ILRAD, quantities of RNA are often a limiting factor, so we have also instal
the semi-quantitative reverse transcription PCR (RT-PCR) technique f
number of bovine cytokines.

Oligonucleotide primers for the amplification of bovine i;AL-13, IL-2,
IL-3, IL-4, IL-6, IL-7, GM-CSF, IFNy, TGH3, TNFa, TNF3 and EPO have beer
generated. These primer sets are being used for amplification of cDNA de
from total RNA. We have tested several published methods for isolating |
from small numbers of cells and have selected the guanidine thiocya
phenol-chloroform extraction method of Chomczynski and Sacchi (1987).
order to compare the level of gene expression between different san
aliquots are taken during the exponential phase of amplification and proc
are hybridized on Southern blots with appropriate digoxigenin-labelled inte
oligonucleotides. To ensure that equal amounts of cDNA have been use
amplification with beta actin primers is included.
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INTRODUCTION

Recent information on the effects of cytokines (GK)vitro and in vivoand

their significance in pathogenesis and immunity has ensured that CK res
will be at the center of future prophylactic and therapeutic developments.
practical applications of this accumulated knowledge are now being explc
One area of application that we believe shows great promise is the u
selected CK to improve immune responses to vaccine antigens. The use
in this context has already been explored in cattle by testing the adijt
potential of interleukin-1 (IL-1), interleukin-2 (IL-2), and interferon gamn
(IFNy) in selected antigen systems. However, this application has not ree
clinical practice due to a variety of problems intrinsic to the use of these p
biological-response madifiers, including difficulties in formulation ar
secondary effects that are often associated with their systemic administratic
This paper will address the research developments that have led us t
approaches currently being used to exploit adjuvant properties of CK.
addition, some concepts will be discussed that might assist in the design of
rational application of these mediators to improved vaccination strategies.

PROPHYLACTIC EFFECTS OF SINGLE-DOSE, SINGLE-CK
ADMINISTRATIONS

Early assessments of the potential clinical use of CK examined the prophyl
potential of single-CK, single-dose administrations. It was observed
treatment of cattle with IFi}or IFNa (Barbiuket al.,1985, 1987, 1991) prior to
sequential challenge with BHV-and Pasteurella haemolyticeeduced the
severity of clinical signs and mortality. Virus isolation and immunologic
studies suggested that the beneficial effects obtained after IFN administr
were due to immunoregulatory properties rather than the anti-viral activit
these CK (Barbiulet al., 1985, 1987, 1991; Bielefeldt Ohmann and Martinc
1990).

Exploitation of the immunoregulatory properties of IFNs to ameliorate clin
manifestations of disease has also been demonstrated in several
experimental models. Treatment of calves with IFN (5 mglanimal) prio



crowding reduced the incidence of crowding disease (Bielefeldt Ohmann
Martinod, 1990) and administration of I¥Norior to Haemophilus somnus
challenge of dexamethasone immunosuppressed calves resulted in reduc
the severity of pneumonias (Chiaerg al., 1990). In addition, intramusculal
administration of IFN to calves prior to infection witBalmonella typhimurium
reduced the degree of septicaemia (leeal, 1990) and intramammary infusior
of IFNy 24 hours prior to challenge wilscherichia colreduced the number of
infected quarters, prevented death, diminished clinical signs and shortene
duration of infection (Sordillo and Babiuk, 1991). More recently t
prophylactic capacity of single-CK, single-dose administrations has also |
demonstrated for IL-1, IL-2, and GM-CSF. All three CK were shown to prof
mammary glands from the subsequent challenge ®f#tphylococcus aureus
(Daley et al.1991).

All of these examples clearly demonstrate the prophylactic effect of
administration in a single-dose regimen under experimental conditions w
timing and exposure can be controlled. However, examples of effe
prophylaxis under fiela&onditions, where these parameters are uncontrolla
are not as readily available. In one instance where steers were treated witl
IFNa at feedlot entry, the effects of treatment were not as striking as t
observed in experimental situations (Babétlkal, 1991). Results such as thes
suggest that prophylactic approaches using single-dose CK administr
regimes require the use of formulation technologies that allow slow- or pt
release of CK to cater for different windows of disease susceptibility. Howe
initial attempts to extend the prophylactic effect of CK using a sustained rel
formulation or repeated injections have not been successful. Administratic
IFNa or IFNy in consecutive injections failed to protect animals from clinic
manifestions and mortality in the BHVRasteurella haemolytica model
(authors' unpublished observations), and administration ofi IFNa slow-
release formulation was able to sustain levels of 2'5'A synthetase but fail
induce a sustained change in flow cytometric profiles associated with |
immunoregulatory properties (authors' unpublished observations). Thu
appears that the immunoregulatory properties of single-dose CK administre
can only be maintained by careful dosage and timing regimens that cann
achieved with current formulation technologies.

These experiences, along with many others described in the literature, st
that exploitation of the immunoregulatory properties of CK under fi
conditions will require careful selection of protocols designed to regu
specific immune functions responsible for protection. Thus CK would
selected for incorporation in a vaccine on the basis of their capacity to ent
a desired immune function.



POTENTIATING VACCINES USING CK

Communication between cells of the immune system is governed by a nu
of recognition molecules, adhesion molecules, as well as CK. Recognitic
antigen and engagement of adhesion molecules can be followed by pole
secretion of CK, influencing their site and mechanism of action. Under na
conditions, CK act as ultra-short range mediators and should be compared
with neurotransmitters than hormones. From the results of an elegant ser
experiments, Mitchison (1990) proposed a general scheme for interac
between immune cells. Ibis scheme involves clusters of two or three cells
incorporate either T and B cells (2-cell cluster) or T cells, B cells :
interdigitating dendritic cells (3-cell cluster). These cell clusters facilitate
delivery of signals for the activation of effector cells. An excess of CK betw
an effector cell and a regulatory cell may have functional significance thrc
the activation of bystander reactions, which may be either beneficia
detrimental to the desired immune response. Mitchison proposed
administration of low doses of CK should be beneficial since only those «
already activated by antigen recognition and appropriate second signals \
be expanded. Conversely, high doses might activate redundant eff
mechanisms that might be ineffectual or detrimental. We have examine
effect of CK dose on the outcome of immunization schemes.

Most CK tested to date have shown at least a modest beneficial effect
administered with recombinant or subunit antigens (Hughes,1991, 1992a)
or with killed or modified live vaccines (Reddyt al., 1990; Nunberget al.,
1989). Nonetheless, CK generally exert their adjuvant effect at an optimal ¢
high doses can produce adverse effects, while low doses are ineffective.
has been demonstrated with IL-1, IL-2, and y#iNdifferent model systems.

The adjuvant activity of IL-1 appears to be both time- and dose-depen
with the best activity occurring when the CK is administered at approxima
the same time as the antigen (Staruch and Wood, 1983). The activity wa
attributed to an indirect effect, such as enhancement of IL-2 release
antigen-driven cells, but this has been disputed in a series of experiments
IL-1 enhanced B-cell responses in the presence of antibodies that neutraliz
(Reedet al.,1989). It is more likely that IL-1 acts through its co-stimulato
effects on T cells following antigen recognition. Recombinant bovine IL-:
has been administered to cattle in conjunction with a modified live BH!
vaccine (Reddyt al.,1990). Administration enhanced the cytotoxic activity
peripheral blood cells against BHV-1 infected targets after immunization. °
augmented response was apparent at all doses of CK tested (33 ng/kg tc
ng/kg). However, augmentation of neutralizing antibodies against the \
occurred only at 100 ng/kg of IL-1, with higher or lower doses having no ef
when compared to the control. Likewise, when animals were challenged
live virus, those animals given 100 ng/kg of recombinant bovine ILshédt
significantly less virus than those animals given lower or higher doses. T
studies indicate that IL-1 can enhance both cellular and humoral mechanis
immunity and, further, that the dose at which this occurs is critical for opti
effect.

Following early studies of the adjuvant effects of IL-2, it was proposed th
has two distinct mechanisms of actionvivo, one being to overcome geneti



low responsiveness and the other being that of a classical adjuvant, i
enhance a response to antigen. The different activities appeared to be rel:
formulation with IL-2 in oil overcoming genetic low responsiveness &
agueous preparations providing an adjuvant effect (Heath and Playfair, 1
However, IL-2 has been shown to overcdmgene control in a manner simila
to that in which KLH can overcome genetic non-responsiveness to pef
(Goodet al., 1988). These authors concluded that KLH induces a strong
localized secretion of IL-2 that has a direct effect on the proliferation of pept
specific T cells. They further proposed that delivering erogenous IL-2 ac
the same way by taking the place of the KLH-induced IL-2 secretion. Thus
ability of IL-2 to overcome genetic non-responsiveness was not due
formulation; rather, it was due to a localized over-production of CK. F
studies have been carried out in which these diverse activities of IL-2 have
examined simultaneously. In all of those cases where genetic
responsiveness was examined, the adjuvant effects of the CK in nc
(responding) animals was not considered. Further, in all but a few studie:
dose of CK that was administered was extremely high (up to 1 mg/kg). T
experiments have been adequately summarized elsewhere (Hughes and E
1992). Very few studies have examined a dose response effect of IL
conjunction with vaccines. However, in those instances where this has
done, it is clear that high doses of IL-2 can induce suppression of the sp
response, whereas lower doses induce an adjuvant effect. An appropriate
of IL-2 can induce up to a 25-fold increase in the immune response to k
rabies vaccine (Nunbemgt al.,1989). When extremely low doses of IL-2 (0.
Hg/Kg) were given in a multiple dose regimen to cattle following vaccinat
with authentic glycoprotein D (gD) isolated from BHV-1, there was a 25-f
increase in the immune response to the antigen (Hughas £991). At this
dose of IL-2, no other detectable biological effect can be determined (Canf
al., 1992). This may indicate that the desired effect, enhanced spe
activation in the absence of a non-specific bystander response, is |
achieved.

A similar trend has been observed with the use ofylkN vaccination
protocols. In a series of studies, Heath and Playfair have demonstratec
there is a strict optimum dose for the adjuvant effect ofylFWhen IFN was
administered in excess, there was either no effect or suppression of the res
(Playfair and DeSouza, 1987).

As mentioned earlier, initial work in the use of CK as adjuvants was base
the principle that the CK should be present simultaneously with antige
ensure that antigen reactive cells were driven to respond. Repe
administration of IL-2 improved the efficacy of a HSV-2 gD vaccine when Il
was given throughout the course of the 17-day vaccination schedule (Nehb
al., 1989). Realization of the impracticality of this type of schedule led sev
investigators to prolong the presence of the IL-2 through encapsulation, |
modification or incorporation in liposomes (Heath and Playfair, 1992). The
two approaches were shown to be effective as adjuvants in vac
formulations. The PEG IL-2 formulation was effective in providing protect
to mice from rabies at a lower dose (0.05 versus @) and with fewer
injections (1 dose/day versus 2 doses/day) but the CK still needed t
administered for five days (Nunbeeg al., 1989). A liposomebased IL-2



formulation also provided protection in mice against challenge with influenz
virus, suggesting that both cellular and humoral responses can be effec
stimulated using this approach (Heath and Playfair, 1992). In addi
improvement of antigen-specific humoral responses has been observed
administration of IL-2 in an emulsion formulation that is believed to extend
lifetime of the entrapped IL-2 (Heath and Playfair, 1992). It is possible
liposomes and emulsions activate phagocytic cells and cause the local rele
other CK capable of acting in synergy or counteracting the administered
Therefore, the results of these studies may not be solely due to the effe
administered IL-2. The examples provided above demonstrate the benef
prolonging the CK effects through formulation. However, extending
circulating lifetime of the CK does not limit its activity to a specific locatic
such as a regional lymph node. The CK may still stimulate inapprop
immune responses in potentiating the response to the vaccine.

When doses and localization of CK are uncontrolled, there is a dangel
bystander reactions could lead to autoimmune disease. This has been ok
in an experimental model as well as in patients who have been given large
of CK (IL-2 or IFNa) for treatment of renal cell carcinoma and melanotr
(Scaizoet al.,1990). These data have indicated that IL-2 may have the ak
to overcome tolerance to auto-antigens, with resulting autoimmune dis
Indeed, IL-2 has been termed a 'pro-autoimmune' lymphokine (Kroemer
Martinez, 1992). These observations have led investigators to associate tf
with antigen through chemical linkage or by co-expression in live vector
guarantee delivery of the CK to the same local environment as the va
antigen. This approach not only ensures that CK and antigen reach the c
destination at the same time, but it also allows the dose of CK to be optin
by this method so that activation of bystander reactions does not occur. R
from virus challenge following immunization with CK/antigen-double vaccir
recombinants demonstrated that there was no reduction in immunogenici
either the vaccinia antigens or the recombinant antigen in the case o
2/HSV/vaccinia and IL-2/influenza/vaccinia constructs. However,
expression of the CK did not provide any improvement in protection w
compared to the expression of antigen alone (Heath and Playfair, 1
Therefore, direct linkage of antigen with a CK may hold the greatest promis
the development of vaccines that use the CK as immune potentic
Association of CK with antigens has been accomplished through cher
coupling, genetic fusion, or the formation of ternary complexes such as
biotin-avidin. The CK used in these formulations have been an [(L-:
nonapeptide, IL-2, IFi and GM-CSE

The initial attempts to associate CK with non-viable antigens used an |l
biotinavidin complex as an immunogen without additional adjuvant. T
complex induced increased anti-avidin antibody titres and significa
improved the DTH response to avidin as measured by ear swelling. These
suggested that the expected Thl response was induced. However when th
avidin antibody responses of Gl and G2a subclasses were examined, thel
no statistical difference between the group immunized with the complex ani
control group.

Fusions or chimaeric molecules incorporating antigen and CK compor
have provided interesting results. It has been showitro that the bioactivity



of IL-1, IL-2, and GM-CSF in such molecules is retained, providi
encouragement for their potential wivo effects. IL-2 has been geneticall
fused to the HSV-1 gD and til¢A gene producfrom Pasteurella haemolytica
and used to immunize animals (Hugle¢sl.,1992a; Hazamat al.,1993a). In
the latter study cattle were immunized with the chimera in combination witl
emulsion adjuvant, using a multiple step immunization schedule.
improvement of either the humoral or cellular immune response was obst
when compared to that induced by thk&A antigen alone. However, the
adjuvant used in these studies was a strong inducer of immune respon
IktA, so that detection of an IL-2-related improvement was difficult.

In the HSV-1 gD study, the fusion protein was administered to mice ei
parenterally or intranasally, without other adjuvants (Hazamal., 1993a,
1993b). Following subcutaneous immunization with the gD-IL-2, spec
antibody titres, DTH responses and protection were equal to that induced t
gD formulated in complete Freud's adjuvant. The adjuvant effect of the fi
IL-2 was not extended to an additional antigen incorporated in the inocu
The use of the same IL-2-gD protein administered intranasally was
examined. The chimera was a better primary immunogen than gD or a mi
of IL-2 and gD and induced significant protection to intranasal challenge \
HSV-2.

An alternative approach for the generation of immunogenic chima
molecules used peptide synthesis to link a nonapeptide derived frofndhel
hepatitis B S1 antigen (Kanury and Nayak, 1990). Immunization with
synthetic chimaera adsorbed on aluminum hydroxide improved the numb
mice with anti-peptide antibodies following primary immunization al
increased the final anti-peptide titre when compared to those in mice immur
with a mixture of antigen and CK. The enhanced antibody response was s
mice of four different haplotypes. A separate study examined the effec
genetic insertion of the same II31lpeptide into the immunizing protein:s
(Beckerset al.,1993). The immunogenicity of these recombinant proteins \
evaluated in the absence of other adjuvants. Specific responses
significantly greater to the chimaera than to control proteins over the pe
form day 4-38 after primary immunization.

It is clear that CK are effective adjuvants and that the delivery of antigen
CK to the same cell or micro location can further improve the immune resp
while limiting untoward stimulation of other immune cells. The use of ot
adjuvant compounds in some of the studies has made analysis of the exa
of the CK in these vaccine formulations difficult. However, in most case
appears that the addition of the CK to antigens improves both humoral
cellular responses. The results do not conform to the current paradigm fc
role of CK in directing immune responses to exclusive pathways. It
originally thought that administration of a Thl CK such as IL-2 or INFY wol
result in a Thl -type responses against the immunizing antigen. Similar
was assumed that incorporation of Th2 CK such as IL-4 or EL-5 in a vac
would enhance certain type of antibody responses. While the Thl-Th2 para
is clearly significant in the pathogenesis of certain diseases and may be re!
to the use of CK therapy in a limited number of infectious diseases (Yamal
et al.,1991), it appears that it does not apply to the use of CK as immunolo
adjuvants with vaccines. We have observed that when IL-2 is administered



a subunit antigen, it does not appear to influence the isotype specificity o
humoral response or to shift the response towards cellular or humoral elel
(Hugheset al., 1991, 1992b). Indeed, all responses were equally enhan
Similarly, administration of IL-1 enhanced both humoral and cellular immur
against a maodified live B HV-1 vaccine (Redglyal, 1990). Furthermore, wher
a HSV gD-IL-2 chimeric molecule was administered intranasally, there wa
enhanced IgA production in the lungs of mice. In this case, a Thl CK
apparently enhancing a Th2 response (Hazeival., 1993b). Other workers
immunized mice with liposomes containing antigen and IL-2 or IL-4 a
contrary to the current paradigm for mucosal T-cell help, observed that onl
lIL-2-containing liposomes enhanced antigen-specific IgA responses (Abra
and Shah, 1992). Ibus the use of CK as immunological adjuvants depen
many factors including the nature of the antigen, the dose of CK, the rou
administration, and the formulation used. All of these factors may be
important to the outcome of the immunization as the CK itself.

With the exception of the viral vectors, the formulations described abov:
not target antigen to either pathway for association with MHC molecules.
use of formulations based on acid-sensitive liposomes (Retldy., 1992),
iscoms (Taskahaskhit al., 1991), or certain adjuvants (Wat al., 1992) that
allow antigen association with MHC class | molecules in conjunction with
has not been reported to date. Use of CK in association with these del
systems might alter the broad immune enhancement so far observed witl
This approach may allow more predictable specific induction of a des
immune response. Thus it may be possible in the future to use a CK asso
with neutral liposomes containing an antigen to induce an IgGl response,
a different CK associated with acid-sensitive liposomes containing an an
might induce a strong DTH and CTL response, with neither formulat
enhancing the alternative response.
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Summary of discussion

Chairperson: D.J.L. Williams
Rapporteurs:  S. Morzaria and K. Taylor

This session dealt with how appropriate immune responses can be enh
through the design system. Four papers were presented that describe
different responses of the immune system to the same challenge can infl
the outcome of infection or immunization with regard to pathogenesis
protection. The issue of influencing the outcome of an immune resp
through the use of defined delivery systems and cytokine reagents was
addressed.

The plasticity of the immune response received some discussion. To ide
the mechanisms involved in protective immune responses, it was clear
detailed analysis of the roles of different components of the immune syste
necessary. The use iof vivo experiments based on gene knockouts, cytok
treatment, administration of neutralizing antibody and depletion of immune
subsets has yielded valuable information on the role of various immune
types in protection and pathogenesis in a number of experimental sys
However, it should be noted that compensatory mechanisms can be iny
through the experimental removal of the major arm of the normal response
given immunological challenge, and so results of these experiments mu
interpreted with care. It was clear from the experiences at ILRAD with the
of in vivo depletion techniques in cattle that the application of the
methodologies in this species is still subject to a number of technical proble

The group focused for a period on the significance of the fine specificit
antibody responses to the outcome of immunizations and infections.
particular, a distinction was made between the epitope specificities of NIAB
those of polyclonal antisera raised by immunization. The distinction
highlighted by an observation made in the murine malaria system where a
that recognizes a 3 amino acid epitope of the circumsporozoite pr
neutralizes sporozoite infectivity, whereas immunization with the full len
protein fails to protect. This may reflect steric hindrance of this neutraliz
epitope by other antibodies, but does highlight the importance of immuni
against the protective epitope.

Emphasis was placed on the importance of antigen delivery to the outcor
immunization. Events occurring at the point of delivery determine the natul
the resulting immune response. Great care must therefore be taken i
selection of the site of inoculation and the delivery system or adju
preparation to be used.

It was pointed out that experiences in the respiratory syncitial virus (R
system indicate that the manner in which individuals are immunized can
profoundly affect the outcome of a challenge infection, with cert
immunization regimes being associated with enhanced lung pathology.
latter appears to relate to a Th-2 type response.



Considerable discussion focused on the results of immunizations perform
ILRAD with the p67 surface antigen OF. parva sporozoites. Levels of
protection already achieved in the face of needle challenge were consi
highly promising, and the discussion turned to possible ways in which this c
be improved. It was agreed that future research should aim towards identi
immunological parameters that correlate with protection and generatir
challenge dose that will mimic field challenge.

A final point was made that ILRAD should continue to develop new reag
necessary for immunological research in cattle rather than restricting its e
to areas determined by available reagents.



Concluding discussion

The concluding discussion was organized around summary statements prej
by the chairperson of each session of the meeting, which identified the key
themes and questions that arose from the session.

SESSIONS | AND I

Initial discussion of this part of the programme focused on whether it
actually necessary to complement a p67-based vaccine with antigens that
provoke cytotoxic T lymphocyte responses. It was pointed out that
combined complexities oTheileria parva and the bovine MHC might pose
severe problems to the design of a vaccine that would stimulate different
of the immune response against distinct stages of the parasite, and that it
therefore be more prudent in the short term to explore further the potenti
the p67 antigen.

The discussion then turned to the state of knowledge of the bovine MHC
the value of peptide stripping as opposed to screening of cDNA libraries fo
identification of antigens that constitute targets for CTL. Examples of
identification of such antigens in virus systems were considered too simple
possibly invalid in the context df. parva,and it was suggested that tumou
were perhaps more analogous to this system. The predominant concern w
technologies for the isolation of CTL peptides were very new and had yie
only limited numbers of peptides that might have promise as vaccine candic
It was nonetheless recognized that CTL had been demonstrated to pi
protection against. parva,and that the technologies for peptide isolation a
cDNA screening were now established at ILRAD with collaborations in pl
with the leading laboratories in the area. All of these elements should maxi
the likelihood of identifying candidate antigens. It was also pointed out tha
number of schizont transcripts was estimated at no more than 4000 ant
there had been important developments in the study of bovine class | &
MHC that would complement the search for antigens. A general consensu
reached that ILRAD should continue its search for CTL epitopes using pe|
stripping in conjunction with other approaches.

A point about the value of mouse models and the use of knock-out mi
identifying protective responses led to a lively discussion on their possible
in the systems of relevance to URAD. 7lis was largely driven by the repol
difficulties encountered in eliminating all cells of a particular population dur
depletion experiments in cattle. here was no question of the value of r
models in establishing mechanisms of immunity; the example of helper T
responses irLeishmaniawas a good one in that a set of rules had be
established that could be extrapolated to other species. However, it wa
considered realistic for ILRAD to become involved in in-depth studies in n
in the context of trypanosomiasis research. Large numbers of quality cat
defined breed and genetic background and the capacity to work



monozygous and chimaeric twins were perceived as a major resource (
Institute that confer considerable comparative advantage.

SESSIONSII, IV AND V

Discussion on the search for a vaccine against trypanosomiasis focused ol
anti-parasite and anti-disease approaches. Differences between Bora
N'Dama cattle in their responses to infection were listed (Table 1) as an ¢
discussion and major areas of debate were the role of parasite load i
pathogenesis of the disease and the significance of the failure of the
susceptible Boran cattle to effect isotype switching during their response.

It was observed that the endocrinological failure described in trypanoson
closely resembles that seen in malaria, witlesmodiumantigens disturb the
insulin signalling pathway. The possibility was raised that trypanosc
antigens might induce a similar perturbation, perhaps resulting in pitui
dysfunction. A role for cytokines or hormonal reactions in metabolic :
physiological disturbances can be investigated, even in such a compli
disease as trypanosomiasis. It was suggested that a single mechanism
control parasite load, so that an anti-disease approach could compleme
anti-parasite approach.

It was stressed that the more we can learn about cytokines, the more w
learn about immunology and disease. Massive disturbances of the imi
system occur in both trypanosomiasis and ECF, and few, if any, investiga
are being conducted elsewhere on the involvement of cytokines under
circumstances. The capacity at ILRAD to explore bovine cytokine function
perceived as impressive and of great value in dissecting the relative rol
TNF, IFNy and IL-1 in damage associated with acute phase responses.
information is important for determining whether the pathology of the
diseases arises from the parasite or the host response. It was pointed out t
striking differences in immunoglobulin responses between Boran and N'D
cattle may be related to immune memory as well as isotype switching; this
be reflected in the cytokines produced by T cells and other regulatory cel
response to challenge, and will become apparent as the investigations prc
It was proposed that the trypanosome cysteine protease, a molecule that
induce pathogenic effects, could be used as a tool to investigate the disturk
in the immune response. The possibility that degradation products of ant
such as this might be responsible for the pathology should not be ruled out.



Table 1.Differences between N'Dama and Boran cattle in tlesjponses to infection with
Trypanosoma congolense.

Clinical parameter N'Dama Boran
Parasitaemia lower higher
Anaemia (PCV) less severe
Neutropaenia less severe

Antibody responses gh el 14G2 lgm el G2

Congopain * * - * -

BiP (hsp70) * o - o *

VSG (cryptic) * o - * *

SEE-VSG + + + + + +

[-Galactosidase - - i,

Macrophage Function

IL-1/1L-6 Activity * earlier peak *
Trypanosome phagocytosis * earlier peak *
Erythrophagocytosis *

++ +

T-cell proliferation
CD5' B-cells * *
Serodeme-specific acquired immunity * *

While the functional role of® T cells is still poorly understood, it was
acknowledged that the results of studies at ILRAD complements those emergin
from other laboratories. Considerable numbers of these cells occur in the
spleens and peripheral blood of young cattle and since young animals are th
principal target for improved vaccines, elucidation of the role of this population
in bovine immunity is an important goal. A thorough investigation of their role
in trypanosomiasis and ECF was considered justified. It was pointed out tha
cytotoxicity was not the only mechanism of controlling intracellular parasites.
There are many examples of protection being mediated by inhibition of growth,
evidence for this has been presented for both trypanosomiasiShandria
parasites. Hencegpd T cells need not necessarily act through cytotoxicity but
could exert their function by inhibition of growth.

The issue of reversed age resistance in which young cattle can tolerate c
control parasite infection and develop immunity in the absence of disease wa
raised, and it was speculated th& T cells may be involved in this
phenomenon. It was also asked whether natural killer (NK) cells might be
involved. These cells are present in cattle and have d @ii@hotype but do
not express CD3, CD4 or CD8. They are present in very low numbers in blood
and are readily activated to kill by cytokines. A minor role has been attributed
to them in killingT. parvainfected cells.



A brief discussion on the plasticity of the immune response ensued de
some confusion as to its definition. The meeting concluded that the res
programmes at ILRAD should focus on the major effector mechanisms ir
target animal population and the identification of the parasite antigens
provoke them.

It was emphasized that development of the p67 antigeh. gfarvaas a
vaccine will proceed in conjunction with a commercial parthner. The manda
ILRAD is to identify protective antigens and confirm their vaccine potential
presenting them effectively to the target the animal. Vaccine production
guality control will be the responsibility of the commercial partner.

Finally, it was indicated that studies in the field of cell biology woL
contribute to the search for antigens through enhanced knowledge o
parasite and its interactions with the host. This information could highl
those molecules that are likely to constitute targets for CTL and so reduc
number of antigens to be screened for vaccine potential.



Conclusions and recommendations

® The p67 antigen offheileria parvais an extremely promising vaccing
candidate antigen and its potential should be explored vigorou
Although the first promising candidate antigen may not prove to b
successful vaccine, these efforts will considerably enhance the capac
the laboratory in vaccine development so that further antigens will
exploited rapidly.

e The search for schizont antigens should be pursued through pe
stripping, cDNA screening and other approaches. A successful vaccin
T. parvamay require stimulation of different compartments of the immt
response by antigens of different stages of the parasite.

» Existing studies of bovine MHC should be continued and expande
provide enhanced support for immunological studies and immuniza
trials, and for the identification of protective antigens.

* Investigations of the role of cytokines in immunity, parasite control &
pathology should be expanded in studies of Hotparvaand trypanosome
infections.

» The search for a trypanosome vaccine should focus on both anti-pa
and anti-disease strategies.

o Studies of the cell biology of bofh. parvaand trypanosomes should b
expanded to provide fundamental information towards a be
understanding of the parasites and host-parasite interactions and g
opportunities for identifying potentially protective antigens.
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