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PREFACE

Scene Setting and Objectives

Infections remain the greatest unsolved problem facing mankind. The number
of people who risk infection with African trypanosomiasis is on the order of 35
million. This form of trypanosomiasis causes sleeping sickness in man and
nagana in cattle. Nagana is probably the main barrier to the development of
extensive beef production in Africa and is the main obstacle to economic de-
velopment of 10 million square kilometers of Africa. Another form of trypano-
somiasis, known as Chagas' disease, is widespread in Central and South America.
The estimated number of infected humans in Latin America amounts to 7 million.

The muco-cutaneous forms of leishmaniasis cause severe mutilation and suf-
fering in South America. Visceral lTeishmaniasis, or kala-azar, fatal within
two years if not treated, appears to be increasing in incidence in East Africa.

Diarrheal diseases are common and important in most tropical countries, they
may be caused by bacteria, viruses or by the protozoa Giardia lamblia or Enta-
moeba histolytica.

In Africa, about one-fourth of all adults suffer from malarial fever at one
time or another. At least one million children die of the disease each year.
In Africa and Asia at least 400 million people are currently considered to be
at risk of becoming infected. :

At least 20 million people living in tropical Africa are infected with Oncho-

_cerca volvulus, the worm that causes river blindness. - Onchocerciasis has re-
stricted access to land and other resources in parts of Africa. Not less than
300 million people are infected with Wuchereria bancrofti an infection that can
lead to elephantiasis, inflicting suffering on millions of people.

Schistosomiasis, a parasitic disease caused by worms living in the blood, is
endemic in tropical regions of Africa, Asia, South America and the Carribean
Islands, affecting 200 million to 300 million people. '

These, and even more impressive figures on hookworm disease, trichuriasis,
ascariasis and mycotic infections are estimates used to bemoan the sad state of
the developing world and/or to plead for better conditions in the developing
countries for the utilization of existing drugs. These figures have also been
used to evaluate the causes of such suffering; to search for answers to questions
as: why should millions of people be parasitized ? Why did scientific research
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not lead to eradication or even reduction of these diseases ? What is the
principal obstacle preventing, for example, the development of a successful
sleeping sickniss and/or chemotherapeutic agent ?

Many assume that this originates from an inadequate funding of research on
tropical diseases or from an insufficient number of informed scientists. Ob-
viously, funding and motivated scientists are needed. The presence at this
symposium of such a great number of scientists, of the highest international
standing, all aware of the vital importance of research for the development of
new remedies indicates that the lack of good people is not the main reason for
the slow improvement of the situation. To paraphrase C. de Duve, Tlack of money
and good people is not the exp1aﬁation of the failure to find a cure for cancer.

To my mind a main reason lies in the invading cells and organisms themselves.
Tumour cells, bacteria; yeasts, fungi, protozoa and helminths all have developed
a huge number of mechanisms to escape from the clutches of their host's defence
systems. For example, trypanosomes survive in the bloodstream of the host by
periodically altering their antigenic profile. Schistosomes may cover their
teguhents with glycoproteins that appear to be copies of host proteins. In fact,
they become wolves in sheep's clothing.

We have to Tearn more about the metabolic, chemical and physical mechanisms
involved before we can offer remedies to attain a large measure of disease con-
trol. 5
The main objective of .this symposium was to evaluate the present state of
knowledge. The understanding of the host-parasite interactions which determine
the invasive behaviour of a cell or organism requires know]edge of its surface
properties. A number of papers on topochemistry, ultrastructure and dynamics
of the surface served as introduction to the discussion of the invasive mecha-
nisms and of interactions at the interface level between host cells and invaders.
Mechanisms utilized by invasive cells and organisms to avoid destruction by the
host defensive systems were reviewed. Part of the symposium was devoted to
analyse subversive activities of invasive organisms. Factors determining the
pathogenicity were discussed. The association of eosinophils, neutrophils,
macrophages and mast cells with parasitic diseases was evaluated. Finally, the
prophylactic and therapeutic methods available and needed to eliminate the un-
invited guests were analyzea.

It is hoped that this book, which is comprised of the papers presented at the
symposium, will extend the horizon of knowledge, will make discoveries possible
and prepare the way for new applicatidns.

1 take this opportunity to thank Dr. Paul Janssen for providing the opportu-
nity to organize this symposium and for the suggestion to include studies on
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tumour cells, bacteria and yeasts in the programme.

In particular I would like to thank M. Miller who already in June 1978 stood
at the cradle of this symposium, K.S. Warren who suggested the name, B.A..Newton
for generously offering to prepare the summary and outlook and the other members
of the scientific committee W.K. Amery, J. Barrett, M. Borgers, A. Capron, B.
Ogilvie, W. Peters, A.W. Senft and D. Thienpont for their advice and constructive
criticism throughout the organization of this symposium.

1 have also been greatly assisted in my organizational and editorial duties
by a large number of colleagues at Janssen Pharmaceutica: W. Cools, C. Coppens,
F. Cornelissen, D. De Bruyn, L. De Vlaminck, P. Dewaele, L. Leijssen, J. Luycks,
H. Moereels, A. Op de Beeck, L. Raymaekers, J. Tollenaere, H. Vanhove, J. Van
Mierlo, 0. Vanparijs, H. Vermeer and G. Willemsens. Their help has been valuable
and I am indebted to them.

Special thanks are due to A. Nuyts and her staff for all the secretarial work
and superb typing during the last two years. I am also indebted to H. Verhoeven,
who assisted me in the preparations of the manuscripts. _

1 am grateful to chairmen, moderators, authors and all participants who have
contributed so much to the discussions.

Last but not least I would like to thank Jeannine, Piet and Hilde for their
tolerance and encouragement during the preparation of this symposium and book.

Hugo Van deﬁ Bossche



PREFACE
THE HOST/"PARASITE" INTERFACE

Cellular membranes and the host-parasite interaction
D.F.H. Wallach and R. Schmidt-Ullrich

CelTular membranes and host-tumor interactions -
S.I. Schlager and S.H. Ohanian

Subcellular localization of infectious agents: ﬁhannacological and
pharmacokinetic implications
A. Trouet, P. Tulkens and Y.-J. Schneider

Candida-activated microbicidal mechanisms of human neutrophils and
monocytes
R.D. Diamond

Entamoeba histolytica: Topochemistry and dynamics of the cell surface
A. Martinez-Palomo, E. Orozco and A. Gonzalez-Robles

Filariae: Dynamics of the surface
R.E. Howells

Ultrastructural observations on the interaction between host cells
and parasitic helminths
D.J. McLaren

The surface of nematodes and the immune response of the host
B.M. Ogilvie, M. Philipp, M. Jungery, R.M. Maizels, M.J. Worms
and R.M.E. Parkhouse

Electrophysiological and biochemical properties of the tegument
R.H. Fetterer, R.A. Pax, D. Thompson, C. Bricker and J.L. Bennett

Immunogenic surface proteins of P, knowlesi-infected erythrocytes
crossreact with antibodies against P. faleiparum
R. Schmidt-Ul1rich, D.F.H. Wallach, L.H.Miller and J. Lightholder

Monoclonal antibodies against the rodent malaria parasite, Plasmodium
yoelit
R.R. Freeman, A.A. Holder, A.J. Trejdosiewicz and G.A.M. Cross

The plasma membrane ofzintraerythrocytic Plasmodium knowlesi: Structure

temperature- and Ca™" -response
F. Wunderlich, H, Stiibig and E. Kdnigk

Studies on host parasife interactions: Role of fibroblastic cell surface

functions and Trypanosoma eruzi forms in the infective process
R. Piras, D. Henriquez and M.M. Piras

Isolation and characterization of the tegumental outer membrane of
adult Schistosoma mansoni
A.J.G. Simpson, I.M, Cesari, W.H. Evans and S.R. Smithers

15

31

45

55

69

85

99

105

117

J121

125

131

135



Biochemical adaptation during Schistosoma mansoni infection
F.D. Rumjanek

Differentiation and expression of surface antigens in relation with
S. mansoni membrane structure
G. Torpier and A. Capron

Biochemical characterization of stage-specific antigenic proteins on
the surface of Trichinella spiralis
M. Philipp, R.M.E. Parkhouse and M. Ogilvie

Analysis of the humoral immune response to excretion and secretion
antigens of Schistosoma mansoni, in infected humans and mice,
and in immunized rabbits
J.P. Rotmans and M. Vinkestijn

"PARASITE" ESCAPE MECHANISMS

Survival of Toxoplasma gondii and other microbes in cytoplasmic
vacuoles .
T.C. Jones and H. Masur

The biology of the macrophage-leishmania interaction
J. Mauel

Antigenic variation in trypanosomes
K. Vickerman, J. Barry, S.L. Hajduk and L. Tetley

Plasmodium - mechanisms of survival
S. Cohen

Evasion of immunity by'cestodes
J.F. Williams, J. Picone and P. Engelkirk

Schistosome mechanisms of evasion
A. Capron, C. Auriault, C. Mazingue, M. Capron and G. Torpier

Resistance to immune lysis induced by antibodies in Entamoeba histo-
lytica
J. Calderon and G.R. Tovar-Gallegos

Endocytosis of leishmania-infected macrophages. Fluorometry of pino-
cytic rate, lysosome-phagosome fusion and intralysosomal pH
K.-P. Chang

The genes for the variable surface glycoproteins of Trypanosoma brucei
A.C.C. Frasch, A. Bernards, L.H,T. Van der Ploeg, P. Borst,
J.H.J. Hoeijmakers, J. Van-den Burg and G,A.M. Cross

Cloning and characterization of cDNA sequences coding for two variant
specific antigens of Trypanosoma brucei brucet
. E. Pays, M."elronche, M. Lheureux, J. Bloch, F. Gannon and
M. Steinert

Variant specific surface antigens of Trypggosoma congolense
H.-J. Risse, E. Reinwald and P. Rautenb€rg

139

143

147

151

157

165

179

191

205

217

227

231

235

241

245



Trypanosome variant surface glycoprotein: The C-terminus of the pro-
tein is the location of antigenically cross reacting carbohydrate
groups, of a putative membrane attachment sequence and the site
of proteolytic processing
A.A. Holder, J.C. Boothroyd and A.M. Cross

A cell surface glycoprotein from Trypanosoma cruzi capable of inducing
protect1ve immunity
. Snary and M. Scott

SUBVERSIVE ACTIVITIES OF INVASIVE ORGANISMS

Polyclonal activation by parasites
R.J. Terry, K.M. Hudson and M. Faghihi-Shirazi

The possible role of aromatic amino acid catabolites in the pathogenicity
of Trypanosoma brucei gambiense
J.R. Seed

Immunorepulsion and host pathogens relationships
RM. Fauve and B. Hevip
L]

Immunosubversive properties of syngeneic tumors
0.J. Plescia

Immunosuppressien by tumor cells in syngeneic and allogeneic hosts
C. Cocito and B. Michot

A preliminary study on an antimacrophagé factor from a variant of
Staphylococcus aureus
K. Iwata and K. Uchida

Similarities and differences between the lectin and toxin-like activities
of Entamoeba histolytica
D. Kobiler ana D. Mirelman

Lipoprotein metabolism during experimental rodent malaria
P. Maurois, W. Alrifai, J.C. Fruchart, B. Fournet and P. Charet

Immune dysfunction caused by African trypanosomes: Effect on parasite
specific responses and analysis of active fractions
D.L. Sacks, C.M. Grosskinsky and B.A. Askonas

Cytotoxic propert1es of Echinocozeus: granuleosus cyst fluid
J. Annen, P. Kdhler, J. Eckert and S. Speck

HOST DEFENCE MECHANISMS AND PATHOLOGY
The chancre-early events in the pathogene51s of African trypanosomiasis

in domestic Tivestock
D.L. Emery, G.W.0. Akol, M. Murray, W.I. Morrison and S.K. Mploo

Red cell antibodies in malaria: Immunity or autoimmunity?
G.T. Strickland and K.W. Hunter

The immunopathology of schistosomiasis
K.S. Warren

Xi

253

259

273
285
293

307

319

327

331

335

339

345
357

371



xii

Eosinophil-mediated damage to larval schistosomes in vitro
A.E. Butterworth

Stage-specific antigens of Schistosoma mansoni
L.H. Brink, K.L. Krueger and C. Harris

Pulmonary céll reactions in resistance to Schistosoma mansont
F. von Lichtenberg and J.E. Byram

Nonspecific resistance to schistosomiasis
A.A.F. Mahmoud

Schistosomal hemoglobinase: Nature of the protease and implications
for the host

AWM. Senft, M.W. Goldberg, J.E. Byram and J.S. Jaivin

Changes in nematodes during development of immunity to these nematodes
in their hosts: Proteclytic enzymes
A.M. Lumley and D.L. Lee

Regulation of pathogenesis in disease caused by gastrointestinal
parasites
G.A. Castro

Non specific modulation by immunoregulator substances of mouse
candidiasis resistance
B. Hurtrel and P. Lagrange

Macrophages as med1ators of 1nnmn1ty to Leishmania mexicana
H. Perez

Induction of aberrant tumor cell division using 5-fluorouracil or
activated macrophages
A.M. Kaplan, K. Connolly and W. Regelson

IgE-med1ated macrophage cytotox1c1ty in protective immunity to
schistosomes
J.-P. Dessaint, M. Joseph and A. Capron

Neutrophi]-mediated cytotoxicity to schistosomula of Schistosoma
mansoni
R.N. Incani and D.J. McLaren

Inhune effector function of eosinophils: Role of anaphylactic anti-
bodies and mast cells
M. Capron and A. Capron

Eosinophil membrane changes during interaction with antibody-coated
non-phagocytosable surfaces ;
K.J.I. Thorne, R.C. Oliver and A.M. Glauert

Aromatic ketoaciduria in a mammalian model of chronic Afr1can try-
' panosomiasis
J.E. Hall and J.R. Seed

!%histosomal glomerulopathy: Role of the circulating anodic poly-

saccharide antigen
E.A.E. Van Marck, A.M, Deelder and P,L.J. Gigase

381

393

405

417

427

443

457

469

475

479

485

491

495

499

503

507



H-2 Tinked 1mmunopatholog1cal response, in murine experimental Schisto-
goma mansoni infections
A.M. Deelder, F.H.J. Claas, E.A.E. Van Marck and E.J. Ruitenberg

In vitro interaction between inflammatory cells and Trichinella
spiralis: Role of the eosinophil
J. Buys, E.J. Ruitenberg, J.S. Teppema, M.C. Burger and A. Elgersma

Involvement of histamine-2-receptor bearing cells in the 1mmuno-
modulation caused by Trichinella spiralis
E.J. Ruitenberg, W. Kruizinga, P.A. Steerenberg, A. Elgersma and
W.H. de Jong

"DRUGS & VACCINES"

Immunisation against parasitic infections
F.E.G. Cox

Cultivation of malaria parasites in vitro: Its application to chemo-
therapy, immunology and the study of parasite-host interactions
W. Trager

A histidine-rich protein as a model for a malaria vaccine
A. Kilejian

Biochemical studies using Trypanosoma rhodesiense cultured-infective
trypomastigotes
G.C. HiN

Therapy of intracellular paras1t1c infections with lysosomotropic drugs
W. Peters

Host-protozoa-drug interactions in targeted chemotherapy
E.A. Steck

Prospects for chemotherapy of Chagas' disease
W.E. Gutteridge

The molecular mechanism of action of benzimidazoles in embryos of
Ascaris suum

P.A. Friedman and E.G. Platzer

Filarial folate-related metabolism as a potential target for selective
inhibitors
J.J. Jaffe

Prospects for immunotherapy of “paras1t1c“ diseases
J. Symoens

Novel adjuvants in malaria vaccination
G.H. Mitchell, S. Cohen, C.D.V. Black, A. Voller, F.M. Dietrich-
and P. Dukor ¢ .

In vitro cultivation of Plasmodium falciparum isolates from cases
imported into Holland
J.H.E.Th. Meuwissen, T. Ponnudurai and A.D.E.M. Leeuwenberg

xiii

511

515

519

525

537

549

555

567

575

583

595

605

615

629

633



Xiv

I witre comparison of patient and Plasmodium faleiparum strain
sensitivities to chloroquine
J. Le Bras, D. Thuillier, J.P. Coulaud and J. Savel

Reactions of purine nucleosides, nucleotides and the corresponding
deoxy-compounds of amastigotes freed from Leishmania donovani-
.infected hamster spleen cells '
E. Konigk

Ethidium bromide: host-trypanosome—drug interactions
R.J. Gilbert and B.A. Newton

Loss of k1netop1ast DNA sequences induced by 2-6 d1methy1 ellipticinium
iodide in Trypanosoma equiperdum: Regeneration in the absence of
the drug
G. Riou, P. Belnat, J. Benard and S, Douc Rasy

The use of Tiposome entrapped drugs in the treatment of experimental
cutaneous and visceral 1e1shman1as1s
M.L. Chance and R.R. New

Antimalarial activity of Tiposomal primaquine and peptidic derivatives
of primaquine
P. Pirson, R.F. Steiger, R. Baurain, M. Masque11er and A. Trouet

Metronidazole action on Tritrichomonas foetus: Enzyme activities in
the strains of a different resistance to the drug
A. Cerkasovovd, J. Cerkasov, J. Kulda and P. Deme}

The” biochemistry of nitroimidazole drug action
1. Edwards, R.J. Knox, D.A. Rowley, I.M. Skolimowski and R.C. Knight

Generation of free radicals from nifurtimox in Trypanosoma cruzi and
the mammalian host
R. Docampo

Suborganellar localization of glycolytic enzymes in the glycosome of
Trypanosoma brucet
R. Opperdoes and M. Nwagwu.

Pitfalls of salicylhydroxamic acid plus glycerol treatment of 7. vivax
infected goats
C. van der Meer and D. Zwart

Effects of miconazole and ketoconazole on sterol synthesis in a subcel-
lular fraction of yeast and mammalian cells
G. Willemsens, W. Cools and H. Van den Bossche £

Praziquantel: Mode of its antischistosomal action
R.H. Fetterer, R.A. Pax, D. Thompson, C. Bricker and J.L. Bennett

Uncoupling of Tiver mitochondria associated with fascioliasis in rats -
Normalization by closantel
H. Van den Bossche, H. Verhoeven and H. Lauwers

The influence of closantel admjnistration to sheep on the ultrastructure '

"~ of the adult liver fluke Fasciola hepatica L
A. Verheyen, 0. Vanparijs, H. Lauwers and D. Thienpont

637

643

647

651

659

663

669

673

677

683

687

691

695

699

705



Interaction of suramin with protein kinase I from Onchocerca volvulus
R.D. Walter and H. Schulz-Key

Visualization of neurotransmitters in nematodes
M.J. Sharpe, H.J. Atkinson, M.W. Trett and D.L. Lee

The use of mebendazole and levamisole in sustained release formulations
J. Guerrero, M.W. Rohovsky, B. van der Westhuizen, D. Mellon and
N. Doddi

Anthelmintic activity of flubendazole on Ascaris suwn larvae in mice
D. Thienpont, F. Geenen and 0. Vanparijs

The possible mode of action of mebendazole in Ascaris suum
P. Kohler and R. Bachmann

Host influences on the efficacy of benzimidazole anthelmintics
R.K. Prichard

SUMMARY AND OUTLOOK .
B.A. Newton

AUTHOR INDEX
SUBJECT INDEX

XV

709

713

717

723

727

731

735
741
745



THE HOST/“PARASITE” INTERFACE



A
e ‘

FIARFTIAL T ETIRARAT \TR0M 3HT



The Host Invader Interplay, H. Van den Bossche ed.
© 1980 Janssen Research Foundation 3
Published by Elsevier/North-Holland Biomedical Press - Amsterdam

CELLULAR MEMBRANES AND THE HOST-PARASITE INTERACTION
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ABSTRACT

' This paper treats host/parasite interfaces recognized in leishmaniasis,

S. American trypanosomiasis and malaria. The interfaces considered are those
between extracellular forms and the extracellular fluid, extracellular forms
and macrophages, malaria merozoites and red cells and between malaria-para-
sitized red cells and the host. Parasite-induced host erythrocyte modifica-
tions during the red cell cycle of malaria constitute the major focus. Meta-
bolic labeling, surface-labeling of iptact parasitized cells, fractionation of
parasitized cells and analysis of the pure host-cell membranes by immune pre-
cipitation and electrophoresis, crossed immune electrophoresis, isocelectric
focusing and dodecyl sulfate polyacrylamide gel electrophoresis have provided
important information about parasite-synthesized host cell neoproteins. In

P. knowlesi-infected erythrocytes the dominant neoprotein is a ~ 65,000 pI 4.5
glycoprotein that is naturally immunogenic.

INTRODUCTION

Vertebrate cycles of parasitic protozoa involve programmed, progressive
and sometimes alternating changes in the structures, surface properties and
compartmentalization of the parasites. These remarkable adaptations represent
features of parasite-host interplay that are enacted largely at plasma mem-
branes of parasites and/or hosﬁ cells, and become striking in malaria where the

membrane of host erythrocytes incorporates parasite generated proteins.

PARASITE/EXTRACELLULAR FLUID INTERFACES
Plasmodia, Leishmania and T. cruzi, protozoans that are primarily intra-

cellular parasites, in their vertebrate hosts pass through extracellular
stages, that are specialized for transit between different locations. These
intermediate stages might be expected to be targets for immune attack because
they lack the protection of a host cell plasma membrane. However, the extra-
cellular forms of protozoan parasites generally possess features that make

them inconspicuous and reduce their vulnerability. Surface coats are promi-
nent, may prevent access to the parasite per se, of deleterious extracellular-
fluid components (enzymes, Ca2+, antibodies) and can absorb extracellular-fluid
proteins to produce a host-like surface. True antigenic mimicry, i.e. incor-
poration of host histocompatibility antigens as occurs with Schistosomes1 has

not been proven for the protozoan parasites. However, in chronic T. cruzi



infections, small numbers of parasites consistently occur in the blooq and the
ﬁossibiiity exists that these represent a population displaying antigeﬁic com-
patibility with the host or even antigenic mimicryz. The advantage of anti-
genic mimicry, obviously significant in blood-dwelling metazoans, appears less
great for protozoan parasites.’

Merozoites are the plasmodiél forms infectious for red cellsvand those of
some species of Plasmodium can be recognized as foreign by their host53’4.
Antibodies in sera ffom adult Gambian patients immune to P. falciparum, but
never exposed to P. knowlesi, bind to the surfaces of intact‘P.,knowlesi mero-

1251]-labé1ed surface proteins on these metozoite§ form complexes

zoites3 and [
with the patients' antibodies. Triton X-100 extracts of P. falciparum schi-

- zonts inhibit the reaction'of the patients' antibodies with P. knowlesi mero-
zoites. The antibodies dé not block invasion of susceptible red cells. The
data demonstrate that merozoites can be immunologically vulnerable and indi-
cate immunologic cross-reactivity between two species of primate malaria. The
results do not inform about the importance of merozoite antigens, in terms of
protective immunity, relative to other plasmodial antigens.

Studies with monoclonal antibodies document the antigenicity of P. yoelii
merozoitesa. Spleen cells from P. yoelii mice, fused with mouse myeloma cells,
generate hybrid cells that yield P. yoelii-specific antibody. About half of
tﬁe hybridoma cultures tested produced anti-merozoite antibody, as determined
by indirect immune fluorescence, and half antibody directed against the mem-
branes of infected erythrocytes. The anti-merozoite antibody, cross-reacted
with merozoites of another rodent malaria (P. V. petteri), suggesting possible
stage specificity. When transferred to non-immune mice, the anti-merozoite
antibody conferred protection against infecticns ‘with virulent strains of
P. yoelii. The ultimate recovery of the mice treated with the monoclonal anti-
bodies appeared to be mediated by the recipients' own antibod%es, rather than
the transferred immunoglobulin. It is hypothesized, but not tested in con-
trast to Miller et 313, that the recipients' antibodies may block host cell
invasion. The results document the immunological vulnerability of P. yoelii
merozoites, but do not provide informat%pn about merozoite immunogenicity.
They do not indicate that protective immunity against all malarias is mediated
exclusively by anti-merozoite antibodies.

Plasmodial sporozoites are the forms that populate the saliva of infected
mosquitos and are infectious for vertebrate hosts. Immunization of mice5 and
rhesus monkey56 with radiation-inactivated sporozoites of P. berghei and
P. knowlesi, respectively, produces a stage-specific host immunity detected by



