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ABSTRACT 

Trypanosoma musculi is a protozoan parasite which 

produces a characteristic, self-lirniting murine infectiol) of 

approximately three weeks duration; the infection -comprises 

a growth phase, a plat.eau phase and an elimination phase. 

Following clearance of parasitaemia, a mouse is cured and 

immune to reinfection. The present studies exanfine the' . 

immune mechanisms which operate during, the elimination 

phase. 

Passive transfer of plasma from an immune mouse to an 

intected recipient brings about rapid 'and complete clearance 

of parasitaemia in C57BL/6 mice. This curative activity is 

labile'to heat treatment for 30 minutes at 56 oC. A protein 

A- derived immunog1obulin fraction of immune plasma (IP) 

shares these properties. Further purification shows that the 
~ 

curative activity resides primarily in the IgG2a subclass, 

and that this antibody is intrinsically heat-labile. 

Complement component C3 (but not th;e lytic CS-C9 sequence) 

1 ! 
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1s ~ necessary for antibody-mediated cure of infection. 

" Cellular elements (macrophages) are also essential for 
.f 

elimination of parasitaemia to occur. The ultimate T. . -- . 
musculJ eflfector~chanism thus requires 

~oth hum"oral a1d cellular cornponents. 

the in~eraction of 

.' 

;' 

/ 
1 

/ 

/ , 

-.; 

/ \ 

-



c 

c 

o LES MECANISMES IMMUNITAIRES DANS LA CURE 
D' UNE INFECTION TRYPANOSOMA MUSCULI 

de 

Daniel Steven Gary Wechsler 

" . . Depar.tement de physl.ologl.e 
Université McGill, Montréal, Québec 

/ 
CONDENSE 

Thèse de Ph. D. 
mars 1987 

,Trypanosoma musculi est un parasite protozoaire qui 

produit chez la souris une infection caractéristique, 

auto-limi tative, d'une durée approximative de trois . ' 

• Il> 

semaines. L' inf ection comprend une phase de croissance, une 

phase de stabil ization, et une phase d'élimination. Après la 

disparition de l' infection parasitaire, une souris est 

" gué'rie et à l'abri de la contagion. Notre étude examine les 

mecanismes, immunitaires qui fonctionnent au cours de la 

phase d'élimination. 

Un transfert passif de plasma d'une souris immunis~e à ... 
une souris infectée aboutit à une èlimination rapide et 

complète de la parasi témie chez les souris C57)3Lj 6. Cette 

activité curative est thermo-labile ~ 56°C pour une durée de 

30 minutes. Une fraction, dérivée de protein A, de pla~ma 

immunis~ contenant. d'immunoglobuline est aussi doué'e de ces 

propriétés. Une purificatiçm plus approfondee démontre que 

l' activi té c~ive ré'side essentiellement dans l~ 
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sous-classe IgG2a, et que cet anticorps est intrinsequement 
l ' thermo-labile. La componante complementaire C3 {mais non pas 

la séquence lytique CS-C9) est n~cessaire pour la cure de 

l'infection par anticorps. Des elements cellulaires 

(macrophages) sont tout autant essentiels pour que 

l,élimination de l'infection parasitaire ait lieu. Ainsi 

l'ultime m~nisme effecteur du Trypanosoma musculi exige 

l'interaétion des composantes humorales et cellulaires. 

\ 
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Tropical diseases caused by parasitic infec~ions remain 

among the major causes of human sickness and death in the 

world today. Malaria, trypanosomiasis, leishmaniasis, 

sChistosomiasis, filariasis and other parasitic diseases are 

responsible for morbidity and mortality in over one billion 

people (David, 1983). During the past decade, the social and 

economic impact of these conditions have become more 

apparent, and there has been a resurgence of interest in 

tropical diseases and in approaches to their control. One of 

these approaches is immunologie, and it focuses on several(, 

of the interactions between the parasite and its hosto It is 

believed that an understanding of the mechanisms used by 

parasites to evade the immune response of the host, combined 

with a comprehension of those irnmun~ .. mechanisms which are 

successful in parasite elimination, will make it possible to 

artificiàlly induce a str~nger prote!tive immunity against 

these parasites, thereby reducing the magnitude of their 

deleterious effects. 

Trypanosomiasis in man and animals is produced by a 

large number of species of the genus Trypanosoma. Two 

distinct pathological entities are associated with 

trypanosomes: Chagas' disease (American trypanoso~iasis), 

caused by T. cruzi, is distinguished by cardiac 

manifestations (ultimately leading to heart failure) and 

xvi 
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( gastrointestinal disturbances. African trypanosomiasis 
\ 

(sleeping sickness) is caused by the extracellular T. brucei 

and is characterized by an acute febrile lyrnphadenopathy 

followed by a chrcnic lethal meningoencephalomyelitis. 

Sleeping sickness affects 250,000 humans in Africa (Katz, 

1982): ten thousand n~ cases are officially reported 

annually, and 35 million humans are at risk (Roelants, 

1986). In addition, sleeping sickness results in an 

estimated annual mortality of 3 million cattle (Bloom, 

1979). This effectively prevents the exploitation of the 

vast forest grasslands south of the Sahara for cattle 

production. The economic impact of the animal disease is 

substantial when one considers that an area of approximately 

7 million (Roelants, 1986) to 11 million square miles in 

Africa is not populated because of the impossibility of 

keeping animaIs _in sites where tsetse flies, the vectors of 

T. brucei, are infected (Plorde, 1983). 

Infections with trypanosomes present such an acute 

problem to public health in Africa, Central and South 

America (Acha & Szyfres, 1980), tha~ the Woild Health 

Organïzation has recognized trypanosomiasis as one of i~s 

major priorities in its special program for research and 
o 

training in tropical medicine. A primary goal of this 

pr~gram is to find a means of enhancing mechanisms of 

natural resistance and acquired immunity against 

trypanosbmes. A number of attempts have been made to control 

trypanosomal disease in humans and cattle by the development 

xvii 
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of effective vaccines and new drugs. The'se efforts have been 

largely unsQccessful, as a reèult of the difficulty in 

co~eracting the different mechanisms used by the parasite 
~ 

to evade the immune response, including antigenic variation 

and immunodepression. Interest has, 'therefore, turned 

towards ~xamining the reasons for the inc~eased resistance 

to infection seen in certain breeds of cattle. TO,this end, 

a great deal of work has been carried out to examine the 

immune response generated by inbred strains of mice infected 

with trypanosomes of man and cattlè./While these studies 

have provided much information regarding the immunologi~ 
-

means by which parasites are \eli~inated from the host, they 

may be criticized for representing unnatural host-parasite 
, 

interactions. Therefore, they are not necessarily indicative 

of, nor can they be readily extrap9lated to effector 

mechanisms in natural situations. 

Trypanosoma musculi is a natural parasite of the house 

mouse (:1us mU.êculus). Like T. lewisi in the rat, T. 

musculi in the mouse constit~tes a naturally occurring 
a 

laboratory model of sl~eping sickn~ss (Viens, 1985). 

Long-established ho~t-parasite relat{onships have led to a 

state of low-pathogenicity, complex biological and 

imrnunolog~cal equilibria and strict host restriction (Hoare, 

1967; Molyneux, 1976). Although T. musculi~iffers in 

significant ways from the pathogenic trypanosomes of man and 

cattle, it shares a considerable number of characteristics 

with these parasites. oMorphologically similar., both T. 

x viii 



c musculi and T. brucei are solely extracellular parasites, 

confined tQ the bloodstream. Although T. musculi does not 
~ -

undergo the antigenic variation characteristic of its 

pathogenic counterpart (Vargas, 1981), the rates of increasè 

xix 

and decrease of parasitaemia and peak parasitaemias observed .;-l,~ 

in T. musculi-infected mice are similar to. those seen in 

cattle infected with T. brucei, suggesting that control 

mechanisms of these parasites might be similar. The overall 

pathological effects of T. brucei and T. musculi are 
. 

strikingly alike: both infections are characterized by 

anemia, hypocompl~mentemia, hepatosplenomegaly and altered 

lymphoid histoarchitecture (Duffeyet al., 1985). Thus, 

studies in this natural host-parasite model may be regarded 

as highly valid tests of some of the sophisticated concepts 

of modern trypanosome inununology (Viëns, 1985; Mitchell, 

1982), and results obtained from this model may be 

extrapolated to natural conditions (Playfair, 1980). 

The present studies have been carried out to clarify 

the role of humoral immunity and its interactions with 

cellular components of the immune system in the elimination 
""'\ 

of T. musculi infection in mice. It is hoped that a bettei 

understanding of the mouse-trypanosome relationship o/ill

shed light on some of the reasons for the failure of host 

defenses in infections caused by.pathogenic trypaRcsomes of 

man and cattle. 
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HISTO~ICAL REVIEW 

-
1. HISTORY 

The first report of the trypanosome of the house mouse 

(Mus musculus) VIas likely made in Gambia bD Dutton and 

Todd (1903). When these investigators exarnined the blood of 

mice, they found "flagellated Protozoa" closely resembling 
u . 

Herpetomonas I(Leptomonas). In Senegal, Thiroux (1905a) \ --... 
described what he considered to be the mouse trypanosome and 

o 

named it.Trypanosoma duttoni. It was subsequently found "'!' 

that the host which Thiroux identi f ied as the house mouse 

was not a mouse but a rat, and it .is likely, therefore, that 

his T. duttoni was in fact T. lewisi. \ 

1 

This confusion arises because of the difficulty in 

differentiating roClent trypanoso]J\es from one another: they 

are morphologically indistinguishable. They may, however, be 
1 

separated on the basis of particular biological pr:operties: 

the ability to reproduce in specifie hosts (host-

restriction), and differences in the course of infection in . . 
their respective hosts. There "are considerable -

contradictions j"n the data concerning the specificity~ of T. 

duttoni. Whereas Thiroux (1905b) claims to have used this 

trypanosome to infect Mus musculus but not the rat, Roudsky 
\. 

~ , 

2 . 



,..-------------_ .. _------ - -------------

o 

(1912a,b) was apparently successful in infecting rats with 

T.duttoni. It is thus~ot possible. to know wh ether 'Thiroux 
v.;-::"r 

and Roudsky were dea1ing with a trypanosome of mice or rats . 
• 

Because of these doubts, Hoare (1972) suggests that the name 

T. duttoni be discarded and replaced by one assigned 

indisputably to a trypanosome of the house mouse. 

Kendall (1906) wàs the first to ascribe the name T. 

musculi to the mouse trypanosome, and Hoare (1972) proposed 

that this become the valid narne ,thereof. He cautions, 

l:lowever, that since subsequent authors used T. duttoni to 

refer to the true mouse trypanosome, T. duttoni should be 
~ 

considered to 'be synonyrnous with T. musculi. 

2. TAXONOMY AND DISTRIBUTION OF TRYPANOSOMA MUSCULI 

Taxonornically, T.- musculi has been classified as 

follows: 

Phyl u1'Q 

Subphylum 
Superclass 
Class " 

Order 
Suborder 

Family 
Genus 
Subgenus 
species 

. , . 

ProtozÇ>a 
Sa rcornas t igophora 
Mastigophora 

Zoornastigophora 
Kinetoplastida 
Trypanosomatina 
Trypanosornatidae 
Trypanosorna 

Herpetosoma 
rnuscul i 

Although the house-mouse is found in various parts of 

1 3 
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the world, the geographical distribution of T. musculi, in 

contrast with that of 'the all'ied rat ,pa,rasi te T. lewisi, 

is not ~osmopolitan but' appears to be confined mainly to 

warm countries of the Mediterranean basin and the West Coast 

of Africa (Hoare, ~972). Its occurrence in the Western 

~ Hemisphere is attriJ;:>uted to the relati vely recent 

introduction of infected mice through human agency 

(Krampitz, 1969a). 

3. MORPHOLOGY AND LIFE CYCLE OF TRYPANOSOMA MUSCULI 

. 

oMOrPh~3gy 
\. 

3.1 

\ 

The forms of T. musculi found in th.e blood of infected 

mice may be grossly categorized into two types: 1) Adult 

forms are typical slender flagellates with a pointed 

anterior end, a blunt poste~ior extremity and a long 
1 

flagellum projecting from the anterior end after passing 

along the edge of the undulating membrane (Figure 1.1). A 

large, oval nucleus is centrally posi~ioned, and a 

kinetoplast is located at the base of the flagellum. The 

dimensions of the mouse trypano~ome were estimated by Davis 

(1952) to be as follows: the total length of the trypanosome 

is approximately 3Q microns; the width of the body is about 

2 microns; the free flagellum is approximat~ly 6 microns in 

4 

. ( 



" 

FIGURE 1.1 

l , 

Adul t forms of T. musçuli in bloodstream of infected 

mouse. Sphere~ are red blood cells (400x, no stain) . 
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length, and the kinetoplast at the base of thè flagellum is 

about 5 microns from the posterior end of the body. 

2) Young/Dividing forros are dcoscribed as short and 

sturnpy and are found to possess shorter flagella (Figure 

1.2). They are pleo,morphic as shawn in Figure 1.3. The 

transitions between the forros are described below.. Movement 
.\ 

of both morphologie types ';'s accomplished by rapid 

to-and-fro beating of the flagellum, resulting in a wavy, 

spiraling forward motion. 

3.2 Development in the Insect Vector 

The true intermediate host of T. musculi is unknown, 

but it is Iikely that under natural conditions, it is, 

transmitted by one of the mouse fleas (ctenophthalmus, 
, , 

Nosopsyllus fasciatus, Leptopsylla se!gnis) (Roger & Vie:ns, 

1986). pricolo (1906) observed stages of trypa,nosome 

development in fleas coilected from infected mice in ItaIy. 
, , 

Brumpt (1913) infected Ceratophyllus hirundinis . (the 

swallow-flea) with T. musculi, which subsequently 

developed in the hindgut gïving rise to epimastigo-aes 
r 

(Figure 1.3 e, f, g). He was aiso successful in infecting mice 

wi th the rectal content~f such infected fleas, and was led 

to the conclusion that under natural conditions, the 

infection is transmi tted by the contaminati ve method when 

mice eat infected fleas or their droppings (Khazindar Pt 

Dusanic, 1982). Thi,s allowed for the description of T. 

7 
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FIGURE) 1.2 

Reproductive forrn of T. musculi (arrow) among adults 

in bloodstream of infected mouse (600x, no stain). 
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FIGURE 1.3 

Trypanosoma musculi (= T.duttoni ) (1600x): 

a,b: Adult blood trypomastigotesi 

,c,d: Trypomastigotes in blood of mouse 

during reproductive 'phase; 

e: Pre-division epirnastigote; / 

f,g: Binary division in epimastigote stage; 

h, i: stages of multiple division; 

j, k: Young epimastigotes resulting froIn division (i); 

l, m: Transition from epimastigote to trypomastigote 

forms. 

. (After Taliaferro & Pavlinova, 1936) 
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STAGES OF TRYPANOSOMA MUSCULI 



( muscul i as a stercorarian trypanosome, in contrast to the 
. 
salivarian African trYpanosonles, transmitted by direct bj tes 

of Glossina species. 

3.3 Development in the Mammalian Host 

It is generaIIy agreed that the for'rns of T. musculi in 

the blood of infected mice are indistinguishable from those 
J 

of T. lewisi (Hoa:rce, 1972). As such, it is not surprising 

that the mouse trypanosome proliferates in the blood in a 

manner similar to that deseribed for the rat trypanosome 

(Galliard, 1934; Taliaferro & Pavlinova, 1936). During the 

reproductive phase of the infection, the first stage to 

appear in· the blood is the metacyelic trypomastigote (Fig. 

1 . 3e, d) , whose body is broad~r than the adul t trypomastigote 

(Fig. 1.3a,b). Like other stercorarian parasites, T. museuli 

does not mul tiply in the trypo~astigote stage, but rather .: 

assumes the epimastigote (cri thidial) stage in which the 

kinetoplast has migrated to the nuclear region, and the body 

has broadened further (F ig. 1. 3 e). The epimastigote stage 

di~ides several ymes in succession (by unequal binary and 

multiple fission (Hoare (1972» without complete cytoplasmic 

separation (Fig. 1.3f,g). The kinetoplast and nucleus are 

first duplicated, and a new flagellum appe~rs near the old 

one; the eytoplasm subsequently undergoes incomplete fü:;;sion 

~ ,until eight or more partially distinct enti ties are formed. 

This results in rosette forms in which the daughters remain 

'0 
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attached ta one another pr~or to breaking apart (Fig. 

1.3h, i). Finally, segmentation occurs, caus~g libera~ion of 

the daughters as small epimastigote,for,ms. These young forms 

may again divide by multiple or binary fission, or they may 

undergo a series of morphological changes in whicn the 

kinetoplast graduqlly mi~rates backwards, generating small 

tripomastigotes (Fig 1.3j-m). These increasé.in size and 

eventually transform into lqng adult trypanosomes. The 

ability of adult trypomastigotes to become metacyciic, 
,,1 

pre-epimastigote form!:i,.;,is undeterrnined, althougli it is ' 

almost certain that they can do so; inocùlation .of a 

population of adult form trypomastigotes obtained from an 

infected mause into a naive m~:)\~se resul ts in the subsequent 

appearance of young and dividihg fôrms (see below) '. 
\ 

The tim~ required for the genération of new 

trypanosomes (i. e. the division time) has been estimated to , 

be 6 h 40 min .... 14 h 20 min in vitro (Vincendeau, 1986). 

~ 

4 • IMMUNOS"IOLOGY OF TRYPANOSOMA MUSCULI 
i , . 

------T. musculi is a member of the subgenus Herpetosoma, a 

group which contains 9rganisms considered to be benign or 

nàhpatho~enic (D'Alesandro, 1970; Molyneux, 1976; Viens, 

1985). In addition, these organisms are host-restricted, 

being uninfective to other rodents (Albright &.Albright, 

. " 

. 13 



c 

1981a). These features distinguish T. musculi from, the 

African and American trypanosomes, which are~described as 

pathogenic (Hoare, 1972), and which are able to infect a 

consider~ble nUmber of different hosts (Mansfield, 1977). 

Although the terms "pa,!:hogenic" and ffnonpathogenic" are 

convenient designations for these groups of trypanosomes, 
o 

they are not strictly correct. Rodent trypanosomes have been 

shown to cause important hisrological modifications in 

immuno-cornrnitted -organs or tissues (Hirokawa et al., 1981; 

Duffey et al., 1985), in the liver and kidney (Molyneux, 
\. - -... - ~ --

1976; Viens, 1985), and under certain conditions, they may 

cause death of the rodent hosto 'Conversely, the African and 
4 

American trypanosomes, while frequently lethal~in man and 

certain domestic animals, are tolerate~/in sorne species of 

wild animals which serve as reservoir hosts (Roelants, 

1986), although the y likely cause a mildf degree of the 

histopathological changes referred to above. Thus, 

apparently nonpathogenic infe~tions rnay occur with'any 

trypanosomes studied. The factors involved in determining 

the pathogenicity of a species of Trypanosoma Mithin a given , 

host are not weIl understood" although they are considered 

to be at least partly immunologie in nature (D'Alesandro, 

1970). 

Despite the relatively large number oforodent ~ 

trypanosomes (Hoare, 1972), the only' ones to have been 

studied to any significant extent are T. lewisi of the rat 

and T. musculi of the mouse. These models of natural 

14 , 
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host-parasite interactions offer certain advantages: 

laboratory strains of rats and mice ar~ ~asily maintained: 

infections in these anîmals may be monitored daily witRout 

sacrificing the host; infectio~s are highly reproducible: 

the relatively simple course of infection as compared to 

that with African or American trypanosomes enables a 

dissection of the host fact:ors "involved in parasite control. 

studies of a natural host-parasite relationship are more 

likely to be indicative of the interactions between 

path~genic trypanosomes ànd their natural hosts. 

4.1 ~ourse of Infection with T. musculi 
\ 

In an immunocompetent host, T. musculi produces a 

self-limiting infection that lasts âpproximately three weeks 

(viens, Targett, et al., 1974)., The course of infection is 

characterized by a series of distinct phases (Figure 1.4). 

FOllowing inoculation with pa~asites, 'there is a period"of 
.............. 

r, 

3-5 days during which no parasites are detected in the blood 

(prepatent phase). The length of this phase is inversely 
" 

proportional to the number of parasites in the,inoculum 

~ (Targett & Viens, 1975a). Over the next few days, the 
. 

parasitaemià increases in an exponential fashion, and a 

relatively high proportion of young/divid,ing forms (Figure' 

1.3) is seen in the blood. It has been determined, however, 

that the most active reproduction of trypanosomes occurs in 

the peritoneal cavity of infected mice (Lajeunesse et al., 

o ... 

t 5 



/ FIGURE 17 
Course of parasitaemia in an immunocompetent mouse. 

The figure demonstrates the three phases seen during 

the course of infection with T. musculi, namely the 
.... 

growth phase, the plateau phase, and the elimination 

phase. It also demonstrates the two crises that bring 

the irifection'under control. 

(modified from Vargas, 1981) 
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1975; Duffey et al., 1985). The rate of reproduction 

dec1ines between 7-10 days post inoculation (p.i.), ,and the 

parasitaernia stabilizes for a period of approxirnately 10 

days (plateau phase). The onset of this phase has been 

terrned'the "first crisis", analogous to a similar event in 

"T. lewisi infected rats (Taliaferro, 1932). During the 

plateau phase, the blood forrns <are essentially monornorphic, 

consisting of long, slender adult trypornastigotes (yiens & 

Targett, 1971). The plateau phase is terrninated between 18 

and 22 days p.i. by the so-called "second crisis", at which 

time the parasites are eliminated from the blood within 

24-48 h~urs (elimination phase). Following cleqrance of . 

parasitaemia, a mouse becomes immune to reinfection. This 

immunity is absolute, specifie and probably life-long (Viens 

et al., 1975). In spite of this obserVed irnrnunity, Viens et 

al. (1972) dernonstrated the persistence of multiplicative 

~ forrns of T. musculi ~n the vasa recta of kidneys of mice 

which had recovered from infection. These parasites 

persisted. in the kidneys for at least one, year_and probably 

for the life of the ho st (Dusanic, 1985); the infectivity-of 

these parasites was demonstrated by inoculation into the 

'peritoneal cavities of naive mi ce (Wilson et al., 1973). 
\ 

Olivier & V~ens (1985) suggest that persistence of T. 

musculi in the kidneys of the immune host plays an important 
. , 

role in the maintenance of host imrnunity, since cured mice 

treated with an antitrypanosornal drug 8 months after 

infection become susceptible to reinfection. In contrast, 

18 
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Dusanic (1985), using a similar approach, found that kidney 

forros were not required for sustained protective immunity to 

reinfection up to 25 weeks after initial infection. The 
~~ J? ~ 

discrepancy between these findings might result from 

differences in the strain,of mouse used, Qr simply ~o 

different sampling times. 

It is generally considered that the relatively benign . 
-

natu~e of T. musculi infection in mice is related to the 

effective immune response that they generate against the 

parasite. Taliaferro (1938) first suggested the importance 

of humor~l immunity against T. musculi when he described 

antibodies inhibiting parasite reproduction ("ablastin") and 

antibodies which destroy the parasite ("trypanocidal"). The 

cellular immune response has also been implicated in the 

control of T. musculi infection -- Jaroslow (1959), Chang & 

Dusanic (1976), Brooks & Reed (1979), Vincendeau et al. 

(1981, 1986Y and Ferrante (1986) have pointed to the 

importance of macrophages in the elimination of T. musculi 

from the blood of infected mice. It is, therefore, not 

surprising that effective immunodepression of the host will 
" , 

allow the normally non-pathogenic parasites to produce" a 

fulminating, usually fatal, infection strikingly' similar to 

that seen with/pathogeniC species of trypanosomes , 

(D'Alesandro, 1970). A detailed account of the immune 

response to 'T. m~sculi and the effects of immunodepression 

will be provided in section 5. It is important to point out 

at this stage, however,' that the course of infeètion 

19 
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described above is subject to modification if the host is 

stressed. 

It is interesting that reports of the course of T. 

'musculi infection in different strains of mice (Magluilo et 

al., 1983; Albright & Albright, 1981b) are much the same, 
~ 

differing only in the lavel of the plateau phase; the times 

of the first and second crises, as weIl as the rates of 
1 

parasite growth and elimination, are strikingly similar. 

This suggests that comparable immunologie phenomena are 

responsible for the control of infection in the different 

strains. 

4.2 Pathology of T. musculi Infection 

Although T. musculi infectiGn is grossly nonpathogenic, 

important histological modifications of- immuno~committed 

20 

organs or tissues (blood cells,. spleen and thymus) as weIl .-

as ~rianges in the liver and kidneys have beeti described. In 

addition! trypanosomes are able to induce significant 

immunodepression and mitogenic responses in their murine 

hosts. 

4.2.1 Anemia and Thrombocytopenia 

The appearance of anemia and thrombocytopenia has been 

weIl docurnented in T. musculi-infected ~ce (Jarvinen & 

Dalmasso, 1977b: Hirokawa et al., 1981: Duffey et al., 1985; 



r 

Viens, 1~85). since suppression of hematopoiesis has not 

been shown to occur in infected mice, it has been suggested 
~ 

that these phen~mena develop as a result of the generation, 

of nonspecific immunoconglutininp which are found in rnany of 

the trypanosomiases (Cox, 1982). Jarvinen & Dalmasso (1977b) 
l 

showed that intravascular hemolysis was not the process by 
~ 

which these cells were eliminated. They postulate that the 

immune complexes adhere nonspecifically to the surface of 

erythrocytes and platelets, leading to their elirnination by 
, -

splenic phagocytes. Davis (1982) suggests that 

thrombocytopenia in vivo may arise as a result of platelet 

aggregation, as he was able to induce platelet aggregation 

in vitro witn trypanosome-derived products. The increase in 

phagocytosis is likely to contribute to the marked 

splenomegaly observed in trypanosorn~-infected mice (Albright 

et al., 1977; Hirokawa et al., 1981)~ 

4.2.2 Sple~n, Liver and Thymus 

Splenomegaly is consistently observed in T. musculi 

infection (Viens, 1985). The condition develops rather-

quickly, persist~ throughout the infection, and returns to 

normal relatively rapidly following the termination of 

infection. T.' musculi-infected mice show a 10-fold 

increase in spleen size (Albright et al., 1977), as cornpared 
1 

to the 20-fold increase observed in the spleens of rnice 

infected with the more pathogenic T. rhodesiense (Mansfield 
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& Bagasra, 1978). Tue spleens of T. musculi-infected mice 

show a rapid increase in the amount of white pulp, resulting 

partly from formation of germinal centers and partly from 

the marked proliferation of immunoglobulin G (IgG)-

producing ~hasma cells aro~nd the central arterioles i.e. in 

the T-cell-dependent areas ~obinett &, Rank, 1979; Hirokawa 

et al., 1981). There is also hyperp,lasia of the red pulp 

resulting from erythropoiesis, and an inçrease in lymphoid 

elements (Duffey,et al., 1985). Approximately one week after 

the infeotion ends, the spleen returns to its normal size, 

and regains its normal structure (Albright et al., 1977). It 

is likely that the marked lyrnphoid hyperplasia and 

consequent sp~enomegaly result from the intense a~tigenic 

stimulation that'occurs during trypanosome infection. 

Mitogens of parasite origin may also be involved, leading to 

polyclonal B-lymphocyte acti~ation (Hazlett & Tizard: 1978). 

In addi~ion, the erythrophagocytosis mentioned above, and 

t~e consequent erythroid hyperplasia (Duffey et al., 1985) 

likely contribute to the increase in spleen size and 

cellularity. 

Hirokawa et al. (1981) described enlargement of the T. 

musculi-infected mouse liver to twice its normal size, , 

with a return to normal approximately 6 weeks following 

trypa~osome inoculation. Light microscopy, however, revealed 
~~~ ~; 

no obvious histological changes in the liver. It should be 

p<iinted ou't that these investigators did not perform their 

histopathological analyses on specimens removed from mice 
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'.,J;; immediately prior to and following clearance o~ 

parasitaemia. In the liver~-of rats infected with T. lewisi 

however, degenerative changes characterized by cloudy 

swelling of parenchymal cells, as weIl as a marked round 

cell infiltration are observed (Ferrante et al., 1978). 

Further, Lee & Barnabas (1974) demonstrated the appearance , 
of residual lysosomes as weIl as phagocytosed trypanosomes 

.) 

within Kupffer cells of the rat liver, coincident with the 

general decline and termination of pa~asitaemia. It is 

possible that the hepatomegaly results, at least partially, 

from increased macrophage activity involved in the removal 

of ,trypanosomes from the circulation. 

/ Hirokawa et al. (1981) also noted a temporary thymic 
f 

involution of unknown significance in T. musculi-infected 

mice. The normal thymic architecture was restored within a 

week of parasite inoculation. 

4 . 2 . 3 Kidney 

Viable, ~nfective T. musculi may be found in the 

kidneys of immune mice for as long as one year following the 

termination of parasitaemia (Viens et al., 1972). The 

relationship of this persistence of parasites in the kidney 

to pathological changes is presently unclear, because the 

kidneys, although enlarged as much as twice their normal 

size, return 'to their normal dimensions approximately one 

week following termination of the infection (Albright et 
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al., 1977). Molyneux.(1976) demonstrated that at the peak of 

parasitaemia, there was an infiltration of the glomeruli by 

eosinophils, neutrophils and other leu~cytes, which later 

evolved into glomerulonephritis. These glomerulonephritic' 

changes were not observed until 21 da ys after infection, . 

when electron-dense material and a 'thickening of the 

basement membrane were observed. It is likely that the 

non-specifie immune complexes referred to above, as weIl as 

trypanosome-specifie complexes appearing following 

elimination, are at least partially responsible for these'" 

changes. 

4.2.4 Immunodepression and Mitogenicity 

It has been wel-l documented that at the peak of .!..:. 

musculi infection, the mouse immune response to sheep red 

blood\cells (SRBC) and 0ther T-dependent antigens is 

depressed (Albright et al., 1977, 197B; Hazlett & Tizard, 

197B; Lajeunesse & Viens, 19B1: Vargas et al., 1984; Viens, 
! 

1985). The mechanism of this·depression has been attributed 

to a direct, negative effect of trypanosome-derived 

substances on B-cells, rather th an to the induction of 
) 

classical,suppressor cells: Albright et al. (197~) 

demonstrated that serum from infected mide, saline extracts 

of blood trypanosomes, and living blood trypomastigotes 

strongly inhibi ted th,e humoral rèsponse of spleen cells in 

vitro; marked inhibition also oeeurred when such cultures 
1 
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were separated from the parasites by membranes. 

Paradoxically, Hazlett & Tizard (1978) and others have shown 

an increase in the background levels ~f antibody in infected 

mice, and that an antigenic extra ct of T. musculi was 

mitogenic in vitro. Similar observations have been made 

with regard to the mitogenicity of T. brucei (Viens, 1985). 

As Viens (1985) points out, although the concept of 

parasitic modulation of host immune response via 

immunodepres.sion is ~'academically attractive", the data must 
, 

be reviewed with caution, lest they represent epiphenomena. 

Much of the work,has been done in vitro, and the 

biological significance of these findings should be 

reexamined following in vivo confirmation. Nevertheless, the 

importance of trypanosome-mediated imm~nodepression in 

prolonging parasite elimination should not be 

underestimated. 

5. HUMORAL AND CELLULAR IMMUNE RESPONSES AGAINST T. 

MUSCULI 
" 

Although T. musculi is generally considered to be 

nanpathogenic·in miçe, it is able ta produce severe, 

sametimes fatal infections in newborn and young animaIs 

(Breniere & Viens, 1980), in pregnant hosts (Krarnpitz, 

1969b, 1975; Viens et al., 1983; Viens, 1~5), and in mature 

animaIs with concomitant inf~ctions, (D'Alesandro, 1970; Cox, 
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( 1975; Bungener, 197~a; Bell et al., 1984a,b). In aIl of 

these cases, the severitY'of the infection seems to result 

from inadequacy or impairment of the anti-trypanosome immune 

response. It is likely that in normal, non-compromised 

hosts, the rapidity with which the immune response is 

generated attenuates the pathogenicity of T. musculi and is 

th~ basis for the favorable host-parasite relationship. The 

immune system is likely to be involved in mediating control 

of the parasite at the major turning points during the 

course of infection, viz. the first and second crises. It is 

probable that the mechanisms involved in roediating each 

crisis are different, and they wi,ILt therefore be considered"~' 

separately. 

5.1 Serology of T. musculi Infection 

Using the indirect immunofluorescence technique, Viens 4 

Targett, et al. (1974) demonstrated the presence of specifie 

anti-trypanosome antibodies (IgM, IgGl, IgG2) in the sera of 

infected and recovered roioe. These investigators showed that 

IgM appears early, and reaches maximum titers more rapidly 

than IgG antibodies. This IgM-IgG shift in respanse to T. 

musculi was validated by Brooks et al. (1982) using a 

sensitive enzyme-linked immunosorbent assay (ELISA). In 

addition, Viens, Targett, et al. (1974) faund that total 

immunoglobulin and IgG2 titers fall after recovery from 

infection, but that subsequently, relatively high and 
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constant antibody levels are detectable for many months. 

This finding is consistent witn~the strong, long-lasting 

immuni~ to T. musculi found in norma~, recoverèd mice. 

However, Viens et ~l. (1975) found no correlation between 

fluorescent antibody titers and the degree of protection in 

mice challenged with T. musculi 11 months after initial 
• 

cuJÎ. In addition, Targett & Viens (1975b) reproduced the 

observation of Kenda~l f1906), noting the absence of 

agglutinating antibodies in the s~ra of infected, immune or 

immunized mice~it -is ~oteworthy, however, that sera from 

mice which had recovered from infection were found to have a 
1 

marked neutralizing in vitro effect on the infectivity of 

homologous parasites; this neutralization occurred without 

an apparent reduction in the motility or the number Gt-~ive 

organisms (Viens et al., 1975). This finding raised the 

possibility that the neutralizing antibody was an opsonin; 

it has been demonstrated that phagocytos~s of parasites. by 

macrophages occurs in vitro in the presence of immune serum 

(Chang & Dusanic, 1976; Vincendeau et al., 19S6; Ferrante, 

1986). The possibility that the antibody is an opsonin is 

strengthened by the finding of Targett & Viens (1975b) that 

lytic antibodies are absent in T. musculi infection. 
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5.2 The First Crisis 

5.2.1 Ablastin and Early Trypanocidal Antibodies 

• 
'In 1924, Taliaferro described a "r~action product" in 

the serum pf T. lewisi:-infected rats whose properties were 

to selectively inhibit T. lewisi reproduction wi thout 

affecting the parasite in other ways. In 1-932, he provided a 

detailed description of the biological characteristics of 
, 

this product, and renamed it "ablastin", (-from the Greek ~ 

(not) and blastos (a sprout, germ or offspring). Ablastin 
• j 

conferred a reproducti~n-inhibiting immu~~ty, controlling. 

parasite replication without harming the parasite. 

coventry (1930) was the first to demonstrat~ the 

presence of two distinct trypanocidal antibodies in the rat. 

She discovered that serum taken from infected rats after the 

first crisis was trypanocidal for dividing forms but not for 

adults (first trypanocidal antibody), and tha~ serum taken 

after the second crisi~ was trypanocid{lf-' for .all stages of 

the parasite (second trypanocidal antibody) . 

In 193~, Taliaferro ~epeated the protbcols that had led 

to the understanding of T. lewisi infection in the rat, and 
~ 

concluded that initial control of T. musculi infection in , 

the mouse was mediàted b1{ ablastin and a first trypanocidal 

antibody, cooperating in a ~rocess similar to that observed 
. , 

in rats. Briefly 1 he hypothesized that ablastin was 
f 

synthes ized in response to the presence of young and 
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dividing forros of~ T. musculi, lead;i.ng to a cessation of 

~ parasite repl;i.cation. Young and div~ding forros would th en be 

eliminated b'y the trypanocidal" activity of the first 

antibody. Again, by analogy with T. lewisL Taliaferro 

believed that final elimination of T. musculi from the blood 

was effected by a second trypanocidal antibody (see Section-

5.3) • 

It should be pointed out that Orrnerod (1963) cri ticized 

the auality of the ablastin-first trypanocidal an~ibèdy 

concept, proposing instead that dividing and adult 

trypanosomes 'were different in tet'ms of their surface 

antigen makeup. He beiieved that when the nùmber of dividing 
, 

parasites initially,increased, a first trypanocid'al antibody 

destroyed them wi thout the need for ablastin. At the same 

time ,. sorne of the progehy of the di viding forros wotild mature 

into adults, thereby becoming resistant 'to the first 

trypanocidal antibody; a second set of trypanocidal 

anttbodies generated later in the course of infection would 

clear the blood of adul t trypoma:;;ti.gotes. The plateau phase 

would, therefore 1 be due ta' an auto'matic }cilling of newly 

formed parasites fed into the bloodstréam fro,m -the site of 

their generation 1 i. e. the peritoneal cavity. Ormerod 
~') 1 

.' 
proposed this scheme for T. l.ewisî infection. However 1 tRe 

theory was aIl but abandoned when several of' i ts bas ic 

assumptions failed to be verified" experimentally in the 

since oit was believed that T. musculi infec~ion of t~ 

was similar to T. lewisi in the rat. / 
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( The hypothesis tpat ~he mouse-T. musculi 

hqst-parasi te re1atiQnship was similar to that of the rat 

and T. lewisi was accepted for many y'ears (Viens, 1985). 

Thus, many investigators have endeavoured to evaluate the 

nature of ablastin in mice: its synthesis has been shawn ta 

be thymu~-dependent (vieJ?s, Targett, et al., 1974; Targett & 

Viens, 1975a; Brooks & Reed, 1980), and_.iJ; . .§ physico,Chemical 

charâct~~~~cs are consistent with its bei~~ an ~ 
"". "t 

irnmunoglobulin, likely IgGl 1 ~Dusanic, 1975b). Finally, it 

has been shown ta be absorba~le by young and di viding fonus 
. t') 

_----o-r·T:~-müsèûîr*·(Br~ot)ks & Reed, 1980), although this work has 

\ 

1 

been criticized (Viens, 1985) ~ 

Despi te this extensive characterization of ablastin in 

the mou se , there is currently a great deal of controversy 

over the existence of the ablastic phenomenon (Viens, 1985). 

Desbiens & Viens (1981) demonstrated rapid clearance of 

" y.oung and dividing forros administered intravenously ta 'mice 

infected for 10-15 days. They hypothesiked that if ' 

elimination was due to ablastin, thé transferred dividing 

parasi tes would have persisted in the blood for at least the 

, f irst few heurs of observation. The fact that the di v iding 
- -

~- trypanoso,mes were cfëared tm:mediately (wi thin 5 minutes) 

Co 

suggested to th~se inve~tigatars t.hat the initial control of 

parasitaemia was due te a trypanocidal mechanism directed 

against the young and dividing forros rather than to 

ablastin. Because of the earl ie,r findi~gs of Viens, Targett, 

et al ... (l974) that T-cell deprivation did not abrogate 
\ 

\ 
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control at the first crisis, they qoncluded that the first 

trypanocidal'. antibody was a thymus-independent IgM. The 

large 'size of the IgM mo];ecule would, to a large extent, 
_ ,c 

pr:event i ts appearance in the per i tonea l cav i ty, thereby 

allowing for the very active trypanoblastic activity 

therein, whilte at the same time removing young and' dividing 

forms from the bloodstream. Thus, Ormerod 1 s theory would 

appear to have been vindicated. 

Recent findihgs from our laboratory have cast doubt 9n 

the importance of this first trypanocidal antibody (Vargas, 

1981; Vargas, et a.l., 1984). When mice rendered B-cell 

def icient (by anti-IgM treatment from birth onwàrds) are 

infected with T. musculi, parasitaemia is established at 

the -same plateau level and at the same time as that in 

normal, nontreated, infected mice (Figure 1.5). In contra st 
- , 

to the findings in normal mice, however, young forros persist 

in the blood in significant numbers ove!: the entire period 

of infection in these B-cell deficient m~ce, indicating that 

a f irst trypanocidal antibody may weIl be the norrr(al 

mechanism of destruction of the newly -formed" parasi tes. The 

relatively steady percentage of dividing fOrlIls in the blood - . 
\ 

of anti-IgM treated mice suggests tnat the major mechanisID) 

controlling reproduction of, the parasite is still intact i.n 

these hos"t:s. In support of these f indings, 01 ivier et a{. 

(1986) report that IgG2b antibo'dies appear ta be involvJd in 

the initial control of T. musculi infection based on passive 

transfer of immunoglobulin fractions early in the course 'of 
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• <. FIGURE 1.5 

1 

Percentage of young and dividing forros of T. musculi 

in B-cell-deficient mice (rabbit anti-mouse IgM 

t~eated) 1 and in normal <rabbi t serum (NRS) -t'reated 

rnice. Value~ for non-treated rnice were similar to 

those for NRS-treated'mice. Each point represents the 

mean of ~ive rnice +/- 1 standard er~or of the mean. 

Each histograrn represents' the mean value of 5 mice. 

(From Vargas, 1981, with permission) 
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infection. In summary, it is evident that although 

antibodies may assist by removing youngjdividing ,forros from 

the blood, a mechanism other than antibody is primarily 

responsible for controlling parasite growth in the initial 
.t. 

phase of infection. 

5.2.2 Cellular Immuni ty 

The initial control of parasi taemia, manifésted by- the 
, . (J 

first crisis, appears to be reslstant to most 

il,nmunosuppressive measures: T-cell deprived mice (Viens & 

Targett, 1971; Viens, Targett, et al., 1974), 

anti thymocyte-treated mice (Viens, Targett, et al., 
ÇI ç 

1974) , 

congenitally athymié nude mice (Brooks & Reed, 1977; Rank et 

al. 1 1977), newborn mice (Breniere & Viens, 1980) and 

cyclophosphamide-treated mice (Vïens, 1985) all show signs 

of a first crisis approximat~ly one week following 

inoculation, although plateau level par~sitaemias are 

different under these different conditions. 

'l'otal body" irradiation, however, prevents this initia'l 

phase of control. Jaroslow (19"55) reported that radiation 
! 

administered 24 h after T. musculi inoculation produced a 

higher parasitaemia and an increase in reproductive forms. 

Albright & Albright (1981b) reported that exposure of mice 

to sub-lethal doses of ionizing radiation resulted in a 
J 

marked elevation of p,arasitaemia, with no apparent plateau. 

These'results were confirmed by Rappatoni (1984). Thus, 

f, 

,..;) 
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ionizing radiation treatment cwring the early part of 

infection interferes with innate immunity. and enhances the 

hast' s susceptibility to infection. This suggests the . 
involvement of a radiosensitive cell in the initial control 
, 
of parasite growth. 

Taliaferro & pavlinova (1936) showed that the initial 

raté of proliferation of T. musculi was partly associated 

wi th the state of the "lymphoid-macrophage" system. Jaroslow 

(1955) suggested that ionizing radiation caused injury to 

t:his "lymphoid-macrophage" system, and further examined i ts 
) 

involvement by the administration of India Ink, a macrophage 

blocker. While he observed no increase in the plateau level 

of parasitp.emia, he did detect an increase in the numbe~ of 

dividing forros in the blood (1959). Administration of trypan 

blue, an inhibi tor of macrophage function _ (Brooks & Reed, 

1979 )" gave rise to a significant elevation in' plateau v--

parasitaemia, as' a result of increased reproductive 

activity. Studies with dextran sulfate (Vargas, 1981) and 

'" silica (Albright & Albright, 1981bi Rappatoni, 1984), patent 

inhibitors of macrophage function, showed minor increases in 

parasitaemia in susceptible strains of mice. Thus, the 

innate reproduction-inhibiting capacity of the ho st seems té 

be regulated by the mononuclear phagocyte system, since 

impairment of this system is reflected in an increased level· 

- 0 f reproductive act i vi ty 0 f th~ paras i te. 

Taliaferro (1938) suggested that the level of 

parasitaemifl is determined by,two independent factors: the 
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rate of ~production and the rate of killing. The implicit 

assumption in this hypothesis is that if one of these two 

factors is changed, the level of parasitaemia will be 

al tered accordingly. Vargas (1981) demonstrated that this,' 

in fact, is not the case, as she and others have shown that 

abnormal macrophage function does not seem to affect the 

development of the first crisis. Macrop~ages are, however, 

important in controllipg parasite reproduction. 

5.2.3 Summary 

.;1 

The follawing findings emerge: the first crisis occurs 

despite deprivation of B-cells, T-cells, or irnpairment of 

mononuclear phagocyte function. Only in a situation in which 

aIl the cells are destroyed, i. e. irradiation, does the 

first crisis fail to occur. This leads to the conclusion 

that one of several mechanisms may be sufficient for}the 

hast to bring parasitaemia under control at the first 

crisis. Under normal circumstances, bath mononuclear 

phagocyte activity and antibody production may play a raIe, 

ei ther independently or via, a carnplex interaction. In the 

absence of one rnechanism, however, the other may compensate 

sufficiently to mediate the first cri~is (Vargas, 1981). The 

magnitude of the compensatory effect mîght be dependent on 

the plateau parasitaemia level, a function of the strain of 

mause. 
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5.3 The Second Cr isis 

5.3.1 Cellular Involvement 

Inasmuch as the first crisis is dependent on an intact 

murine immune system, the second crisis, too, is .affected in 

immunodeprived mice. Irradiation of infected mice during the 

plateau phase prevents elimination of pa~a,sitaemia 

(Rappatoni, 1984). Thus, i t sorne ,radiosensitive 

cell (s) is parasi te removal from 

the blood.- By analogy with the crisis, cellular 

involvement in the second crisis may be evaluated by 

depleting the mouse of certain cell populations. 

In 1901, Laveran & Mesnil proposed that removal of 

parasites from the infected animal was due to phagocytosis 

of living trypanosomes. That this is, in fact, a plausible 

mechanism for trypanosome elimination has been shown by 

Ferrante & Jenkin (1978, 1979) for T. lewisi, by 

Greenblatt et al. (1983) for T. rhodesiense, and by others 

for different trypanosome species (Liston & Baker, 1978; 

Ngaira et al., 1983). Thus, Brooks & Reed (1979) 

administered trypan blue to T. musculi-infected mice, and 

found that clearance of parasitaemia was significantly 

delayed, by approximately 10 days, compared to nontreated 

mice. Since trypan blu~ is an inhibitor of macrophage 

function, these results suggest the involvement of 

'macrophages in the elimination of T. musculi from the blood. 



c 
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Rappatoni (1984) demonstrated that silica, selectively 

cytotoxic to macrophages (Kessel et al., 1963; Allison et 

al., 1966), also delays parasite clearance from the blood. 

In addition, it has been found that macrophages become 

activated during the course of T. musculi infection; their 

number, size, protein content and release of peroxides are 

aIl augmented (Vincendeau et al., 1981): Furtherrnore, Chang 

& Dusanic (1976), Vincendeau et al. (1986) and Ferrante 

(1986) have demonstrated the in vitro phagocytosis of T. 

musculi by macrophages. Thus, it is possible that the 

mononuclear phagocyte system" is somehow invol ved in 

terminating T. musculi infection. 

Elimination of T. musculi from the blood of infected 

mi ce at the time of the second crisis has been shown to be 

dependent on an intact T-cell system. Viens, Targett, et 

al., (1974) were the first ta demonstrate this dependence, 

using antithymocyte serum-treated mice, as weIl as adult 

mice which were thYmectomized, irradiated, and then 

reconstituted wi th bone marrow (ATxBM). In l:>oth groups of 

mice, the first crisis occurred as in nontreateQ mice, and 

the parasi taemia stabilized at a level higher than that in 

control, infected animaIs. The striking finding in these 

mice was the complete inability to terminate the infection. 

Parasitaemias continued at the plateau level for as many as 

110 days p. i. Similar findings were reported for T. musculi 

infected nude mice (Brook.s &' Reed, 1977; Rank et al. 1 1977); 

al though the se mice were able to mediate an initial control 
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of the parasitaemia, they were unable to effect clearance, of 

trypano~me::f from their blood. It was therefore concluded 

that the terrnination of T. musculi infection requires the 

presence of T-cells in either a helper or an effector 

capacity. 

Subsequent experiments involving transfer of normal and 

immune spleen cells to infected animaIs showed that immune, 

non-adherent cells were able to effect termination of the 

infection significantly earlier (within 6 days) J than normal 

spleen celIs (Viens, Pouliot & Targett, 1974; Targett & 

Viens, 1975b). Removal of theta-positive (i.e. T) cells from 

the inoculum did not, however, impair the ability of the 

inoculum to restore immunocompetence to the recipient 

(Pouliot et al., 1977). In addition, thymus graft 

reconstitution of T. musculi-infected, T-cell-deprived 

mice allowed for only partial restoration of 

immunocompetence after prolonged (>100 days) periods of time 

(Targett et al., 1981). It was therefore propo~ed that, 

although T-cell-dependent, the immune process responsible 

for the second crisis was mediated by theta-negative cells. 

5 . 3.2 Humoral Immune Response 

Given the above findings, it seem,ed logical to propose 

that the elimination of trypanosomes from the blood of 

infected mice was mediated 'by a T-cell-dependent antibody. 

It was known that mice are able to generate specifie anti-
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T. musculi antibodies (Section 5.1), and it was suggested 

that these ,antibodies should be present in the blood of mice 

which had naturally cleared their infections. It was 

reasoned that, if this were true, i t should theoretically be 

possible to a) protect mice by passive transfer of immune 

serum prior to inoculation with trypanosomes, and b) cure T. 

musculi infected mice of their parasitaemias by passive 

transfer of immune serum. A number of investigators have 

been 'able to protect naive mice from becoming infected by 

administering small amounts of immune serum prior to 

inoculation with T. musculi. Thus, Taliaferro (1938) 

showed that by taking serum from mice whose infections had 

terminatèd, and inj ecting it together with trypanosomes into 

normal mice, he could ei ther completely protect mice from 
"-

infection, ol;". at least significantly delay the onset and 

reduce the magnitude of infection. Viens, Targett, et al. 

(1974) repo,rted that passive transfer of antiserum just 

before infection prolonged the prepatent period 1 and that 

the subsequent parasitaemia was markedly reduced. Further, 

viens et al. (1975) demonstrated that immune serum was able 

to neutralize the infectivity of T. musculi when incubated 

together in vitro. Finally, Bungener (1975b) was able to 

complet:ely protect mice from in.fection by administering 

immune serum just prior to inoculation; the degree of 

protect ion was, however, dose-related. Thus 1 i t was apparent 

that imm~ne serum contained a protective activi ty 1 an 

activity wh-ich Taliaferro (1938) suggested was mediated by a 
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direct trypanocidal antibody. 
J 

The cura ti ve acti vi ty, on the other hand, has been much 

more difficult to demonstrate. Although 'l'aliaferro (1938) 

claimed tha t up to 4.6 ml of immune serum inj ected into mice 

inf~cted for' 3-7 days will, rid the mice of their 

parasitaemias, his seant data and lack of quantitative 

evidence make it difficul t to substantiate his claim. 

Indeed, he qualified his findings by suggesting that the -

recipient mice could "not conta in too many trypanosomes" in 

order for him to observe the curative effect. Viens, 

Targett, et al. (1974) showed that parasite development was 

checked by administration of immune serum on day 6 of 

infection, al though it resumecf 7 days subsequently. Immune 

serum had no effect at aIl when administered :during the 
1" 

plateau phase. Similarly, Bungener (1975b) stated that 

parasi taemia may be cleared by immune serum administration. 

This, however, was based on a single mouse which was 

~njected intraperit0neally with 6 ml of serum in two doses 
....", 

over a 24 h periode For comparison, the normal b1:ood volume 

of a mous;;e is approximately 1.6 ml. Other attempts to effect 

clearance of parasites during the plateau phase have met 

with complete failure. Viens, Pouliot & Targett (1974) and 

Targett & Viens (1975b) state unequivocally that the course 

of parasitaemia is unaffected by immun~ serum transfer. This 

view is e"choed by. Brooks et al. -(1982) who state: "the inct 
'J 

crisis does not depend on a direct (trypanocidal/ 

trypanolytic) antibody effect, but appears to be dependent 
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" on cellular mechan~sm (sic)". Albright & Albright (1982) 

also failed to alter the course of an established infection 

by passive transfer of immune serum, and thus concluded that 

"the elimination of T. musculi during the establishment of 

immunity is not a humoral antibody-dependent process." 

Therefore, it seemed' quite clear to most investigators that 

antibody did not play a major role in the elimina~ion of T. 

rouseuli from the blaod. 

Thus, it was provocative to find that mi ce which had 

been rendered B-cell-deprived, and therefore 

antibody-deficient, were unable to effect T. musculi 

elimination (Vargas, 1981; Vargas et al., 1984) (Figure 

1.5). T~is finding strongly suggested that antibady was 

essential, to the proces's of trypanosome removal during the 
<i' 

elimination phase. This was substantiated by the finding of 
, 

Pouliot (1978) "that cyclophosphamide, which selectively , 

depresses humoral- ~mmunity, abragated elimination of 

"parasi tas when administered to mice near the end of the 

plateau phase. These findings seem ta indicate the necessity 

of antibadies in effecting p.~rasite elimination. 

It appears, then, that a paradox exists: if antibody 

has been sh0wn indirectly to be important in parasite 

removal, and if such antibody has been demanstrated in 

immun~ serum, why is it not possible ta effect clearance of 

parasitaemia during the plateau phase by passive transfer of 

immune serum? This failure has led sorne investigators 

(Viens, 1985) to place little emphasis,on the results 



o 

obtainedwith B-cell deprived mic~. 

5.3.~ Sununary 
/ 

" 

It is apparent that the mechanisms involved in the 

removal of parasites from t"he bl,ood of infected mice are not 

weIl understood. Although macrophage~ seem to play a role, 

their exact function requires fu~ther study. The process of 
- l' 

elimination is dependent on functioning B- and,T-Iymphocyte 
ri' 

systems, suggesting that a T-dependent antibody is required, 

possibly together with a cytotoxic T-cell. 'Yet, the 

inability to effect clearance by passive transfer of immune 

'serum is not consistent with the concept of.a humoral immune 

process. It is evident, therefore, that the mechanisms 

mediating immunity of the second crisis hav~ yet to be fully 

elucidated. 

.- '1 

5.4 The Role of Complement 

The varying influence of ?omplement· on the outcome of 
. , 

infect,ions has been demonstrated wi th ma'rty p:r;otozoa. Whereas 

comp~ement may or may net be important in'immunity te T. 

cruzi (Ferrante, 1985), complement components have been 

shown to play an insignificant role in the recevery from 

infection with T. lewisi (Jarvinen & Dalmasso, 1976). 

However, Albright & Albright (1985) and Desai et al. (1987) 

have demonstrated the importance of complement component C3 
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in elimination of T. le\·lisi from its xenogeneic host, the 

mouse. The role of complement in ho st resistance to 

infection with T. musculi has been examinèd in no~al, 
. 

CS-deficient and C3-depleted mice (Dusanic, 1975; Jarvinen & 

Dalmasso, 1977a). Infections in norrnocomplementemic ~t~ains 

-of mice were not significantly different from those in 

strains genetically deficient in component CS -- there were 

no dif~erences in- inhipition of reproduction, duration of 

infection, persistence of parasites in the kidheys, or 

resistance to infection. There was, however, a slight 
. 

increase in plateau parasitaemia oE sorne CS-deficient mice 
~ 

(B10.02/0) compared te their congenic, normocomplementemic 

counterparts (BIO.D2/n). This-suggests that trypanolys~s 

mediated by the terminal complement components is not a 
J 

'mechanism of major importance,in T. musculi elimination. 

, Afthough reports of complement-dependent trypanolysis have 

be~n presented (Viens, 1985), the fact that CS-deficient 

mice are able to clear their infections at the same time and 

in the same manner as normocomplementemic mice irnplies that 

C5 1s not essential for elimination. 

Additional experiments by these investigators involved 

the use of cobra venom fa~tor to deplete ,mice of C3 and the 

late-acting complement components: This treatment resulted 

in slightly greater peak parasitaemias, as weIl as in 

prolonged infections, secondary to a significant delay of 

the second crisis and the subsequent elimination of 

parasites. It therefore seems'likely that C3 is involved,in 
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parasite elimination, possibly via a C3-mediated function 

"such as phagc:>cytosis. 

Thus, although certain complement components are 

important in controlling T. muscùli infection, their exact 

role i~ presentIy unclear. 
\ 
\ 
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CHAPTER II 

MATERIALS & METHODS 

\ 
1. THE PARASITE 

" 

The strain used throughout this study was isolated by 

Krarnpitz in sicily in 1962 from Mus muséulus brevirostis and 

named "Partinico II'' (Krampitz 1969b). After years of 

syringe passage it was obtained by the Liverpool School of 

Tropical Medicine and stabilated as LUMP 136 (Lumsden &' 

Hardy, 1965). A cryopreserved stock of this clone was given 

'" 
to our laboratory by Dr. pierre viens (Département de 

Microbiologie, Université de Montréal) in september 1978. 

In our l~boratory, pr~pagation of the parasite was 

initially achieved by T. musculi inoculation of lethally 

irradiated C3H/HeN mice, which were subsequently 

exsanguina~ed during the plateau phase' of infection. 

TrypanosoTI.e- infected blood thus obtained was made 10%' in 
\ 

glycerin and aliquoted in sealed 75 microliter heparinized 

capillary tubes. These were stored in methanol at 

In 1982, following sorne difficulties in experimental . 
reproducibility, this mode of propagation was abandoned in 

favor~of,biweekly in vivo intraperitoneal passage in male 

A/J mice. 
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2 . THE ANlMALS 

2.1 Mice 

Male C57BL/6 and A/J mice were raised by successive 

brother-sister matings from parents obtained from ~ackson 

-Laboratories (Bar Harbor, ME) in the breeding colony of the 

Montreal General Hospital Research Institute, Montreal, QUE 

and used at 6-8 wk for experiments. Male 6-8 wk old'DBA/2, 

BALB/c, C3H/HeN, and CBA/N mice were obtained' from Charles 

River Breeding Laboratories, Inc., st. Constant, QUE. 

Retired female C57BL/6, A/J, DBA/2, and C3H/HeN breeders 6-9 

months old (Charles River Breeding Laboratories, Inc., St. 

Constant, QUEi and Jackson Laboratories, Bar Harbor, ME) 

were used in the preparation of plasma. Mice were housed in 

groups of five in Il 1/2 " x 7 1/.2 " x 5 " polycarbonate 

cages (Lab Products, NJ)i aIl were maintained under 

identical conditions, being provided with purina Mouse Chow 

#5015 and water ad libitum. Following inoculation with T. 

musculi, cages of infected mice were kept in a separate 

"infe'cted" room under a negati ve airflow cabinet (Lab 

Products ,c NJ). 
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2.2 Rabbits 

New Zea~and White male rabbits, 1.5 kg (Claude Leonard, 

QUE until May 1984, and subsequently 

used to prepare antisera. 

3. INOCULATION OF MICE & MONITOR NG OF THE INFECTIO 

3.1 Inoculum 

Trypanosome-infected blood obtained from a) a frozen 

stabilate or b) infected A/J "passage" mice was diluted in 

sterile normal saline (0.85 % NaCI) so that the final 

trypanosome concentration was 2.5 x 104 - 5 x 

10 4 parasites/ml. A 0.2 ml 1noculum of this 

dilution (containing 5 x 10 3 - 104 

trypanosomes) was then administered to each mouse. 

Injections were initially given intraperitoneally (i.p.), 

but following the demonstration that intraperitoneal and 

intravenous (i.v.) routes of infection give rise to 

identical courses of parasitaemia (Rappatoni, 1984), 

subsequent infections have been by the i.v. route alone. 
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3.2 Measurement of Infection 

, r 
( 

3.2.1 Blood SamI?,les 

The course of infection was monitored by obtaining 

blood samples from the retro-orbital sinus in heparinized 

capillary tubes. Samples were taken every 2-3 days at 

approximately the same time each daYi this varied with each 

infection. 

3.2.2 Retro-orbital Bleeding 

To obtain blood, the ~echnique of Sorg & Buckner (1964) 

was used. The head of the mouse is firmly held with the 

thumb and forefinger of the left hand, stretching back,the 

skin, thereby allowing the eyeball to protrude. A 

heparinized 50 microliter capillary tube or Pasteur pipette 

is introduced into the medial canthus at a 45 0 

angle with the midline both laterally and ~uperiorly, and is· 

gently pushed inwards with a slight rotatory motion until 

blood begins to flow. Following removal of the tube, the eye 

is gently compressed with a sterile gauze square to stop 

bleeding. Repeat bleedings may be performed for many 

consecutive days on the same eye if care is taken not to 

damage the eyeball. 
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3.2.3 Wet Films & Haemocytometer coun~s 

If the leve~ of parasitaernia was low (e.g. at the 

beginning or end of infection, or in certain strains 

throughout the course of infection), the degree of infection 

was assessed by counting parasites on wet blood films. Blood 

(5 microliters) was dispersed on a glass slide with a 22 x 

40 mm glass coverslip. Parasites were enumerated 

microscopically with a Nikon Labophot microscope (Japan) 

under phase contra st with a 40x objective and a 10x ocular. 

When more than five parasites per high power field of 
-

the wet film were present, haemocytometer counts were 

perforrned. Infected blood was diluted 1:100 with formol 

saline (0.85% NaCl containing 0.02% formalin), and 

immobilized trypanosomes in this mixture were c9unted in an 

American Cptical Neubauer Haem~cytometer (Buffalo, NY) under 

phase contra st with the 40x objective and 10x ocular of the 

Nikon microscope. 

In bath cases, the parasita~mias were expressed per ml 

of1blood and converted to 10910 values. Counts were 

made in individual mice, and the mean of the 10g10 

values from 3-5 mice was calculated. 

51 



c 

-

c 

4. PLASMA PREPARATION ~ INJECTION 

4.1 Plasma Preparation 

4.1.1 Normal Mouse Plasma (NMP) 

,> 

Normal Mouse Plasma (NMP) was prepared from noninfected 

, retired breeders of different strains which were bled out by 

cardiac puncture with heparinized syringes. Plasma was 

separated from cellular components by centrifugation and 

stored at -20oC. 

4.1.2 Immune Plasma (IP) 

Immune Plasma (IP) was obtained from T. musculi 

;'" . 
infected C57BLj6 retired breeders wh~cq were exsanguinated 

by cardiac puncture with heparin 28-30 days post-inoculation 

(p.i.). Plasma was prepared as described above. IP was also 

p:r:epared fr,om retired breeders of other strains (AjJ, DBA/2, 

C3H/HeN), but unless otherwis~ indicated, IP refers to 
1 

plasma obtained from C57BLj6 mice. 

4 .. 1.3 Other Plasma Samples 

Blood was obtained from C57BL/6 mice infected 7, 14 and 

19 da ys before collection, and plasma was prepared therefrorn 

in the manner indicated above. 

\ 
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4.2 Heat-Treatment (HT) 

If required, plasma samples were h'eat-treatéd (HT) by_-, 

incubation in a 56°C water bath for 30 min to 2 h. 

4.3 Plasma l'nj ection 

, 

Unless otherwise'indicated, aIl injections of plasma were 

i.v., and were administered as a volume of 0.4 ml per mouse. 

Plasma was administered either before trypanosome 
. 

inoculation or' during the course of, an established 

infection. 

5 . CHROMATOGRAPHY 

5.1 Molecular Sieve chromàtography 

Plasma was applied ta an LKB Ultrogel ACA34 (IBF, 

Villeneuve-La-Garenne, France) column (1.6 x 90 cm) 

equilibrated in phosphate buffered saline, pH 7.4 (PBS). 

Fractions of 2.5 ml were collected, and the prote in content 
, 

of the fractions was calculated by measurement of absorbance 

at 280 nm, assuming an extinction coefficient of 1.4 optical 

density units/mg of protein per ml. Appropriate fractions 

were pooled, concentrated to original volumes in a protein 

, 
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( concentrator (Amicon corporation, Danvers, MA), and dialyzed 

versus PBS before injection into"mice to assay activity. 

5.2 Prete in A-Sepharose 

The procedures described by Ey et al. (1978) and 

Seppala et al. (1981) were followed with minor 

modifications. Staphylococcal protein A covalently linked to 

Sepharose 4B was obtained from Pharmacia Fine Chemicals 

(Uppsala, Sweden), swollen in phosphate-buffered saline (pH 

8.0) with 0.02% sodium azide r and packed into a 10 ml glass 

pipette. The column (bed volume, 5 ml) was ~t9red and used 

in a cold room at 4oC. A two ml va~ume of 0.1 M 

phosphate buffer (pH 8.0) was added to 5 ml of plasma, and 

the pH was adjusted to 8.1. This material'was applied ta the 

column a'nd the column was rinsed with the pH 8.0 buffer 

until the optical density at 280 nm (0.0. 280 nm) was less 

than 0.01. Material bound to the column was successively 

eluted with O.l(M citrate buffers of pHs 6.0, 4.5 and 2.5; 

each time, the column was rinsed until no further material 

was eluted. Fractions (2.5 ml) were collected, absorbances , 
at 280 nm were measured, and fractions eluted with a given 

buffer wer~ pooled and neutralized to pH 7.0 with l'M Tris 

hydrochloride (pH 8.5)'. These pooled fractions were 

designated by the pH of elution, concentrated to the 

origihal plasma volume in a protein concentrator, and 

dialyzed versus PBS. 
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Each fraction was tested for'~es~nce of 

or immUnOgl~I9;; by the irnmunoglobulin G (IgG) 
-

Ouchttrlony double immunodiffusion technique, with rabbit 

-anti-mouse immunoglobulin reagents (Litton Bionetics" 
-tI-

Wil~owdale, ONT, and Miles, Rexdale, ONT) in the center 

. wells and se~ial doubling dilutions of fraction in the outer 

wells. The enàpoint was read as the weakest titer of 

~ fraction which gave °a de~ectable precipitin iine. 

5.3 Irnmunoglobulin Subclas§ Fractionation 

Rabbit anti-mouse IgG2a (2 ~g/ml gel) and rabbit 
~ 

anti-mouse IgG3 (1 mg/ml gel) were obta±ned already coupled 

to separate quantities of sepharose beads .(Southern 

Biotechnology Associates, Birmingham, AL). Beads were packed 
, 

~nto two columns'and washed with PBS pH 7.4 until the 0.0. 

280 nm was zero. Two 1 ml samples of IP were diluted 1:3 

,with PBS, and one sample was applied to each column. The 

columns were rinsed with PBS until the 0.0. 280 nm was zero, 

and the material which flowed through (FT) the columns was 

pooled and stored at 4 0 C (labelled G2a-FT or G3-FT, 

respectively). Bound material was eluted from the columns 

with a pH 2.8 glycine-HCl bUffer, neutralized with dilute 

NaOH, and stored at 40 C (labelle~ G2a-ELU or 
\) 

G3-ELU, respectively). The colurnns were stripped with 0.1 M 

HCl, reequilibrated with PBS,' and the FT fractions were 

again passed over the respective colurnns. The cycle was 
" 

• 
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repeated 3-4, times until no more protein appeared in the 

eluate. The FT and El .. U fractions from each column were 

pooled separate.ly, ·dialyzed versus PBS, and concentrated 

down ta 0.5 ml (Le. 1/2 original volume) using a stirred 

ultrafiltration cell followed by Centricon-30 

microcon~"entraeors /(Amicon Corporation, Danvers, MA). Three 

1 ml aliquots of IP were made with each column in arder ta 
, 

obtain sufficient material for testing. 

5.4 Injection of Fractions 

Mice were injected with the aforementioned column 

~ J ~ frac,tions either before T., musculi inoculation or during an 
/~ 0 

establish'ed infection. Inj'ections were i. v. in a volume of 

0.8 to 1.0 ml (2 to 2. 5 times thi=! volume of IP normally 

actïv~) to compensate for losses during fractionation. 
~. C'" 

Parasitaemfa levels ~ere monitored immediately prior ta and 

for sevcFal days following fraction administration. If 

requi.red, fractions were heat treated (HT) by incubation in 

a 56
0

C water b.ath for 30 min to'2 h. 
-..., 

;!' '. 

6. IN VIVO ASSAY 

,- 1) 

" li' 

Plasma samples (0.4, 0.8, or 1.2 fnl) or concentrated 
Il 

fraction.samples (0.8 to 1.0 ml) were adminis~ed to 
'< ~. 

infected mice during the plateau phase of infection ( 10-15 d 

56 

". 
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p. i.). Parasitaemias were monitored inunediately prior to and 

for several days following plasma or fraction 

administration. 

7. IN VITRO ASSAY 

Heparinized blood was obtained by cardiac puncture from 

infected mice 1.0-15 d p. i. Tripl icate aliquots of 0.2 ml of , . 
this blood were placed in wells of a 96 weIl flat-bottom 

assay plate (Linbro, Flow Laboratories Inc., HcLean, VJl..) rtnd 

0.05 ml of plasma or fraction was added to each weIl. The 

contents of each weIl were mixed with a 0.1 ml Eppendorf 

pipettor, and a small sample was immediately removed for 

parasite enumeration. The assay plate was placed in a 5% 

CO 2 37°C incubator and, 1 and 2 h later, 

the contents of the wells were admixed, and samples were 

removed for parasite enumeration. 

8. COBRA VENOM FACTOR (CVF) 

... , 

Cobra venom factor (CVF; Cedarlàne Laborator ies, 

Hornbv, ONT), a decomplementing agent (Cochrane et al., 

1970; Bottger et al., 1986), was administered to mice in two 

injections. Mice received one dose of 10 units (U) of CVF 

i. p. 24 h before fnj ectioI) of IP and another 10 U 

1 
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immediately before IP administration. Plasma was tested' for 

the presence of C3 by the Ouchterlony double diffusion 

technique wi th rabbit anti~mouse C3 (Cappel' Laboratories, 

Cochranville, PA) in the center weIl and dilutions of plasm~: 

in the outer wells. Agar immunodiffusion plates (Hyland 

Diagnostics, Mal vern, PA)' were placed in an incubator at 

370 C for 2h, followed by overnight incubation at 

4 oC. 

9. MONOCLONAL ANTIBODIES 

Monoclonal antibodies were prepared according to a 

protoeol synthesized from the methods of Gefter (1977) used 

at the Harvard Biological Laboratories, Cambridge, MA and 

those of Fuks et al. at the MeGill Cancer Center, Montreal, 

QUE (Wechsler, 1982). Cell fusions were performed using 

Sp2jO Ag cells derived from the P3X63Ag8. BALBje myeloma 

line, and graciously provided by Dr. Joyce Raueh, Montreal 

General Hospital Research Institute, Montreal, QUE. These 

cells are azaguanine-resistant i. e. HAT 

(Hypoxanthine-Aminopterin-Thymidine) sensitive; normal 

lymphocytes are HAT resistant, but they will not grow under 

the conditions of culture. If HAT is added to the culture 

medium, only those cells which have undergone successful, 

fusion (Le. hybridomas) wili survive.' Sp2jO cells do not 

synthesize any immufuoglobulin chains, allo~ing for easy 
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......... isolation of pure antibody made by the secreting partner . 

Using sterile technique, spleen cells are isolated from 

1 C57BL/6 mice infected with T. mU5culi 7 to 35 days 

previously; èertain mice were rechallenged with 'inocula of 

T. muscûli up ·te 1 wk prior to harvest of spleen cells. 

~pre~n ::;jre resuspended in serum-free RPMI 164'0 medium 

(RPMI) (Gibcd, Grand Island, NY), and 108 cells are 

combined in a 5-10: 1 ratio with rnyeloma cells in a round 

bottomed test tube. The mixture 'is washed 3x in serum free 

RPMI, following which the supernatant is aspirated. One ml 

of 35% Polyethylene Glycol (PEG) in serum free RPMI is 

slowly dripped down the side of the tube. After 2 min, the 

pellet is gently flicked; a fter an addi tional min, the tube 

is spun for 3 min at the lowest speed of a desk-top 

centrifuge. One min later, 2 ml of fetal cal t' serum (FCS) 

followed by 8 ml of serum-free RPMI are slowly added to the 

tube without disturbing the pe,J.let. The tube containing this 

mixture is gently inverted; and split into two 50 ml conical 
\ 

tubes each containing 45 ml of RPMI wi th 15% FCS. These 

tubes are 1eft in a 5% CO2 370 C incubator 

fOIi 1 h, foIlowing which 0.5 ml aliquots are transferred to 

eight 24-well plates (Costar, Cambridge, MA). Twenty four h 

late,r, 1.0 ml of HAT medium is added to each weIl, and cells 

are allowed to grow until macroscopic clones. are visible. 

Medium is replaced with lx HAT every few days as necessary. 

Once macroscopic clones' are visible, supernatants of weIl s 

containing such clones are assayed for activity by 
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enzyme-.l inked immunosorbent 'assay (ELISA). Supernatants used 

for assay àr~ replaced with'HT- (no aminopterin) 

supplemented medium until subcloning. 

Once a weIl is scored as being positive, it becomes 
\ 

necessary to separate the cells producing the desired 

antibody from those making irrelevant antibody sa that a 

pure preparation of antibody may be achieved. The technique 

of limiting dilution is employed to isolate individual 

hybridoma cells producing the desired antibody. The cells in 

a weIl of a 24 weIl plate screened as' positive are 

resuspended, and several drop~ are transferred ta a new 

plate as "backup". Remaining cells are counted and diluted 

in HT-supplemented culture medium to concentrations ot 10, 5 

and 1 cell/O.l ml (i.e. 100, 50 and 10 cells/ml), and at 

least one 96 weIl plate is prepared from each dilution (with 

O. 1 ml/weIl). BALB/c thymocytes serving as a feeder cell 

layer to help support growth of small numbers of hybridoma 

cells are harvested and prepared in culture medium at a 
• 

concentration of 10 6 thymocytes/ml. 0.1 ml of this 

thymocyte preparation is added to each weIl. Ten d to two v/k 

later, macrosçopic clones become visible. Wells with growth 

are screened' for trypanosome antigen binding by ELISA( and 

positives are allowed to grow until they cover the weIl 

bottom. At this point, cells are transferred to a weIl of a 

24 weIl plate to grow. Finally, hybridomas are grown in 100 

mm x 15 mm Petri dishes; every few days, cells are split 

1:10 with culture medium to maintain heàlthy growth. 

<" 
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Once a hybridoma secreting a particular antibody is 

subcloned, i t is desirable to set aside a portion of cells 

to fOrIn a permanent supply of cells. This is'" done by 

selecting a Petri dish of heal thy appearing cells in the 

growth phase, harvesting the cells and pelleting them. Cells 

are resuspended in 1 ml of freezing medium: RPMI 1640 with 

10% FCS and 10% DMSO (Fisher, Montreal, QUE) to prevent 

rupture of cell organelles upon freezing of water. This 

aliquot is sterilely placed in a freezing vial, stored in a 

-70°C freezer for 24 h, and then transferred to a 

-160°C liquid nitrogen. tank. To regrow the frozen 

cells, a vial is quickly thawed, washed in cul turé medium, 

and plated in 10 ml of medium. 

When cells of a subclone growing in a Petri dish are 

deemed heal thy and relatively de,nse, that particular dish is 

harvested and resuspended in 1 ml of PBS. This suspension is 

used to inj ect 0.3 ml intraperi toneally into BALBlc x 

C57BL/6 mice "primed" with 1 ml of pristane 5 d previously. 

Ten days to :! wk later, such mice are observed to have 

swollen abdomens, indicating the presence of ascitic fluid. 

The ascitic fluid is tapped at 2 day intervals using an 18 

gauge, 1 1/2" needle inserted into the peri~oneal cavity. 

Ascites fluid collected is spun down at 250 x 9 in a 

desk-top centrifuge. The supernatant is saved and stored at 

-20o C until further studies are performed. 

" 
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10. ISOLATION OF TRYPANOSOMES 

Isolation of trypanosomes was carried out by a process 

of differential centrifugation. Briefly, 

trypanosome-containing blood or culture medium was subjected 

to successive cycles of centrifugation (100-200 x g, 10 

min/spin), in which the heavier red and white blood cells 

formed a pellet at the bottom of the tube, leaving the 

trypanosomes in suspension. Once the supernatant was deemed 

to be free of such contaminating cells, it was spun at 2000 

x g to obtain a pellet of packed trypanosomes, which was 

resuspended as necessary. 

Alternatively, the method of Lanham & Godfrey (1970) 

utilizing DEAE-cellulose was occasionally us~d to purify T. 

musculi from blood samples. 

11. TRYPANOSOME ANTIGEN 

In order to obtain a pure population of parasites for 

preparation of antigen, a modification of the trypanosome 

cul ture technique described by Albright & Albright (1980) 

was used. Briefly, peritoneal exudate cells (PEC) were 

obtained from C57BL/6 mice injected intraperitoneally 3 d 

previously with 2.5 ml of 10% thioglycollate broth. These 
, 

cells were washed, suspended at a concentration of 
o 

l06/ml in RPMI 1640 tissue culture medium 
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" supplemented with 20% fètal calf serum, 'antibiotics, and 5 x 

-5 10 M 2-mercaptoethanol, and 1 ml aliquots were 

plated in wells of a 24 well,tissue culture plate (Costar, 

cambridge, MA). Parasites were obtained from infected mice 
., 

during the plateau phase, diluted in the above medium to 5 x 

104/ml , and 1 ml aliquots of this mixtur,e were 

added to the plated PEC. The tissue culture plates were 

placed in a 37°C 5% cO2 incubator for 5-7 

d until parasite growth was dense. The trypanosomes were 

harvested from the wells, and processed according to a 

modification of the method of Brooks et al. (1982) for 
" 

•• • tft 
preparatJ..on of a~t~gen. The trypanosome suspens~on was spun 

several times at 100-200 x g (10 min/spin) at 4
0

C 

,to remove any contaminating cells. Once the 

trypanosome-containing supernatant was deemed free of such 

cells by microscopy, it was spun at 2000 x g for 30 min at 

4 Oc to obtain a pellet of packed trypanosomes. The b 

pellet was washed in serum-free RPMI 1640 (Gibco, Grand 

Island, NY), the packed trypanosomes were diluted 1: 6 in 0.1 

M bicarbonate bUffer, and this suspension was" sonicated (50W 
1"" \ o ' for 30 min) at 4 C (Artek Systems Corp., 

Farmingdale, NY). The sonicated preparation was rocked 

overnight at 4 oc, and the entire preparation was 

analyzed for protein concentration (by optical density at 

280 nm) and ~dj usted to a concentration of 1 mg/ml in 0.1 M 

bicarbonate buffer. Samples of this trypanosome antigen were 

al iquoted and stored at -20oC. 
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12. ELISA 

Round-bottom, 96-well, Immulon-treated plates 

(Dynatech, "Alexandria, VA) were coated vhth a) goat 

anti-mouse IgG (Cappel/COOPERBiomedical, Malvern, PA) or 

rabbit anti-mouse IgG2a or rabbit anti-mouse IgG3 (Southern 

B~otechnology Associates', Birmingham, AL) at concentrations 

of 10 micrograms/ml or b) T. musculi antigen (see above) at 

a concentration of 0.1 mg/ml and incubated overnight at 

4 oc. The remaining steps were carried out at room 

temperature. Wells were washed 3 times with PBS-Tween 20 

(0.05%), then blocked with the same for 30 min, and 

dilutions of plasma or fraction samples were added for a 

minimum of 2 h. After 3 washes, beta-galactosidase-Iabelled 

anti-mouse immunoglobulin antibodies (BRL, Bethesda, MD) or 

alkaline phosphatase-Iabelled rabbit anti-mouse IgG subclass 

antibodies (Southern Biotechnology Associates, Birmingham, 

{;\L) were added to wells for a minimum of 1. 5 h. Wells were 

again washed 3 times, and either 

p-nitrophenyl-beta-D-Galactoside (BRL, Bethesda, MD) l mg/ml 

in 0.05 M phosphate buffer (pH 7.2) with 1.5 mM 

MgC12 (for beta-galactosidase-labelled antibodies) 

or p-ni trophenyl phosphate (Sigma Chemical Co., St. Louis, 

MO) 1 mg/ml in 0.1 M glycine pH 10.4 with 1 mM 

MgC12 and 1 mM ZnCl 2 (for alkal ine , 

phospha tase-l abell ed antibodies) was added for 30 min. 

Absorbance at 405 nm was read in an ELISA plate reader 
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(Dynatech Laboratories Inc., Alexandria, VA). 

13. POLYACRYLAMIDE GEL ELECTROPHORESIS 

Polyacrylamide gel electrophoresis (PAGE) was carried 

out using a Bio-Rad Slab Gel Apparatus (Bio-Rad, 

Mississauga, ONT). Samples and standards of known molecular 

weight (p~armacia, Uppsala, Sweden) were run on 5-20% 

gradient SOS gels, as weIl as non-gradient SDS gels. Gels 

were either stained for prote in with Coomassie Blue 

(Bio-Rad, Mississauga, ONT), or used in immunoblotting. 

14. IMMUNOBLOTTING 

Immunoblotting is an enzyme immunoassay optimized for 

detection of nanogram-picogram levels of specific antigens. 

The technique involves electrophoretic transfer of separated 

antigen from a polyacrylamide gel to a nitrocellulose 

membrane support matrix (Bio-Rad, Mississauga, ONT). The 

nitrocellulose with bound antigen may be: a) stained by 

immersion in 0.5% amido black lOB in aqueous methanol-acetic 

acid (45%-45%-10%) f,or 2-3 min, followed by destaining in 

aqueous methanol-acetic acid (45%-45%-10%), or b) may be 

treated as follows: After binding of antigen, remaining 

unbound sites on the membrane are blocked with gelatin, a 
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non-reactive proteine The membrane with bound antigen is 

then incubated with first antibody (at 1:50 to 1:100 

dilution) specifie for the antigen to be detected, washed to 

rem ove unbound antibody, and ineubated with either 

horseradish peroxidase (HRP)-labelled (Hyelone, Logan, UT) 

or alkaline phosphata se (AP)-labelled (Southern 

Biotechnology Associates, Birmingham, AL) anti-mouse 

(second) antibody (at a dilution of 1:2000 to 1:4000). The 

membrane is again washed, and a eolor development reagent 

(3,3' diaminobenzidine tetrahydrochloride dihydrate for 

HRP-labelled antibodies or naphthol phosphate and Fast Red 

for AP-la~elled antibodies) is used to bring out the antigen 

bands to which the antibodies have bound. 

15. IRRADIATION 

Radiation was delivered by a Linear Aceelerator X-Ray 

source, therapy 4 SHM, at the Radiotherapy Departm~nt of the 

Montreal General Hospital, Montreal, QUE. Mice were placed 

in individual 3 cm x 3 cm x 8 cm chambers of a lucite box, 

and exposed to the desired dose for total body irradiation 

at a dose rate of 100 rad/minute. 

o 
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16 • ANTI - PLATE LET ANTISERUM 

Rabbit anti-mouse platelet antiserum was prepared 

according to a protocol kindly provided by Dr. William 

Saper, Division of Transplantation Surgery, Abraham Lincoln 

School of Medicine, Chicago, IL. Whole bload from adul t male 

and female C57BL/6 mice was collected into 3.8% sodium 

ci trate at a final ratio of 1 part sodium citrate to 9 parts 

blood. The citrated blood was mixed with one half volume of 

4% dextran in normal saline and centrifuged at room 

temperature (RT) for 20 min at 400 x g. The supernatant was 

removed and recentrifuged at 400 x 9 for 15 min; this 

pelleted most of the contaminating WBC. One half volume of 

normal saline was then added to the supernatanj:, and this 

was again centrifuged at 400 x 9 for 15 min producing a 

platelet suspension with less th an 0.1% WBC contamination. 

Platelets in the supernatant were pelleted by centrifugation 

at 1200 x 9 for 15 min, washed 2x in normal saline and then 

resuspended in normal saline with complete Freund 1 s adjuvant 

for immunization. Rabbits were immunized intradermally on 

the back with approximately 6 x 108 plateletsi a 

booster injection of 1. 5 x 109 platelets was given 

2 wk later. Rabbits were bled out by cardiac puncture 1 wk 

after bopsting. Blood was clotted, serum collected, and 
,/ 

absorbed with normal mouse spleen, thymus and liver cellsi 

these cells were washed thoroughly ta remove possible 

cantaminating platelets prior ta absorption. The serum was 
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aliquoted and stored at -20oC for further use. 

Experimental mice received 0'.1-0.2 ml intraperitoneal 

injections of the a,ntiserum. 

17. TRYPAN BLUE 

The azo dye trypan .blue has been reported to inhibit 

both the in vivo and in vitro, specifie and nonspecific, 

~ytotoxic effector function of acti vated macrophages (Hibbs, 

1975; Brooks & Reed, 1979; Hall et al., 1982). Mice were 

injected with 1 mg or 4 mg of trypan blue (Sigma 'Chernical 

Co., st. Loùis, MO) in saline at different intervals. 

Injections of 4 mg were intraperitoneal or intravenous: 1 mg 

inj ections were subcutaneous. 

18. SILICA 

Silica is an agent which displays selective 

cytotoxicity to macrophages (Kessel et al., 1963; Allison et 

al. , 1966). Silica (#216, min-u-sil: Whittaker, Clarke & 

Daniels 1 Inc. (Plainfield, NY» tor inoculation was prepared 

by the technique of Allison (1966). Briefly, a suspension of 

12 mg/ml of silica particles (less than 5 microns in size) 

in saI ine was sonicated immediately prior to administration, 

to prevent settling of particles. Mice received 0.25-0.5 ml 
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of suspension by the intravenous route on the day prior to 

assay. ,One h prior to use of blood from silica-treated mice 

in the in vitro assay, rnice were given a suspension of latex 

particles by the intravenous route. 

19. LABELLED SHEEP RED BLOOD CELLS (SRBC) 

Five ml of sheep ,red blood cells (SRBC) (Inst. Armand 
i' ; \ . , 

Frappier, L~val, QUE) wrVlaShed with sterile saline 3x for 

5 min at speed #5 in a, aesJctop centrifuge. An appropriate 
/ 

51 ,/ 
volume of 'Cr (New ,~nglapd Nuclear, cio Dupont, 

Lachine, QUE) (calculated from decay chart) was added to the 

1 ml SRBC pellet to a concentration of 100 microcurie/ml. , 

This mixture was incubated in a shaking water bath at RT for 

• 30 min, then again washed 3x with sterile saline. The SRBC 

were sensitized with 'rabbit anti-sheep hemolysin at a 

subagglutinating titer, and incubated in a shaking water 

bath at 37°C for 30 min. The SRBC were washed 3x 

with sterile saline, resuspended to 5 x 109 

cell s /rn~/ and o. 2 ml was g i ven to each mou se. Mice were 

sacrificed 1 h later, and radioactivity (counts per minute 
< 

'If 

(cpm») in vag-ious organs was deterrnined using a Gamma 310 

counter (Beckman, USA).' 
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-20. STATISTICAL ANALYSIS 

f 

In aIl experiments in which parasitaemia was moni tored, 

the mean value of a group of 3-5 samples +/- the Standard 

Errer of the Mean was calculated. 

statistical analysis was perfermed by using the student 

t test (twe-tailed). P values of <0.05 were censidered 

signif icant. 
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CHAPTER III • 

THE PHENOMENON OF PASSIVELY TRANSFERRED I~NITY 

It is clear from the Historical Review that the immune 

mechanisms involved in mediating parasite elimination at the 

second crisis are not weIl understood. In both T-cel1-

(Brooks & Reed, 1977; Rank et al., 1977; Viens, Targett, et 

al., 1974) and 8-cell- (Vargas et al., 1984) deprived mice, 

the parasi taemia stabilizes after the initial growth phase, 

yet e1imination of trypanosomes does not occur. These 

observations suggest that the development of 

T-cell-dependent humoral irnmunity is important for ho st 

defense, and essentia1 for parasite elimination and cure of 

the mouse. Indeed, serum from immune hosts passively 

transferred to naive recipients has been shown to have a 

transient protective effect on the latter (Vargas et al., 

1984; Viens, Targett, et al., 1974) or to be fully 

I?rotective (wtth no ensuing parasitaemia) (Albright & 

Albright, 1982); mice born to normal mothers and nursed by 

immune ones are also initially completely protected upon 

trypanosome challenge (Breniere & ~ns, 1980). It follow~ 

aIso, that the passive transfer of serum from an immune ho st 
~ , 

to an infected mouse should have the capacity to ~.erminate 

the infection, and cure the mouse. Reports on the success of 

this procedure, however, have been equi vocal. Al though 
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Taliaferro (1938) repor,ted a curative effeet of immune serum 

when administered to mi ce infected 3 to 7"d previously, the , 

seant da~a make it diffïcult to interpret his exact 

findings. Similarly, the data on which Bungener (1975b) 

~ed his cure of infected mice are sornewhat ambiguous. More 

recently, investigators pave been unable to cure an infected 

mouse, with the passive transfer of ser~m from mice naturally 

recovered from T. musculi infection (Albright & Albright, 

1982; Targett & Viens, 1975; Viens, Targett, et al., 1974). 

Thua, although fair~ good evidence could be obtained for an 

activity in imrn~ne serum that fully' or par~ially protected a 

naive recip~ent from becoming infected, a raIe for humoral 

immunity in ~ilminating the parasite~ in T. musculi 

infection has been ser~ously questioned (Albright & 
, . 

Albright, 1982; Viens, 1985). 

We chose to begin our studies of the mechanism(s)-of 

parasite eIimination by repeating the passive transfer 

experiments using mice of the C57BL/6 strairi. 
~ 

RESULTS 

\ 

1"\- CURATIVE EFFECT OF IMMUNE PLASMA ADMINISTERED 

DURING THE PLATEAU PHASE , 

Groups of four ta five adult male or female é.57BL/6 
~ 

mice were infected by the intraperitoneal or intravenous 
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route with 5 x 103 104 trypanosomes in 

0.2 ml of buffered saline. The normal course of parasitaemia 
1\ 

was followeM in one group of mice which rece,ived no further 

'" t~eatment (Figure 3.1). ~ typical phases of parasitaemia 

weré seen, namely, the growth pe~iod (O-S d p.i.), the 

plateau phase (S-18 d p.i.), and the elimination phase 

(1S-22 cl p.i.). Two other groups of mice were treated with a 

single dose of 0.4 ml of immune plasma (IP) or normal mouse 

plasma (NMP) 1 respectively, on d 13 p.i~ (Figure 3.2a). 
, ~:P 

A1though administration of normal~plasma had no effect on 

the course of infection l' t,he parasitaemia cleared completely 

within 24 h of inj ection or, immune plasma 1 and the blood' 
~ 

"'remained aparasitaemi.c. A 0.2 ml dose of IP was ineffective, 
,r --

whereas a 0.8 ml dose produced a result similar to that seen 

with a 0.<\4 ml dose (data not shown) . IP has 'been 

demonstrated to clear parasitaemia in as little as 3 h. 
,OC> 

Intraperitoneal administration "of immune plasma was as 

effective as intravenous administration (data not shawn), 

~ 
but subcutaheous administration was significantly less 

'. ~ffective (Figure 3.3~. When the IP was heated at 

.56oC for as little as 30 min, its ability to 

eliminate ~rasitaemiq in an infected mouse was abolished 

(Figure 3. 2T;j. Even 0.8 ml of heat treated (HT) IP las 

ineffective in curing parasitaemia (data not ~hown) . 

Intravenous administration of IP at any time during the 

plateau phase cl~ared the parasitaemia. Thus, a single 0.4 

ml ,dose of immune plasma was gïven intravenously to 

" 
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FIGURE 3.1 

Course of parasitaemia in C57BL/6 mi ce inoculated on· 

day 0 with 104 T. musculi. Each point 
, 

represents the mean value of four to five mice +/- 1 
-

standard error of the méan. 
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FIGURE 3.2 • 

Effect of administration of imÎnune plasma to infected 

C57BL/6 mice. (a) On day 13 post-infection (arrow), T. 

musculi-infected C57BL/6 mice received 0.4 ml of 

immune plasma (IP ,.) or normal mouse plasma (NMP,O) 

intravenouslYi shaded line shows no-treatment group. 

(b) On day 13 post-infection (arrow), T. musculi-

infected C57BL/6 mice received intravenously 0.4 ml 

of immune plasma, heat inactivatèd for 30.min at 

560 C (HI-IP, A); shaded' line shows 

no-treatment group. Each point represents the mean 

value of four, to five mice +/ .. 1 standard error of the 

mean. 
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FIGÙRE 3.3 

," 

Effect of route of administration on curative activity 

of immune plasma. On day 13 post-infection (arrow), T. 
\ 

musculi-infected C57BL/6 mice received 0.4 ml of 

immune plasma subcuta~eously (IP(SC); shaded line 

• • shows no-treatment group.~po1nt represents the 

me an value of four to five mic~+/- 1 standard error 

of the mean. 

\ 

" 

o 



o 
\. -

• 

..... . 
~ 

I;> 

, 
\ 

, t 

o 
-,-

.1 

i 
<0 

, . 

i 
~ 

, .' 

-0.0 
-CI) -

1 
N 

/ 

-' 00018 1W/I1nOSnW -1 0 ~D01 

, 
o 

0 
N 

<0 ,... 

N ,... 

CO 

o 

80 

~Z 
0 -1-
0 
W • 
LI.. 
Z -1 
l-
m 
0 
C-

m 
> <--
0 



o 

, ---

indiviàu~l groups of mice 7, 10, 12, 14 and 16 d p. i.; 24 h 

later, the parasi taemia counts fell from mean values which 

ranged between 6.3 and 6.6 10910 trypanosomes per 

ml of blood to zero values, and counts remained at zero in 

aIl cases. Normal mouse, plasma given to control groups had 

no effect. 

/ 
2. KjNETICS OF DEVELOPMENT OF CURATIVE ACTIVITY IN 

DONOR PLASMA FROM INFECTED MICE 

Plasma preparations from donors infected 14, 19 and 28 d 

pr'eviously were given to groups of recipient mice on d 13 of 

infection. The plasma from dohors infected 14 and 19 d 

previously conferred sorne ability te eliminate the 

parasites, whereas the 28-d IP cleared the blood of 

trypanosome s in 24 to 48 h ( Ftgure 3. 4 a). When the plasma 

preparations were heat-treated for as li ttle as 30 min at 

560 C and tested as befere, the curative activi ty 

was lest (Flgure 3. 4b) . 

3. PROTECTIVE EFFECT OF IMMUNE PLASMA ADMINISTERED TO 
\. " 

NAIVE MICE 

Immune plasma was then tested for its ability ta 

protect a naive mouse from developing trypanosamal infection 

when the plasma w~s given before inoculation with the 

parasite. Accordingly, groups of mice were either nentreated, 

8 , 
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-FIGURE 3.4 

.. • 

.. 
Thermolabile durative activity in'dono~plasma fram 

infected mice that was gi ven ta recipient mice during 
1 

the course of T. musculi infection. C57BL/6 mice were 

inoculated intraperitoneally with 104 

trypanosomes and given 0.4 ml of plasma i.v. on day 13 

post-~nfection (arrow). Plasma was taken from mice -

infected 14 (0), 19 (A), or 28 (.) days previously, or 

from noriinfected mice (v). (a) Freshly tI:tawed plasma. 

(b) plasma was heat-treated at 560 C for 30 

min. Each point represents the me an val~e of four to 

five mi ce +/- 1 standard error,of the mean. 
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or treated with IP, NMP or 30 min heat-treated IP; all of 

the mice were inoculated with T. musculi 1 h later. IP, both 

nontreated and heqt-treated, completely protected the mice 

from developing parasitaernia (Figure 3.5). Heat treatment 

for up to 2 h was equally ineffective in abolishing this 

profective activity of IP. NMP did not alter the normal 

course of inrection. 

4. KINETICS OF DEVELOPMENT OF PROTECTIVE ACTIVITY IN 

PLASMA DURING THE COURSE OF T. MUSCULI INFECTION 

.~ Groups of mice were inoculated with trypanosomes after 

administration of NMP or plasma taken from mice infected 7, 

14, 19 or 28 d previously. A control group of infected rnice 

received no treatment (NT). Parasitaemias ~~re followed,in 

\ aIl mice, and the results are shown in Table 3.1. Plasma 

obtained from mice infected 7 d previously had no effect, 

but when taken at later times p.i., it lowered or completely 

~bolished the parasitaemia. The longer the duration of ~ 

infection of the plasma donors, the greater the degree of 

protection obtained, and IP (28 d) was fully protective, 

i.e., no parasites were detected in the recipients at any 

time. 

When the above.plasma preparations were HT for 2 h at 
. 

56 QC and tested in the same manner, essentially the 

same results were obtained as befor.e, with the parasitaemias 
~ . 

becoming patent on the same d p.i. When analyzed for 
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FIGURE 3.5 

Pr6tective activity of immune plasma. Course of 

parasitaemia in C57~L/6 mice inoculated on day 0 with 

104 trypanosomes 1 h after the following 
1 ~ 

treatments: no treatment (normal,.), 0.4 ml of i.v. 

normal rnouse plasma (NMP,o), 0.4 ml of i.v. immune 

plasma (rp,.), 0.4 ml of i.v. heat-treated 

(56oC for 30 min) immune plasma (HT-IP,.). 

Each point represents the mean value of four to five -
mice +/- 1 standard error of the mean. 
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T~BlE 3.1: Effect of heat-treatment on protective activity in plasma takén ;rom mice at~various times post~infection and used t· , .. 
pre-treat mice prior to infection with l., musculi 

a Log 1 U lryp~inosomes7mrblooa-{mean-oflF5 ml ce ± s.e.m.) 
DOllor plasma ~. 

used to pre-
Sb ]"-- .. 

treat mice 10 12 14 18 20 
.--.. _------------ -- --

~one 3.23 ± 1.52 4.90 ± 0.02 5.55 ± 0.09 5.55 ± 0.09 5.64 ± 0.06 4.35 ± 0.35 4.70 t 0.10 

7-day 4.<)0 ± 1.40 4.B3 ± 0.11 5.60 ± 0.12 5.67 ± 0.03 5.64 ± 0.06 5.40 ± 0.00 4.70 ± 0.26 

7-day, HT 3.08 ± 1.03 3.72±1.24 5.79 ± 0.13 5.70 ± 0.17 5.76 ± 0.24 5.63 ± 0.55 / 5.26 ± 0.36 

14-day ,0 3.00 ± 1.00 4.65 ± 0.06 4.79 ± 0.17 5.07 ± O.OB 4.35 ± 0.22 4.13 ± 0.16 

14-day, HT 0 3.8'5 ± 0.09 4.77 ± 0.17 5.17 ± 0.16 4.85 ± 0.16 4.75 ± 0.19 4.70 ± 0.40 
r ~ 

19-day 0 0 ".00 ± 0.17 4 •• 16 + 0.08 4.43 ± 0.22 4.63 ± 0.15 4.30 ± 0.38 

19-day, HT 0 0 1.93 ± 1.11 3. Hi ± 1.05 3.35 ± 1.13 4.50 ± 0.07 4.50 ± 0.40 

i'8-day 0 0 0 0 0 0 0 

28-day, HT 0 0 ,..., 0 0 0 0 0 

liNP 2.77 ± 1.34 4.82 ± 0.06 5.53 ± .0.09 5.65 ± 0.05 5.58 ± 0.06 5.23 ± 0.15 5.18 ± 0.23 
"l 

NNP. HT 3.90 ± 0.10> 4.71 ± 0.18. 5.33 ± 0.13 5.40 ± 0.14 5.28 ± 0.12 4.54 ± 0.54 4.15 ± 0.45 
\ 

a DOllor plasma was collected from mice 7, 14, 19 and 28 days following infection, as in,dicated. Half of the peo1ed plasma sample 

were heat-treated (HT) at 56"C for 2 hours. A dose of 0.4 ml· plasma was given to each recipient mouse i.v., one hou~ prior to 
# 

infection with 104 trypanoSOUl.es 1.p. One group received normal ·1l1ouse plasma (N~IP). 

b Days post-infection 
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statistical significanèe, it was found that the numbers of , 

trypanosomes in the blood of mîce that had received either 
~ 

freshly thawe,d or HT p~a$ma were not significantly different 

(P > 0.05). This was true for any day on which the 

parasitaemia was measured. 

. 
5. KINETICS OF ,DISAPPEARANCE OF PRO~ECTIVE ACTIVITY OF 

TRANSFE~ED IMMUNE PLASMA 

, '. 

Groups of mice were pretreated with IP at different 

times before trypanosome infection. ~P was only full~ 

, pro~ective when given on the day of infection (Figure 3.6). 

However, partial protection was clearly evide~t when IP was 

administered 3 d before infection, and sorne protective 

activity remained-even when IP was administered 2 weeks , 

before T. musculi inoc~ation, as evidenced by the decreased 
o ' 

plateau(level of parasitaemia. 

6. PROTECTIVE EFFECT OF PLASMA ON INFECTION WITH 

DIFFERENT DOSES OF T. MUSCULI 

Table 3.2 demonstrates that the protective activity of 
~ 

IP was considerably dim~nished when the infecting dose of 

trypanosomes was increased by two orders of magnitude. As 

before', the'parasitaemia observed in mice pretreated with 

heat-treated IP was not significantly different from that 

seen in mice pretreated with IP (P > 0.05) for any day on 
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FIGURE 3.6 

. ", 

Kinetics of disappearance of transfused protec~e 
activity in plasma during the course of T. musculi 

infection. C57BL/6 mice were pretreated Lv. with 0.4 

ml of IP'either 14 (e), 7 (_), or 3 ,days (~) before 

infection or on the day of infection. -A dose of 

104 trypanosomes was given i.p. Infected mice 

receiving no pretreatment served as controls. Each 

p~int represents the rnean value of four to five mice 

+/- 1 standard error of the mean • 
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TABLE 3.2: Effect of administering plasma to mice immediately prior to infection with different doses of T. HUSCULI 

0 

re-Treatrnent Inocu1ating 
L091U Trypanosomes/ml blood (mean of 5 mice ± l s.e.m.) 

of micea Parasite dose Ob 2 4 6 8 ' 14 18 22 

NT 10" '0 0 0.93 ± 0.93 4.55 ± 0.41 . 6.07 ± 0.15 6.14 ± 0.25 5.37 ± 0.03 0 

IP 10" 0 0 0 0 0 0 0 0 

HTIP 104 

" 0 0 0 0 0 0 0 0 

NT 106 0 0.70 ± 0.70 4.98 ± 0.08 5.50 ± 0.14 5.48 ± 0.17 6.54 ± 0.36 0 0 

IP 106 0 0 2.57 ± 1.29 3.95 ± 1.39 5.23 ± 0.62 5.97 ± 0.52 2.23 ±- 2.23 0 
, 

) HTIP 106 0 0 4.79 ± 0.06 4.98 ± 0.19 5.37 ± 0.38 4.30 ± 0.27 1.85 ± 1.85 0 

Mice were either non-treated (NT) or injected i.v. with 0.4 ml of immune plasma (IP) or heat-treated immune plasma (HTIP) 1 h - \ 

prior to i.p. infection with 10" or 106 parasites. 

Days post-infection 
,,"" .-

/, {' 

-0 .... 

1 

! 
1 

'1 
1 
1 
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which the parasitaemia was measured. 

DISCUSSION 

The findings described above demonstrate that passive 

transfer of immune plasma from cured mice, when given in 

adequate amounts (0.4 ml) at any time during the plateau 

phase, brings about a permanent cure of the blood 
. . 

parasitaemia in infected recipients. This curative activity 

presumably represents the same immune process whereby 

elimination of parasites develops in the final phase of 

normal infection. Two reasons for the success of our 

experiments in curing parasitaemia arelproposed. First, in 

90me of the earlier experiments, hèat-inactivated serum 
Q 

reportedly was used (Targett & Viens, 1975); ~lso, the serum 

was given subcutaneously'(Targett & Viens, 1975~ Viens, 
, 

Pouliot & Targett, 1974). Second, our experiments were done 

in genetically resistant C57BL/6 mice (Albright & Albright, 

1981b; Magluilo et al., 1983) in which the parasitaemia 

plateau is 1-2 log10 lower than in the genetically 

susceptible mouse strains used by others. Albright & 

Albright (1982) collected sera on d 8, 12, 16 and 20 of T. 

rnusculi infection and administered them ta infected 

recipient mice. They were, however, unable to effect any 

form o~ cure by passive transfer of any of these sera. The 

discrepancy between their results and_the present findings 
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May be explained by considering that the efficacy of IP in 

curing infection depends on the relative amounts of curative 

factor therein and the level of parasitaemia. MacAskil1 et 

al., in studies on T. brucei (1981) and T. congolense (1983; 

Wnitelaw et al., 1983), suggested that acute fatal 

infections of trypanosomiasis are the result of the 

inability of the host to achieve effective levels of 

circulating antibody against a rapidly replicating 
'). 

trypanosome clone. Indeed, they t60 were unable to cure T. 

brucei-infected mice py passive' tra'nsfl~r of hyperimmune 
i 

serum, attributing the failure to inadequate levels of 

antibody. Their results indicate that the trypanotolerance 

of C57BL/6 mice '(to 'T. congolense) depends on the superior 

humoral response pf this mouse strain. Alb~ight & Albright 

(1982), on the other hand, performed their serum transfer 

experiments in A/J and C3H mice, known to have higher 
" 

piateau levels of parasitaemia than C57BL/6 mice (Albright & 

Albright, 1981b). Moreover, their injections were performed 
" on d 7 and 10, and with smaller amounts of serum. 

Presumably, the transferred plasma or serum i5 more 

efficacious when given ~ater in the infection, at a time 

when endogenously produced curative activity would 'have an 

additive effect. Incidentally, the ~xperiments of Viens and 

his group were perf~ed in CBA mice, also genetically 

susceptible to T. musculi, and therefore characterized by 

higher parasitaemias. 

The results presented in Figure 3.4 demonstrate the 
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gradual appearance of the curative activity during the 

course of infection. As mentioned above, indirect evidence 

strongly suggests that the elimination process is brought 

about by an immunoglobulin, particularly since parasitaemia",, 

is not eliminated -in B-Iymphocyte-deprived mice; such mice 

have nonnal T-cell function but lack B-cell function and 

fail to develop specifie anti-trypanosomal antibodies 

(Vargas et al., 1984). Thus, it, seems reas6nable to assume 

that the curative activity observed in IP is due to a 

specifie anti-trypanosomal antibody; yet, the curative 

mechanisID,apparently is not a complement-mediated lytic 
~ 

process, since trypanosome elimination occurs spontaneously 

in mi ce deficient in complement component CS (Dusanic, 

-197Sa) . 
, 

of 

The class of immunoglobulin purportedly mediating cure 

parasitaemia is not apparent~rom these experiments, but 
• 

is presumably T-cell dependent (Brooks & Reed, 1977: Rank et 

al., 1977; Viens, Targett, et al., 1974). Immunoglobulin M 

(IgM) seems an unlikely candidate, particularly since its 

production was found to be normal in T-cell-deprived 

infected mice (Brooks et al., 1982; Viens, Targett, et al., 

1974). 

The curative activity is unstable when heated and less 

effective when administered subcutaneously, suggesting that 

it could be hornocytotropic. Reaginic antibody of the IgE 
, 

class is distinctive in being thermolabile and retained in 

the tissues (Lehrer & Bozelka, 1982). However, until . 
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purified, it cannot be assumed that the putative 

immunoglobulin in question is intrinsically thermolabile. 

Indeed, the heae lability of the curative activity 

immediately suggests that it is complement wh~ ls 

destroyed by heat treatment (see Chapter IV)~ It is possible 

that the curative activity is mediated by one of the 
, -

subclasses of IgG, aIl of which have been implicated in 

antibody-dependent cellular cytotoxicity and 

antibody-mediated phagocytosis (Ralph et al., 1980). Certain 

subclasses of human (Solomon et al., 1978) and mouse (Banda 

et al., 1983) IgG are sensitive to the proteolytic activity 

of proteasesi for example, mouse IgG1 and IgG3 are cleaved 

by macrophage-derived elastase (Banda et al., 1983). The 

10ss of curative activity observed upon heating or 

subcutaneous administration of IP May be a result of 
n 

proteolytic cleavage of an IgG subclass, rendering it 

1ncapable of elirninating parasites, e.g. through an F~ 

receptor-mediated mechanism. 

The protective activity observed in IP (Figure 3.5) is 

presumably the same as that reported previously by others, 

and is attributed to the activity of specifie 

anti-trypanosomal antibody. Immune serum administered 

shortly before inoculation with parasites provided either 

partial protection-CTaliaferro, 1938; Viens, Targett, et 

al., 1974), or else cornpletely prevented the establishment 

of an infection (Albright & Albright, 1982). This putative 

immunoglobulin is stable to heat treatment, suggesting that 
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it is different from that which mediates the curative 
d 

activity. In a manner similar to the curative activity, the 

protective activity develops over a period of time (Table 

3.1). Rere also, the protect1ve activity is' not labile ta 

heat treatment. The fact that there is- st,ill sorne protective -
activity 2 weeks after IP injection (Figure 3.6) suggests al, 
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fairly long biological half-life of the protective activity . 
.. 

The above results demonstrate t~e presence of an 

iippar.ently heat-Iabile' curative activity 1 and an apparently 

heat-stable protective activity in IP. AÀthough the two 

activities rnay be diStinguished on tn~ basis of their 

" sensitivity to heat treatment, this does not necessarily . . , , . 
imply that the factors responsible are different entitie~. 

Rather, the observed differential heat sensitivity of the 

activit:ies JIlay be a quantitative phe,nomenon. It is likely 

that heat inactivation is a graduaI process, in which more 
a 

and more of the Iactor is rendered ineffective with 

increasing expos~e to heat. If so, it might be expected 

that after 30 min of treatment, there could still be sorne 

r~sidual amountof active factor present, sufficient to 
, 

eliminate 104 trypanosomes' and protéct the host, 

but insufficient to cure tQe latter of the plateau load of 

10
6 parasites. ,Indeed, when mice were infected with 

10
6 trypanosomès, the protective effect previously 

seen even with non-RTIP was severely diminished (Table 3.2). 

Again, this may be.explained~by a lack of sufficient factor 

-~- " 
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\ 
\ 
) 
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to cope wi th the higher number of parasites. 

In summary, the present chapter has delineated the 

phenomenon of passively transferred immunity to mice 

infected with Trypanosoma musculi. The curat~ve activity 

is observed when 0.4 ml of IP is administered to mice at any 

time during the plateau phase of infection; parasi taemia 

clears within 24-48 h (although it may occur in as little as 
( 

3 h). This activity appears gradually over the course of 

infection and is labile to heat treatment. The protective 

activi ty may be seen when mice are treated with IP prior, to 

inoculation with T. musculii these mice do not develop a ,f 

parasitaemia. The protective activity appears gradually over 

the course of in"fection, has a fairly long biolog-ical 
o 

half-life (5 ta 6 dl, and Is apparently not labile to heat 

treatment. 

With an initial evaluation of the-kinetic paramete~s of 

the biological activities of curing and protection, the next 

logical step was to'determine the molecular nature of these 

activities. 
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CHAPTER IV -
THE ROLE OF COMPLEMENT 

With an appreciaticn of the phenomencn of IP-induced 

trypanosome clearance, we set out' to investigate the 

molecular components involved, as weIl as the mechanism~(s) 

l5j which parasites are el iminated from the blood \ The heat 
---" 

labili ty. of the curative activi ty immediately suggested to 
o 

us that the curative activity was rnediated prirnarily byr 

complement, since the conditions used for heat treatment are 

exactly those used routinely, for the inactivation of 

comp'ement. We, therefore attempted to restore, t~e curative 

ac-t;ivity to HTIP by reconstitution with fresh complement. We 

then investigated the effeçt of cornplemeat' depletion on the 

ability of passively transferred IP to mediate cure. 

RESULTS 

r. RECONSTITUTION OF HTIP WITH COMPLEMENT-

Tc ascertain whether 'the heat labili ty of :I:.P was 

related to complement inactivation, HTIP was reconstituted 

with fresh NMP as a source of complement and tested for 
-

curative activity. Parasitaemia was cleared within 24 h in 
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contr~:>l groups receiving non-HTIP, whereas no such clearance 
• .J 

occurred in mice· repeiving HTIP, even when supplemented with 
. 

NMP (Table 4.1).' Thus abolition of curative activity in IP 

by heat tr~atment is apparently due to inactivation of a 

plasma comp,oI}ent other than complement. 

2. DECOMPLEMÉNTATION OF MICE BEFORE IP ADMINISTRATION 

Cobra venom factor (CVF) is known to brin.g about in 
, 

vivo depletion of complement component C3 as weIl as late-

acting components (Cochrane et al., 1970; Bottger et al.,' 

1986). Groups of mice recei ved CVF before IP administration 

on d 12 of T.musculi infection, and parasitaemia was 

subsequently monitored. Control mice receiving Ili' alone 

cleared the infection within 24 h, whereas mice receiving IP 
~ 

preceded by CVF failed to el iminate the trypanosomes (Table 

4.2). Analysis of plasma by, Ouchterlony double 
. 

imrnun·odiffusion analysis revealed that the plasma from . 
1 

CVF-treated mice was severely depleted of C3, showing only a 

faint line at a dilùtion of 1: 2. Plasma .from non-CVF-treated 

mice ,. on the other hand, showed a line at a dilution of 1: 64 

( data not shown) . 

DISCUSSION 

As detailed in the previ?us chapter, the -in vivo 
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TABLE 4.1: 

a 
Treatment 

IP (7) 

;. 

\ 
Effect of supplementing heat-treated plasma with co~lement 

Lag 1u Trypanoso~ml ·blood ± 1 s.e.m. 

b 
o 

5.61 ± 0.07 

1 

o 

2 

o 
HTIP (5) 5.80 ± 0.13 5.33 ± 0.32 5.47 ± 0.41 

. 
HTI P + NMP (11) 5.66 ± 0.07 5.33 ± 0.16 . 5.75 ± 0.13 

IP'+ H'fNt-1P (4) 5.61 t 0.05 o o 

,; a 

b 

7 

Mice were treated with a 0.4 ml i.v. injection of immune plasma (IP) or 

normal rnouse plasma (NMP). 0.4 ml of heat treated plasma (HTIP or IffNMP) 
" 

was mixed with 0.4 ml of non-heat-treated plasma (NMP or IP respectively) 

and administered in a 0.8 ml i.v. dose. All injections were performed on 

-day 12 post-infection. 

mice·per group. -
The number in parentheses indicates the number of 

\ 

Days post-plasma administration 

f 
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TABLE 4.2: Effect of CVF treatment on curing activity of IP 

.,{J 

~ 

L091U Trypanosomes/ml blood ± 1 s.e.m • 

Treatmenta (no. of mice) a 1 

NT (7) 5.68 ± 0.08 a 

CVF ,( 5) 5.78 ± 0.08 5.87 ± 0.18 

a Mice were infected with T. musculi and either NT or treated with 20 U 

of CVF. IP was administered on day 12 p.i. 

~ 

4> 

o 
~ 

2 

0-

6.06 ± 0.26 

-. } 

-'l' 

0' 

o 
~ 



( curative activity of IP is sensitive to heat treatment., The 

natura1ly arises: what is the nature of the 

la '1ity? Is the activity (presumably antibody) 

intrinsica1ly sensitive to heat treatment, or is the labile 

factor an accessory component necessary, for e1imination 

(i.e. complement)? The addition of fresh ~p as a source of 
, 

complement did not reverse the effects of heat treatment, 

indicating that heating likely affected sorne other component 

(Table 4.1). This leads to the conclusion that the activity 

is intrinsically heat-labile (see following chapter) . 

The results presented in Table 4.2 demonstrate that, 

although the curative activity (presumably antibody) of IP 

is necessary to bring about trypanosome elimination, it 

alone is not sufficient. Our data indicat~ that C3 must be 

present for IP to bring about clearance of parasitaemia. 

Jarvinen & Dalmasso (1977a) have shawn that rendering mice 

C3-deficient during the plateau phase prolongs T. musculi 

infections by interfering with parasite elirnination. Similar 

findings were obtained with T. brucei by MacAskill et al. 

(1980), who showed that CVF treatment prevented immune 

clearance in passively'imrnunized mice. Although CVF also 

depletes the later complement components, it is unlikely 

that these are involved in parasite elirnination: Dusanic 

(1975a) and Jarvinen & Dalmassa (1977a) have shawn that the 

course of T. musculi infection in, inbred, C5-deficient rnice 

is not significantly different from tpat in 

-narmocomplementemic rnice and have concluded that 
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complement~dependent, antibodx~mediated cytolysis is 

probably not a, major mechanism for the elimination of T. 

musculi by the infected mouse. Again, MacAs~ill et ai. 

(1980) demonstrated similar findings for T. brucei 

infections in mice. Jones & Hancock (1983) reached the sarne 
~/ 

conclusion with T. rhodesiense using mouse strains 810. D2/o 

(C5-deficient) and B10. D2/n (CS-sufficient), stating that 

the lytic function of complement is not necessary for 

controlling trypanosomiasis. Ferrante & Jenkin (1978) showed 

that T. lewisi was not lysed in diffusion chambers implanted 

in the peritoneal cavi ty of rats immune to this parasite 

(where, presumably; complement and antibody could freely 

attach to the trypanosome surface). Finally, IP obt;:ained 

from C5-deficient mice is able to cure C5-deficient 

recipients (see Chapter VIII). Thus, even though lys is may 

be demonstrated in vitro (Viens et al., 1983), these 

findings argue against Taliaferro' s original suggestion 

(1938) that trypanosome infections are terminated by a 

complement-rnediated, lytic event. 

If this is the case, how is i t that CVF treatment 

prevents IP-induced trypanosome elimination? A likely 

explanation relies on the f<Jct that complement compdnent C3 

may act Jas an opsonine This finding! together with the 

assurnption that the cùrative acti vi ty is an1:ibody in nature, 

suggest a murine model for the el imination of T. musculi 

based on the cooperative interactions of both 
., 

antitrypanosomal antibody and C3. Other data from our 

lOt 



c \ 
laboratory and elsewhere (Albright & Albright, 1982; 

, 
Vincendeau et al., 1981, 1986; Vincendeau, 1986i __ Ferrante, 

19'86) suggest that a cell (macrophage?) is involved in the 

elimination pro cess (see Chapter, IX). For instance, it is 

weIl known that antigens complexed with both antibody of the 

IgG class and C3b form complexes that bind avidly to 

macrophages by means of mUltiple Fc and C3b receptor 

interactions (Hahn & Kaufma!1n, 1981; King et al., 1986)., 

Indeed, if the assumption is made that opsonization of the 

trypanosome represents the first step in its elimination, it 

is concei vable that parasi te-bound complement molecules, 

notably C3 and its derivatives, assist parasite-specifie 

immunoglobulin in improving cell-cell interactions, 

ultima'hely leading ta parasite elimination (Erdei et al. , 

1984). Blackwell et al. (1985) have suggested that the 

binding of parasites to macrophages is dependent on C3 

receptors at the macrophage surface, indicating that C3 on 

the parasite surface might improve binding. Finally, Griffin 

& Mullinax (1985) propose a model of phagocytosis in Wh~h 
activation of macrophage C3 receptors is the primary factor 

responsible for promoting phagocytosis of 9psonizè(d 

,microorganisms. 

A number 0 f researchers have demonstra ted the 

requirement for complement in the in vitro and in vivo 

kill,ing of a number of trypanpsome species: T. lewisi 

(Ferrante & Jenkin, 1978: 1979); T. rhodesiense (Greenblatt 

et al., 1983); T. brucei (Holmes et al., 197~; MacAskill et 
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al., 1981); and T. museuli (Ferrante 1986). Interestingly; 

Townsend and Duffus (1985) showed that complement does not 

seem to be required for in vitro killing of T. theilerL 

In addition, Schmitz et al. (1984) found that a 
, 

complement-mediated cytotoxic reaction does not play a 

significant role in.terminating T. congolense infection. 

Finally, the necessity for C3 opsonization has been 

weIl documente_d in the immune response to other parasites. 

Stefani et al. (1983) have found that C3 acts to facilitate 

the antibody-dependent cèllular cytotoxici ty dire~ted _ 

agâinst T. cruzi. Aime et al. (1984) noted the requirement 

for complement in the granulocyte-mediated clearance of the 

microf ilavia Dipetalonf.!ma vi teae. Finally, Egwang et al. 

(1985) refer to the importance of C3 in termination of 

infections caused by Nippostrongylus brasiliensis as weIl as 

Schistosoma mansoni. It is, therefore, clear that the 

proposaI of complement invol vement in the resol ution of +. 

musculi infection is a reasonable one. 

l, 

1 
\ 
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CHAPTER V 

IN VITRO ASSAY FOR CURATIVE ACTIVITY 

- The previous chapters have demonstrated that IP is able 

to effect rapid clearance of parasitaemia when administered 

in vivo to recipient mice during the plateau phase of . --
infection. Furthermore, the component of IP necessary for 

elimination is heat-labile (likely antibody in natur~), and 

requires complement in order to be active. Assuming that the 

observed rapid clearance of parasitaernia is a reflection of 

the natural elimination process, the in vivo assay affords 

an opportunity to examine other factors involved in 

mediating para~ite removal. Impalrment of the fixed 

mononuclear phagocyte system (see Chapter IX) did not 

prevent the IP-induced clearance- of trypanosomes, suggesting 

that parasite elimination might take place in the blood 
t\ 
stream i tself. We therefore chose to examine the effect of 

IP on trypanosome-infected blood ex vivo. 
r:;) 

The present chapter describes an in vitro assay 

designed to enable further analysis of components involved 

in the process of parasite elimination. The assay is rapid, 

economical, and correl~tes weIl with aIl our in vivo T. 

musculi studies. 

108 



() 

RESULTS 

1 
1 

/ -
Blood collected from trypanosome-infected C57BL/6 mi ce 

~t different times during the plateau phase of infection 
, 

(10-15 d p. i.) was tested in the in vitro' assay (page 57). 

It was determined that the particular day chosen for 

bleeding did not affect the results of the assay, as long as 

parasitaemias were in the range of 40-80 x 104 

parasi tes/ml blood. The trypanosome numbers recorded below 

are less than the actual parasi taemias by a factor of 

approximately 0.8, as the infected blood was dil uted 4: 1 

with plasma. 

1. PHENOMENON OF IN VITRO IP-INDUCED TRYPANOSOME 

-ELIMINATION 

Figure 5.1 shows the resul ts obtained from a 

representat)::Ve in vitro assay of the curative activity. 

present in NMP, IP and HTIP. Whereas initially the parasite 

counts in aIl wells are approximately the same, by 1 h there 

is an increase in the nurnber of tryp@osomes in those wells 

to which NMP has been added: by 2 h, the number of 

trypanosomes has returned to the initial value. This result 

has been reproduced on at least ten separate occasions, with 

the trypanosome count increasing by 30-70% after 1 h, and 

returning to the original value by 2 h. In contrast", 
" 

addition of IP to the wells leads to a highly significant 
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FIGURE 5.1 

Phenomenon)of in vitro IP-induced trypanosome 

elimination. Fractions (0.05 ml) of NMP (e), IP (À), 

or HT-IP (0) obtained from C57BL/6 mice were added to 

\' 

- -'--~ 
- triplicate aliquots of 0.2 ml of T. muscûli-infected, 

C57BL/6 blO~d, and parasite numbers were determined ~\ 
and 2 h later. The data shown are representa.tive of 

numerous experiments (see text). Each point represents , . 
-

the mean value of a triplicate sample ~- 1 standard 

error of the mean. 
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CP < .001) reduction in the number of parasites after 1 h, a 

reduction that is maintained at 2 h. Many dead trypanosomes 

are visible in the blood sample during enurneration under the 

microscope (Figure ·5.2)~ This result has been reproduced at 

least twenty times, with an initial (1 h) decrease of 60-95% 
. 

of the original parasite count, followed by either a 

,stabilization or a further decrease in trypanosome numbe'r ·at 

2 h. The variation in the number of parasites removed 

in!tially appears to depend on the batch of IP used. 

Finally, heat treatment of IP abolishes its ability to 

effect any parasite removal i there is no significant 

difference between the trypa~osome counts in wells to which 

NMP or HTIP have been added, although, in aIl experiments . 
perforrned to date, the 1 n rise is less for HTIP wells than 

f9r NMP wells. 

2. DETAILED TIME COÙRSE OF IN VITRO TR,YPANOSOME 

ELIMINATION 

JPigure 5.3 presents a more detailed examination of the 

changes in trypanosome nurnber which,occur over the first 

hour of the in vitro assay. In th~se wells to which'IP is 

added, the trypanosome number does not change immediatelYi 

it is only after 30 min (p < .02) that a decrease is first 

observed, a decrease that is continued in a linear fashion. 

In NMP wells, the parasite coune increases substantia~ly 

over the first 20 min, after which it' stabilizes a~d then 
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FIGURE 5.2 

Trypanosoma musculi attached to a cell in the in 

vitro assay (600x, Diffquik stain) 
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FIGURE 5.3 

Time course of in vitro trypanosome 'elimination. 

NMP ce) or IP (0) was used in the in vitro'assay as 

described in the texte Each point represents the mean 
~ , 

value of two triplicate samples +/- 1 standard error 

of the mean. 
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gradually decreases after 40 min. 
, . 

3. DOSE-RESPONSE OF IP IN THE IN VITRO·ASSAY 

The results depicted in Figure 5.4 demonstrate that 

eli~ination of trypanosomes is quite sensitive to the amount 
b 

of IP present. Non-diluted IP shows the characteristic 

ability to reduce trypanosome number. A 1/2 dilution of IP, 

however, results in a diminished, although still significant 

(p'< .025), ability,to eliminate trypanosomes. Further 

dilution of IP to 1/4 or 1/~ completely abrogates the 

trypanosome elimination effect. 

, 

,4. EFFECT OF CVF TREATMENT OF MICE (PRIOR TO BLOOD 
1 

COLLECTION) ON PARASITE ELIMINATION 

Blood used for this experiment (Figure 5.5) was 

obtained from mice pre-treated witn CVF (to deplete 

complement). In' this assay, IP was unable to effect any 
, 

reduction in trypanosome number " even after 2 h. NMP and 

J 

HTIP addition showed characteristic changes in trypanosome 

number over the 2 h periode 

'II 
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FIGURE 5.4 

Dose-re~ponse'of IP in the in vitro assay. The assay 

was performed w'ith 'the following different dilutions 

of IP in phosphate-buffered saline: nondiluted (A), 

1/2 (0), 1/4 (e), and 1/8 (.). Each point reprJsents 

the mean value of two triplicate samples +/- 1 

standard error of the mean. 
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FIGURE 5.5 

~ Effect of CVF treatment of infected blood on activity 

, 
1 

\ 

of IP in the in vitro assay. Mice were treated with 

CVF prior to collection of T. musculi-infected 

blood. This blood was used in the in vit~~ with 

NMP (~), IP (e), and HTIP (0). Each poinf rep(e~~nts 

the rnean value of two triplicate samples +/- 1 

standard error of the mean. 
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-DISCUS'SION 

Chapter III delineated the phenomenon of IP-induced T. 

musculi-clearance which likely reflects the process of 

trypanosome removal during the elimination phase of 

infection. The present chapter describes an in vitro assay 

which demonstrates the same pnenomena observed in vivo, 

viz. a parasite count which falls rapidly in the presence of 

IP but not NMP. The ability of IP (and not NMP) to induce a 

rapid decrease in parasite number (Figure 5.1) exactly 

parallels our earlier in vivo findings. More important, 

however, is the complete abrogation of in vitro assay 

activity upon heat treatment'of IP. The fact that heat 

treatment also abolishes the curative activity of IP in vivo 

strongly suggests that the in vitro assay reflects this 

IP-induced trypanosome clearance. 

The results shown in Figure 5.3 reveal that the 

IP-dependent decrease in trypanosome number is not 

immediate; approximately 30 min must elapse before a 

significant decrease is detected, following which the 

parasite count falls in a linear fashion. This suggests that 

the,~rypanosome elimination precess requires a certain 

period of ~ime to become activated, ~rt of which is 

presuma~ly devoted te opsonizatien of the parasite prier to 

elimination. It is net surprising that IP has such a rapid 

effect -- even in vivo IP has been shewn te effect clearance 

in as little as 3 h in sorne cases (page 74). 

f"12'2 



c In vivo, IP-induced trypanosome clearance is 

exquisitely sensitive to the amount of IP administered; 

whereas 0.4 ml effects complete clearance, 0.2 ml has no 

demonstrable effect on the course of infection (page 74J. 

Thua, IP-induced clearance seems to be an all-or-none 
~ 

effect. In the in vItro assay (Figure 5.4), a 1/2 dilution 

of IP is significantly less effective than non-diluted IP. 

Dilutions of 1/4 or 1/8 have no activity whatsoever in 

decreasing the number of trYpanosomes .. 

Cobra venom factor (CVF) has been used as an effective 

decomplementing agent (Cochrane et al., 1970; Bottger et c 

al., 1986 ). Chapter IV showed that CVF treatment of 

infected mice prior to IP administration prevents IP-induced 

trypanosome clearance in vivo. When blood used in the in 

vitro assay was obtained from mi ce previously treated with 

CVF, IP was no longer able to mediate a reduction in 
-
trypanosome number (Figure 5.5). Thus, in parallel with the 

in vivo results, it seems that complement is necessary for 

in vitro assay activity to be observed. 

The reason for the increase in the number of 

trypanosomes 1 h after NMP addition is unclear. It is not 

likely to reflect parasi~e reproduction, as the doubling 

time for trypanosomes, 6'h 40 min to 14 h 20 min in vitro 

(Vincendeau, 1986), is significantly longer than the total 

assay tim~2 h), Tt is possible that a proportion of the 

trypanosomes in infected blood is initially sequestered by 

attachment to a) blood cells, b) each other or c) the assay 
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plate surface, and that a factor in NMP promotes their 

release, leading to the observed increase in number. In the 

!3 case of IP, this effect might he masked by its 

anti-tr'ypanosome activity. Regardless of the actual 

mechanism of the NMP-induced rise in trypanosome number, the 
't;) 

importance of the in vitro assay lies in the clear 

difference in the activities of IP and NMP. 

In summary, the in vitro assay co~relates exactly with 

the observed in vivo phenomena. Since the in vitro assay 

involves minimal manipulation of companents, it seems 

reasonable to assume that the activity of IP measured in the 

in vitro assay. is indicative of.its ability to effect 

trypanosome removal in vivo. There are three major 

J advantages to using the in vitro assay as an initial step in 

evaluating the curative activity of an unknown plasma \-
----- . - --_. 

sample. First, the in vitro assay is rapid: whereas it is 

usually necessary to wait 18-24 h to determine whether a 

plasma sample is ~urative in vivo, results of the in vitro 

assay are obtained in 2 h. Second, the in vitro assay iB 
• 

economical: an,in vivo as~ay uses 0.4 ml of plasma injected 

into one mouse; the in vitro assay requires 0.05 ml of 

plasma, and a single mouse usually provides enough blood 'for 

5 wells in an in vitro assay~ Finally, the in vitro assay 

offers the opportunity to examine the individual components 

involved i~ trypanosome elimination, using purified 

trypanosomes (Lanham & Godfrey, 1970), a defined antibody 

preparation, complement components, and defined cell 

.. 
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c populations. This.should lead to a better understandinq of 

the mechanism of trypanosome removal ~t the elimination 

phase. 

1 

, , .. 

" 

• 0 

o 

\ 

, , , 
Il 

, 

o " 

125 

\ 

o 

, J 



o 

.' 

o 

CHAPTER VI 

, 
THE ANTIBODY NATURE OF THE ANT! -TRYPANOSOMAL 'ACTIVI~Y 
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CHAPTER VI • 

THE' ANTIBODY NATURE OF THE ANTI -TRYPANOSOMAL ACTIVITY 

OF IMMUNE PLASMA 

~ . f 

of 

Given an initial e~rluation of the kinetic parameters 

the biological activi ties of cure and p'l'otection, we next 

i proceeded to examine the molecular nature of these 

activities. The fact that immunity could be conferred by ~ 

simple pl~sma transfer implies that a humoral factor in IP 

is involved ~n mediating parasite eliminatio~ From the 

discussion of the preceding chapt;.er, the most likely 

candidate for the mediator of Notective and curative 
'\ 

immunity is antibody in nature. We therefore attempted to 
\ ' . 

purify an immunoglobulin fraction of IP by molecular sieve 

chromatography. Following the demonstration that the 

actiyities resided in a fraction with molecular weigJ:1t of 

less than 200,000, we took advantage of an affinity 

chromatography' technique proposed by Ey et al. (1978) and 

modified by Seppala et al. (1981) for the isolation of IgG 

subclasses with Protein A-Sepharose. Protein A is a 

. constituent of tqe outer cell wall of Staphylococcus spp., 

and it has the capacity to bind to the Fc portion of IgG 

(t>ut no other immunoglob1,l1 in subclasses). The different 

subclasses of IgG bind to protein A W:l. th different 
... --" ~ 

affinities, and as demonstrated by Ey- et- al. (197f1), buffers 
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o of decreasing pH may successively, ~lute the different 

subclasses frorn,protein A which has been covalently linked 

ta a Set;marose support matrix. Using this technique we have 

investigated the curative and protective activities. 

RESULTS 

1. MOLECU~ SIEVE CHROMàTOGRAPHY 

Initial partial purification was perforrned by passage 

Qf IP over an ultrogel ACA34 molecular sieve chrornatography 

column. This produced the separation profile of Figure' 6.1. 

standard rnarker proteins were used vto calibrate the colurnn 

and confirrned that the f irst peak correspoir'ded to IgM (MW 

900,000) and that the prorninent second peak w4s primarily 

albumin (MW 68,000); the shoulder to the left of the second 

peak presurnably contained IgG. The fractions marked "IgM" 

and "IgG" we~e pooled separately, concentrated and dialyzed 

prior to assay in vivo. Fraction IgM had no effect on the 

subsequent course of infection when given to infected mice 

on d 13 p.L; on the othèr" hand, fraction IgG cleqred the' 

parasi taernia within 24 h (data not shown) • 

2. PROTEIN A CHROMATOGRAPHY 

Further purification of activity was obtained by 
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FIGURE 6.1 

'. 
Profile of IP fractionation by gel filtration 

chromatography (Ultrogel ACA34). Markings indicate 

fractions pooled for assay in vivo. IgM = 
Irnmunoglobulin Mi IgG = Immunoglobulin G. 
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applying a sample of plasma to a column of protein 
.L. 

'. \ 

A-Sepharose and cOllecting fractions containing material 

,~luted by citrate-phosphate buffers of decreasing pH. The 

elution profiles of Figure 6.2 compare th~ prote in 

A-Sepharose separations of IP and NMP, demonstrating a 

significantly larger amount of protein 1 the pH 4.5 peat;. 

Following concentration to original volumes ,and dialysis, 

the relative concentrations of immunoglobulin isotypes in 

each fraction were assessed by Ouchterlony immunodiffusion 
" q 

analysis (Table 6.1). IgM was found only in the pH 8.0 

fraction (flow-through); IgGl was found primarily in the pH 

6. O· fraction; the pH 4.5 .fraction contained almost aIl of 
, 

the IgG2a and IgG3, and no other fractions had sign~ficant 

amounts of these immunoglobulin subclasses present; finally, 

nearly aIl of the IgG2b was eluted with the pH 3.5 buffer •. 

When tested in vivo (Figure 6.3), the pH 4.5 eluate 

• 
brought about a dramatic reduction in parasitaemia (cur~tive 

l 

effect) within, 24 to 48 h of administration, whereas the pH 

8.0, 6.0 and 3.5 fractions did not markedly af~ect the 

course of infection. Heat treatment of the fractions before 

administration abolished any curative effect. 

Figure 6.4 shows tpe effect of administering fractions 

t~ naive mi ce before T. musculi inoculation to assay the .. 
protective activity of the fractions. It is evident that the 

pH 4.5 fraction~significantly delayed the onset of 

'parasitaemia, as weIl as decreased th~ plateau level, 

wh~reas the other fraçtions had marginal, if any, effect on 
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FIGURE 6.2 .. 

protein A elution profile of IP (-) and NMP (- - --) . 

Elut.ion was stepwise with buffers of decreasing pH. 

Fractions were collected and pooled as indicated and 

concentrated to original plasma volumes. At 280 nro, 

1. 4 absorbance un~ts represent 1 mg of protein per ml. 

O.D. = optical density. 
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TABLE 6.1: Analysis of IP fractions by Ouchterlony double immunodiffusion 

Titer of Isotypea 

pU of fraction IgM IgGl IgG2a IgG2b ~ 
8.0 ' 1: 16a 

6.0 - 1:128 

4.5 1:8 1:128 1:1 1 :32 

2.5 1:1 1:2 1:128 1:1 

a End-point read as weakest dilution of fraction giving a precipitin line. 
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FIGURE 6.3 

Curative activity of Protein A-eluted IP fractions. On 
;;) 

.: day 12 p. i. (arrow), C5 7BL/ 6 mi ce were gi ven 0.8 ml 

i.v. injections of IP fractions eluted from protein A 

with buffers ~f decreasing pH (8.0 (À), 6.0 (A), 

4.5 (0), 3.5 (e». Heat treatment of fractions be~ore 

injection abolished any curative effect. Each point 

represents the mean value of five or six mice +/- 1 

standard error of the mean. 
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FIGURE 6.4 

Protective effect of protein A-eluted IP fractions on 

the course of infection in naive recipients. C57BL/6 

mice were 'inoculated i~p. with 104 

trypanosomes 1 h after i. v. administration of 0.8 ml 

plasma equi valents of IP fractions eluted from Prote in 

A with buffers of decreasing pH (8.0 (À) / 6.0 CA) / 4.5 

(0) ). NMP (e) was administered and ther.e was a 

no-treatment (NT/a) control. Each point represents the 
• 

mean value of four or five mice +/- 1 standard error 

of the mean. 
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the course of parasitaemia. 

Finally, the fractions were tested in the in vitro 

assay, and the results shown in Figure 6.5 were obtained. It 

is apparent that ~he pH 4.5 fraction is the only one to have 

had a significant effect (p < 0.05) in reducing the number 

of trypanosomes. The activity of the pH 4.5 fraction was 

lost upon heat treatment (data not shown). 

DISCUSSION 

An initial partial purification of IP was carried out . 
'1'" using ~olecular sieve cnromatography. The curative ac~ivity 

wàs found to be associated with a fraction of mQlecular 

'weight of less than 200,000, which is consistent with the 

size of IgG. In subsequent studies, advantage was taken of 
, 

the technique proposed by ~y et al. (1978) and modified by 

Seppala et al. (198l) for the isolation of IgG subclasses 

with Pro~ein A-Sepharose. These workers and others (Lindmark 

et al., 1983; Sarvas et al., 1983) have shown that mouse IgG 

is adsorbed by Prote in A-Sepharose at pH 8.0, whereas other 

proteins do not bind to any'significant extent. The 

different subclasses of IgG may be sequentially eluted with 

buffers of decreasing pH, viz., IgG1 elutes at pH 6.0, IgG2a 

and IgG3 elute at pH 4.5, and IgG2b elutes at pH 3.5. IP was 

thus fractionated, and Figure 6.3 shows that the curative 

acti~i~ dees net appear in the flow-through fraction but is 
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FIGURE 6.5 

.., 
1 

, . 

, ' 

, ' 

Prote in A-Sepharose-d~rived imm~noglobulin fractions 

of C57BL/6 IP in the-in vitro assay. NME (.), IP (A), 

pH 8.0 (.), pH 6.0 (0), pH 4.5 (.~), and pH i3.~ (p> 

fractions were used. Each point represents the-mean 

.value of two triplicate samples +/- 1 standard erro~ 

of the mean. , -----
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associated with the pH 4.5 fraction. This provides 

persuasive evidence that the curative factor is antibody in 

n~ture. Moreover, it was confirm~d that the pH 4.5 fraction 

containeœmostly subclasses IgG2a and IgG3 and that no other . ' 

fraction had significant arnounts of either subclass (Table 

?1). Based on these observations and on the aforementioned 

elution characteristics, the curative antibody seems to be 

associated with either IgG2a or IgG3. 'The slight decrease in 

parasitaernia observed wit~ the pH 6.0 fraction may be 

'a·ttributed to a partial effectiveness of IgCil in causing 

parasite élimination, or it may be the result of 

contamination of the fraction with IgG2a or IgG3. Indeed, 

although IgG2a was not detected in this fraction by the 

Ouchterlony technique,' small arnounts were detected in the pf!l 

6.0 fraction by the Mancini radial irnrnunodiffusion technique 

-
(unpublished observations). Both Ey et al. (1978) and 

c, 

Seppala et aL (1981) pointed out a sirnilar slight 

contarninatton problern. 

Fig~re 6.5 dernonstrates that in the in vitro assay~ 
• 

only' the pH 4.5 fraction is able to reduce the paras i taemia 

to any significant extent. Further, the activity of this 
<> 

fraction is heat-Iabile. These observations are consistentr 

with the in vivo findings, and corrobora te the suggestion 

that antibody of the IgG2a or IgG3 subclasses is responsible 

for parasite elimination in the infected mouse. In addition, 

these results show that a heat-labile fraction containing 

antibody' alone is able to rnediate,reduction in trypanosome 
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number. This is further evidence that antibody per se is the 

heat-labile,component of IP. , , 

The protective activity was aiso associat~d with the pH 

4.5 fraction of IP (Figure 6.4), indicating that it too may 

be mediated by IgG2a or IgG3. As discussed in Chapter III, 

the same antibody may he responsihle for both the curative 

and protective act~vities. 

The apparent restriction of functional anti-trypanosome 

curative activity to one or two suhclasses is of interest ln 

Iight of findings by Perlmutter et al. (1978) that murine 

anti-group A streptococcal carbohydrate antihodies are 

largely restricted to the IgG3 subclass, as weIl as the work 

of Majarian et al. (1984), demonstrating the cu+ing of 
V 

Plasmodium yoelii infections with an IgG3 monoclonal 

antibody. 

As mentioned previously, the in Vivo curative activity 

of IP is sensitive to heat treatment. Initially, the nature 

of the lability was unclear; either the activity was 

intrinsically heat sensitive or sorne accessory plasma 
, 

component was labile. The heat lability of the isola~ed pH 

4.5 activity confirms that the curative antibody therein is 

intrinsically heat sensitive; polyacrylamide gel . 
electrophoresis of this fraction demonstrates no 

contamination by other components, i.e., only immunoglobulin 

is present (data not shown). Although IgE is generally 

assurned to be the sole" heat-ldbile murine immunoglobulin 

(Ishizaka et al., 1967), it has not been shown to bind te 

\ 
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Prote in A-sepharose; it is thus unlikely to be present in 

the pH 4.5 fFa~tion and is u\likelY to be responsible for 
, 1 

the obse~ed-specific cure. 

with the knowledge that the active fraction contained 

IgG2a and IgG3 the next logical step was to isolate 

antibodies of each subclass to determine their relative 

contributions to trypanosome clearance. 

,/ 
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--,U; CHAPT ER VII 

HEAT.LABlLE IgG2a CURES T. MOSCULI INFECTION 

Arrned with sensitive in vitro and in vivo assays with 

which to evaluate the curative activity present in affinity 
-

purified IP fractions, we set out to determine which of the 

two IgG subclasses present in the active pH 4.5 fraction 

(IgG2a or IgG3) was prirnarily responsible for effecting 

clearance of trypanosomes. To this end, we employed 

separation columns containing rabbit,anti-mouse IgG2a and 

rabbit anti-mouse IgG3 antibodies covalently linked to 

sepharose beads to isolate the respective subclasses from 

IP. After deterrnining (by enzyme-linked immunosorbent assay 

(ELISA)) that the columns were effective in depleting IP of 

the respective subclasses, the flow-through 

(subclass-depleted) and eluate (subclass-enriched) fractions 

of each column were tested for curative activity both in 

vitro and in vivo. The levels of the IgG subclasses in 

plasma throughout the infection were determined by ELISA in , 

C5,7BLj6 mice. In addition, immunoglobulin levels were 

deterrnined in T. rnusculi-infected CBAjN mice, known to be 

impaired in their immune responses to certain 

thyrnus-independent antigens as a result of an 

X-chrornosome-linked recessive B-cell defect (Xid defect) 

(Scher __ ~t al., 1975; Mond et al., 1982), and in which 
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clearance of parasitaemia is delayed by approximately one 

" week (Vigeant et al., 1986). Finally, studies were begun to 

delineate the nature of the antigeri(s) recognized by the 

antibody. 

RESULTS 

1. DEMONSTRATION.OF EFFECTlVENESS OF ANTI-SUBCLASS 

COLUMNS 

Following passage of IP over the anti-IgG2a and 

anti-IgG3 columns, the resultant Flow-Through (FT) and 

Eluate (ELU) fractions were tested for subclass composition 

using the ELISA. The results of Figure 7.1 demonstrate that 

the anti-IgG2a column effectively depletes IP of IgG2a, and 

that the anti-IgG3 column removes essentially aIl IgG3 from 

IP. Further ELISA analysis showed that although there was 
\ 

sorne slight contamination of the G2a-ELU fraction with other 

subclassés, there were at least 50-100 times nlore of these 

contaminating subclasses in the G2a-FT fraction than in the 

G2a-ELU fraction (Figure 7.2). 

2. IN VITRO AND IN VIVO ACTIVITY OF THE 

SUBCLASS-DEPLETED AND -ENRICHED FRACTIONS 

The data recorded in Table 7.1 show the effectiveness 
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FIGURE 7.1 

Effectiveness of anti-subclass columns in deple~ing IP 

of respective subclasses as shown by ELISA. Wells of a 

96-well assay plate were coated with rabbit anti-mouse 

IgG2a (Panel A) or rabbit anti-mouse IgG3 (Panel B), 

a~d seriaI dilutions of fractions obtained from 
\ 

anti-IgG2a and anti-IgG3 columns were incubated as 

desCribed. Alkaline phosphatase-Iabel~ed rabbit 

anti-mouse IgG was added to aIl wells before 

development with p-nitrophenyl phosphate. Eluate from 

anti-IgG2a column (G2a-ELU,~), flow-through from 

anti-IgG2a column (G2a-FT,A), eluate from anti-IgG3 

column (G3-ELU,Q), and flow-through from anti-IgG3 

column (G3-FT,a) were assayed. Each point represents 

the me an of triplicate samples, and the data shown are 

from a representative column rune 
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FIGURE 7:2 

Specificity of anti-IgG2a ,column for IgG2a. Wells of a 

96-well plate were coa'ted with rabbit anti-mou~e IgGl 

(Panel A) or rabbit anti~mouse IgG2b (Panel B), and

serial dilutions of fractions obtained from the 

anti-IgG2a column wère incubated as described. 

Alkaline phosphatase-labelled rabbit anti-mouse IgG 

was added to aIl wells before development with 

p-nitrophenyl phosphate. Eluate from anti-IgG2a column 

(G2a-ELU,O) and flow-through from anti-IgG2a column 

(G2a-FT,e> were used. Each point represents the rnean 

of triplicate samples, and the data shown are from a 

representative column run. 
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TABLE 7.1: Actjvlty of subclass-enrfched and -deplet~d fractions a 

<l IT. muscull x 10~/mllb in vivo (T. musculi xlO"'ml)c ln vItro 
( 

Oh Ih P Valued 
~ dl P Val~ee 

IP 50.0 ! 3.6 7.5! 2.7 .001 IP 45 0 
53 0 .001 47 0 
50 0 

1 

Z G2a-fT 52.7 t 2.8 45.9 :t 3.9 NS GZa-fP 40 39 
48 34 

HS 41 41 
51 47 

3 G2a-ELU 52.6 t 2.8 11.8 t Z.7 .001 G2a-ElU 42 6 
46 12 

.001 53 12 
.sI 3 

4 G'J-fT 42.0 ! 6.0 '8.3 t 2.1 .001 G3-fT 44 a 
54 a .001' 
45 0 

5 G3-ElU 39.0 t 2.1 46.0 ~ 1.2 MS 1 G3-ELI1 43 37 
51 47 liS 
47 46 

c 
6 HT-IP 44.0 ! 8.0 47.0 ! 5.0 HS HT-IP 50 46 

47 52 MS 
48 4.8 

7 HT-G2a-ELU 40.0 t 2.6 41.3 ! 3.1 HS HT-G2a-ELU 51 45 MS 57 51 

8 HT-G2a-FT 37.5 ± 4.5 35.0 ± 2.0 MS HT -G2a-FT 41 42 
liS 46 48 

a lP a Immune plasma; G2a a anti-lgG2a column; G3 : antl-lgG3 column; ELU eluate, FT flow-through; HT heat treated; 
"S • not slgnlflcant. ' 

b Plasma or fractIon was used ln the ~ ~ assay descrlbed ln the texte Each value represents the mean of at least three 

separate trlplicate experi~nts ! S.E.H. 

c Plas.a or fractIon was tested ln VIVO as Indl~ated ln the texte Becauseflf the relatlvely large amount of plas_a or 
fractIon necessary for the ass3Y.-rhë values shown are from Indlvidual .Ice. each of whlCh recelve~ fractions pepared fro. 
separ.te passages over the columns. 

d C~ari$on of a h trypanosome count to 1 h trypanosome count. 

e to.oarison of ';~n of d 0 trvD4nOSOlM! count to lllean of d 1 trypanosa.e count. 

c 
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( of the different fractions as measured by the in vitro and 

in vivo assays. IP (positive control) causes parasite 

removal bothpin vitro and in vivo. IgG2a-depleted IP 

(G2a-FT) has no effect in either assay. system, whereas the 
o • ~. 

IgG2a-ehriched fraction (G2a-ELU) med1ates a h1ghly 

signif ican;t decreas'e in trypanosome number in both assays. 

IP depleted of IgG3 (G3-FT) is able to mediate parasite 

el imination , but the IgG3-enriched fraction (G3-ELU) h?s no 

effect. Thus,-only those fractions which contain IgG2a aré 

able to bring about,trypanosome elimination. 

3. HEAT LABILIJI'Y OF CURATIVE ANTIBODY 

'AS seen in row 6 'of Table 7.1, heat treatment of IP 

.' completely abrogates its effectiveness in both assays. 
, '" 

Similarly, heat treated IgG2a-enriched fraction (HT-G2a-ELU) 
, 

has no significant ëffect on try.panosorne l1urnber either in . , 

vitro or-i~ vivo (row 7). Aliquots of G2a-ELU were heated 

for différent p~riods of time and samples were run on a 6% 

nonreducing polyacrylamide gel, subsequently stained with 

.Coomassie Blue. The gel shown in Figure 7.3 demonstrates ., {} \ 

" , • 0 
that wi th increasing time of eXI80sure to 56 C, 

or' 

i~creasin<y amqunts of a high molecular -$&ight substarÎcé 
~ . 

âppea~ed. 
, 

\ 

, , . 

. . 
'( 
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FIGURE 7.3 

Kinetics of appearance of high molecular weight 

substance (arrow) in anti-IgG2a column eluate 

(G2a-ELU) heated for different periods of time. 

Aliquots of G2a-ELU were run on a nonreducing 6% 

polyacrylamide gel after no treatment (lane b) or 

heating at 560
C for 15 min (lane c), 30 min 

r 

(lane d) or 60 min (lane e). standards (lane a) 

consisted of phosphorylase B (94,000), albumin 

t67,OÙO) and ovalbumin (43,000). Gel was stained in 

Coomassie Blue. 
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4 •. APPEARANCE OF IgG2a OVER THE COURSE OF INFECTION 

~LISA titers of Figure 7.4 demonstrate the 

appearance and graduaI increase in concentration of 

trypanosome-specifie ant·ibody in C57BL/6 plasma over the 

course 0 f T. muscul i infection. It i s clea r tha t IgG2 a 

builds up gradually, as do antibodies of other subclasses. 

Of the subclasses measured, IgG2a and IgG2b decrease in 

concentration at the time of clearance of parasi taemia, only 

to rebound back shortly thereafter. In the exper iment shown, 
r 

trypanosomes were still present in the blood on d 20 but had 

cornpletely disappeared by. d 21 = 

5 • ANTI BODY TITERS IN CBA/N MI CE 

, CBA/N x DBA/2 (B-cell-defective) mice as weIl as normal 

(DBA/2 x CBA/N) niice were infected with T. musculi, and 

antibody levels were determined in plasma samples collected 

at different times during and .following infection. As may be 

seen in Figure 7.5, the peak IgG2a antibody response 

develops significantly later in the B-cell-defeetive mice; 

in these mice, clearance occurs approximately 10 days after 

that in normal mice. The peak levels of other IgG subclasses 

in plasma saroples of infected B-cell-defeetive mice are 

reached later th an the peak IgG2a level (data not shown) . 
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FIGURE 7.4 

ELISA titers of different subclasses of IgG in C57BL/6 

plasma over the course ef T. musculi infection. Wells 

of a 96-well assay plate were coated with T. rnusculi 

antigen, and 1/50 dilutions of plasma sarnples were 

incubated in coated, washed wells. Alkaline 

phosphatase-labelled anti-subclass reagents were added 

te wells befere development with p-nitrophenyl 

phosphate. Anti-IgG1 (6), anti-IgG2a (à), 

anti-IgG2b (a), an~ anti-IgG3 (e) were used. Each 

point represents the mean value of triplicate samples" 

and the data shawn are from a representative course of 

infection in which parasitaemia was cleared on d 21. 
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FIGURE 7.5 

EL~SA titers of IgG2a in plasma of CBA/N x DBA/2 (Xid 

defect) and DBA/2 x CBA/N (normal) mice over the 

course of T. musculi infection. Wells of a 96-we11 

assay plate were coated with T. musculi antigen, and • " . 
1/50 dilutions of plasma samples were incubated in 

~ coated, washed wells. Alkaline phosphatase-labelled 

rabbit 'anti-mouse IgG2a was added to wells prior ta 

development with p-nitrophenyl phosphate .. Each point 

represents the mean value of triplicate samples. In 

DBA/2 x CBA/N (normal,.) mice, parasitaemia was 

cleared aroun? ct 18 (open star), while in câA/N x 

DBA/2 mice (A), parasitaemia enqed at app:r:oximately d 

28 (closed star). 
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6. IMMUNOBLOTTING 

Wit~ the knowledge that an antibody fraction of IP is 

essential ta the process of trypanosome elimination from the 

blood, we set out to investigate its specificity. It is 

clear that the active fraction of IP contains molecules 

which bind to the crude T. musculi antigen used in the 

ELISA. We therefore took advantage of the technique of 

immunoblotting to speci'fically define those trypanosome 

antigens to which the putative active antibody binds. Figure 

7.6a shows the electrophoretic separation of a trypanosome 

antigen preparation on a 10% polyacrylamide gel under 

reducing conditions i there is clearly a large number of 

antigens in the preparation. Figure 7. 6b is a nitrocellulose 

strip incubated first in IP followed by labelled anti-mouse 

IgG, and i t demonstrates that IP contains antibodies 

directed against numerous trypanosome antigens. The 'last 

s,trip in the series (Figure 7. 6c) was first incubated in a 

prote in A-deri ved pH 4. 5 fraction of IP, and then in 

labelled anti-rnouse IgG2ai it clearly shows a limited number 

of bands as cornpared to IP, indicating that IgG2a present in 

a curative fraction of IP recognizes a limited number of T. 

musculi antigens. 

7.f MONOCLONAL ANTIBOOIES 

With the understanding that immunoglobulin is essential 

161 



FIGURE 7.6 

Polyacrylamide gel electrophoresis and irnmunoblotting 

with T. musculi antigen. (a) 0.01 ml of T. musculi, 

antigen was run on a reducing 10% polyacrylamide gel, 

a portion of which was stained with Coomassie Blue and 

i s shown, here. Standards incl uded phosphorylase b 

(94,000), albumin (67,000), ovalbumin (43,000), 

carbonic anhydrase (30,000), trypsin inhibitor 

(21,000) and lactalbumin (14,400), and their positions 

are indicated to the right of the gel. (b~ Strip of 

ni trocellulose paper containing transferred T. muscul i 

antigens. This strip was incubaté'd in IP prior to 

horseradish peroxidase (HRP) -labelled rabbit 

anti-mouse IgG 1 followed by developing reagent. (c) 

Strip of nitrocellulose paper containing transferred 

T. musculi antigens. This strip was incubated in a pH 

4 . 5 prote in A-deri ved fraction of IP prior to 

HRP-Iabelled rabbit anti-mouse IgG2a, followed by 

developing reagent. 

(Nitrocellulose strips provided by Paula Ryan) 

) 
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to T. musculi eliminatio~, we set out to generate monoclonal 
, 1 

antibodies with the characteristics of the-curative antibody 

(IgG2a isotype, thermolability, biological curative 

activity) in order to more easily deterrnine which 

trypanosome antigen(s) i~ (are) recognized by curative 

antibody ~n IP. Using st~ndard techniques of cell fusion, 
t 

\ 
numerous attempts were made to generate anti-trypanosome 

antibody-secreting hybridomas: mouse spleen cells were 

harvested from T. musculi~infected mice at different times 

prior to and following elimination of parasites, as weIl as 

after hyperimmunization with both trypanosomes and 

trypanosome antigen. Unfortunately, exceedingly low yields 

of antibody-secreting cells were obtained. On several 

occasions, T. musculi-specific (as determined by ELISA) 

antibodies were obtained: these, however, consistently' 

belonged to the IgG2b subclass, and had no anti-trypanosome 

effect in vivo or in vitro. Attempts to .generate specifie 

monoclonal antibodies are in progress in our laboratory. 

DISCUSSION 

We have previously demonstrated (Chapter VI) that a 

heat-Iabile, antibody-enriched fraction of IP is able to 

effectively clear trypanosomes from the blood of infected 

mice. In view of the findings that: a) certain humoral 

immune responses are restricted to particular immunoglobulin 

subclasses (Der-Ballan et al., 1980; Hammarstrom et al., 
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1984; Perlmutter et al., 1978) and b) different subclasses 

are associated with different effector functions (Fahey et 

al., 1,964; Grey et al., 1971; Potter, 1983), it was of 

interest to determine whether the curative activity of IP 

was restricted to a single immunoglobul in subclass. 

The resul ts of Figures 7.1 and 7.2 and Table 7.1 

indicate that heat-labile IgG2a antibodies seem to be 

responsible for effecting cure of Trypanosoma musculi 

infection in C57BL/6 mice. In vitro, IP, G2a-ELU 1 and 

G3-FT are equally effective in mediating reduction in 

parasite number; in contrast, G2a-FT and G3-ELU (neither of 

which contains a significant amount of IgG2a) are unable to 

effect any significant change. Furthermore, heat treatment 

of both IP and G2a-ELU aboI ishes their abili ty to effect an 

in vitro, cure. 

In vivo, although G2a-ELU is unable to effect 

complete elimination of trypanosomes from the blood, it 

brings about a highly significant reduction in parasite 

number. -Again, similar te the results of the in vitro" assay, 

heat treatment of G2a-ELU renders it unable to effect any 

reduction in trypanosome nurnber. The inability of G2a-ELU ta 

completely remove T. musculi in vivo, unlike IP, indicates 

that other addi tional factors present in IP may be necessary 

to effect cure. For example, it is possible that ether 

opsonizing subclasses of antibody act in synergy wi th the

curative IgG2a antibody and thereby render the elimination 

precess mor~ effective. This may be the reason for the 
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decrease in ti ter of oth~r subclasses around the time of 

clearance. Alternatively, the preparation of fractions may 

be associated with losses in activ,ity, sa that the amount of 

purified material necessary 

elimination would be larger 
, 

experiments. The relatively 

to bring about· complete parasite 
~ 

than tbqt used in the present 

'\ large amounts of plas~ required 

for the in vivo assay, together with the relatively srnall 

colurnn volumes and the limited usages thereof, make it 

difficult to obtain large arnounts of fraction for in vivo 

testing. However, the fa ct that removal of IgG2a from IP '--

(G2a-FT) cornpletely abolishes its ability to effect cure 

provides p~suasive evidence that IgG2a is the antibody 

subclass essential in mediating cure of T. rnusculi , ) 

infection. 

The restriction of curative activity to IgG2a is 

\nteresting in that the predominant immunoglobulin subelass 

in C57BLj6 serum is considered to be IgG2b (Natsuume-Sakai 

et al., 1977; Potter, 1983). Indeed, subclass-specific 

ELISAs' have shown increased titers of IgG2b c'ompaned 1:.0 . 

IgG2a in C57BLj6 plasma samples from T. rnusculi-infected 

- mice (Figure 7.4) 1 al though the use of sUbclass-specif ie 

reagents with possibly dif~erent affinities and 

sensitivities renders the dir~ct cornparison of subclass 

levels invalide In addition, we and otheri!! (Brooks et al., 

1982) have used:T. musculi antigen-specific ELISAs to .. 

demonstrate the presence Q_f anti-trypanoliome ~ctiv ity in a,l~ 

ïrnmunoglobulin subclasses. Despite this finding,' only IgG2a 

----- - -----... - - .,.*-
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fs able to effect cure of T. musculi infection. Taken 

together, these observations indicate that there is 

evidently something distinctive about IgG2a molecules in IP 

which enable· them to mediate parasite elimination. In this 

light, it is interesting that mi ce chron{cally infected with , 

T. cruzi show predominantly IgG2 (sic) antibodies in their 
/ 

sera (Scott & Goss-Sampson, 1984), and that protective 

antibodies against T. cruzi are found ta be associated wi th 

the IgG2 d (sic) isotype (Scott & Goss-Sampson, 1984 f. Stefani 

et.al., 1983). 

Antibody levels in CBA/N mi ce provide support ive , 

though not confirmatory evidence of the involvement of IgG2a 

in cure of T. musculi infection. CBA/N mice, because of , 

their B-cell defect, are inipaired in their antibody 

responses to type -2 thymus-independent antigens (TI-2), 

possibly as a result of an arrest in B-cell maturation (Mond , 

et al., 1982). Figure 7.5 shows that peak IgG2a levels are 

delayed in su ch mice in comparison to normal mice; 

elimination of parasi taemia in these mice is similarly 
t 

delayed. Vigeant et al. (1986) demonstrated that IgM, IgGl 
o 

and IgG2 (sic) antibodies appeared later in T. musculi

infected CBA/N mice than in normal mi ce . T1)us, the delay in 

IqG2a production in CBA/N mice is associated with delayed 

clearance - in .such mice. 

It is possible that a particular antigenic determinant 

of the trypanosome surface coat becomes exposed late in the 

inf-ection, and selectively induces the production of IgG2a 

\ 
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() ,molecules. Indeed, Perlmutter et al. (1970, 1978) have 

described the restriction of murine anti-bacterial 

0 __ _ 

carbohydrate antibodies to a particular subclass, and others 

have corroborated this finding (Der-Balian et al., 1980; 

Slaok et al., 1980; Basta & Briles, 1984; Maj arian et al. , 

1984). Hammarstrom et al. (1984) S'figqest that the repertoire 

of V genes may be different in each subclass. In order to 

evaluate this hypothesis, a d tailed categorization and .. 
characterization of the dif erent trypanosome surface 

antigens is necessary. 

Given the antigenic 

) 

trypanosome 

likely that the surface (viens, 1985), ho 

ability of IgG2a to Mediat parasite elimination is related 

in some way to its interacti n with effective effector 

mechanisms. Circumstantial evid ce from our laboratory (see 

Chapter IX) and elsewhere (Vincende , 1986) suggests that 

macrophages are intimately invol ved in 
II 

elimination process. Indeed, it ~as shown that 

macrophages are important in immuni ty many trypanosome 

species (Viens, 1985; Rappatoni et al 1984; Dempsey & 

Mansfield, 1983; Ferrante & ,. 1978, 1979; Liston & 

~aker, 1978; Nqaira et a~ , 1983; Thorne et al., 1979; 

Townsend & DUffus, 1985 VinCendjU et .al., 1981, 1986; 

Ferrante, 1986; Grossk nsky et al., 1983; .Greenb et al., 

1983). It has been demo strated that the Fc ortion of 

lDonomeric IgG2a is .uniquely 
'-

y trypsin-serÏsiti.ve 
.... ; 

receptors (FcRI) present on the surface of mouse macrophages 
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(Heusser et al., 1977; Ralph et al., 1980; Unkeless et al., 

1975; Unkeless, 1979; Walker, 1976; Vetvicka et al., 1986). 

Walker (1977) and others (Ralph et al., 1980) suggest that 

IgG2a selecti vely mediates phagocytosis by macrophages. 

Furthermore, IgG2a-~ediated, macrophage-dependent: cell 

damage or destruction hase been elegantly demonstrëfted in the 

control of murine adenocarcinoma (Haagensen et al., 1978; 

Matthews et al., 1981; Langlois, et al., 1981), and in the 

destruction of human tumors (Herlyn & Koprowski, 1982; 

steplewski et al. , 1983a, b; Herlyn et al. , 1985; Johnson et 

al. , 1985; ~986) . Ezekowi tz et al. (1983 ) have shown that 
1 

, 

activation of macrophages selectively enhances the 

expression of FcR for IgG2a, while depressing FcR for other 

subclasses. It is tempting to postulate that the activation 

of macrophages seen during T. musculi infection (Vincendeau 

et al., 198(}) occurs in order to more effectively eliminate 

trypanosomes in association wi th IgG2a. 
tt 

It must be pointed out that IgG2a may not be the 

subclass of antibody which Mediates T. musculi elimination 

in aIl strains of mice (see Chapter VIII). Moreno & Esdaile 

(1983) indicate that the isotype distribution of 

anti-polysaccharide antibodies (first 'described by 

Perlmutter et al. (1970; 197,8» is strain-depen9~nt~ In 

relation to macrophage function, Daeron et al (1982) and 
\ 

others (Ralph et al., 1980) suggest that there May nct be a 

strict association befween immunoglobulin isotype and 

effector function. 
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~ The heat--lability of the curative activity is an 
.. . 

interesting finding. To our knowledge, this is the first 

d9scription of a non-IgE, Heat-labile antibody. Earli~r work 

has mentioned the aqqregation of. i~unocjlob.ulins -on exP6sll:re 
~ .. o~~ 

to heat or alkali (Henney & stanworth, 1965; Soltis et ëÙ., . 

• • 1979), yet no loss of bioloqical activity was repQrted. (In ..... . 
this light, the resülts of Figure 7.3 may be interpreted as 

showinq the graduaI accumulation of hiqh molecular weight 

aqgregates of IgG2a). Indeed, serum. samples a're routinely 

heat inactivated to eliminate the effects of complement 

without subsequent losses of immunoglobulin aotivity. 
, 

Although heatinq at 63°C for 30 min ~ay cause 

aggregation of IgG1 and IgG2a (Daeron et al., 1982), heating 

at>56oC-is only considered ~o affect IgE molecùles. 
. . 

A clue to the under~ta~dinq of the mechanism of heat 

inactivation is provided oy the work of Rousseaux-Prevost et 
- . ---- --

al. (1983) on rat IgE inactivation." They showed that heating 

induces non-disulfi~e-linked polymerization of IgE molecules 

and proposed that steric hindrance does not a1low 
'~'. 

interaction between C-terminal domains of the H chain and 

the IgE_~eceptor" Henney & stanworth (1965) proposed a 
e, 

simi1ar aqgregation of IgG molecules via formation of -': 

intermoleeular disu1fide-bonds in the Fe region. Assuminq 

that an antitrypanosoma~ .antibody moleeule bound to a 

parasite via the antigen-binding site must then interact \ 
1 

with ~ cell via the Fc region to erfect clearance, it is 

J evident that bioc~incj thé t'e ragion will lead t~ a 10ss of 

\10 
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biological activity. It should be pointed out that the 108s 
-Qf biological activity will not necessarily be paral1eled by 

. . 
o 

a 10ss of immunoreactive activity (agglutination, 

e~zY,me-linked immunosorbent aS$~y (ELISA» if the 

antigen-combining region is left unaltered. Although the 
1\ 

heat lability presumab~y has-no biological significance, it 
-

is useful in that .it diseinguishes ~ anti-trypanosome 
II 

activity of curative IgG2a from o~hêr isotypes. 

The studies depicted in Figure 7.6 Constitute only the 

beginning of a detailed characterization of the trypanosome 
. -

antigens recogniz~d by the curative antibody. There is 

evidently an enormous number of trypanosome proteirls ,.- man y .. ", 
of which May be recognized by many different-antibodies in_ 

IP. The fact that the IgG2a fraction of IP appears to 
. 

recognize but a small portion of this" a~tigen° repertoire- is 
. . 
.significant, and it raises two important questions: why is 

• if '" 

\tt tnat IqG2a aione is.able to mediate cure, and why does it 

take thrée weeks befOre parasites are cleared from the . 

blood? This problem is discussed at length in Chapter X. The ,. 
apparent restriction of the curative activity to IgG2a 

raises the possibility of using the IgG2a-specific 

antigen{s) to vaccinate a naive host against development of , 

trYpanosomïasis. SeVèral groups have used different 

strategies. in attempts to vacciriate mi ce against various 
. \ -

. trypanosome' speci~S (E1-Ridi et a~., 1985,; Harrison et al. , 

1982). If the relevant ~ musculi antigen(s) could be 
1 

isolated.with monoclonal antibodies (as has been elegantly . . . 
• 

, . 

, 
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~erformed by Parish et al. (1985) for T. congoiense), ·a .. 
number-o~'studies Céu~d-be pertormed to elucidate the means r 

'- - - ' 

DY whfch infection miqht be c~ntrollèd. Unfortunately, 

however, we have not yet been suceessful in elicitinq 

hybridomas which produce appropriate antibody. 

In summary, we haveshown that IgG2a antibodies Mediate 

clearance of parasites from the blood of T. mùscu1i 
• 

Tiifected CS7BL/6 mice. These antibodies are distincjuished by 

their heat lability, and their graduaI increase in 

concentration-until a critical concentration is reached. 

This May occur sim~ltaneouslY,with activation of macrophaqes 

at the timt! of the sedond crisis, culminating in elitnination 

of parasitaemia. We have a1so bègun an initial 

characterization of the aritlqens recoqnized by the curative 

antibody. 

Befol!e examining the nature of the cel1 invo1ved .in T. 
.... - \ 

musculi elimination, we chose to investiqate the efficacy of 

IP-mediated c1ear~nce in different inbred strains of mice 

which yary in their abi~ity to qenerate immune responses. 

,( ! --
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CHAPTER VIII 

STRAIN DIFFERENCES IN' THE CURE OF 

T • - MUSCULI INFECTION , 
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CHAPTER VIII 
, 

~i 
STRAIN DIFFERENCES IN THE CURE OF 

T. MUSCULI INFECTIO~ 

Dtfferent inbred st~ains of mice vary i~ their 

lusceptibility to infection with T. musculi, and may be 

classitied as èither susceptible or resistant ~Magluilo $t 

- ~l., 1983 ~ Albright' Albright, 1981b: Kongshavn et al.,-

- 1985). Whereas the total duration of infection is similar in 

all mouse strains studied to date, genetically susceptible 
• 

strains (8.g A/J, C3H/HeN) .. develop 'l»lateau phase 

parasitaemias which are 1-2 10g10 hiqher than those 

in genetically resistant strains (e.g. C57BL/6, DBA/2, 

BALB/C). The _prese~t studies examine the efficacy of IP 
.,. 

obtained trom susceptible and resistant strains in effectil}g 

trypanosome elimination in different inbred s~rains of mice. -
.. 

~R!SULTS 

1. IP TREATMENT 01 RECIPIENT STRAINS DURING ·THE 

PLATEAU PHASE 

, 
IP tram donor strains (C57BL/6, e3H/He) was able to 

cure r •• iatant recipients (C57BL/6, DBA/2) usinq doses of 

0.8 ml or le •• (Figures 8.1 & 8.2). ~ Plateau parasitaemias 
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FIGURE ~8.1 

Effect of treating various recipient ~trains of!!. .......... 

musculi-infected mice with C57BL/6 IP. On d 12 p. L 

(arrows), T. muscul.i-infected mice were treated with 

0.4 ml (Âr~ --Q. 8 ml CO) or 1.. 2 ml (c) of IP obtained 

trom C57BL/6 donor strain mice, or 0.4 ml..,SS7BL/6 , 

NMP Ce). Each point represents the mean value Qf four 

mice +/- 1 standard error of the mean • 
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TREATMENT OF VARIOUS RECIPIENT STRAINS WITH iMMUNE PLASMÂ 
~ FROM C57BL/6 DONOR STRAIN MICE 
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FIGURE 8.2 

Effect of treating various recipient strains of T. 

musculi-infected mi ce with e3H/Ha IP~ On'd 12 p~ i. 

(arrow), T. m~sculi-infected mice were treate~ with 
r l . _ 

O.~ ml CÀ) or 0.8 ml (0) of IP obtained from C3H/He 

donor straifi mice, or 0.4 ml C3H/He'NMP Ce>. Each 

point represents the-Mean value of four mi ce +/- 1 

standard error of the mean. 

t 

-

-
o 

-

G -. . 



!~: i' 
:;.. 

;~ 

~, 

~< 

,;".: , 
;. 
i 

: ' 

1 

• 

~';~"'f~' 
)', : • 

", 

" 

ft --' \ 

\ , 
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• were les~ than 10
6 parasites/ml ~lood in thes. 

mice. BALB/c recipients, whose plateau trypanosome loads 

were sliqhtly eleyated (approx. 106 parasites/ml 

blood) relative to tho'se of C~6 and OBA/2, could not be 
, 

cured completely with C57BL/6 IP, and-required 0.8 ml of 

C3H/HeN IP for cle~~ance. Nei ther type of dO~1: was able to 
... 
effect clearance of parasitaemia in C3H/HeN recipients 

J 

(approx. 108 parasites/ml blood),' even when 1. 2 ml 
-

was administered. NMP from either donor strain had no 

demonstrable effect on the ~rse of infection in any of the 

"recipient mouse strains. 

2 • IP TREATMENT OF RECIPIENT STRAINS OURING EARLY

INFECTION 

In order to ascertain whether the inability of IP to 

.clear susceptible recipients was related to a defecti ve 

defense mechanism in such recipients or to their high levels 
, 

of parasitaemia, IP was administered to susceptible 

recipients .puring the exponential growth phase, when their 
\.. 

parasitaemias were comparable to the plateau levels of 

resistant strains .<Table 8.1). Resistant re:cipients were 

_ given IP at the same time as controls. In each of the 

strains tested , initial paras! taemias wertt < 106 
1 

parasites/ml blood, and administration of C57BL/6 IP was 

able te effect a temporary elim!natiOn or reduction-of 
'. 
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TABLE 8.1: Treatment of var10us recipient mouse strains with C57Bl/6 immune 
~ plasma (IP) or normal mouse plasma (NMP) at timE! when J' 

parasitaemia was l06/ml blood • 

T. HUSCULI/ml BLOOOa 

MOUSE . BEFORE TREATHENTb AFTER TREA n1ENT 
STRAIN TREAT'~ENT DAY 1 DAY 2 DAY 3 DAY 6 

A/J IP 5.7~ ± .06 0.00 0.00 5.03± .14 5.2 ±.10 , 
NMP 5.62 ± .04 6.32±.06 7.35±.06 7.67±.05 7.66±.02 

'-"" / 

\ , 
C3H/HeN IP 5.82 ± .01 4.02±.20 4.23±.22 5.44±.26 5.96±.O7 

\ 'N~tP 5.75 ± .03 6.43±.05 7.41~.O6 7.78±.05 7 .30±.11 

C57BL/6 IP 5.64 ± .,17 0 0 0 0 

NMP 5.59 ± .07 5.55±.07 5 .61± .07 5.72±.04 5.70±.13 
." 

~ 

a Mean ± SEM o! 4 mice/§roup. 

b Immune plasma given on day 4 post-infection to ~/J and C3H/HeN mice, and 

on day 6 post-infection to C57BL/6 mice. 
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circulating trypanosomes for at least two days following 

treatment in aIl cases (p < .05). Plateau parasitaemias were 

subsequently reduced. NMP had no signifieant effect on the 

course of infection. 

3. EFFICACY OF IP ADMINISTRATION IN'EFFEC~ING CURE IN 

DIFFERENT RECIPIENT STRAINS 

To examine the possible role of complement component C5 

in the process of I~-mediated trypanosome clearance, IP 

~~ obtained from C5-suffieient (C57BL/6, C3H/HeN) and' 

CS-deficient (DBA/2, A/J) mouse strains was tested for 

curative aetivity in diffe~ent reeipient strains (Table 

8.2). It is apparent that CS-defieient IP is as effective at 

curing mi ce of T. musculi infection as normocomplementemic 

IP. In addition, it is again noted that only those_strains 
," 
of mice with low plateau'parasitaemias can be cured by IP in 

• 

the amounts given, sinee A/J and C3H/HeN mice, whose plateau 

parasitaemias ar~ approx. loS/ml blood, were not 

cured of infection. 

4. T. MUSCULI-SPECIFIC ANTIBODY LEVELS IN DIFFERENT' 

STRAINS OF MICE 

• 
Table 8.3 shows the l'evels of anti-trypanosome antibody 

in IP obtained from different strains of mice. Although the 

total levels of anti~trypanosome antibody appear'to be 
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• TABLE 8.2: Ability of donor IP from dPfferent strains te effect clearance 
of parasitaemia in reci~ieht inbred strains 

a 
DONOR 

C3H/HeN C57BL/6 A/J/ DBA/2 

b 
C3H/HeN (C5+, high parasitaemia) ND ND 

..-\ C57BL/6 (C5+, low parasitaem1a) 
, 

+ + + * RECIPIENT 
A/J (C5-, high parasitaemia) 

DBA/2 (C5-, low parasitaemia) + + + + 

// ~ 

,0 

a -- -
A positive signqi~dicates that complete clearance of parasitaemia was 

observed with either 0.4 or 0.8 ml of IP within 24-48 h; a ne'gative sign 
1 

indicates that no clearance was'obtained with up to 1.2 ml of IP. 
-Each immune plasma transfer was performed in at least 4 recipients on at 1 

1. 

1east 2 separate occasions. 

b Not done. \-
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TABLE 8.3: T. musculi-specific antibody levels in IP from mice of different strains 

.. 
Strain Immunoglobulin levels a 

IgG IgGl IgG2a IgG2b IgG3 IgM 

A/J 0.12 0.47 0.74 0.36 0.22 0.15 

OBA/2 0.18 0.63 0.95 1.54 0.19 
1 

0.12 
. 

C3H/HeN 0.14 0.31 . 0:59 1.08 0.19 0.08 

C57BL/6 0.15 0.21 0.16 . 1.02 0.13 0.05 

a Levels were determJned \py ELISA. Wells of a 96-well assay plate were coated with 

!. musculi antigen, and 1/50 dilutions of IP were incubated in coated, washed 

wells. Alkaline phosphatase-labelled anti-subclass reagents wer'e added to wells . ' ~ 

before developmént with p-n~trophenyl phospQate. Each value in the e~ble 
J 

represents the mean absurbance (405 nm) from 2-3 samples of IP obtained from 

~ different strains of mice; each sample was assàyed i., triplicate • 
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similar in the strains testedt' marked differences are seen 

in the d~terent IqG subclasses. Specifically, the titer of 

T. musculi-specific IqG2a is higher in A/J, PBA/2 and 

C3H/HeN mica as compared to C57SL{6 mice. ,The levels of 

o IgG2b are higher in OBA/2, C3H/HeN and C57BLj6 miçe than in 
\, 

A/J mice. 

DISCUSSION 

We have previously demonstrated the phenomeno~ of 
,; 

clearance of trypanosomes in C?7BL/6 mice following passive-
tt 

transfer of plasma obtained from syn~eneic mice cured of T. 
, 

muséuli infection {Chapter III). Administration of as little 

,as '0.4 ml of IP4uring the plateau phase effects a complete 

and rapid elimination of parasites from the blood of 

-intected m~ce. Iribred ,strains of mice may be cl~ssified' as 

either susceptible or resistant to infection ~ith T. musculi 

(AlbrigQt & Albright, 1981b; Magluilo, Viens & Forget, 1983; , .-
Kongshavn "et al., 1985)., The present studies confirm this 

- -
tinding, demonstrating that A/J and C3H/HeN mice are 

~ 

susceptib~e to T. musculi, while C57BL/6, BALB/e and DBA/2 

mi ce a~e relatively resistant. In addition) these studies 

evalbate the abi~ity of ÏP obtained from various donor, . 
strains to effect trypanosome clearance in different . 
recipient strains. Figures 8.1 and 8.2 demons~rate that 

C~7BL/6 and DBA/2_strains of ~ice are easily cleared of 

-trypanosomes by IP, BALB/c mice require somewhat more IP to -
.. 
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be cured, an~ parasitaemias in e3H/HaN mica cannot ba 

aliminated by passive transfer of IP. Thus, it appears that 

resistant~trains of mice are more easily cleared of 

trypanosomes w~n compared to suscep~ible miCè. A likely 
• 

reason for this finding is related to the lower plateau 

parasitaemias in resistant st~ai~s_as compared to . 

susceptible mice. Thus, the number of trypanosomes in 

C57BL/6 and DBA/2 mice is suffic!ently low relative to the 

amount of anti-trypanosome antibody in IP for clearance ta 
. 

occùr. The ~inding that BALB/c,mice are more difficult to 

clear than C57~L/t or OBA/2 mice likely reflects the fact 

that BALB/c plateau parasitaemias are appr~ximabely 0.5 

10910 ~i9her than tbose of other genetically 

resistant mouse strains. The inability of C3H/~eN mice to 

eliminate the trypanosomes May reflect the increased , 
~ -

parasite lo~d supported bY the~e mice, i.e. the number of 

parasites is too high to Qe eliminated by a single dose of 

"IP. It should be pointed'out that the failure of other 

investigators to effect clearance of trypanosomes by passive 
~ . 

transfer of plasma May be due to their use of strains of 
. 

mice with elevated parasitaemias such as C3H/Anf (Albright & 

Albright, 1982) and CBA/cbi (Viens ~t al., 1974) as 

discussed in chapter III. 

, 1 Another possible explanation for the inability of 

susceptible strains to be cleared by IP administration is 

that these strains May have a def~ctive defense mechanism 

which renders them unable to effect elimination subsequent 
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-to IP administration. This seems rather-unlikely, qiven the 

tact that i~ susceptible strains the infection'is terminated 

at essentially the same time as in resistant strains, the 
.' , 

<>- ~ .~,. 

only difference in the bpattern'of infec~ion being in the 

'heiqht.of the plateau (Magluilo et al., 1983). To test this 

possibility, however, IF was administered to susceptible 

mice durinq the exponential growth phase of infection, at a 

time when parasitaemias were comparable in height to those 
-

of the plateau level in resistant mice. Table 8.1 shows that 

IP was able to effect a temporary elimination, or at least a 

.. significant reduction in parasitaemias, not only in 

resistant C57BL/6 mice, but also in susc~ptible A/J and 

C3H/HeN miee; the subsequent plateau levels ~~re al~o 

significantly lqwer than control, NMP-treated mice. ~s 

demonstrates that IP is able to effect trypanosome removal 
\ 

in geneticë:l,lly susceptible mouse strains, when ~ the level of 
'l 

parasitaemia is the same as that of resistant mice. The 

failure of IP t·o cure these mice is thus a'ttributed to the 

much h!gher (lOO-fold) number of parasites in their blood, 

as compared to that of the resistant strains. The subsequent 

reappearance of trypanosomes in the susceptible mice, but 

not in ~he resistant-Cs7BL/6 mice, 'may be due to an inherent 

ability of young and dividinq trypanosome -forms to qrow in 

the susceptible host, i.e. the conditions for trypanosome , 

growth and reproduction may be more favorable in susceptible 
. 

hasts than in resis~ant ones (Albright & Albright, 1981b), 

and elimination of most of the trypanosomes in susceptible 

\ 
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hosts may not be suffici~nt to prevent their reappearance. 
o 

Thus , it appears that resi.stance· or suscepti'bility to Ï.:. 

musculi infection per se does not directly determina whether 

or not IP administration will cure a given strain of mica. 

The primary factor s the magnitude of the parasitaemia, 

this in ~~rn being the relative susceptibility 

of the mouse strain estion. 

It should be pointed oùt that Ip'collected from C3H/HeN 

mice is more potent in effecting clearance than that 

obtained 'from C57BL/6 mice. For example, in BALB/c mice, 
-parasitaemia was completely eliminated by C3H/HeN IP but not 

C57BL/6 IP; similarly, less C3H/HeN IP was r~quired to cure 

DBA/2 mice. We have demonstrated similar findings in vitro 

in which 1/8 dilutions of A/J IP were still partially 

effective in reducing parasite number, whereas no 
-

trypanosome elimination was seen with dilutions of C57BL/6 

IR greater than 1/2 (data not shown). presumably, the 

increased number of parasites ·in C3H/HeN and A/J mice,would 

require more antibody to be produced in order for complete 
, 

elimination to occur at the second crisis: therefore, there 

may be ~ higher effective antibody concentration in C3H/HeN 

and A/J IP relative to C57BL16 IP, ac~nting for the 

differential potency. Indeed,~' as- Table 8.3 shows, the levels 

of trypanosome specifie IqG2a are higher in IP of A/J, DBA/2 

and C3H/HeN mice as compared to C57BL/6 mice. These data 

support the hypothesis that IgG2a is indeed the curative 

antibody in different strains of mice (but this remains te 
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be evaluated rigorously). 

In 1ight of the above, it is interesting that a number 

of investigators have noted "the superior humoral immune 
.' , 

re'ponse of C57BL/6 mice in overcoming infections with T. 

"congolense" (HacAskill et al., 1980, 1983; Whitelaw et 

al., 1983; Mitchell & Pèarson, 1983, 1986). Horrison & 

Murray (1985T demonstrated that there was no significant 
( . 

difference in the humoral immune response of C57BL/6 

(·resistant) and A/J (sensitive) mice to. doses of irradiated, 

non-infecti~e T. congolense, indicating that an inherent 

difference in immupe responsiveness to the trypanosomal 

antigens is not the major factor determining susceptibility. 
" 'Moreover, . they showed that A/J mice which rece~ved infect ive' 

and irradiated trypanosomes simultaneously showed àepressed 

antibody responses as co~pared to those receivinq only 

irradiated parasites, sugqestinq that active_infection of 

A~ mice with T. congolens~ impairs their ability to 

initia~ an appropriate immune response to the trypanosome. 

This finding was corroborated by Black et al. (1986) working 
~ 

with T. brucei brucei (sic). This group found that the 

inability of susceptible C3H/HeN mi ce to control 

par~sitaemia resulted from an impaired ability of 

~parasite-induced_antibody-containing cells to secrete 
, 

immunoglobuline This block in antibody secretton was 

reversible, beinq maintained by livinq parasites or . -
short-lived components of deqeneratinq parasites,. Selkirk & ., 

Sacks (~980) initially pointed out that C3H/HeN mice mount 

\ 
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Iess effic'ient parasite":'specific antibody responses than 

infected C57BL/6 mice, as-weil as beco~in9 more reaàily.' 
- , 

suppressed in their capacity to resp~nd to unrelated 

antigens. Albright & Albright (1980, 1981c) describe a T. 

musculi-induced immunodepression oorrelated with a , , 

decreased.responsiveness to unrel~ted antigens, ând Hirokawa 

let al. (1981) hypothesize that this is related to the 

t:emporary inhibition-pf the normal maturation of less mature . 
precu~or cells by trypanosome-derived substances (TDS); 

they ilso state that the polyclonal B cell-activation in 

trypanosome infected animaIs relates to a positive effect of 

TDS on the prolrferation and terminal maturation, of more 

mature lymphoid cells. 

Thus, the increased sensit~vity of susceptible mouse 

.189 
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strains to parasi te-deri ved inhibit.ory substances seems t'o .. 

be inyolved in the differential ability of mice to 

effectively combat trypanosome infection. Th~se 

immunodepressive phenomena May be responsible for tne 

prevention of clearance of T. mus~uli from the blood of 
- t 

infected-mice until 3 weeks post-inocu~a~ion; specifically, 

s~pprèssion of,T. -musculi-specific IgG2a prod~tion May be 

a reason for the duration of the infection. These issues 
.... . 

will be discussed at length in the remaining chapters. 

Final~y, an assumption F~ntral to the phenomenon of 

IP-induced clearance of parasitaemia is that it is 

representative of the immune process involved in parasite 

elimination at the second crisis. To demonstrate that this .. 
• 
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ia in tact the case, it is essential to show that clearance 

of. parasi'taémia following IP administration is in aIl ways 
ri • 

similar to the process of parasite elimination that normally 

l, occu~s at the end of infectio~ Jarvinen & Dalmasso (1977a) 

. , showeà ~that the course of T. musculi infection in irtbred, 

,0 

,.,1 

CS-defi.çient mi ce is not significantly different from that 

in normoco~plementemic mice, i.e. termination of infection 

in both types of mice occurs at the same time and rate. The; 

data in Table 8.2 demonstrate that trypanosomes ~n 

C5-deficient DBA/2 mi ce May b~eliminated by IP obtained 

from ~~h C5-sufficient and C5-deficient d,nors, indicating 

once.again_that IP-induced clearance of parasites can (and 

in fact, must) involve a trypanocidal mechanism other than 

the one mediated throùgh cs. ~h~, administration of IP to 

. an infectèd mouse during the p~eau phase appears to 

re~lect the same process which occurs at the second crisis 

i~ a normal infection . . 
~ 

with an appreciation-of the different humoral factors 
\ 

!nvol~ed in the immune response to T. mPs~uli, we ~ay , 

-

finally' progress to an evaluation of the cellular 

component(s) essential to the control of murine 

t):ypa~osomiasis. 

-

..... 
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CHAPTER IX 

CELLULAR INVOLVEMENT IN 'TRYPANOSOME ELIMINATION 

previous chapters have demonstrated the essential roles 

of a heat-labile antitrypanosomal IgG2a immunoglobuliri as 

weIl as early complement components in the elimination of T. 

musculi from the infected mouse. Experiments perfermed by 
" 

other investigators suggest that cellular mechanisms are 
...... 

also at play during the second crisi~: Rappatoni (1984) 

showed that lethal"~rradiation (9QO R) of mice just prier to 

- the second crisis results in an inability te clear 

parasitaemia (Figure 9.1), and concluded that a 
.1 

radiosensitive cell population was involved in the cle~rance 

of T. musculi from its hosto Further, she demonstrated' that 

administration of silica ~~n inhib~tor of macrophage , 
'function (Kes$el et al., 1963; Allison et al., 1966» to 

mice prior to inoculation led to a oslight (2 d) prolongation 

of"infection. Albright & Albright (1982) and Brooks & Reed 

(1979)qused trypan blue, another macrophage inhibitor, to 

show that clearancè of parasitaemia was slightly prolonged 

," 192 

in treated mice. Vincendeau et al. (1981) investigated the 

changes in macrophage functïon which occur during T. musculi 

infection and found that maérophages become activated during, }( . ~ 

the plateau phase of infectign. Chang & Dusanic (1976) 

demonstrated in vitro phagocytosis of T. -musculi by 
:sa 
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FIGURE 9.1 
ft 

\ 

Courae of parasitaemia in A/J mi de following 

irradiation on day 20 post-infection. This figure 

-

demonstrates the effect of radiation upon the course 

of infection in lethally irradiated (900 R), infected 

__ A/J and B10.A mice. Ionizing radiation was given on 
'1' 

day 20 post-infection (arrows). Th~ effect of" 

radiation upan the infected miceais shawn by the solid 

linès. The course of infection in contro~ mice is 

shown by the dotted lines. 

(From' Rappatoni, 1984, with,permission) 
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peri toneal macrophages. Sim!J.arly, using in vitro 

techniques, other investigators have shown that peritoneal 
\ 

macrophages as weIl as cul tured J7 7 4 mur in~aCrOPhageS are 

able to mediate T. musculi phagocytosis in tlie pre~ence of 

heat-Iabile factors in immune mouse serum (Ferrante, 1986) 

or trypanosome-specifie IgG1 and IgCS2a (.vincendeau et al., 
. 

1986). As described in Chapter VII, the invol vement of 

macrophages in immunity to a -number of different tiypanos~e' 

species has been shown: specifically, it i~»'elieved that 

liver macrophages (Kupffer cells) 'are important in 

trypanosome elimination (MacAskill et al., 1980, 1981). --
Thus, it seems possible that the macrophage participates' in 

~ ~ 

T. musculi elimination. Th'is does not, however, rule out the 

possibility that other cells ar,e also involved in 

elimination: a recent paper by Viens et al. (~984) showed 

that platelets may-be able ta mediate trypanosome killing in 

vitro. 

We· thus undertook to investigate the effeets of a 
JI' 

number of treatments on IP-inauced Clearing, to determine 

the nature of ceJ.lular involvement in trypanosome 

elimination. 
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o ,. RESULTS 

-1.· EFFECT OF IRRADIATION ON THE ABILITY -OF IP TO 

EFFECT PARASITE REMOVAL , -
T. musculi-infected C57BL/6 mice were subjected to 

900 R (lethal dose), of irradiation 10-12 d p. i. IP was 

aciministered to groups of irradiated mice at different ti.mes 

post irradiation. Figure 9. 2 demonstrat~s that IP was able 

to effect trypanosome elimination in mice up to 3 days 

following irradiation, but subsequently could not bring 

about clearance. The differential cell counts on 
'- " r 

corresponding days are shown in Table 9. 1. 

o 

196 

p ~-

~. EFFECT OF PLATELET DEPLETION ON IP-INDUCED PARASITE -
REMOVAL 

< \ 

In order ta assess the contribution of pl~elets ta the 

trypanocidal process, we prepared a rabbit anti-mou~e, 

platelet antiserum (APAS) and inj ected it into infected mice 

prior to IP administration. As Table 9. 2 shows, the 

antiserum was highly effective at reducing the number of . 
, 

cir.c.ulating platelets; the reduction in platelet number was 

achieved wi'thin 3 h "of ~S administration-, (data not shown). .. . , 
- These platelet-depleted animals, however; were still able ta 

~, . o effective1y---crear thelr parétSitaemias following IP 

administration. IP a1so functioned in the in vitro assay 
, i 

.; 
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FIGURE 9.2 

Effect of irradiation on the ability of IP to induce 
. 

clearance of parasitaemia 'in infected C57BL/6 mice. 

Mice were irradiated (900 R) on day 10-12 p. i. 

arrow). II> ( 0 .4 ml i. v.) was administered to 

irradiated, infected mice 1 _ (--), 2 ( .... ), 3 ~_.) and 4 
~ . 

(optm 

( ... ) days after irradiatioh (solid arrows). One group 

of irradiated mi ce received no plasma (IRR,Q), and a . ' 

group of mice received no treatment (NT , •• ~. AIl mice 

died within 8 days of ir~adiation. Each' point 

represents the mean value of 4 to 5' mice +/- 1 

~ndard error of the mean. 
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Table 9.1: Differential cell counts in blood of irradiated mice 

Daxs Eost-irradiationa 

0 L 2 3b 4 
~ 

-== 

WHITE BLOOD CELLS (x lOs/ml) 83.0 5.2 4.0 2.50 2.60 

GRANULOCYTES 12.5 0.5 NO C ,0.03 0 

L VriPHOCVTES' . 67.2 4.6 ND. 1.53 0.91 
0 

MONOCYTES/MACROPHAGES 3.3 0.1 ND 0.95 1.69 , 

PLATELETS (x lOB/ml) 1.2 1.0 1.4 1.65 1.54 

a T. musculi-infected C57aL/6 mice were irradiated (900 R) on d 10-12 p.i. 8100d 
/ 

samples were drawn. and cell counts perfôrmed. Each value represents the mean of 

• 

" 
4-5 ~ce. The values tabulated are compiled from 3 separate ex~eriments.-

b These values represent the means from 3 mice •. 

C Not done.< 
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Table, 9.2: Effect of anti -pl atel'et anti serum 

IP-induced trypanosome clearance in vivo 

APAS-treateda 

\ , 
\ 
\ 

NRS-treated 

.,:'-0 ' 

T. musculi (xlO~) platelets (x1Ob ) .T. musculi (xlO~) platelets (xlO&) 

day 0 

day 1 

day -2 

t 

., 

63 ± 4 

o 

o 

'Î 

f' 

68~ ± 3~ 

2.3 ± 0.3 

3_.0 ± 0.6 / 

58 ± 5 

o 

o 

Q 

1 

574 ± 45 

748 ~ 74 

637 ± 9 
~ 

a On ~ 12 p.i., trypanosome and platelet counts were performed ln lnfectedOC51Bl/6 mice. Four mice then received 
\ .) 

0.1 ml APAS l.V.j an addltional 4 mice ~ecelved 0.1 ml of normal rabbit serum l.v.. Three h later"after 

determining that platelet counts had indeed fallen in APAS-treated mice), all ~ice received 0.4 ml IP i.v. 

Trypanosome and platelet counts were determined on 2 successive days. Each value represents the mean valuè of 4 

mice ± 1 stand~rd error of the mean. 
\ 
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usinq blo~d obtained from p1.atelet-depleted C57BL/6 mica , 

(da ta nO:- shàwn). 

3. EFFECT OF SILICA ON IP-MEDIATED PARASITE 

ELIMINATION 

Il 

Infected C57BL/6 mice were treated with silica 

intravenously 1 d prior ta IP administration. In order to 
1 

assess the deqree of mononucl..ear phaqocytic ,system (MPS) 

imp~irment, silica-treated mi ce were given 10
9 

Slcr label1.ed sheep red bloodcells (SRBC) 

intravenously 24 h after si1.ica treatment; 1 h later, mice 

were sacrificed and radioactivity was measured in liver, 

spleen and blood samples. Table 9.3 shows that 

silica-treated mi ce had marxedly decreased (but not zero) , 

liver uptake, ·and markedly increased spleen and blood levels, 

of labelled SRBC, as compared to· untreated controls ~ Note 

that the t0t:al uptake in non-tre~ted mi ce appears to be 
1 • 

hiqher than ~hat in silica-treated mice (p < .05). 
, 

The effect of IP on infected, silica-treated mi ce is 

shown in Fiqure 9.3. It is evident that IP was still abltl ta 

effectively eliminate trypanosomes from ~he .b1.aodstream, 

despite the marked reduction in MPS function. The curative 

activity of IP in vitro was assessed using blood obtained 

'from infected mica which ware 1rradiated (900- R) and treated 

-with silica 1 d later. Table 9.4 shows that there is no 

differenca between blood obtainèd rrom silic~-treated and . 
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NONTREATED 

SILICA TREATÉob 

TABLE 9.3: . Effect of silicalon ~lCr-labelled sheep red blood 

cell (SRBC) uptake ~ various organs 
~ 

Radioactivity-counts per minute (% of total) 

" o 

Bloodd Li,ver Spleen Totar 

51,218 ± 8,486 521,340 ± 37,256 17 ,870 ± 3,406 590,429 ± 31,089 

(8.n.') 
c' 

(aa.3%) (3.0%) y (1001.) 

114,114 ± 14,487 . 103,991 ± 20,097 185,596 ± 20,756 400,702 ± 49,183 

(27.7%) (26.0%) (46.3%) (lOO%) 

a Counts were normalized to a blood volume of 1.5 ml/mouse. 

b Six C57BL/6 mice received 3 mg of silica i.v. one day ~rior to challenge with 10~ labelled and sensitized 
SRBC; 6 non-trea~ed mice served as controls. One h following i.v. administration of SRBC, mice were 
sacrificed~ lndividual livers, spleens and 0.15 ml blood sam~les were placed in scintillation vials and 
counted in a gamma counter. Values'shown are means for 6 mice ± 1 standard error of the mean • 
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FIGURE 9.3 
'\ 

Effect of silica administration on the ability of IP 

to induce clearance of parasitaemia in infected 

C57BL/6 mice. Infected mice received 5 mg of silica 

i.v. on day la p.i. (open arrow). Tlle following day, 

silica-treated mice received 0.4 c'ml IP Lv. (5i+IP); 

control mice received silica alone (Si), IP alone 

(IP), or no treatment (NT). Each point represents the 

mean of 4 mice +;- 1 startdard erroi:' of the mean. 
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TABLE 9.4: Effect of silica on IP-induced trypanosome clearance in vitro 

.. 
:; 

T. musc~li counts (xlO~) .. 
Si lica-treateda Non-1treated 

Oh 76.3 ± 5.2 88.0 ± 7.2 

lh 0.7 ± 0.7 0.3 ± 0.3 
\ 

2h 0.3 ± 0.3 0.3 ± 0.3 

/-

a C57BL/6 mice infected 1 d previously with T. musculi were irradiated 

(900 R). One d later, mice were treated with 2 x 3 mg doses of silica 

i.v. On the fol1owing day, blood was col1ected from these mice and 

used in the in vitro assay. The data are from a representative 

experiment. Each point represents t'he. mean valuè of a triplicate 

sample ± 1 standard error of the mean. 
1 
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non-treated mice. Figure 9.4 sho!s tl trypanosome attached te 

a maerophaqe l.aden with l.atex particles (used to demonstrate 
1 

the phageeytic capability of macrophages). Over a period of 

approximately l h, the trypanosome gradually moved less and

less, finally dying and becoming partially engulfed by the -

macrophage. 

4 • EFFECT OF TRYPAN BLUE ON IP-INDUCED TRYPANOSOME -

ELIMINATION 

Administration ef a course of trypan blue to infected 

mice was the only treatment shown to have a significant 

effect on para"site elimination: mice treated with 6 mg,-pf 

trypan blue were cleared of parasites by IP,- although it 

took somewhat longer 'as compared to control mice (Figure 

9.5). In vitro, trypan blue did not interfere with 

elimination; IP reduced the number of parasites from 47 x 

lo4/m1 to 0 within 1. h (data not shown). 

/ 
DISCUSSION 

~ 

Resul ta obtained from our laboratory have suggested the 

existence of a radiosensitive cell which mediates cure of 

parasitaemia at the time of the second crisis in T. musculi 

infection. Work- by other investigators with T. musculi and 

other trypanosome specie.$ has~ugg~sted that the macrophage 
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FIGURE 9.4 

Trypanosoma musculi attached ta a latex-laden cell in 

the in vitro assay (6~OX, Diffquik stain) . 
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FIGURE 9.5 
J 

Effect Of trypan blue administration on the ability of 

IP ta induce cleëirance of parasi ta,~mia in infected 

C57BL/6 mi ce . !,rltected C57BL/6 mice received trypan 
V 

blue tn saline starting on either day 7 (.) or day 9 

.' 

(Â) p.i. as indicated in the top panel of theoFigure. 

In each schedule, the first two injections were i.p., 

the last one being s. c. On day 12 p. i., mice f·rom bath. 

groups as weIl as control, non-treated mice received--
. 

0.4 ml lB i.v. Each point represents the mean of 3-4 

mice +/- 1 standard error of the mean. 
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is intimately involved in parasite elimination. Since ~e 

~lsO demonstrated phagocytos!s ot trypanosomes in vitro 

(Figure 5.2) by "macrophage-likè" cells" W$ undertook 
. , 

studies to examine the role of the macrophage in IP-induced 

clearance· of parasitaemia. 

The results of the irradiation studies (Figure ~.2) 

show that IP is able to mediate pa~asite elimination as long 
r 

as 4 days following a lethal dose of irradiation. Thi~'-"seems 

to be at variance with the data of Rappatoni (1984), in ~ 

which irradiation prevented mice from spontaneously clearing 

their parasitemias at the second crisis. The difference may 
~ 

be explained, however,· if it is considered that irradiation 

at the second cris~s affects primarily the 

antibody-producing cell; the trypanocidal effector.cell may 

only be affected secondarily. ~f this i~ the case, then the 

conclusion ·tÇJ be' derived from ~igure 9~. 2 is that. a 

relativelY'radioresistant'effector cell is involved in 

trypanoso~e elimibation. If it is assumed that the 

production of white blood cells (W~C) by the bone marrow 

completely éeases fOllowi~g irradiàti9n,. the radioresistant 

cell mQ~t be 9ne which has a lifespan of approximately 4 

days. Polymo+,phonuclear cells are considered to be 
. --" . particularly radiosens.itive; ,1n fact, theu:" numbers 

decreased'substantially just 1 d post-irradiation (Table 

9.1), ,and ~re therefore unlikely candidates for the 'effector 

celle A direct role for T lymphocy~es. as effec~or cells in 
1 

the control of T. musculi infection is unlikely, considering 

. 21 L 
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that removal of theta-positive T-cells from spleens of mice 

immune to T. musculi-did-not impair the ability to transfer , 
immunity te 'deprived animaIs (Pouliot et al., 1977). 

Albright et al. (~984) demonstrated conclusively that 

natural ki~l~r (NK) cells do notlplaY.a major role in cure 

of T. musculi infection. Thus, the~possible effector cell 

can~idates remaining include platelets and the cells of the 

re~iculoendothelial system. ~ 

A recent paper by viens et al. (1985) suggests tp~t 

platelets are involved in the killinq of T. musculi by a 
j 

mechanism termed "platelet activated trypanolysis" (PATL). 

To determine whether this phenoménon wa~ operative in vivo 1 

we treated mi ce with ~nti-mouse platelet antiserûm. After 

demonstratinq that the antiserum was effective in r,educing 

platelet number, we showed that IP was still able t~bring 

about parasite elimination both in vivo and in vitro (Table 

9.2), thereby indicatinq the unlikel!hood of platelet 

inv~vement in T. musculfremoval from'the blood. It must be 

.pointed out, however, that multiple effecter mechanisms May 

be operative in vivo, and the platelet may still be ope of 

sev~ral possible effector cells. 

We therefore next turned to the qells of the 

reticuloendothelial system (RES), attempting to demonstrate 

that they play a key role in tht elimination of T. musculi 
\ 

silica i5 a macrophage toxin, known·bo produce 

dysfunction of the RES by inducing morpholoqical and 

biochemiaal modificationS in macroph~ges (K~s~el et al., 
• 

. ./ 

212 



o 

/ 

/ 

1 

o 

i 

1963; Al~ison et al., 1966). These changes result( in 
1 

~nterference with the uptake and processing of antigens 
1 _ 

-(pearsall\ & Weiser, 1968) ~s weIl as a significant reduction 

of the phagocytic capacity of macrophages (O'Brien, 1979). 

Rappatoni, (1984) previous~y sho~ed that ~ilica 

administration caused a mild but significant prolongation of 
, 

infection. 'Albright & Albright (1981b) treated mice with a 

single intravenous injection of silica, and found an 

increase in parasitaemia only in su~ceptible strains of 

mice. The data o~ Figure 9.3 indicate that silica had no 
, 

significant effect on the ability of IP to effect complete 

parasite elimination in vivo. Again, the d~screpancy 

between these results and t~ose of Rappatoni may be 

explained by hypothesizing an incomplete blockade of the MPS 

by silica administration. Table 9.3 shows a marked reduction 

in macrophage function as measured by 51cr-labelled 

SRBC uptake. It mpst be noted that the liver (Kupffer cell) . -
uptake is not reduced to zero. A sizeable-number of labelled 

SRBC are still taken up by the liver macrophages, i.e. 

10-25% of Kupffer cell funct~on is still maintained. This 

May still be sufficient to elimin~te trypanosomes. -

Interestingly, tne t~tal uptake of SRBC in nontreated ~ige 

, appears to be ~ignificantlY higher than ~hat in 

sil~ca-treated mice. This is curious since the mice were 

, given identical doses ,Ôf SRBC. The discrepaney might be 

explained,~y postulating that SRBC are taken up in other 

sites (e.g. lungs) by macroppages whese funetien becomes 

213 
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apparent only when Kupffer cells are overwhelmed. Our , 
-

failure to measure radioactivity in these other sites could 

account for the differential total uptake. Thus, it is 

possible that we were unable to achieve a complete 
'" . 

macrophage'block using silica, and therefore tp was still 

able to effect a clearance of parasitaemia. 

Table 9.4 indicates that silica did not impair 

IP-induced trypanosome removal in vitro. Indeed, the 

ability of macrophages from such mice to phagocytose latex 
~ 

particles and trypanosomes (Figure 9.4) suggests that the 

dose of 9ilica administered did not affect blood 
1 

macrophages. Th~fact that trypanosomes were still 

eliminated in' such mice with ~pparently intact blood 

macrophage-function raises the possibility that the final 

effector process might take placè in the blood. 

.. 

The trypan blue studies were slightly more convincing, 
, l, 

in that a small, but :signi,ficant, imp~irment of IP-induced . 

trypanosome élearance'was seen. previous workers have ~sed 

, ~rypah blue to ablate macJ;'ophage function. Trypan blue is . 
-

actively taken up by macrophages but it is not ingested by 
.-) " . viable lymphocytes,_neutrophils, basop'hils or eos1noph1ls 

, 
(Beck'et al., 1967; Guckian et al.; 1978); the dye ~s· 

thought to act selectively on macrophages, although at high 

concentrations, it reduces lymphocyte blastogenesis (Kripke 

et al., 1977). Interestingly, trypan blue is reported to 

exh~bit trypanocidal activity, although it iSNnot used 

clinically (Williamson, 1962) '. Thus, Brooks & Reed (1979) 

'. 
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.showed that mice injected with trypan blue were less capable 

of controlling infection and the data of Figure 9.5 support 

these earlier studies, indicating that macrophage function 

is likely to be necessary for T. musculi ~limination. In 

studies investigating the different mechanisms used by 

macrophages to in~lict damage to target cells, Hall et\al. 

(1982) found that trypan blue depletes macrophages of~their . 
ability to kill by spontaneous macrophage-mediated 

, 

cytotoxicity, but not by antibody~dependent cytotoxicity. 

Thus, ,the data presented her~ support but do not confirm 'the 

importance of macrophages in the clearing of T. musculi from 

the-blood of infected mice. 

... It4bas been mentioned on several occasions that other 
. 

investigators have demonstrated the importance of 
,. 

macrophages in effécting trypanosome removal. Recent work by 
~ , 

vincendeau et al. (1986) has elegantly shown that 
J 

macrophages are effective in antibody-mediated phagocytosis 

of T. musculi both in vitro and ih vivo. These 

f investiga~rs infected mi ce .intraperitoneally with T. 

musculi and sh~ed that at the time of natural decline of 

trypanosomes, phagocytosis of pa~asites by peritoneal 

macrophages was obvious. They observed moving parasites, 

engulfed in ph~gocy~ic vacuoles, with flagella lashing uotil 

. completely.enveloped by the macrophages. Identical 

observations were made within 40 min of intraperitoneal 

administration of anti-T. musculi hyperimmune ~erum. 

Furthermore, using inhibition studies with mouse monoclonal 

\ . 
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antibodies and- anti-FcR antibodies, ~~is group showed that 

IgGl and IgG2a antibodies mediated macrophage cytoto~icity 

via distinct Fc receptors. It was concluded that 

antibody-mediated phagocytosis~ fo~lowed by killing by 

peritoneal macrophages i~ of prime importance in the in vivo 

elimination of parasites in infected mice. 

In summary"although additional data have been 

presented regarding cellular involvement in T. musculi 

elimination, it is far from clear as to which celles) is/are 

iuvolved in effectinq parasite removal from- the blood. 

Although peritoneal macrophages have been observed to bind 
" 

to and phagocytose trypanosomes both in vitro and in vivo, 

this dôes not expIa in how parasites are removed from the 

blood, the~ajor locus of infection followinq intravenous 

inoculation. Much work involvinq cell' depletion in vivo as 

weIl as in vitro remains to be performed before th& 

-macrophage (blood or tissue) can be unequivoc~lly identified 

as the fin~l effecto~\cell mediating trypanosome elimi~ation 

in vivo.-

" 
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CHAPTER X 

GENERAL DISCUSSION 

Infection of mice with Trypanosoma musculi is 

characterized by a well-defined and reproducible pattern of 

parasitaemia in which three phases are clearly 

distillguished: the initial growtli phase, the plateau phase, 

and the elimination phase. previous studies have 

demonstrated that control of parasitaemia is determined by 

the hosto rather than by the parasite. Although considerable

efforts have been devoted to elucidating the' mechanisms 

unde~lying this control, Many aspects of the host-parasite 

interaction remain unclear. The,major purpose of the.work 

embodied in this thesis was to investigate the immune 

mechanisms inv'olved in the elimination of T. musculi from 

the blood of-infected mice~ ( 

'Other investigators have demonstrated conc~usively the 
, 

thymus-dependency of trypanosome elimination (Viens, ' 

Targett, et. al., 1974: Broo~s & Reed,' 1977; Rank et al., 

1977). In addition, work in our own laboratory has pointed 

to the'the necessity of intact B-cell ~unction ~or 
trypanosome elimination to occur' (Vargas et al., 1984). The . 

'most obvious'deduction, therefore, is that ~rypanosome 

elimination is an immune proc,ess in which a T-cell dependent, 

anti-trYPanosomal antibody plays' a r~le. If sa, the passive 

1 
l,,", 
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~~ transfer of serum from an immune hast ta-an infected mouse 

should have the capacity to terminate an infection. Yet, the 

procedure has been ineffective ~n the hands of recent 

\. 

. 
investigators, and the role of antibody in T. musculi 

elimination has been seriously questioned: as recently as 

1982, it was affi~ed that antibody does not play a 

significant role in the elimination phase (Albright & 

Albright, 1982). We have clearly demonstrated (Chapter III) 

that it is, in fa ct , possible to cure-mice via passive 

transfer of immune plàsma, and that the agent mediating 

,clearance of parasitaemia is labile to heat-treatment~ The 

apparent heat 'lability of the active agent in immune plasma 

suggested a possible role for complement -- itself heat

labile -- in the mechanism of cure. The experiments 

presented in Chapter IV show that complement is necessary 

for clearance to take place, although it does not appear to 

be the only heat-sensitive plasma constituent involved. By. t 
deduction,- since mice genetically deficient in cs are still 

able to effect trypanoso~ clearance,' the complement 

component required for cure must be C3, rather than the , 

late-acting lytic sequence {CS-C9). 

In order ta better understand the mechanisms involved 

in parasite elimination, we undertook the development of an 
, 

in vitro assay (Chapter V) in which we could better control 

the different parameters involved. This assay ~ved to 

correlate exactly with all in vivo studiès, ,and had thè . -

advantages. of rapidity, economy and allowance for dissection 
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- . 
of the components involved. 

With these tools in hand, we embarked on an 

investigation-of the heat-labile plasma component involved 

in cure of infected mice. Initial purification suqgested, 

and protein A chromatography confirmed, the immunoglobulin 

nature of the activity (Chapter VI), and pointed to its 

apparent restriction to one or two subclasses of IgG. The 

-affinity chromatography studies described in Chapter VII 

demonstrate unequivocally that the curative activity lies 

~rincipally in the IgG2a fraction. The same Chapter begins a 

characterization of those antigens to which the curative 

antibody binds, using the technique of immunoblotting; wè 

have demonstrated that IgG2a antibodies present in an 

immunoglobulin fraction of immune plasma recognize a small 

number of proteins in a trypanosome-homogenate, suggesting 

tha~ the IqG2a response is selective. 

Finally, given the involvement of antibody and 

complement in elimination and the apparent lack of 

involvement of the complement lytic pathway, cellular 

involvement in the immune effector mechanism was considered. 

The studies of Chapter IX begin an evaluation of the 

cellular components involved in the elimination mechanism, 

and point to the likelihood of macrophage participation in 
• 

trypanosome removal • 

Thus, we have demonstrated that the effector mechanisms -
operative in T. mùsculi elimination involvé at l~ast 

;., 

/ 
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antibody (IgG2a), complement component C3, ~nd a cellular 

" element (macrophage).' Together, these findinqs suqqest the 
~ 

followinq sequence of events occurrinq at the time of 

trypanosome clearance: (1) Antibody binds to antiqen at the 

trypanosome surface. (2) The Fc moiety of bo~nd antibody 
- -

initiates the classical complement cascade, leadinq to 

deposition of component C3b _.on the trypjnosome surface. 

Alternately, the parasite itself initiates the alternative 

pathway of complement activation, with the same result. (3) 
1 

The trypanosome, opsonized by bath antibody ~na complement, 

binds to an effector cell via Fc and C3b receptors. (4) The 

parasite-cell interaction leads to activation of' cellular 

effector mechanisms which result in death of the 

trypal1osome. 

This postulated sequence df events raises a number of 
" 

questions': Why is it that the curat,ive activity resides 
r 

prtmarily in a single immunoglobulin subclass? What is the 

nature of the effector cell? H~W does it brinq about death 

of the trypanosome? Finally, why does parasite elimination 
--

consistently occur three weeks following inoculation? The ' __ 

work presenteQ in this thesis clarifies some of these 

Given the representation of 

'1 
1 l 

, 1 1 
_- 1 ~v 

anti-trypanoso~e' activity 

l' 

issues. 

ih' all classes and &Ubclasses examined, why should only 

IgG2a antibodies be able to effect cure? Evidence has 

already been presented for the~estriction of(certain 

22' 
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~ 
antibody responses to particular 'subclasses, so that this 

7' phe~menon la not 'a completely novel finding. It is, 

however, the first instance (to our knowledge) of a 

restriction of a functional activity to a subclass of IgG in 

a natural, in vivo, -host-parasite interaction. It is 
•• 1 ~ 

possible that IgG2a antl.bodl..es are the only ones ~o 

recognize a specifie antigen on~the surface of the parasite. 

This antigen may be a structural one, in whieh case the 

antibody simply serves as an- opsonin. If, however, the 

antiqen were a transport prote in or an enzyme, antibody 

bind,ing could interfere with the vi'ability of the ('parasite, 

rendering it more susceptible ta host effector meehanisms. , , 
, 

The nature of the antigen should be amenable to· 

clarification by a refinement of the blotting procedure . 

A more likely possibility is that IgG2a Molecules arei 
. 

. the only ones whose Fc portions are reeognized by 

appropriate effector cells. A number of studies have been 
, 

described (Chapter VII) in which only IgG2a antibodies 

",-affecti vely mediate cytotoxici ty direeted against tumor 

eells. This capacity is believed to be relatéd ~o the " 
c--'" 

. expres.sion of Fc receptors (FeRI) specifie for IgG2a on the' 
(l' 

surface of effector macrophages. It has been shawn, however, . 
that receptors for IgGl, IgG2b and IgG3 are also present on 

. ~ 

such cells. The faJ..lure of these other subclasses of IgG to 

meq.~'ate parasite el iminat ion' May r\!sult from: (a) low 

a~flni ty of binding to antigenic determinants of the 

trypanosome; (b) low affinity of binding to ef,ec~or eell Fe 

, 
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receptors; (!=) low receptor density on the affector cell 

surface; or (d) failure of. these receptors ~o trigger the 

appropriate effector mechanism(s). Alternati~el.y, the Fc 

portions. of IgG1, IgG'2b or IgG3 may he unavailable for 

binding to effector cell. Fc receptors (Vincendeau et al., 

1-986): they might be degraded by parasite-derived proteases 

(shown to be pl;'oduced by T. cruzi -- Krettli et al., 

1980), or they might bind to parasite FcR (found on 

Schistosoma mansoni -- Torpier et al., 1979). It is likely, 

'however, that'antibodies of other subclasses do participate, 

in in vivo trypanosome clearance by providing additional 
.J 

sites of contact betwe"en the cell and the parasite. 

The nature of the cell involved in effect,inq 

trypanosome elimination :LS still uncertai,n, al though much 

evidence points to th~ màcrophage. Chang & Dusan'ic (1976), 

Vincendeau et al. (1986 >. and Ferrante (1986 ) have" 

demonstrated that peritoneal l1\acrophages are able -to mediate 

phaqocytosis of T. musculi in the presence of immune serum 
- > 

and complement. Our own in, vitro observati,ons of 
. . 

trypanosomes attached to macrophaqe~ make this cel], a li~ely 

.candidate. Given the mob~lity of trypanosomes and the 

inherenf difficul.'ty in forming a dohesivè bond bet:ween two 
. ~ . 

~ mohiI.e components', it would seem reasonabl.è that the ',J; 

macroph~gê involved is a resident, non-circulatinq ceil. 

A1:though, resident macrophages are present i'n al.l. tis~ues, i t 

is in thè liver. (as 

) 
/ 

Kupf"fer cells) that macrophages are 
,; 

f 

1 
I~ 

r 
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present in l'1igh numbers. Indeed, Kupffer ceLls have been 

demonstrated to be responsible for removal of circulating 

foreiqn cells, includinq trypanosomes of different' species: 
, 

Scott & Moyes (1982) showed that antibody facilitates liver 

uptake of infective T. cruzi trypomastigotes; Holmes et al. 
1 ~ ., --. '" 

(1979), MacAskil1 et al. (1980, 1981) and Anderson & Banks' 

(1982) aemonstrat~d that radioactively labelled T. brucei - \ 

are removed principally by the liver. It was puzzlinq to 

find, therefore, that blockade 2,f tîe reticuloéndothelial " 
- . t 

systeXJl (RES) by doses of silica whi h markedly reduced i ts 
4-

efficacy in removing sensitized cir ulatinq SRBC, did'lnot 

appear to ,affect the elimination of trypanosomes. It is 
-

possible, as discussed, t,hat the results May reflect à 

quantitative phenomenon. In C57BL/6 mic_e, a max~mum of 

10' trypanosomes mu~t be cleared, and although SRBC 

uptake was significantly reduced in silica-treatd mice:, the 

'live~'was stil~ able to remove 20% of the \0
9 

SRBC 

(i.e.\ it. was still. capable of remaving 10x more cells than 
\ 

requ'ired). Such an hypothesis is easily testable. The 

alternative is that the Kupffer cells of the liver are, in . .:. 

fact, not primarily involved in the elimination phase. For 

instance, it is possible that endothelial cells might 

function in the ,effector mechanism. Morrisôll et al. (1978) 

report that a s~gnificant number of T. congo1ense remain 

bound to vascular endothelium. MacAskill et al. (1980) and 

Anderson & Banks (1982) found trapping of .T. brucei in 

capillary beds of the lungs'- Endothelia'l cells have Fc 
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rec(ptors and C3 recptors which are normally masked in Q 

ç' ' 
tissue culture, but which may be exposed in.re~ponse to 

certain stimuli e.g: immune complex deposition (Rya.n et al., 
, 

1981). Such cells have aIse been\ shown' to possess 

microbicidal function: Rya'n (1986) describes endothelial 

cells of the lung that are able to participate in "vigorous 

'" phagocytosts". The hypothesis of endothelial cell 

involvement could be tested in vivo by the histological 

demonstratioh of parasites bound to endothelial cells, and 

by using them in the in vitro assay following isolation of 

such cells. 

. , 
The means by which trypanosomes are killed a1so remains 

·unclear. 'Effector cell-parasi~e contact presumably leads to 

activation of trypanocida.:t. mechanisms in the effector celle 

This might simply be phagocytosis, with death of the 

parasite intracellularly up~n ,exposure to lysosomal cont.ent-s .

{superoxide or HOCI (Vincendeau, 1986), or ~polyamine _----- ci 
oxidase-stimulated hydrogen perqxide' or aldehydes (Ferrante 

" ( 

et al., 1984». Alternatively, an antibody-dependent 

cellular cytotoxic (ADCC) 'mechanism could be involvéd, in' 

which the parasite is killed extracellularly by released 

product's ';'and subdequently phagocytosed. It is conceivable 

that more than one type of effeçtor cell is involved in 
~ 

mediating parasite death. The opsonized trypanosomè might be 
, _./"" 

bound to one type of cell (endothelial cell, platelet) while 

another cell (macrophage) effects its demise via release of' 
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toxie metabolites. Clearly,~a qreat dea1 of wotk remains to 

be (ione in order to e1ucidate the actua1 mechanism of _ 

parasi.te' disposaI. 

, It is generally accepted that the IgG response reaches 

a peak '10-1.4 days ·followinq initia1 exposure to an ,antigen. 

It is, therefore, curious that plasma collected 14 days 
, 

following inoculation with parasites has no effect on the 
. 

course of infection. If IgG2a is intimately iQvolved in 

trypanosome elimination, it, is interestinq to speculate on 
\ ; 

the reasons for the three week duration of parasitaemia. One 

possibility is that a population of trypanosomes (adult 

forms?) bearing a distinct antigènic determinant appears 

7-10 days following infection; IqG2a (and other) antibodies 
\ 

are then produced in response to th'is "new" determinant, 

reachinq ap'prapriate conoe~trations just prior ta clearance 

of parasi taemia. .Verif ication of this hypothesis requires a 

comparison of trypanosome antigen preparations made fram 

different populations, as weIl as a clear understandinq o~ 
1 -

the relationships among the different morphological forms of 
, 

T., musculi in the bloodstream of the mouse. 
'\. ' 

It ia equally likely that the IgG2a response, and in 

fact, the entire normal sequence of avents in thE:: m,urine .. -
humoral ïmmune reponse is depressed during the early stages 

\ 

-
of infection. The phenomenori df immunodepression has been 

C). extensively described in all species of trypanosomes, 

includinq T. musculi.. Pattison et al. (1983) have 
l , 

, 

. 
" 
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suggested that trypanosome-derived substances ,affect the 

ability of the mouse-to produce high affinity antibody. This 

might occur via an interference with antiqen present~tion 

and macrophage processing, or by generation of T-suppressor 

cells which lead to preferential tolerization directed 

against certa~n antigens. T. musculi infection has been 

shown to delay the no~al p~ocess of ant~body affinity, 

"maturation (Pattison & ste~~rd, ~985). Only after the ho st 
. 

escapes the immunodepression is it able to generate an 

adequ~te anti-trypanosome immune response, consistihg of 

high affinity IgG2a at an appropriately elevated 

concentration. If it is primarily young and dividing forms 

which mediate this'immunodépression, it 'is conceivable that 

a normal immune response may again be generated following 

disappearance,of these forms 7-10 days after inoculation. 

It is also possible that 'the involved effector cells 

require a significant amount of time to become sufficently 
- < • 

activated to mediate trypanosome elimination. Vincendeau et 

al. (1981) showed that macrophages attain maximal changes in 

metabolic and phagocytic activity 14 days post inoculation. 

Ezekowitz et al. (1983a,b) have found that macrophage 

activation is associated with an increased capacity to bind 

7IgG2a becausè of increased receptor number and affinity for 

IgG2a. It is conceivable that the delay in effector cell 

activation is also a result of parasite-der!ved 
. 

immunodepressive Molecules. Escape from the effect of such 

1 Molecules might be coincident with a decline in the 

.. 
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percentaqe of young and- dividing forms. Thus, a nulnber of . ' 

factofs might contribute to the three weEtk duration of T . 

• musculi infection. ~ 

.L-

Nùmerou~ questions remain unanswered. It is evident 
c • 

that.the mur~ne model of trypanosomiasis, though.relati~ely 

simple in comparison with human 0+ cattle disease, is, far 
. , 

from èompletely understood. There:are probably several 

immune mechanisms which oper~te in concert to con~r~l the 

course of infection; more work is required to clarify these 

interactions. Despite this, if it could be shown- that 

curative activity in humans or cattle is prim~riIy 

~ restricted to C?ne immunoglobulin subclass, this particular 

subclass could be selectively administered, or its 

production selèctively stimulated, to effect parasite 

elimination earlier on in the course of'infection. 

" 
Trypanosomiasis is a major health probl~m. Tc reduce 

the maqni tude of the deleterious effects of this disease, a 
/' - . , 

better comprehension of trypanosome bioloqy, supported by 
'\ ' 

studies of experimental ipfection, might Iead to the 
1 -. 

discovery of factors critical to, improvement of the efficacy 

of host defense against the parasite. The immune mechanism~ 

of cure in Trypanosoma musculi infection are more ' 
" 

./""-~ 

complièated than was previously thauqht. We have clearly. 
~ , r 

shown that ànt,ibody' of the IgG2 a subclass is invol ved, as i5 , 

complement and an as Y'et undetermin4j!d (though likely 

t-

.~. 
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macrophaqe) effector celle The prese~t studies point the way , 

to a more complete ùnderstandinq of the manner in which an 

orqanism defends itself aqainst invasion by a parasite. lot 
~ , 

is hoped that this understandinq will contribute to a, 

reduction in the morbidity and mortality of trypanosomiasis. 

, 
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SUMMARY , 

(Notè: Summary poirits marked wi th a ,*. indicate -
oriqinal work presented in this thesis) , 

'. 1. Passive transfer of plasma from 'a mouse cured of 

TrypanC?s'oma musculi infection (iJllI!:lune plasma -- IP) 

.. to an infected host rapidly eliminates parasitaemia 
.J 

* 2. 

* 3. 

(curative activity) . 
! 

The curative ~ctivity is sensitive to heat 

treatment (56°C, 30 min) • 

The curative .llctivity developS' qradually over the 

course of infectiorr. 

4. Pretreatment with IP prevents the development-of a 

patent parasitaem~a in a naive host (protective 

• 5. 

* 6. 

• 7 .. 

* 8. 

* 9. 

* 10. 

ac~ivity) . 

The protective activity is heat-stable. 
t

-The protective activity develops gradually over the 

course of infection. 
, 

The protecti ve acti vi ty is diminished when the 

infecti ve dose of trypanosomes is increased. 

Treatment of recipient mice wi th cobra venom factor 

(CVF) prè'Vents occurrence of IP-induced' trypanosome 

clearance. 

The in vitro assay- i~ rapid, econom!cal, and 
. 

correlates weIl with in vivo studies. 
, , 

The curative activity is immunoglobulin 'in nature, 
-

and is associated with a heat-labile protein A-
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* '11. 

* 12. 

* 13. 

* 14. , 

* 15. 

• 

1 <.. ' .. . , 

deri ved fraction of IP eluted at pH 4.5 that 

_ contains IgG2a and IgG3. 

IqG2a-enriched fractions of IP mediate complete 

parasite removal in 'vitro ; they effect a highly 

siqnific~nt reduction in trypanosome number in vivo. 

IP deplet$d of IqG2a is devoid of curative 

activity .. 

The curative activity of IgG2a is heat-labile. 

T~anosome-specific IgG2a appears qradually over 

the course of infection, reaching a peak 

immediately prior to clearance of parasitaemia. 

Infected CBA/N mice (B-cell defective) clear their 

parasitaemias approximately_10 days later'than 

those in 'normal mice; IgG2a levels in CBA/N mice 

reach their peak 10 days after those in .normal 

mice. 

'IqG2a antibodies in a protein A-derived pH 4.5 
1 

fraction of IP recognize a limited number of 

antigens compared with those recognized by IgG 

antibodies in IP. 

16; Mouse strains vary in susceptibility to T. musculi 

infection. 
/ 

* ~/7; 

* 18. 

, 

The ability of IP to mediate cure in different 

strains of mice appears to be related to the level 

of parasite burden-rather than ta a defective 

defense mechanism in susceptible recipients. 

The absence of cs -.in both donoIT and re~ipie.nt 
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atrains of mica does not impair the ability of IP 

to affect trypanosome removal, 'reinforéinq the idea 

that comp!ement-d~pendent trypanolysis i~ not 

essential for clearance. 

19. A relatively radioresistant cell is involved in T. 

musculi elimination. 

* 20. 

* 21. 

* 22. 

" 

Platelets do not app~ar to be essential for 

trypanosome elimination in vivo or in vitro. 

Silica does not significantly affect IP-induced 

trypanosome removal in vivo or in vitro. 

Trypan blue has only a-minimal effect on IP-induced 

clearance. 

( 
1.--< -
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