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ABSTRACT

In this study. we determined the immunogenicity ofCWP2 and its potential as a vaccine candidate

against giardiasis. CWP2 was expressed as a recombinant protein with an hexa-histidine affinity tag

and was isolated frOID inclusion bodies. When BALBle miee were inununized with CWP2. a

specific 19A was deteeted in the feces. When miee were immunized with CWP2 + cholera toxÎn.

as an adjuvant.. 19A in the tèees. and IgA. IgG1. and IgG2a in the serum.. all specific to CWP2.. were

detected. Also. CO-I miee were infected with G. muris and presence ofspecific 19A antibodies to

C~VP2 were detected in the feces. This result indicated that CWP2 was recognized by the immune

system in a natura! infection. IL-4 and IL-S were released from Peyer~ s patches (PP) and mesenteric

lymph nodes (~[LN) cells when stimulated with concanavalin A. ln spleen cells.lFN-y.. IL-4.. and

IL..5 were released when stimulated \\'ith concanavalin A. However.. in PP. MLN and spleen cells.

the levels ofcytokines were barely detectable when stimuIated with C~"'P2. The presence ofIgG2a

(Thl). 19A and IgG1 (Thl) as the production ofIFN-y (Th1). IL-4 and [L..S (Th2) confirmed that

CWP2. when presented orallyto mice. stimulates bothaThi and Th2 type immWle resPQnse.locally

and systemically.
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Dans cette étude" 1"immunogénicité de CWP2 et son potentiel en tant que protéine candidate pour

le développement d" un vaccin contre la giardiose ont été évalués. La protéine CWP2a été exprimée

sous forme de protéine recombinante avec un signal hexa-histine et a été isolée des corps

dïnclusions. Quand des souris BALB/c ont été immunisées avec CWP2" des IgA spécifiques ont

été détectés dans les tèces. Cependant lorsque les souris ontété immunisées avec CWP2+ -cholera

taxin··. on a détecté des IgA dans les tèces et des 19A. IgG1et IgG2a dans le sérum. tous spécifiques

à CfVP2. Des souris CD-l ont été infectées avec G. muris et la présence d·anticorps 19A spécifique

à CWP2 a été détectée dans les tèces. Ce résultat indique que CWP2 est reconnu par le système

immunitaire lors d·une intèction naturelle. Lorsque les cellules des plaques de Peyer (PP) et des

• ganglions lymphatiques mésentériques (GLNn ont été stimulées par la concanavaline A.. des IL-4

et IL-S ont été relâchés tandis que lorsque les cellules de la rate ont été stimulées par la

concanavaline A" IfN-y.. IL-4 and IL-S ont été relâchés. CependanLlorsque les cellules des PP. des

GLM et de la rate ont été stimulées par CWP2.1es niveallx de cytokines étaient àpeine détectables.

La présence de 19A et IgGI (Th2) et de IgG2a (Thl) ainsi que de IFN-y (Th1).. IL-4 et rL-S (Th2)

confirme que lorsque ["antigène CWP2 est présenté oralement aux souris. il stimule une réponse

immunitaire locale et systémique de type Th1et Th2.

•
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INTRODUCTION

Giardiasis is the most frequently reported human parasitic infection in Canada.

Manifestation of the disease varies from asymptomatic carriage ta severe diarrhea and

malabsorption. The disease is caused by a protozoan parasite called Giardia lamblia. The parasite

exists in two tbrms: cyst and trophozoite.. but it is transmitted by cyst. Transmission can occur by

personal contact with intècted people or drinking contaminated water. There is evidence that

giardiasis is azoonosis (Moorehead et al... 1990: Buret et al... 1990). Farm animais play a major role

in the contamination 0 f surtàce waler (LeChevaiier et al... 1991; Buret et al... 1990: Ruest et al...

1998). The passage of Giardia from one host to a new host requires encystation of trophozoites.

Therefore.. encystation becomes an interesting target for controlling the spreading ofthe infection.

Campbell and Faubert (1994a) developed a monoclonal antibody (mAb) SeS.CI L which

when added to encystingculture ofGiardia. reduced the formation ofcysts in vitro by 60%. Similar

reduction percentages were aIso observed in vivo when a crude extract ofencysting cells was used

ta actively immunize mice. When the immunized mice were challenged with live cysts. they

released fe~·er cysts in their feees when compared to non-immunized mice (unpublished data).

These results ShO\li that the anligen binding ta the mAb developed by Campbell and Faubert (1994a)

is a possible candidate for the development ofa vaccine directed against the infective stage ofthe

parasite. One of those antigens was found ta he cyst wall protein 2 (CWP2) which was shown ta

react with mAb SCS (unpublished data). CWP2 is a 39 KD cysteine...rich protein required for the

formation of the cyst wall. The gene coding for CWP2 was cloned using a mAb to cyst wall

anùgen (Lujan et al.. 1995).

Because the immunogenicityof CWP2 isunkno~ studied the immuneresponse to this cyst

antigen in mice. For this purpose.. BALB/c mice were immunized orally with CWP2 using cholera.

toxin as an adjuvant.
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OBJECTIVES

The objectives of this Masters research projett were to:

1) Express C~VP2 as a recombinant His-tag protein in an E. coli bacterial over-expression

• system.

2) Determine the solubility ofCWP2 with a solubility assay.

3) Isolate C~JlP2 from inclusion bodies.

~) Study the immune response to CWP2 in immunized BALBle miee.

S) Determine the presence ofCWP2 antibodies in the feces ofCO-l mice infected with G. muris.

•



• 3

REVIEW OF LlTERATURE

I.Classification

Trophozoites of the protozoan G. lamblia were first described in 1681 when Antony van

Leeuwenhoek developed bis microscopes (Meyer. 1990). He observed the protozoan from his own

diarrhetic stool. However. the credit of the discovery of the flagellate Giardia was given to the

Czech physician. Vilem Lambl in [859. Twenty years later. the cyst form of the organism was

described by Grassi (1879). Early workers believed that the protozoaclassified in the genus Giardia

were host specific (Hegner. 1926). Therefore. species were initially assigned by the host from

wrnch they were isolated. which gave rise to more than 40 Giardia species. However.. Filice (1952)

considered the concept ofstrict specificity for Giardia unreliable and proposed a new classification.

• Filice used the morphology of the trophozoite

median body to classify the Giardia species

into three different groups. The trophozoites

which infects tadpoles and frogs have a long

tear-drop shape median body and were given

the name G. agi/is (Fig. la). The trophozoites

found in rodents and birds have 2 small round

median bodies and were given the name G.

muris (Fig. 1b). The classification of G. Figure 1. The three morphological types ofGiardia.
View oftrophozoites ofG. agi/is from amphibians (A).. G.

lamblia is presented in table 1. The muris &om mice (8)" and G. duodena/is trom man (C).
(From KuIda and Nohynkova. 1978)

trophozoites fOWld in humans and other

mammals have a claw hammer shaped median body and were given the name G. duodenalis (Fig.

• le).
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Inaddition to the three aforementioned morphological groups. two otherspecies ofGiardia

isolated from birds have been described recently. G. psittaci was isolated from budgeriran

(Erlandsen and Bemrick. 1987) and G. ardea from the great blue hernn (Erlandsen et al.. 1990).

Even if bath species share many of the characteristics of G. duodenalis.. they were found ta he

different from the trophozoites of the duodenalis group when examined by electron micrnscopy.

ft is likely that new Giardia species will he described in the future. In this thesis.. G. lamblia will

be used to describe the human type ofGiardia.

Table 1. Classification ofG. lamblia

Phylum Protozoa (Honingber~ 1964)

Subphylum Sarcomastigophora (Honingberg and Balamuth. 1963)

Superclass .\lastigophora (Diesing.. 1866)

• Class Zoomasigophora (Calkins. 1909)

Order Diplomonadida (Wenyon. 1926)

Family Hexamitidae (Kenl 1980)

Subfamily Octomitinae (Von Prowazek.. 1904)

(Reviewed in Meyer. 1990~ Raberts and Janovy.. 1996)

2. Biology of Giardia lamblia

a) Morphology

i) Trophozoite

G. lamblia exists in two forros: the trophozoite wmch is the vegetative stage and the cyst

which represents the infective stage.

The trophozoite (Fig. la) measures approximately 12 to 15IJ.m in length and 5 to 9 ~m in

• width. It is a bilaterally symmetrical structure resembling a teardrop. It is characterized by a
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convex dorsal surface and a concave ventral surface. The ventral surface of the trophozoite is

mostly occupied by the ventral dise which is an anachment organelle that enables it ta adhere to the

host ceIL It is a rÏJrid structure reinforced bv microtubules and fibrous ribbons.. surrounded bv a
~ . '~

tlexible and contractile striated rim ofcytaplasm. The adhesive dise ofGiardia easily distinguishes

this organism from other tlagellates. The trophozoite has two nuclei which are found in the anterior

half of the organism. A pair of flagella are located at each of the following positions: posterior..

anterior.. ventral and caudal. A pairafclaw hammershaped median bodies are faund in the posterior

ponian ofthe organism. The median bodies. which are unique ta the genus Giardia.. are camposed

of microtubules \\Iith unkno\\ln function. The trophozoite cannot survive autside af its hast.

ii) Cyst

The cyst (Fig. 2) is ovoid in shape. measures approximately 7 ta 10

IJ.m and is surrounded by a cyst wall of 0.3 IJ.m (Sheffield and Bjorvam..

(977). The outer ponion of the wall consists ofa filamentous layer of 7

ta 10 filaments ( Erlandsen et al... L989).. whereas.. the inner membranous

ponion eansists oftwo membranes separated by a thin layerofcytaplasm

(Erlandsen et al. .. 1990). Jarrol el al. (1989) believe that galactosamine is Figure. 2. The cyst
sttucture (From Robens

the major sugar of the outer cyst wall. On the other hancl it bas been and Ianovy.. (996)

reported that the cyst wall is made of chitin (Ward el al.. 1985). Most cysts cantain two live

trophozoites. The cyst is water resistant and can survive in the environment for more than 20 days

(Faubert et al.. 1986). The resistance ofthe cyst to harsh environmentai conditions is due ta its rigid

filamentaus structure which also ensures the viability ofthe tropbozoites located inside.

b) Life cycle

The life cycle ofG. lamblia is simple and direct. Infection is initiated by ingestion ofcysts.

Exposure of cysts to gastric acid during their passage through the stomach triggers excystation.
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After emerging from the cysts. the trophazoites colonize the duodenum and the jejunum. They

rapidly multiply by binary fission and attach ta the gut epithelium with their adhesive dise. As

trophozoites mave along the small intestine and enter the colon. encystation may occur, but not all

trophozoites are induced ta encyst (Campbell and FaubeI4 1994). During the encystation process,

trophozoites lose their flagella while the cytoplasm condenses and secretes a hyaline cyst wall.

Cysts are then passed in tèces and represent the infective stage for the next hosto

3. Epidemiology of Giardia lamblia

G. lamblia is the most cornmonly isolated intestinal parasite in Canadaand the United States

and is especially prevalent in children in developing countries. [t has a worldwide distribution with

a prevalence of about 7.2% in humans (Belding. 1965). When using microscopy. the rates of

detection for the parasite after examination of one specimen vary between 2 and 5 % in

industrialized countries and between 20 and 30°!'o in developing countries (Marshall et al.• 1997).

The cysts are highly infectious for humans: ingestion of only 10 viable cysts can result in an

infection (Rendtorf[ 1954). The cyst can aIso survive inclean water for more than 20 days (Faubert

et al.• 1986). Because orthe ability ofGiardia cysts to survive in freshwater. G. lamblia is kno\\ln

to be the most common cause ofepidemic waterbome diarrheal disease (Adam. 1991). Epidemies

have usuaIly been associated with inadequate treatment ofcontaminated water supplies. WaIlis et

al. (1996) have recently studied the prevaIence ofGiardia cysts isolated in running surface water

in Canada. Cysts were round in 73°!'o ofraw sewage samples.. in 21% ofsurface water samples and

in 18.2% ofchlorinated filtered water samples. There is compelling evidence that many wild and

domestic animais carry Giardia species and thus could he impottant reservoÏIS. Beavers were

implicated as the source ofa giardiasis outbreak in British Colombia in 1986 (Moorehead et al.•

1990). and it was assumed that muskrats. which were found to he Giardia-positive in Germany,
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could contaminate water bodies (Karanis et aL .. 1996). Domestic cats and dogs have also been

shown to carry Giardia (Leib et al... 1999) and could he a potential source of infection for their

o\vners. Evidence suggested that giardiasis is a zoonosis indamestic ruminants.. especially in sheep

and carne (Buret et al.. 1990). [t has been reponed that woridwide.. infection rates of Giardia in

canle.. range from 1% ta 51.60/0 (Xiao. 1994). A Canadian study that looked at 6 different farms in

southern Alberta.. found that the overall infection rate for Giardia was 10.4% (Bmet et al.. 1990).

In a more recent study.. Ruest et al. (1998) looked at the prevalence of Giardia on dairy farms in

Quebec. They found that 45.7% of the cattle farm samples were found to he positive for Giardia.

Asurvey of66 surtàce waler treattnent plants in 14 states and in one Canadian province showed that

surface water receiving agricultural effluent had a higher density of Giardia cysts than protected

waler sheds (LeChevalier et al. .. 1991). This suggests that canle may play a major role as a reservoir

of the infection and thus. play a role in the contamination ofsurface water that is used for drinking

and recreational purposes. Direct person to persancontact isanothermajormechanisms by which

the disease is transmined. This occurs especially in clay care centers where the crowding, the sharing

oftoys and food contribute to a high (35%) prevalence ofgiardiasis in children (Woo and Panerson~

1986). An increased prevalence of giardiasis in homosexuai men has a1so been observed and is

probably the result of tècal-oral transmission (Schmerin el al.. 1978). It has been suggested that

sorne cysts are able to survive in food and contribute 10 foodhome transmission of giardiasis~

however. this mode oftransmission is a less common source ofgiardiasis (Petersen et af. .. 1988).

4. ln vitro CultivatioD

Culture media capable ofsupponing the non-axenic growth ofmost parasite flagellates of

the alimentary canal for up to five weeks.. including G. lamblia~ were available as early as

• 1921(Meyer. 1990). However.. it was not until1960. that Karapetyan reported that G.lamblia had
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been cultured svmbioticallv with cnick fibroblasts and Candida guilliermondii.. for seven months... ..

He was subsequently able to sustain G. lamblia. isolated from a rabbit tor up to five months in a

medium where Saccharomyces yeast replaced Candida (1962). However.. Karapetyan (1962)

reported numerous unsuccessful attempts to axenize the culture ofG.lamblia.

Meyer (1970) reported the first axenic cultivation of Giardia trophozoites isolated from

rabbits. chinchillas and cats. The Giardia cultures were axenized by separating them from yeast (S.

cerevisiae) in a U-shaped culture tube. ln 1976.. Meyer described axenic cultivation oftrophozoites

from humans. Visvesvara (1980). axenically cultivated trophozoites by adapting the Diamond"sTP-

S-I media.. which was originally fonnulated for the cultivation of Enramoeba histolytica. TP-S-I

medium contains trypticase.. panmede and bovine serum. Due to difficulties in obtaining panmede.

Diamond el al. ( (978) developed a new medium for the a.xenic cultivation ofE. histolytica: TYI-S-

33 (trypticase. yeast extract.. iron.. serum). Subsequenùy. Gillin and Diamond (1981) succeeded in

growingGiardiattophozoites in fiiter-sterilized TYI-S-33 medium. Thereducingagent L-cysteine.

appears to be an essential reagent for a successfuI growth oftrophozoites in vitro. The low tension

of oxygen created by L-eysteine mimics the small intestine habitat.. implying that Giardia

trophozoites grow under anaerobic conditions in vivo. lt is worthwhile to mention that only the

trophozoites ofG.lamblia SPeCies have been successfully cultured in vitro. and even sorne isolates

ofG. lamblia cannot he gro"n in TYI-S-33 (Meloni and Thompson.. 1987: Thompson et al. .. 1990).

5. ln Vitro Eneystation ofGiardia

a) Stimulus for eD~statioD

ln vitro encystation ofG. lamblia trophozoites was reported for the tirst time by Gillin et

al.(1987). They attempted to mimic the intestinal conditions in vitro that allow for the encystment

• ofthe trophozoites in ~Tvo. In mice.. Giardia trophozoite encystation occurred in the mid to Iower
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jejunum. In their natura! niche.. trophozoites live in the upper small intestine attaehed to the

epitheLial cells ofthe gut underneath a mucus layer which sequesters them from the intestinal fluid.

However. when the U'ophozoites are swept to the Iower duodenum and jejunum by the peristaItic

movement of the intestine. they are exposed to high concentrations of bile salts and produets of

lypolysis. These conditions were mimicked in vitro. Therefore't Gillin et al. (1987) added bile salts

glycodeoxycholate and oleic acid to the TYI-S-33 growth medium. After six days ofincubation at

3'fC. they found that 9.1% oftrophozoites had encysted. Ina subsequent study. GHlin et al. (1988)

sho\ved that optimal encystation was observed when primary bile salts.. glycocholate with myristic

acid were added to the medium. Moreover. the pH ofthe medium had to he adjusted ta 7.8 to mimic

the pH ofthe jejunum. ln other studies. it was reported that laerie acid.. a major product ofbacterial

metabolism in the lower small intestine ofhumans.. and porcine bile funher stimulated encystation

at pH 7.8 (Gillin et al.. 1989).

However, in a recent study. Lujan et al. (1996) demonstrated that cyst formation is induced

in vitro by gro\\iing trophozoites in a lipoprotein-deficient medium. The authors believe that

trophozoites have an affinity for the jejunum. suggesting that they require a high concentration of

nutrients.. including those that Giardia cannot synthesize such as exogenous lipid. Trophozoites..

as they travel dO\\in the intestine. reach a lipid..poor environment.. which could trigger their

differentiation into cysts (Lujan et al... 1996). However. Lujan et al. (1996) have shown a

secondary role tor bile salts and alkaline pH in Giardia encystation. They demonstrated that high

concentrations ofbile saIts prevented the uptake ofcholesterol and thus't favored encystation.

From these observations.. two schools of thoughts have emerged. Gillin et al. (1989)

proposed that the stimulus for encystation in vitro was the sIightly aIkaIine.. bile rich milieu ofthe

intestinal lumen while.. Lujan et al. (1996) argued that the stimulus ,,-as a starvation ofcholesteroL

b) Formation of the Giardia cyst wall
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Reiner et aL (1989) were the frrst authors ta report the appearance ofnovellarge secretory

vesicles.. which are called encystation specifie vesicles (ESV).. in trophozoites undergoing

encystation. Using polyclonal antibodies (Ab), it was demonstrated that cyst antigens (Ag) were

transported to the nascent cyst wall by these vesicles (Reiner et al. .. 1989). Soon after.. it was shown

that early in encystation.. cyst Ag are localized in simple Golgi membrane stacks and coneentrated

within enlarged Golgi cistemae which appear to he precursors of ESV (Reiner el al. .. 1990). The

ESV would transport the cyst Ag to the plasma membrane and release them ta the cyst wall by

exocytosis. Reiner et al. (1990) have aIso shown that upon completion of the cyst structure.. the

number of ESVs decreases on the surtàce of trophozoite to become absent after completion of the

cyst wall. Faubert el al. (1991) reponed that ESV.. which appear on the surface membrane orthe

trophozoite as ear1y as 6 hours in the encystation medium.. are the eacHest morphologie change

observed in encystation. [t was also round that trophozoites lose their ability to attach to the culture

vessel wall once ESV appear (Faubert el al... (991). Using immunostaining methods and antibodies

specifie to cyS! wall Ag. Erlandsen et a/.( 1990) demonstrated the existence ofcyst wail filaments

on the surface ofencysting trophozoites. By using the monoclonal antibody (mAb) 8C5.C 11 .. which

recognizes cyst Ag.. severa! researchers demonstrated that cyst wail antigens were located in the

membrane-hound ESVs (Campbell and Fauben 1994a; McCafferey et al., 1994).

Using immunogold labelingand high resolution field emission scanningelectron microscopy

(sem)_ Erlandsen et al. (1996) studied the proeess ofencystment by localizing cyst wall specific Ag.

They constructed a temporal sequence ofthe life cycle ofGiardia trophozoites in vitro which has

aIlowed them to identify an intracellularand extracelluIarphase in thecyst wall fonnation, a process

which requiresa total of14-16h. In vitro, the intraeellularformation ofcyst wall precursors requires

10h while the extracellular phase requires 4-6h. The intraeellular formation ofthe cyst wall wouid

include the synthesis and intracellular transport ofcyst wall components whereas the extracellular
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phase would include the assembly and completion of the filamentous cyst wall. The studies of

Erlandsenetal. (1996) also demonstrated thataftersevera! hours ofstimulation. ··caplike'" structures

appear on the trophozoites. These structures. are involved with filament growth. and eventually

cover the entire surface ofthe cell body., including the flagella and ventral dise. During encystation.

trophozoites changed in shape from the teardrop shape to a more spherical shape.

6. Animal Model

The ultimate objective ofanimal modelling in experimental Medicine is to understand the

disease in humans. Theretore. the animal chosen to study a particularparasitic disease should reflect

sensitivity ta the infection as it occurs in nature.. including the pathology that will develop later

without any priorexperimentaI manipulation. In the past decade researchers have sought to develop

• an experimentallab model to study human giardiasis. Faubert and Belosovic ((990) reported that

the ideal model to study giardiasis should he based on the following considerations: (1) sensitivity

ofthe animal ta the G. lamblia-type organism: (2) successfuI infection including colonization and

multiplication oftrophozoites in the small intestine: (3) tonnation and release ofcysts in the feces:

(4) infection must he transferable from humans orother hasts byoral inoculation: (5) pattern ofthe

infection and associated pathology in the animal hast should mimic the changes observed in human

giardiasis: (6) animal shauid he inexpensive. breed under laboratory conditions and easily

maintained in the laboratory. Due to the limited space. only the mouse and gerbil animal models

ofgiardiasis will he described.

a) Gerbils

Belasevic et al. (1983) were the first authors to propose the Mongolian gerbil UJeriones

unguÎculatus) as an animal model for the study ofhuman giardiasis. They showed that gerbils were

• highly susceptible to infection with both cysts and trophozoites ofG. lamblia isolated from human
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patients. A reproducible pattern ofinfection was observed. and like the infection in the hll1'WllL the

cyst release was intennittent throughout the infection. The gerbils were eliminating the parasites

from the intestine within between six to seven weeks. During the infectio~ sunHar patterns of

trophozoite distribution in the small intestine were seen in gerbils inoculated with either cysts or

cultured trophozoites. Gerbils were sho\W to he highly susceptible to G. lamblia type organisms

from beavers and cats and to G. muris organisms as weil (Faubert et al.. 1983). Gerbils have been

useful in studying the immune response and pathology to G. lamblia infections. For example.. to

study acquired immunity (Belosevic et al... 1983; Lewis el al. .. [981); the antigenicity ofdifferent G.

lamblia human isolates (Nash.. 1989).. the disaccharidase activity (Mohammed and Faubert.. 1995:

Belosevic et al.. 1989): the pathophysiology of small intestinal maIabsorption (Buret et al...

1991.1992) and the pathological effect of infections induced by cysts collected from human

giardiasis patients (Wang et al.. 1986). ~toreover .. gerbils inoculated with G. lamblia isolated from

an infected person. developed an intèction sunilar to the human giardiasis (Belosevic et al... 1983:

Wang et Cll. .. 1986). Since the the infection found in Mongolian gerbils closely mimics the infection

observed in humans.. it is a useful model tor studying human giardiasis in the laboratory.

b) Mice

Rohens-Thompson et al. (1976) reponed tor the frrst time the successful infection ofmice

in the laboratory V4ith G. muris. a natura! parasite ofmice. This model has provided a powerful tool

to study the immune effectormechanisms that occurduring Giardia infections. The mouse has been

chosen over other animal models for a variety of reasons: first adult mice are infected with their

natura! parasite; second. many reagents and assays to study the immune response in mice are

available: and thircL the existence ofimmunologica1Iy weIl defined inbred strains ofmice are very

usefuI (Faubert.. 2000). Forexample.. Band T-cell deficient and mast-cell deficient mice have been

useful to understand the mechanisms ofthe immune response to the infection (Sniderel aL<t 1988;
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Robert-Thomson and Mitchell.. 1978: Edich et al... 1983). Among the severa! different strains of

mice mat exist sorne appear to be susceptible to Giardia infection while others have shown

resistance (Belosevic et al. .. 1984). For instance~ in susceptible AlJ and C3H1HeJ mice the pattern

of the infection is characterized by a short latent perio~ a high cyst output during the acute phase

and a relatively long period ofelimination. Incontrasl resistant BIOA and DBA/2 had aprolonged

latent phase. a lower cyst output during the acute phase and a rapid resolution ofthe infection. On

the other hand. the giardiacidal activity of spleen~ mesenteric lymph nodes (MLN) and peritoneal

lymphoid cells from susceptible or resistant mice showed no difference (Belosevic and Faubert

(986). AIso.. no apparent relationships were found between the capacity ofsusceptible and resistant

mice to mount cell mediated effector responses and their ability ta control the infection with G.

muris (Belosevic and Faubert.. 1986). Untàrtunately.. the mouse model is not useful to study G.

lamblia since this parasite completes its life cycle in immunologically immature mice only.

7. Antigens of G. lamblia

Knowledge ofthe antigenic composition ofthe parasite and the role that these antigens play

in the immune response during infection is important for the understanding ofimmunity. However.

elucidation of the Giardia antigens involved in the immune response has been difficult for the

following reasons. First. protective immunity is ooly partial; second.. sorne infections are

asymptomatic: third.. antigenic variation occurs within and among isolates; and lasl different

techniques have been used to characterize antigens which makes comparison of results from

different laboratories difficult.. One should be careful in assuming that similar molecular weight

antigens reported by different laboratories are the same antigen. An extensive characterization of

the epitopes must he done.

• a) Trophozoites
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Severa! trophozoite antigens ofmolecular mass varying between 24 and 225 KD have been

detected by immunoprecipitation and immunobloting techniques using polyclonal or MAb. Many

of these antigens are shared by different isolates. An 82 KD surface giycoprotein antigen common

ta tour different isolates was identified by Einfield and Stibbs (1984). This 82 KD bas been detected

in the sera of29 infected patients (Ortega-Pierres el al.• 1988). In a different study, Kumkum et al.

(1988a) reveaJed that an 82 K.D surface antigen is present in three human isolates. Human patients

with non persistent giardiasis developed lmmunogIobulin (Ig) M antibodies to the 82 KD antigen

which coincided with the resolution ofthe infection(Kumkum et al. .. 1988b). Aband corresponding

to a 57 K.D antigen was recognized by [gG antibodies in the sera ofail Giardia patients but not in

the sera ofcontrol patients. Upcroft el al. (1988) identified a 32 KD antigen which was comman

to 13 isolates ofG. lamblia. [t was also found that human anti-G. lamblia sera recognize an 88 K.D

protein present on the surtàce of élxenicaIly cultured trophozoites (Edson et al. .. 1896). Other

antigens of G. lamblia have been identified but their imponanee in the immune response is not

defined. These include a 49 KD surface glycoprotein (Meng el al.. (990) and 55 and 53 KD tubulin

molecules (Torian et al.. 1984). Recentiy, antigens of 170.. 105.92.66.32,29 and 14 KD in saliva

samples from Giardia infected patients showed a response against the trophozoite membrane

fraction ( Rosales-Borjas et al.• 1998). These antigens could he important in protection ordiagnosis

ofG. lamblia infections. Studies have been done to clone the genes encoding those antigens. GHlin

et al. (1990) have cloned a gene that encodes a 72.5 KD protein. Sequence analysis of this gene

reveaied a single open reading frame specifying a hydrophilic, cysteine-rich (11.8%) protein with

an amino-terminaI signal peptide and a postulated hydrophobie membrane spanning anchor region

near the carboxyl terminus. Adam et al. (1992) have cloned a gene which expresses a cysteine-rich

170 KD surface protein (CRP170) that undergoes antigenic variation. Mowatt et al. (1991) have

aIso cloned a gene which encodes a variant surface prote~ VSP1267.
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h) Cysts

Reineret al. (1989) were the first to characterizecyst-specific antigens ofG. lamblia. Using

a rabbit polyclonal anti-cyst serum.. they have identified a heterodisperse group of low-molecular

mass antigens (-21 to 39 KD) appearing early during in vitro encystation. These authors have aIso

identifiedantigensof-66.. 78.. 92 and 103 KDwhiehappearlaterineneystation(-24h}. Usingcyst

specifie serum and a mAb.. Erlandsen and colleagues (1990) identified cyst wall antigens of29. 75..

88 and 102 KD. Ward et ai. (1990).. recognized four antigens of29.. 36.39 and 45 KD using a mAb

raised against Giardia cysts. In 1992. Reinerand Gillin have demonstrated that secretory and serum

•

IgA.. IgM and IgO antibodies from giardiasis patients recognize cyst antigens of66. 78.. 94.. 103 and

120 KD. Using (Wo mAb.. which recognize protein cyst antigens.. Cambell and Faubert (1994a)

revealed that mAb 8C5.Cll recognized cyst antigens of26.. 28. 42 and 46 KD while mAb 5A4.G6

reacted with a 38 KD protein. Using Western blot the t'NO mAb were shawn ta be specifie ta the

cyst structure. ~[owan et al. (1995) were the tirst ta clone a gene which encodes a protein

component ofthe cyst wall and ESV. The sequence ofthe cloned gene identifies the expression of

an acidic. leucine-rich cyst wall protein (CWP) 1of26 KD. Lujan et al. (1995) cloned the second

gene which encodes a 39 KD cyst wall protein. CWPl by using a mAb against cyst wall antigens.

8. CWPl and CWP2

CWPI andCWP2are
CWP1 ..

acidic and leucine rich
» • sa • 1'1 • Q

CWP2 ..
proteins with molecular

weight of 26 and 39 KD
Figure 3. Schematic depiction ofCWP1and CWP2 based on their deduced

respectively (Mowatt et aL.. amino sequences. The two closely related secretory proteins contain leucine­
rich repeats (hatched boxes) but are distinguished by a strongly basic carboxyl-

• 1995; Lujan el a/•• 1995). terminal lail (in black). (moditied) (From lujan el aL. 1995)
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They are the only defined protein constituents of the Giardia cyst wall and are closely related in

primary structure.. The two CWPs possess a hydrophobie amino terminal signal peptide which

precedes a five tandemly arrayed 24-residue leucine rich repeats (LRR) followed in turn by a

cysteine-rich region (Fig. 3) (Lujan et al.. 1995). However. unlike CWP / "CWP2 bas a 121-residue

carboxyl-terminal extension of 13KD that is rich in basic amino acids (Fig. 3). lnterestingly. bath

proteins show positional amino acid sequence identity of61% in the 241-residue overlap ofthe two

proteins (Fig. 3). This largely takes place in the LRR region and the domain immediately before.

The expression ofboth CWP / and CWP2 is upregulated during encystation in vitro (Mowan et a/.•

1995 ~ Lujan et al.. 1995). The levels of the transcripts from the two CWPs genes increased to a

maximum of 140 times that observed in non-encysting trophozoites. [n addition. both CWPs are

found \\ithin the ESV ofencysting trophozoites and in the cyst wall ofmature cysts (Lujan et al..

1997). [t was aIso found that both proteins are expressed coordinate(y. fonning a stable complex

through disultide bonds within live minutes of their synthesis.

It seems evident thatC~VP / and CWP2aredeeply involved in the phenomenonofencystation

of Giardia but many questions remain unanswered.. For example. how does the integration of

proteins occur in a solid stnIcture.like the cyst? The presence ofthe amino terminal signal peptide

found in CWP1 and CWP2 is an indication that these two proteins will be secreted (Lujan et a/."

1995). Lujan et al. (1997) proposed that aggregation ofa CWP/-CWP2 receptor complex could

result in ESV budding.. TheyaIso advanced that the formation ofESVcouId he adirect consequence

ofthe synthesis ofthe C~VPs. especially CWP2. In purified ESV~ CWP2 was mainly found as a 39

KD protein whereas only a 26 KD fragment could he found in purified cyst wall. These results

would suggest that a proteolytic processing of the 13 KD terminal extension of CWP2 occuned

during its incorporation into the cyst walL

The accumulationofboth CWP1and CWP2 in adisuIfide-linked fonn encysting trophozoites
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and its five LRR.- suggests that these proteins are a constituent ofthe fibrillar component ofthe cyst

wall (Lujan et al. .. 1995). The LRR regions May serve as a flexible domain that facilitates protein­

protein interactions (Kobe and Deisenhafer't 1994). The LRR consensus sequences of the Giardia

C~VPs resemble those round in the extracellular domain ofplant trans-membrane and extracellular

matrix proteins (Ohsumi et al... 1993; Kresse el al.'t 1994).

[t was found by Lujan and Nash (unpublished data) that MAb 8C5.Cll binds recombinant

C~VP2 in Western blot assays. lnterestingly.. Campbell and Faubert (1994) showed that in vitro

encystation can he interrupted by the addition ofmAb 8eS.CIl. These fmdings indicate that CWP2

could he a potentiaI candidate Ag for avaccine against cyst formation. Another reason to use CWP2

is that it appears to he a stable invariant protein component required for cyst ~'all formation. This

may lead to innovative methods for intertèring with production of an intact viable cyst walL and

therefore. regulation of cyst release from the host..

9. Mucosallmmune System

The mucosai immune system is made up of lymphoid tissue distributed throughout the

mucosal area of the body. It is the primary Mediator of specifie immunity at mucosaI surfaces.

Thus. it plays a raie in maintaining homeostasis and in defending the host against overt and

opponunistic pathogens (McGhee

et al... 1992). The mucous

membrane lining the digestive~

respiratory and urogenital system..

which have a combine surface area

of 40Om! (Brown.. 1996).. are the

major sites of entrv... for Most F· 4Ipre • Cellular companent ofthe mucosal immune system.
(From Abbas et a/... 1994)
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pathogens. At the intestinal mucosal sites.. epithelial cells. secretory (S)-IgA and gut-associated

Iymphoid tissues (GALn are playing a major raie. The GALT inc!udes the intraepithelial

lymphocytes (IEL). the lamina propria lymphocytes (LPL).. Peyer!s patches (PP) and mesenteric

lymph nodes (MLN) (Fig. 4). One ofthe distinguishing feature ofthis immunity is the preferential

production! transport and secretion of IgA at all mucosal surfaces which is done by mechanisms

and the second one.. S-IgA.. is
Figure S. Mechanisms of 19A transport and secretion in mucosal epithelia.

found in ail mucosal sites. IgA is produced by plasma cells in the lamina propria and binds ta secretary
companent. The complex is actively transported through the epithelial cell..

eXl
·sts as a and the bound 19A is released by proteolytic cleavage (From Abbas. et aJ..

Serum 19A 1994)

monomer whereas the S-IgA

•

remarkablydistinct from those

involved in systematic

antibody responses (McGhee

el al... 1989).

19A exists in 2 forms:

the tirst one is round in serum

1
Otmenc: 19A

Secreted lQA

//

-~.*""-~
Pl'OhlCtybC

" ddV8geEndoc:ytosed c:ornClItx of
igA ana secrelOr\' comQOnlf1t

•

consists ofa dimer.. a Jchain polypeptide and a polypeptide chain called secretory component (SC).

In the gastrointestinaI tract.. the process of S-igA is initiated by the entry ofprotein Ag into the PP

through ··microfold~ cells (M cells) (Neutra et al. .. 1996). After crossing the epithelial barrier. Ags

are intemalized by antigen-presenting cells (APC). APC are defined as ceIls that handle and present

Ag to T l)'mphocytes and primarily include dendritic cells and B cells (Reyes et al.• 1997). Upon

activation. Bcells proliferate and SV4itch to IgA commined ceIls. The 19A cells leave the GALTand

migrate ta distant mucosal sites where they undergo terminal differentiation to IgA-producing

plasma ceIls (Frey and Neutra. 1997). Plasma cells secrete 19A antibodies which forms dimers

through the polypeptide chain J (Fig. 5). The polymerie 19A is then taken up by the polymerie
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immunoglobulin receptor found on the basolateral surfaces of epithelial cells lining mucous

(Mostov.. (994). The complexes will then he transported through the epitheliallayer in endocytotic

vesicles. The polymerie immunoglobulin receptor is cleaved and IgA is secreted wrapped within

a residual secretory component ioto the extemal secretion. The structure of S-igA affords the

molecule resistance ta most proteases and increases its functional affinity for corresponding Ags

(Bouvet and Fischeni.. 1999). Molecular and cellular aspects of regulatory T cells.. 19A committed

Bcells and APC in pp have shown that CD4 T cells and their derived cytokines reguIate the S-igA

response (McGhee el al... 1992).

10. B-Cell Mediated ImmuDity in Giardiasis

The importance ofhumoral immunity in human giardiasis \Vas first suggested by Brown et

• al.( 1972) who observed that patients with generalized hypoglobulinemia were frequently infected

\\ith severe and prolonged symptomatic giardiasis. In immuno-eompetent patients. serum antibodies

(Ab) have been reported (Janoffet al.. 1988: Nash et al.. 1987: Smith et al.. 1981). Hill et al. (1984)

found that sera from infected patients have Ab that couid kili up to 98% ofthe trophozoites in vitro.

The attachment ofG. lamblia to intestinal epithelial celis can be inhibited by trophozoites specifie

Ab (Inge et a/.. 1988).

a) fgA and S-lgA

19A is the predominant and possibly the only etTector Ab active to control ths intestinal

infectious agent. In human. Giardia specifie 19A Ab have been rePQrted in the serum (Robetts and

Anders. 1981: Janotf et af.. 1990) and in a secretory form in the intestine (Nash el aL. 1987}. in

maternai milk (MiottiJ985: Nayak el al.• (987) and in saliva (Speelm and Ljungstrom.. 1986).

Deficiencies in bath serum 19A and S-lgA have been associated with ehronic giardiasis in humans

• (Susana et aL. 1993).
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Severa! studies have reponed the presence ofanti-Giardia 19A in serum tram patients with

giardiasis. aIthough recent studies suggest that oolyabout 300/0 ofpatients with active infection have

detectable anti-Giardia 19A Ab in the serum (Goka et aL. 1989; Char et al.• 1991). Serum anti­

Giardia 19A Ab levels \vere aIso found to he low in studies on giardiasis in children (Shetty et al.•

1992). On the other hand.. Perez et aL (1994) found that serum 19A Ab levels were higher in

asymptomatic patients compared to symptomatic patient. In addition. high levels ofserum-specifie

19A has been associated \'iith high exposure to Giardia (Janotfel al.. 1990). A substantiallgA Ab

response in the serum and gut secretions of G. muris-resistant mice was found (Snider and

Underdown. 1986). On the other hand.. Daniels and Belosevic (1994). using G. muris infected mice.

suggested the absence of relation between the degree of protective immunity and the presence of

serum-specifie 19A.

By using immunofluoreseence.. Briaud et al. (1981) have sho~n the presence ofS-IgA on

the surface of G. lamblia trophozoites in human jejunal biopsies. It was observed that s-IgA was

bound to the surtàce ofG. lamblia trophozoites co[[ected from the intestine ofinfected rats (Sharma

and Mayrhotèr. 1988). Loftness et al. (1984) aIso tbund S-IgA on the flagella and dorsal and ventral

surfâees including the adhesive disc ofG. lamblia trophozoites found in infected rats. In mice. bath

S-IgA and Ig.~ have heen demonstrated on the surface of G.muris trophozoites (Heyworth el al...

1988) and eradieation of infection was c10sely dependant on increasing concentrations of specifie

S-IgA in intestinal fluid (Snider and Underdown. 1986; Heyworth el al... 1988). Snider and

Underdown (1986). demonstrated in Balh/e and C57BU6 G. muris infected miee. that S-IgA is the

only Ah in the gut which can he found throughout the courseofinfection. Using oude mice infected

~ith G. muris. it was reported that the lack of intestinal anti-Giardia trophozoite S-lgA Ab was

responsible for the chronic type of infection (Heyworth el al.. 1988). [t was also reported that the

highest titers ofGiardia specifie S-IgA in the duodenal fluid ofasymptomatic carriers compared to
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the acute or chronic diarrhoea group (Randhawa et al.. 1992). These findings suggest that S-IgA

may play a mie in the resolution ofhuman giardiasis. It was aIso found that mothers with giardiasis

had S-lgA in their milk (Nayak et al.• 1987). The infants breast tèd by mothers with giardiasis had

a 10"'er incidence of infection than infants breastfed from mothers without giardiasis suggesting a

protective role for passively acquired antibody in humans. specifically S-lgA.

b) Ig.~ and IgG

Non-specific IgM levels are slighùy elevated in patients with recently acquired giardiasis

(Jokipii and Jokipii. 1982). Serum ann-G. lamblia IgM Ab have been detected in ail infected

persons (Nash el al.• 1987). Ig.rvt Ab titers increase in early infection.. but return to normaIlevel three

weeks after infection (Goka el al.. 1986: Nash et al.• 1987). Kumkum el al. (1988a) found that IgM

Ab levels were higher in patients with acute/non-persistent giardiasis as opposed to patients with

persistent giardiasis. The role of IgM Ab in killing trophozoites was confinned when sera trom

infected humans lysed trophozoites (Deguchi et al.. 1981). BUlScherand Faubert (1988) confirmed

these results when they reponed that IgM mAb raised against G. muris trophozoites were capable

of killing trophozoites in vitro in the presence ofcomplement. When they passively immunized

mice with the mAbs. the numbers oftrophozoite was significantly reduced in a challenge infection.

There is sorne evidence that IgG Ab may help in the clearance ofG. muris infections in mice.

He}wonh (1986). using immunofluorescence microscopy~ found that parasite-specifie 19G and IgA

Ab bind to G. muristrophozoitecolonizingthesmall intestine. Snideretal. (1985.1988) have found

that specific anti-Giardia Ab have been detected in sera ofmice during experimentaI infection with

G. muris. They detected IgG and IgA Ab two to three weeks after initiation of infection but no

measurable IgM Ab was detected. It was fotmd that serum anti.-.G. muris IgG Ab appeared earlier

in resistant mice as opposed to susceptible mice (Anders et al.~ 1982).

SeveraI studies have demonstrated that IgG isotype support the lylic effect ofcomplement
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on Giardia cells. It bas been shown that specific IgGI (Nash el al.• 1988) and IgG3 (Heywo~

1992) mAb can kill trophozoites in vitro in the presence ofcomplement However. IgG1mAbs were

able to inhibit the growth of trophozoites in vitro in the absence ofcomplement. Belose\1c et al.

(1994) observed a significant decrease in the trophozoite burden and cyst release when they

administered an anti-G. muris IgG1 mAb added to exogeneous complement intraduodenally to

G.muris infected mice. When Campbell and Faubert (1994) added the IgG1mAb 8C5.CIl. which

recognize cyst Ag. with complement to an encysting culture.. they observed areduction ofmore than

60% in the numbers of water resistant cysts.

In humans. anti-Giardia [gG Ab are present in sera (Smith et al.. 1981 : Roberts-Thomson

and Anders.. 1981) and in mother·s milk (Mioni et al.. 1985). IgG Ab can be detected in more than

80% of patients \\ith syrnptomatic giardiasis (Goka et al. .. 1986). The level of IgG Ab remains

elevated for month oreven years afterprimary infection. Asymptomatic individuais in endemic area

have been found to have artti-Giardia fgG in their serum indicating previous exposure to the parasite

(Gilman et al.. 1985). However. a relationship between IgG and protection has not yet been

demonstrated.

Il. Cell Mediated Immunity in Giardiasis

Evidence suggests that eell mediated imntunity is involved in giardiasis. Several reports

sho\\" that there is a large increase in the nwnber of intraepithelial lymphocytes during giardiasis

(Rosekrans el al.• 1981: Ferguson et al. .. 1976; Wright and Tomkins.. 1977). ln BALB/e mice

infected ~ith G. muris. lymphocytes numbers in Peyers patches (PP) doubled during the course of

experimental infection but returned to normal levels when the infectionwas resolved (Carlson elal..

1986). T cells play a major raie in the immune response to Giardia in miee. There are two

• major populations ofT celis: T helper (Th) cells and T cytotoxic (Tc) cells. The Th cells and the Tc
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cells can he distinguished by the presence ofone of two membrane glycoproteins.. either C04 or

CD8. Tcells displaying C04 glycoproteins generally function as Th cells.. whereas those displaying

CD8 glycoproteins generally function as Tc eells. The inability ofnude (athymie) mice to eliminate

intèetion "ith G. muris points to the importance afT-ceH dependant immune mechanisms in the

resolution ofthe intèction (Roberts-Thompson and MitchelL 1978; Stevens eta/. .. 1978). He~'orth

et al. (1985) tound that oude mice infected with G. muris developed chronic giardiasis.

Cortieosteroid (Nairel al.. 1981) or eyclosporin A(Belosevic el al. 1986) treated mice infected with

G.muris had increased numbers ofparasites. Since these agents primarily suppress Tcell functions..

it suggest the imponance ofT-ceIl immunity in the clearance ofgiardiasis. Heywonh et a/.(1981)

used BALB/c mice depleted ofCD4 or CD8 cells to determine which T eell-subset was important

in the resolution of the infecùon. Mice depleted of CD4 ceIls demonstrated defective clearing of

Giardia parasite whereas those depleted oreD8 cells resolved theirinfection normally. Theseresults

suggests that Th cells play a more important role than Tc eells in the clearing of giardiasis.

Subsequently. it was shown that mice depleted of Th cells have an impaired [gA response to G.

muris (Heyworth.. 1989). This would further suggest that Th cells are required to stimulate an 19A

response. likely involved in the resolution ofgiardiasis.

Mast eells play a raie in helping ta cIearGiardia infections sinee miee deficient in those cells

experience prolonged experimental infection (Erlichel al... 1983). However.. natura! killer(NK) cells

do not seem to aid in expulsion ofthe parasite eonsidering that beige mice (NK cell deficient) clear

intèction of G. muris as rapidly as immunocompetent C57BU6J mice (Heyworth et al. .. 1986).

Intestinal macrophages from mice infected with G.murfs have been shown to phagocytize

trophozoites (Owen etal.. (981). Evidence bas reponed that immune serum enhanced the intestinal

or pp macrophage activity in vitro against Giardia trophozoites (Radulescu and Meyer.. 1981;

Kaplan et al. .. 1985: Hill and Pohl.. (990). This indicates that an antibody-dependant cell-mediated
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cytotoxicity (ADCC) process is involved in the phagocytosis of trophozoites by macrophages.

However. no ditference in macrophage phagocytosis bas been found bet\veen mice susceptible or

resistant to G. muris infection (Owen et al.• 198[; Heyworth et al. ot 1985; Belosevic and Faubert.

1986). [n addition ta a possible role as being effector cells for resolution of the parasite.

macrophages probably act as APC for CD4 lymphocytes and/or participate in antibody-mediated

killing orthe trophozoites (Adam et af.. 1991).

12. Cytokines

Cytokines. which are proteins of low moiecular weight are critical in the regulation of

immune responses. They regulate the intensity and duration ofthe immune response by stimulating

or inhibiting the activation.. proliferation., and/or differentiation of various celis and by regulating

• their secretion of antibodies or other cytokines. Cytokines can be pleiotropic (have different

biological etTects on different target cells).. redundant (have similar effects). synergistic (have

combined effects) and antagonist (have inhibiting effect on the action ofanotber cytokine)~ ail of

which help them to coordinately regulate cellular activity. Although a variety ofcells can secrete

cytokines. the two principal producers are the Th celis and macrophages. ln vitro studies ofTh cells

clones first indicated the possibility oftwo types ofTh ceIls on the basis ofthe patterns ofcytokines

secreted (Mosmann et al.. 1986: Mosmann and Coffinan. (989). Th cells were classified as Thi

ceIls. which control the cell mediated immune responses and produce mainly interleukin (IL)-2 and

interferongamma(IFN-y) and Th2 ceIls "whichcontrol the humoral immune responses and produce

mainly 1L-4 and IL-S. Both types ofTh cells have C04+ markers on their surface.

During in vitro studies of spleen cells ofmice~ il was round that both Thl and Th2 ceIls

originate from the same precursors which is ThO cells (Gajewski et al.• (989). Depending on the

• cytokines present when the stimulation takes place, ThO cellswilldifferentiate into eitherThl orTh2
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(Mosmann et al. .. 1986; Fiorentino el al... 1989). IFN-y is critical in the development ofThO into

Th1 cells and inhibits The development of Th2 celis although it bas no effect on IL-4 production

(Noble et al.. 1993: Gajewski and Fitch.. 1988). On the other band. IL-4 is essentiaI in the

development ofTh2 cells subset (Paul and Seder.. 1994). Moreover.. IL-4 alone is able to maintain

the proliferation ofTh2 cells (Noble et al... 1993).

a) Cytokines and immune responses

IFN-y is the primary macrophage-activating factor.. thus. il i5 a patent cytokine in cell­

mediated immunity. An increased production ofreactive oxygen intermediate will result from the

activation of macrophages by IFN-y. This action represents the major mechanism used in the

killing ofintracelluIar parasites (Abbas et al.• 1991). IFN-y and IL-4 have antagonist action upon

their effect on class II MHC expression by APCs (Mond et al.• 1986; Gajewski el al.• 1989). IFN-y

increases MHC class II expression.. enhancing Ag presentationofmacrophages and monocytes. The

Ag presentation will favour the development of a Th1 immune response. However. 1L-4 will

increase MHC class fi expression ofB cells acting as APC. which favours a Th2 immune response.

IFN-y can also increase MHC c1ass [ expression on various cells (Kuby. 1993). IL-S promotes

growth and ditTerentiation of eosinophils (Coffinan et al.., 1989). The functional capacity of

eosinophils is aIso increased by this cytokine (Abu-GhazaIeh el al.. 1992).

Other studies have shown that IFN-y can aIso regulate the humoral immune responses. It

was found that lFN-y enhances the activation ofIgM secreting B celis (leibson et al. .. 1984). In

addition.lFN-y increases the production ofboth IgG2 precursor (Snapper and Paul., 1987). IFN-y

deficient mice were imrnunized orally with tetanus toxoid (TT) as Ag and cholera toxin (CT) as

mucosai adjuvant to examine the importance of IFN-y in the development of vaccine induced

mucosal S-[gA and serum IgG response (Vancott el al., 1997). Strong systemic IgG and mucosal

S-lgA antibody responses were elicited which suggest that IFN-y was not essential to raise a
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mucosal S-IgA response. IL-4 and IL-S are the (wo major cytokines involved in the regulation of

the humoral immune response. High levels of IL-4 trigger a switch of Ab from S-IgM to IgG4

(Kotowicz and Callard.. 1993) while low levels ofIL-4 triggers a switeh from S-IgM to IgG123 and

19A. In addition. lL-4 inhibits the productionofIgG2a. which IFN-y upregulates. Mice immunized

orally with TT and CT had significant increase in TI-specifie [gG1and IgE, both produced by Th2

cell derived IL-4 (Vaneon el al... 1997). IL-4 knockout mice also immunized orally with TI and CT

demonstrated low Th2-type responses and are unable ta generate mucosal S-IgA Ab to TI. This

study demonstrates that IL-4 was essential to induce the production ofTI specific S-IgA (Kopfel

al... 1993: Okahashi el al... 1996). On the other hand.. IL-S is one of the most potent cytokine in

mediating differentiation ofIgA-B celis to become 19A-producingplasmacells (Sonodaetal. .. 1992).

b) Cytokines and Giardia

Venkatesan et al. (1996) compared the MLN cytokine production in a strain of mice

susceptible to G. muris and a strain ofmice resistant to the parasite. When eells harvested from the

MLN were stimulated with concanavalin A.. lFN-y and IL-S were secreted by cells from resistant

strains.. but ooly IL-S was secreted by cells from susceptible straîns. This study suggests a role for

IFN-y in the control ofthe G. muris infection. Djamiatun and Faubert (1998) were the first to report

on the cytokines produced by C04+ TceUs in response to Giardia antigenic stimulation. They used

Giardia trophozoite proteins to challenge pp and spleencells ofinfected miceand found that neither

IL-4.. IL-S and lfN-y were detected. However.. when they stimulated the cells with concanavalin

A.. ail the cytokines were detected. The detection of IL-4 and IL-S confinns the role played by Ab

ofthe 19A isotype in the control ofgiardiasis while the detection ofIFN-y confirms the role played

by the Th2 mediated immune response in the resolution ofthe infection. In additio~ in vitro studies

have shown that IFN-y and macrophages pIayed a central mIe in the killing of trophozoites

(Belosevic and Daniels.. 1992).
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13. AdjDvants

Adjuvants (from the latin adjuvare. to help) are substances that nonspecifically enhance or

potentiate the immune response to an Ag. Adjuvants are frequently used to stimulate the immune

response when an antigen presents low immunogenicity or when only smali amounts ofan antigen

are available. From the early 1920'5 adjuvants have been used to increase the efficacy ofvaccines

(Cox and Coulter. 1997). Different modes ofaction ofsorne commonly used adjuvants have been

postulated. These modes of action include prolonging antigen persistence~ inducing granuloma

fonnation. stimulating lymphocytes nonspecifically and enhancing co-stimulatory signaL Many

adjuvants are also known to have an immunomodulation effec~ which refers to their ability to

modify the cytokine network. Sorne adjuvants may cause a partial swing to either a Th1or a Th2

immune response.

a) Cholera tonD

Cholera toxin (Cn is the primary exotoxin produced by Vibrio cholerae bacteria and is

responsible for the syrnptoms associated with cholera disease. (t is a potent mucosal adjuvants in

sorne animal models and is part ofa group ofadjuvants called bacteria! toxins. The adjuvant action

ofhacterial toxins is not understood and may invalve molecular targeting via the GMI ganglioside

receptor or stimulation ofendogenous adenylate cyclase activity. CT consists of five binding (B)

subunits assembled into a ring into which a toxie-active (A) subunit is inserted. Most mammalian

cell types carry specifie CT receptors in the fonn ofGM1ganglioside on their celL The Bsubunit

will bind the toxin with affinity to thase receptors and then the A subunit will he translocated into

the celL The receptor will respond withcyelic AMP formation to the ADP-ribosylating intraeellular

enzyme aetivity ofthe A subunit ofCT. Hence~ CT ean modulate the function ofa variety ofcells"

not only thase directly involved in the cholera diarrheal secretory process but also cells of the

immune system including lymphocytes and APC.
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In recent years.. CT has attracted much interest because of its ability to act as a potent

mucosal adjuvant which stimulates a strong immune response (mucosal and systemic) to unrelated

antigens following oral immunizations. CT bas been found to overcome astateealledoral toleranee

when used as a mucosal adjuvant (Lyeke and Holmgren~ 1986; Elson and Ealding, 1984). The

majority of proteins.. being weekly immunogenic, require large immunization doses and often

producing oral tolerance (when given orally) ratherthan stimulation (ChilIer and Alosbrook.. 1986).

CT has different immunomodulatory functions. Forexample~ it stimulates 19Aresponses to unrelated

protein antigens when eo-administered orally (EIson and EaIdin~ 1984). This confinns that CT

prioritize a swing to a Th2 immune responses. [t aIso enhanees antigen presentation by inereasing

IL-l and lL-6 (Bromander et ai. ~ 1995) and increases the frequence of primed Ag specifie to T

lymphocytes (Hornquist and Lycke.. 1995). CT aIso augments gut permeability to luminal antigens

(Bromander et al... 1995) and promotes the development ofa long term inununologieaI memory in

the intestine (Vajdy and Lycke.. 1992: Lycke and Holmgren.. 1989: EIson and Eaiding~ 1984). Oral

immunization with Trichinefla spira/is antigenic preparations, mi"<ed with CT as the adjuvant

resulted in reduction in worm size.. in fecundity and in the Mean oftotaI muscle larvae (DeVos and

Dick.. 1993). Such reductions were not observed in mice fed T. spira/is Ag without CT or fed CT

aJone. Also. oral vaccinations ,-,ith Trichuris muris aduIt worm homogenate antigen with CT as the

adjuvant resulted in high levels ofprotection against subsequent infection (Robinson et af. .. 1995).
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ABSTRACT

In this study.. we determined the immunogenicity ofCWP2 and its potential as a vaccine candidate

against giardiasis. CWP2was expressedas a recombinant protein with an hexa-histidine affinity tag

and was isolated from inclusion bodies. When BALB/c mice were immunized with CWP2.. a

specifie IgA was detected in the feces. When mice were immunized with CWP2 + cholera toxin..

as an adjuvant [gA in the feees.. and 19A IgG l, and IgG2a in the serum.. aIl specific to CWP2.. were

detected. Aisa" CO-I miee were infected with G. muris and presence ofspecifie IgA antibodies ta

CWP2 were detected in the feees. This result indicated that CWP2 was reeognized by the immune

system in a natura! infection. [L-4 and IL-S were released &om Peyer"s patches (PP) and mesenteric

• lymph nodes (MLN) cells when stimulated with concanavalin A.. In spleen cells. IFN-y, IL-4. and

IL-S were released when stimulated with concanavaIin A.. However.. in PP" MLN and spleen celis"

the levels ofcytokines were barely detectable when stimulated with CWP2. The presence ofIgG2a

(Th 1).. IgA and [gGI (Th2) as the production ofIFN-y (ThI).. IL-4 and IL-S (Th2) eonfrrmed that

CWP2.. when presented orally ta mice.. stimulates both a Th1and Th2 type immune response.. locally

and systemically.

•
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Giardia lamblia is an intestinal protozoan parasite ofhumans and other venebrates and has

a worldwide distribution. Giardia infections can he asymptomatic, but oftentimes present acute and

chronic debilitatingdisease associated with diarrheaand malabsorption(Adam. 1991). Transmission

May accur by persona! contact with infected people, by drinking contaminated water or by eating

food contaminated with cysts. Because of the ability ofGiardia cysts to survive in freshwater for

long periods (Faubert et al.. 1986). this parasite is known to he the most common cause ofepidemic

waterbone diarrheal disease (Adam. 1991). Outbreaks of giardiasis have been associated with

inadequate water treatment. Wallis et al. (1996) have recently studied the prevalence of Giardia

• cysts isolated in nmning surface water in Canada. Cysts were found in 73% ofraw sewage samples.

in 21% of surtàce \Vater samples and in 18.2% of chlorinated filtered waler samples. There is

comPelling evidence that wild and domestic animais are playing a role in the spreading of the

infection in the environment. For example. beavers were implicated in an outbreak in British

Colombia in 1986 (Moorehead et al.. (990). Muskrats were reported to be responsible for

contaminating surface water in Germany (Karanis el al.~ 1996). Cats and dogs have aIso been shown

to carry Giardia (Leib et al.. 1999) and couId become a source ofinfection for theirO'Mlers. Astudy

that looked at six diftèrent farms in southemAlbena found that the overall infection rate for Giardia

in sheep and cattle was 10.4% (Buret et al.~ 1990). ln a more recent study, Ruest et aL (1998) looked

at the prevaIence ofGiardia in dairy farms in Quebec. They found that 45.7% of the cattIe farm

samples were found to he positive for Giardia. A survey of66 surface water treatment plants in 14

states and in one Canadian province showed that surface water receiving agricuItura1 etlluent had
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a higher density of Giardia cysts than protected water sheds (LeChevalier et al... 1991). This

suggests that farm animaIs play a major role in spreading the infection throughout the environment.

Giardia has a simple.. direct life cycle.. which includes two life stages: the cyst and the

trophozoite. Trophozoites undergo fundamental morphologic changes ta survive outside the

intestine of their host in the environment.. by differentiating into infective cysts. The rigid

filamentous cyst wall renders cysts resistant to harsh environmental conditions, hence, participants

in the successful transmission of giardiasis.. and furthermore.. participants in the contamination of

the environment (Erlandsen et al.., 1990). Encystment is essential for the transmission ofGiardia.

and as such.. represents a target for reducing or stopping the spread ofcysts in the environment.

During in vitro (Reiner et al.. 1989) and in vivo (Campbell and Faubert.. 1994) encystation.

novel structureson the membranesurfacecalledencystation..specific vesicles (ESV) develop. These

vesicles are responsible for the transpott ofstage specifie proteins to the nascent cyst waIl (Reiner

et al.. 1990). The proteins transported by the ESV to the cell wall appear ta be essential for the

construction ofthe cyst wall.

Cyst antigens ofmolecular mass ranging between 21 and 49 kilodalton (KD) were detected

in human feces (GiIlin et al.. [987). These polypeptides were not round in the trophazoites.

Polypeptides ranging from 29 ta 45 KD in immunoblot and immunofiuorescence were recognized

by mAb raised against cyst antigens (Ward et al., 1990). The polypeptides appeared within eight

hours ofexposure ofthe trophozoites ta encystation medium (Campbell and Faubert,1994; Ward et

al... 1990). These authors concluded that the molecules appearing earlyduring encystationrepresent

potential targets for strategies directed at inhibiting the process ofencystation.

• Iwa genes expressing protein components of the cyst wall have been cloned. One of the
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cloned genes expresses an acidic leucine rich26KD cystwall protein (CWP) 1(Mowattet al. .. 1995).

The second cloned gene aIse encodes an acidic leucine rich cyst wall protein CWP2. but of39KD

(Lujan et al., 1995). The two CWPs possess a hydrophobic amino terminal signal peptide which

precedes a five tandemly arrayed 24-residue leucine rich repeats (LRR), followed in turn by a

cysteine-rich region (Lujan et al... (995). However. unlike CWPl. CWP2 bas a 121-residue

carboxyl-tenninal extension of13KD that is rich in basic amino acids. Interestingly.. the expression

ofboth CWP1 and CWP2 is upreguIated during encystation in vitro (Mowatt et al.. 1995; Lujan et

al.. 1995). The levels ofthe transeripts from the two CWPs genes increased to a maximum of 140

times that observed in non-encysting trcphozoites. In additioO- before bath CWPs are incorporated

into the nascent cyst walL they are found within the ESV ofencysting trophozoites and later in the

CYst wall of mature cysts (Lujan el al.. 1997)•

Campbell and Fauben (1994) developed a monoclonal antibody (mAb) 8eS.CII against

encysting celis antigens. When 8CS was added to encysting culture" the formation ofcysts in vitro

was reduced by 60%
• A similar percentage of reduction was observed when crude extract of

encysting cells was used to immunize mice orally "ithcholera toxin (en as an adjuvant When the

mice were challenged with live cysts. they released fewer eysts in their feces compared to non­

immunized mice. It was shown that mAb SCS.CIl is specifie to cyst antigens and as suc~ does not

reaet with trophozoite antigens (Campbell and Faubert.. 1994; McCafferyet al., (994). These results

showthat the antigens binding to mAb ses are candidates for the development ofa vaccine directed

against the infective stage of the disease, the cyst.

There are fe\v studies on the induction of active immunity against G. lamblia. Prior

• subcutaneous immunization followed by oral immunization of mice with a 56 KD G. lamblia
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trophozoite protein resulted in lower loads of trophozoites in the small intestine (Vinayak et al...

1992). The immunization stimulated C04+ Tcells for a short period. but retumed to normaIlevels

by day 30 post-immunization. A significant elevation in the number oflgA and IgG plasma cells

were aIso observed. Smaller numbers ofcysts excreted in the feces were observed when six-week

old kittens were immunized with crude extraets of trophozoites (Oison et al.. 1996). Giardia­

specifie IgG and IgA antibody \Vas detected in the serum. The mucosal anti-Giardia IgA antibody

titer in the vaecinated kittens was aIso increased. The experiment was repeated in SÎX-week old

puppies and the result were similar to those obtained with the kinens (Oison et al.. (997). In all

these vaccination anempts. protection ofthe animais against infection was not attained. No studies

have been done on the induction of active immunity against G. lamblia specific eyst antigens.

lnterestingly. CWP2 has been shawn to react with mAb 8C5 (unpublished data), which

wouId make il a potential candidate for the development ofa vaccine. However. nothing is known

about the immunogenicity of CWP2. In this worle.. we show that a CWP2-specific.. local and

systemic. immune response is stimulated when mice were immunized orally with CWP2 and CT as

an adjuvant. The in vitro C}lokine production by Peyers patches (PP), mesenteric lymph nodes

(ML\I).. and spleen cells will aIso he discussed.
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MATERIAL AND METHOOS

Animais

Eight week oid female BALB/e and CO... 1 miee were purchased from Charles River

Breeding labs (St. Constant Quebee). The BALB/e miee were used far the immunizatian

experiments and the CO-[ mice were used for maintenance ofthe G. muris parasite.

Parasites

(0 G.lamb/ia

Trophozoites, WB strain (American Type Culture Collection no. 30951), originally isolated

• fram a patient with ehronie symptomatie giardiasis (Smith etal... 1982). were used ta preparesoluble

antigenic extracts. Trophozoites were gro\W axenieally in filter-sterilized TYI-S...33 (trypticase..

yeast extract. iron.. serum) medium adapted for G. lamblia (GHlin and Diamond.. 1979)"

supplemented with [0% adult bovine serum (Sigma Chemical CO.• St. Louis.. USA).. and 100 Ulml

ofpenicillin (Sigma) and 100 Ilg/ml ofdihydrostreptomyein suIphate salt (Sigma)" in the absence

ofbovine bile al pH 7.0. Trophozoites were passaged twice weekIy.

Cii) G. muris

Cysts were abtained from Dr. M. Belosevic (University of Alberta. Edmonto~ Canada).

They were stored at 4Oc in phosphate...butfered saline (PBS; pH 72) until mice were infected orally

with lW cysts suspended in 0.5 ml ofPBS.

•
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ln v;lI'o encystation

To induce in vitro encystation., the method ofCampbell and Faubert (1994) was followed.

Briefly.. spent medium from fully grown G. lamblia cultures (72 hours) was removed and the

adherent trophozoite monolayer refed with complete encystation medium (TYI-S-33.. pH 7.S,

supplemented with 0.25 mg/ml porcine bile (Sigma) and 0.55 mglmllactic acid (Sigma). G. lamblia

trophozoites cultures were left in encystation medium for 72 hours.. and after. were treated withwater

according to the method of Fauben et al. (199l) to lyse non-encysted trophozoites and non-water

resistant cysts. The remaining water-resistant cysts were then collected by centrifugation at 150g

for 5 minutes (min) at room temperature (Rn.

Preparation of G. lamblia encysting ceUs anngenie extract

G. lamblia grown in encysting medium were used to prepare the cyst antigenic soluble

extract. G. lamblia encysting cells were sedimented by centrifugation at SOOg for 10 min al 4 oC.

Encystedcells were then lysed usinga Vibra-Cell sonicator(30 s bursts)(Fisher.. Montreal.. Canada)

for 10 min in an ice bath. The sonicated cell debris was removed by centrifuging the suspension at

23 300 g for 20 min at 4 oC. The supematant was collected and used as antigenic extracl Protein

concentration was determined by the Lowry method (Lowry et aL, 1951).

CWP2

(i) Expression and solubility ofCWP2

CWP2 was kindly provided by Dr. Nash from the National Institutes ofHea1th (Laboratory

• of parasitic diseases. Beth~ MD) in the fonn ofan Escherichia coli clone containing plasmid
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pMM109. CWP2 protein was produced as a recombinant protein in hexa-histidine affinity tag gene

fusion system. E. coli cells expressing CWP2 was grown ovemight at 37 Oc in Luria-Bertani (LB)

medium containing ampicillin. Expression was induced in a six hour (37°C) shaking culture with

1mM isopropyl-p-D-thiogalacto-pyranoside (IPTG ) for four hours. A protocol to separate the

insoluble and soluble fraction of the culture was followed to determine the solubility of CWP2.

Induced E. coli cells were collected by centrifuging the culture at 325g for 10 min and lysed by

sonication as mentioned above. The lysate was centrifuged at Il OOOg for 15 min at 4oC. The pellet

and the supematant were bath resuspended in reducing sample buffer (62.5 mM.. pH 6.8.. 10%

glyceroL 20/0 SDS~ 5% 2-mercaptoethanol and 0.[% bromophenol blue).

(ii) Isolation o( CWP2 (rom inclusion bodies

lnclusion bodies are aggregated.. dense structures of proteins produced mostly in the

c}10plasm of E. coli. which is the result ofa high expression rate of protein in an over-expression

system. To detennine whether CWP2 was present in inclusion bodies.. the bacteria were Iysed with

lysosyme and centrifuged at 12 OOOg for 10 min at 4 oC. The protein was found to be expressed in

inclusion bodies ofE. coli. A protocol adapted from the method ofKleid et al. (1981) and Marston

(1987) for expression and isolation ofproteins from inclusion bodies was followed. Briefly, E.co/i

expressing CWP2 was grown overnightat 37 Oc in LB containing ampicillin and induced with IPTG

for four hours. The bacteria culture was centrifuged and resuspended in 100 mM NaCI~ 1 mM

EDTA and 50 mM Tris (pH 8) supplemented with lysosyme (Sigm~ USA). After centrifugatio~

the pellet was frozen and thawed three times to disrupt the cells. The pellet was resuspended in ice

cold 100 mM NaCI.. 1mM EDTA. O~1% sodium deoxycholate and 50 mM Tris (pH 8). MgC12 and

Dnase l (Sigma) were added with occasional mixing. Inclusion bodies were removed from
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suspension by centrifugation al 10 OOOg for 10 min. The pellet was washed and resuspended in 10/0

NP-40. 100 mM NaCI. 1mM EDTA and 50 mM Tris (pH 8). The pellet was washed a second time

without 1% NP-40. The protein concentration was detennined by the Lowry method (Lowry el al...

1954) and the CWP2 extract stored at -20 Oc until used.

Western and Dot blotting

The analyses were carried out by using standard techniques. TheCWP2 proteins were 00 il00

in an equal volume of reducing sample buffer and applied in volumes of 15 J.LI al 20 J.1g per lane.

The technique of Laemmli (1970) was used for SDS-PAGE with the following modifications.

Proteins were separated on a 4% stacking gel and 12% separating gel in a Bio..Rad protean II

electrophoresis unit.

(i) Western blotting

The method of To\vbin et al. (1979) was used. The proteins were eleetrophoretically

transferred from gels to nitrocellulose (Ne) in a Rad blotting chamber al 1ampere for 2 hours al 4

oC. The protein transferwas checked by staining with Coomassie blue. Ne strip was blocked in 5%

milk for one hourat RT and then washed with PBS (Johnson etal.• 1984). The strips were incubated

with the frrstantibody.. mAb SCS.CII diluted 1:1000. for one hourat RT. It was washed again with

antï-mouse horseradish peroxidase whole antibody (Amersham Pharmacia biotec~ UK) diluted

1:3000. Detection was dane with enhanced chemi-Iuminescent (ECL) western blotting detection

reagents (Amersham Pharmacia bioteclt. UK).

(ù) Dot blotting

Dot blotting was used to determine if the CWP2 protein expressed in E. coli was in the
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soluble or insoluble fraction. [t was used because ofits high sensitivity and its rapidity ofexecution.

The technique adapted from Yen and Webster (1982) was followed. The protein solution was added

directly to the Ne sheet and allowed to bind to the paper for 15 min.. The antibody capture on NC

was done as described in the western blotting technique.

ImmunizatioDs

Five groups ofBALB/c mice were imrnunized by oral gavage (Fig. la). Three groups served

as control and two groups were used as test samples. The frrst group (four mice) was injected with

PBS (pH 7.2) supplemented with 3% NaHC03 and served as the negative control: the second group

(eight mice) was immunized ~ith soluble extracts of G. lamblia encysting cells (Ene) mixed with

the adjuvant CT (Gibco BRL. USA) and served as a positive control while the third group (four

mice) Vias immunized with CT alone and served as a control for the adjuvant: the fOuM group (eight

mice) was immunized ~;th CWP2 aIone: and the ftfth group (eight mice) \vas immunized with

CWP2 plus CT. The total volume of inoculation given to each mouse was 0.5 ml. Therefore. the

total protein concentration ofCWP2or G. lamblia encysting cells given to each mouse was 1mg per

inoculation. The concentration of CT given to the mice was 10 I-Lg per inoculation. Mice were

irnmunized every week for a period of four weeks and were sacrificed one week after the last

immunization (Fig.. 1b). This experiment was repeated twice with a different population ofmiee.

Isolation of G. mu,is cysts from fecal peUets

Six CD-l mice were infected orally with IoJ G. muriseysts in 0.5 ml ofPBS solution.. For

collection offeces. individual mice were placed inseparatecages and the fecal pellets excretedover
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FIG. 1. Immunization protocol. (A) Five groups ofmiee were immunized orally with an inoculation of0.5 ml. Three orthese groups serve
as control: nes_tive control, injected with PSS; positive control, injected with a soluble extract orEne + CT; and adjuvant control, injected
with CT adjuvant. The remainins two were immunized with CWP2 and CWP2 + CT. The protein concentration orEne and CWP2 wu
1 mg per inoculation while the concentration ofeT wu 10 Jlg per inoculation. (8) Mice were immunized oraUy with 4 doses at one week
interval. The mice were sacrificed one week following the last immunization.

•=



•

•

•

41

a one hour period were collected in 12 x 75 mm glass tubes. Cysts were isolated by a sucrase

gradient centrifugation technique adapted by Belosevic and Faubert (1986). Briefly. feces were

collected. emulsified in PBS.layered on sucrose (specifie gravity 1.12). and centrifuged a1400g for

15 min. Cysts migrating al the PBS-sucrose interface were removecl washed in PBS. sedimented

by centrifugation at 600g for 10 min. and resuspended in 1ml ofPBS. Cysts were then counted with

a Spencer Bright Line hemacytometer.

Sample collection

Blood and tècal pellets were collected to detennine the presence of systemic and local

antibody responses.

(i) Blood

lmmunized BALB/c mice were anaesthetized and bled from the orbital plexus at the time of

sacrifice. Blood samples ofapproximately one ml were collected for each mouse. Blood was kept

at 4 ùC over night to separate the serum and the eI)throc)<1es. The serum was collected by

centrifuging the blood sarnples at SOOg for 10 min and storerl at -70°C.

(ii) Fecal pellets

Before sacrificing the mice. fresh fecaI pellets were collected from each immunized mouse.

ln infected mice. feces were collected at 14 days post-infection (acute phase). 29 days post-infection

(early elimination phase) and 35 days post-infection (Iate elimination phase). The pellets were

\\l'eighed (approximately0.15 g) and frozenat -20 oC. Soluble tècal extraets were prepared following

the technique ofSteidIer et al. (1998) to measure the presence ofantibodies in feces. The soluble

extraets were prepared inamicrocentrifuge tube byadding 1mlofPBS containing 1% bovineserum
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albumin (BSA) (Boehringer Mannheim.. Germany) and 1 mM of freshly added phenylmethyl

sulfonylfluoride (PMSF) (Gibco BRL. USA) perO.lmgoffecal materiaL The tubes were incubated

ovemightat 4°C to softened up the feces. Feces were then vigorously tnixed by vortex to disrupt and

suspend all solid matter. The samples were centrifuged at full speed in a microcentrifuge for 5 min.

The supernatants were collected and stored at -20 oC.

ELISAassay

ELISA assays were carried out by using astandard technique as described by Miles and Hales

(1968). Briefly. wells were coated \'iith 50 ~l ofcyst antigen CWPl in PBS and the ELISA plates

(Falcon. VWR) were incubated at4 oC overnightand washed with PBS-Tween. Plates \Vere blocked

with PBS-I %BSA (200 J.Ll/well). Both the serasamples and the soluble fecai extracts samples were

diluted in PBS-T\veen and tested in triplicate. Each plate was controlled by using samples from oon­

immunized mice of the sarne age and batch as experimental mice. After incubation and washing,

the second antibodies.. horseradish peroxidase conjugated ann-mouse 19A (0.4 mg/mI-1 :2000).. IgM

(0.5 mg/ml-l:30 000). IgGI (0.7 mglml-l:3000) and IgG2a (0.7 mg/ml-I:3000) were added at

optimized dilutions. After a one hour incubation at RT~ plates were washed. 2.2- Azin<Kii-(3-ethyl

Benzthiazoline)-sulfonate Diammonium saIt (ABTS) (ICN Biochemicals.. USA) and hydrogen

peroxide were added as the developing substrate. The plates were read at a wavelength of405 Dm

viith a microplate reader (Mandel Scientific~ Guelph.. Canada).

Preparation ofspleen, Peyer's patches and maenteric Iymph noda ceUs

• After mice were sacrific~ spleens were removed aseptically and pooled. The preparation
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ofspleen cells for culture followed the method ofDjamiatun and Faubert (1998). Briefly. the cells

were forced through a stainless steel mesh placed in a petri dish containing 10 ml RPMI 1640

(Gibco. Grand Islan~ New York. USA). 1% fetaI bovine serum (FBS)(Gibco BRL. USA). 100 U/ml

penicillin and 100 ~g/ml dihydrostreptomycin sulphate salt (Sigma) and 2g11 NaHCOJ• The cell

suspension was washed three times with RPMI 1640 at 1500 RPM for 10 min al 4 oC. Erythrocytes

were lysed with red blood ceIls (RSe) lysing buffer. The membrane debris was removed by filtering

the cell suspension through sterile gauze. The cell viability was determined by the trypan blue

(Sigma) dye exclusion test. Qnly suspensions containing >90% viable celis were used. The

concentration of the ceIls was adjusted to 5 x 106 in RPMI 1640 supplemented with 10% fetaI

bovine serum.

MLN and Peyer~s pp cells were removed aseptically and pooled together. The cells were

prepared in a similar manner as spleen cells except that 400 U/ml penicil1in and 400 J.1g/mI

dihydrostreptomycin sulphate salt (Sigma) were added to the RPMI 1640. CeIls were not forced

through a wire mesh but crushed with a pestle instead. Only suspensions containing at least 90%

viable cells were used.

CeU culture for cytokine release

CeIls ofPP. MLN and spleens were cultivated for cytokine release. One-milliliter volwnes

ofspleen. MLN and pp celis (5 x 1Q6/ml) in supplemented RPMI 1640 were each cultured in24-well

plates (Falcon~ VWR). The method orDillon et al. (1986) was foUowed for the stimulation ofceIls

for cytokine release. Three wells were used foreach suspension: one was used as a control<t one was

• stimuJated with 5 ~g ofConcanavalin (Con) A ([CN BiochemicaIs., USA)'t and one was stimuIated
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with 12 IJ.g of CWP2 anrigen. The cell cultures were incubated for 48 h at 37 Oc in 5 % CO:!

atmosphere. The supernatants from triplicate wells were collected and stored at -70 oC until used

for the cytokine assay.

Cytokine ELISA assay

The method followed by Djamiatunand Faubert (1998) was used for the cytokineassays with

the following modifications. The two-site sandwich ELISA was used to measure the cytokines:

Intertèron (IFN)-y. representing Th1 cytokines, and 1L-4 and IL-5. representing Th2 cytokines.

Monoclonal antibodies against thesecytokines were purchased from Phanningen(San Diego.. USA).

Wells ofa 96-well microtiterplate (Immulon-2 ·"U'" bottom: VWR. MontreaL Canada) were coated

with tirst anti-cytokine mAb overnight al 4 oC. Serum samples and fecaI extract samples tested were

used undiluted. Biotinylated second anti-cytokine mAb were added to each weIl and incubated at

RT for one hour. After incubation of Avidin Peroxidase (1 :SOO) (Sigma) for JO min.. plates were

washed and citric buffer plus OPD (o-Phenylenediamine) (Sigma) and hydrogen peroxide were

added as developing substrate. Sulfurie acid was added to stop the developing reaction and the plates

were read in a microplate reader at wavelength of405 ntn. The concentration ofeach cytokine was

calculated from standard curves prepared using knownconcentrations ofrecombinant rnurine IFN-y

(rIFN-y).. rIL-4 or rIL-S (Pharmingen).

Statistical analysis

Statistical significance was determined using a t-test. The probability level ofP<O.OS was

considered significant.
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RESULTS

Expression and solubility ofCWP2

CJVP2 was successfully expressed and produced as a recombinant protein with an hexa­

histidine affinity tag, using a PQE-30 gene fusion vector. A Dot blotting assay was done with the

cyst specifie mAb SeS.Cll to detennine ifCWP2 expressed in E. coli was found in the soluble or

insoluble fraction (Fig. 2). A lysate ofE. coli cells expressing CWP2 acted as a positive control and

reacted positively with the mAb (Fig. 2 panel A). The vector PQE-30 expressing the plasmid

without the gene encoding for CWP2acted as a negative control and did not react with the mAb (Fig.

2 panel B). A soluble and an insoluble fraction ofE.co/i cells expressing CWP2 were tested against

mAb 8e5.Cl1. No reaction was observed between the soluble fraction and the mAb (Fig. 2 panel

C) but a positive reaction was observed between the insoluble fraction and the mAb (Fig. 2 panel

D). This demonstrates that recombinant (r)-CWP2 was found to he an insoluble protein.

Isolation of CWP2 from inclusion bodies

CWP2 was isolated from inclusion bodies using a standard technique to isolate protein

antigens from hacteriaJ over-expression system (Fig 3). In a Western blotting assay.. the isolated

sample of CWP2 from inclusion bodies reacted intensely with the mAb 8e5.Cll (Fig. 3 fane B).

A plasmid not encoding for any protein was aIso tested with the mAb as a negative control, as was

a plasmid encoding for an Entamoeba histo/ytica cyst protein; both ofthem did not react positively

(Fig. 3 lane A and C.. respectivelly). A positive control was aIso used which was a celllysate ofE.

• coli expressing the r-CWP2 and was round to react positively with the mAb (Fig. 3 lane D).
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However. despite severa! attempts'J it was not possible to obtain one single band of39 KD. which

corresponds ta the molecuIar weight ofCWP2. One ofthe reason why a clear band ofCWP2 could

not he observed could be because CWPl tends ta often aggregate with another molecule ofCWP2.

Hence.. to assure that the positive reaction observed between CWP2 and the mAb SC5.C Il was not

due to non-specifie binding ofthe mAb'J a Western blotting assay was done with the mAb PB-1801

and PB-lS02 (Fig. 4). These mAb are SPeCific to protein p53 (cellular tumour-suppressor protein

of53 KD) and are ofthe same isotype as mAb SeS.Cll. which is IgG1. Monoclonal antibodies PB­

1801 and PB-1802 reacted with 53 KD bands representing the positive control p53 proline and p53

arginine (Fig. 41ane B and C. respectivelly). No reaction was observed between CWP2 isolated

from inclusion bodies and Pb-I801 and IS02 (Fig. 4 (ane A). This indicated that the positive

reaetion observed between CWP2 and mAb SeS.Cll is not due to antibody cross-reaetivity.

CWP2-spedfic local antibodies

BALS/e micewere immunizedorally with CWP1. CWP2 +CT, Ene +CT orCT alone. PBS

was also administered to a group of mice which acted as the negative control group. Mice were

immunized once a week for a period of4 weeks. One weekafterthe last immunization., we collected

fecaI pellets for analysis of the specifie antibody responses. The resu1ts are expressed as Mean of

0.0. levels ± standard error ofthe mean (SEM). IgA was the ooly isotype detected in fecal extracts

by ELISA (Fig. 5a..b). The group ofmice immunized with CWP2, CWP2 + CT or the positive

control.. Enc +CT. were ail signifieantly positive (P<O.05) for the presence ofCWP2-specific fecal

IgA antibodies compared to the group administered PBS, the negativecontrol group (Fig. 5a.,b). The

negative control group is represented by the horizontalline observed in the graphs. No significant
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differences were observed in the O.D levels of IgA between the group of mice immunized with

CWP2.. CWP2+CT or Ene + CT. The group of miee immunized with CT aione did not show

presence ofCWP2-speeific fecaI IgA (Fig. S~b). CWP2-specific IgM. IgGI, and IgG2a were not

detected in feeai extracts ofany groups of immunized mice (data not shown).

CWP2-specific systemic antibodies

Serum samples were collected from the same group of immunized BALB/c mice as

mentioned above and on the same day as fecal pellets were collected. Serum samples of mice

immunized with CWP2 + CT showed the presence ofantibodies specifie to the CWP2 antigen~ as

determined by ELISA. The results are expressed as mean ofO.D.levels ± SEM. The group CWP2

+ CT was significantly positive (P<O.OS) for the presence ofCWP2-specific IgA.. IgGI and IgG2a

antibodies but negative for the presence of IgM when compared to the negative PBS control group

(represented by the horizontalline in the graph) (Fig. 6a.b.c.d). No antibodies were detected in the

serum ofmice immunized with CT alone or Enc + CT (Fig. 6a..b.c.d). The group ofmice immunized

with CWP2 alone was found negative for the presence ofantibodies in the first trial but was found

ta be significantly positive (P<O.OS) for the productionofCWP2-specific 19A and IgG2aantibodies

in the second trial (Fig. 6a..d).

Fecal antibody responses in G. maris infected Dlice

Fecal extracts of G. muris infectecl mice were round ta he significantly positive for the

production ofCWP2-specifie 19A (Fig. 7). The fecal extraets were also found to he significantly

• positive (P<O.05) for the production ofencysting cells-specifie 19A (data not shown). Specifie 19A
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antibodies to CWP2 were detected in feces ofinfected mice collected at 14, 28 and 35 days post­

infection (Fig. 7). G. muris infected miee are able to recognize and raise a specifie 19A antibody

response against G. lamblia CWP2 (Fig. 7).

Cytokine production by the pp and MLN cells obtained from immunized mice

Con A and CWP2 induced in vitro cytokine production by pp and MLN is shown in Fig. 8.

When Con A (5~g/ml) was used to stimuIate pp and MLN cells removed from immunized mice..

IFN-y and IL-4 were detected in the culture supematant (Fig. 8a..b). Levels ofneither IFN-y nor IL­

4 were significantly higher (P<O.OS) in immunized mice.. except mice administered CT. when

compared to non-immunized mice.

However. pp and MLN cells challenged in vitro with CWP2 (12 J.1g/ml) released very low

levels ofboth IFN-y{ca. 0.1 ng/ml) and IL-4 (ca. 0.02 nglml)(Fig. 7a..b). No immunized groups were

round significantly positive (P<O.OS) for the production of cytokines when compared ta 000­

immunized mice (Fig. 8ab).

Cytokine production by spleen ceUs obtained from immunized mice

Con A and CWP2 induced in vitro cytokine production by spleen cells is shown in Fig. 9.

When Con A (SJ.1gltnl) was used to challenge spleen cells from imrnunized mice~ IFN-y, IL4 and

IL-S were detected in the culture supematant (Fig. 9ab,c). As in pp and MLN cells, Ievels ofneither

IFN-y. IL-4 nor IL-S were significantly higher(P<O.OS) when compared to non-immunized mice.

Only mice administered CT was significantly positive (P<O.05) for the production ofa-S. Levels

• ofIFN-y (ca 2.2 ng/ml) were more than 4-fold higher than levels ofIL4 (ca. o.s ng/ml) and IL-S
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(ca. 0.1 ng/m!).

However. as in pp and MLN cens.. spleen ceIls challenged in vitro with CWP2 (12 J.1g/ml)

released very low levels ofIFN-y (ca. 0.5 ng/mI).. lL-4 (ca. 0.2 ng/ml) and lL-5 (ca 0.02 ng/mI)

when compared with levels ofcytokines released when challenged with Con A (Fig. 9a..b.c). None

ofthe immunized groups ofmice were found to he significantly positive (P<O.OS) torthe production

ofany cytokines when compared to non-immunized groups of mice.
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AG.2. Dot-blotting assay ofCWP2 reacting with mAb ses. In arder to determine the solubility
ofCWP2, a protocol to separate the soluble and insoluble fraction ofthe culture was followed. Panel
A represents the positive control which is a celllysate of E. coli expressing r-CWP2. Panel 8
represents the negative control which is the vector PQE-30 expressing the plasmid without the gene
encoding for CWP2. Panel C represents the soluble fraction ofE.co/i cells expressing r-CWP2 and
panel D is the insoluble fraction E.co/i cells expressing r-CWP2.
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FIG. 3. Western blotting assay of recombinant CWP2 reaeting with mAb 8eS. In lane A<t E.
histolytica proteins isolated from inclusion bodies aet as a negative control. Lane CaIso represents
anegative control whieh is the vector PQE-30 expressing the plasmid without the gene encoding for
CWP2. Lane 0 is a positive control which is a celIlysate ofE. coli expressing recombinant CWP2.
Lane Bis recombinant CWP2 isolated from inclusionbodies. Standard molecularweights are shown
on the right (KD).
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FIG. 4. Westernbloningassay ofpS3 proteins reacting with specific anbDodies. mAb PB-ISO1and
PB-IS02 which are specifie ta the protein pS3 were used ta eanfirm the specificity between CWP2
and mAb SeS.CII. These mAb were of the same isotype as mAb SCS.CII. In lane A, there is
recombinant CWP2 isolated trom inclusion bodies. In lane B, there is a positivecontrol which is pS3
in the arginine form. In lane C. there is p53 in the proline fo~ another positive control. Standard
moleeular weights are shown on the right (KD).
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FIG.S. CWP2-specific fecal anttoody responses. Mice were immunized oraIly with either CT
(adjuvant control), CWP2 +CT, CWP2 or encysting cells +CT. The horizontalline represents the
control group which is mice injected with PBS. Mice were immunized every week for a period of
four weeks and feces were collected one week after the Iast immunization. (a) is the first set of
immunization while (b) is a replicate of the immunization experiment with a different population
ofmice. Results are expressed as mean ofO.D.levels ± SEM. ·Statistically significant at P<O.OS.
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FIG. 6. CWP2-specific serum antlbody responses.. Mice were immunized orally with either CT
(adjuvant control), CWP2 +CT, CWP2 orencystingcells +cr.. The horizontalline represents the
control group which are mice injected with PBS. Mice were immunized every week for a period of
four weeks and semm was collected one week after the last immunization. Results are expressed
as mean of0..0. Ievels ± SEM. *Statistically significant atP<O.OS..
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FIG. 7. G. lamblia CWP2-specific fecaI 19AAb responses in mice infected with 1Q3 G. muris cysts.
Fecal pellets were collected at 14 days post-infection (acute phase), 29 days post-infection (early
elimination phase) and 35 days post-infection (late elimination phase). The horizontal line
represents the control group which were non-infected mice. Results are expressed as mean of0.0.
levels ± SEM. ·Statistically significant at P<O.OS•
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FIG. 9. ln vitro cytokine release by pp and MLN cella ftom immunized mice in response to Con A (S tlS) or CWP2 (12 PS). Mice were
immunized orallywith either PHS (negative control), encysting cella+CT (positive control), CT (adjuvant control), CWP2 or CWP2 +CT.
Mice were immunized every week for a period affour wecks and spleen cells were harvested one week after the last immUnizatiOD. Tissue
culture supematants were assayed for IFN..y (8), 1L4 (b) after 48 h. The lower limita ofsensitivity in the assays were 0.21 ng/mi for IFN..y
and 0.012 ng/ml for lIA. Results are expressed as mean ± SEM. ·Statistically significant at P<O.OS.
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ng/mi for IFN-y, O.llng/mi for 1L-4 and 0.01 ng/mi for IL-S. Results are expressed as mean ± SEM. ·Statistica1ly significant al P<O.OS.
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DISCUSSION

The immunogenicity of BALB/c mice with a sonicated extract of in vitro-generated G.

lamblia cysts produced a mAb (SCS.CII) which recognized proteinaceous cyst antigens (Campbell

and Faubert.. 1994). When added to G.lamblia encysting cultures~ hefore the appearance ofcysts..

mAb SCS.CIl caused a significant reduction in the number of water-resistant cysts produced in

vitro. The tirst objective ofthis study was to determine ifCWP2.. a gene product which reacts with

mAb SC5.C Il in an immunoblot assay.. was immunogenic when it was given to mice by oral gavage.

The gene encoding lor CWP2 was cloned by Lujan et al.(1995). They have studied the

structural and biochemical propenies ofCfVP2. but have never determined its solubility in an over-

• expression system. In this sudy.. [have produced asynthetic CWP2 protein as a recombinant protein

linked with an hexa-histidine affinity mg. It was shown that CWP2 was found to be insoluble when

expressed in E. colicells. When CWP2was produced in an over-expression system.. it was deposited

in inclusion bodies. Inclusion bodies have been found to he produced in the cytoplasm ofE. coli

cells. There are many reasons that may expIain the presence ofthese structures: the heterologous

nature of the protein; protein is expressed at a higher rate; relatively more hydrophobie proteins

which aggregate inter-molecularly as a result ofnon-covaIent association; and finally, chaperones

like helper proteins are either inadequatelyavailableorabsent (Mukhopadhyay.. 1997).. Allofthese

above reasons cauld explain why CWP2 was found in inclusion bodies. CWP2 is heterologous, it

is expressed in an overexpression syste~ and it was shawn to demonstrate a high percentage of

hydrophobicity. AIso. BiP (binding protein)~ an endoplasmic reticulum molecuIar chaperone bas

• been round to maintain CWP2 inasoluble form inhibitingan earlyand unproductive polymerization



•

•

•

60

(Lujan et al... 1997). However.. BiP might not he made avaiIable or present in E. coli cells.

In spite ofseveral anempts and modifieations't the Western blot assay performed with CWP2

isolated from inclusion bodies never showed a clear 39 KD band under denaturing condition. This

could have been due to the degradation of the protein. However.. this possibility was eliminated

since a cocktail ofproteinase inhibitors was used. Il has been reported that CWP2 could aggregate

with another molecule ofCWP2 (Lujan et al.,. (997).. which could explain the fused band observed

on the film. For this reason. neeessary negative controls. such as the vector not expressing CWP2

orexpressing an E. histo(vtica protein. were used to assure thatCWP2 was successfully isolated from

inclusion bodies (Fig. 2 and 3).

It has been shown that humoral antibodies play an impottant role in the elimination of

trophozoites from the intestine (Brown et al... 1972: Snider et al.. 1985). Our study showed the

presence ofCWP2-specific 19A antibodies in fecal pellets ofimmunized mice. Namely.. bath group

ofmice immunized with CWP2 or CJVP2 + CT induced a CWP2-specific 19A response in the feces.

These results revealed that a specific local anbèody response was raised against CWP2. S-IgA has

been found to be the key isotype in the antibody-mediated clearance of the Giardia trophozoites

(Snider et al. .. 1988.. Faubert. 1996.2000). Therefore.. it can he expected that S-lgA would have a

similar function in the reduction ofcyst formation. In this present study, IgM.. IgG1and IgG2a were

not found in fecal pellets. This is supported by the fact that proteolytic cleavageofendoluminaI [gG

and S-IgM by endogeneous digestive enzymes occurs't leading to Fab fragments (Bouvet and

Fischeni.. 1999). In contrast., the structure ofS-IgA afIords it resistance to most proteases..

Specifie anuèodies to CWP2 oftheI~ IgG1andIgG2a isotypes were detected in the serum

of immunized mice. This observation confirms that the oral immunization not ooly stimulated the
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local immune response but the systemic immune resPOnse as weil. These results are interesting

because it has been shown that serum IgA. IgM and IgG specific antibodies are involved in the

clearance oftrophozoites in the intestine (Susano el al.• 1993; Kumkum el al.. 1988: Snider el al..

1985). The presence of serum IgG stimulates our interest because it has been reported that IgG

isotype antibodies are highly produced by memory BeeUs (Bachmann el al. .. 1994). For example..

levels ofIgG antibodies remain elevated for months or even years after primary Giardia infection

(Gilman et al.. (985). However. no correlation between serum IgG levels and protection has been

demonstrated in giardiasis. In the present study, IgM antibodies were not detected in the serum of

inununized mice. This could he explained by the fact that it is the tirst immunoglobulin class

produced in a primary response to an antigen. Considering that the ELISA assays were performed

one month after the first immunization. it was not expected to detect any IgM antibodies. [t has aIso

been observed in human giardiasis that IgM antibody titers increase in early infection but return to

normal levels three weeks after infection (Goka et al.• 1986: Nash et al... 1987). Between the tirst

and second set of immunization experiments.. differences were observed in the detection of

antibodies in the group of mice irnmunized with ooly CWP2. In the tirst set of immunization

experiments.. no antibodies were detected whereas in the second set of immunization experiment

CfVP2-specific IgA and IgG1 were detected in the serum. Speculation could be made that even

though inoculation of1mg ofproteins was given to each mouse, the concentrationofCWP2antigen

received by each mouse May have ditfered which would have influenced the immune response. This

would be due to the tàct that CWP2 was not injected to mice in a purified fomt.

It was shown that local CWP2-specific antibody immune response couId he induced when

• immunizing mice with CWP2 alone. However~ inconsistency in the stimulation of a systemic
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specific antibody immune response was observed. On the other hand. CWP2 + CT seemed to give

more consistent results. which means that at all times it stimulated bath a CWP2-specifie local and

sytemic immune response. No significant differences were observed in the fecal IgA response

between the mice immunized with C~VP2 oreWP2 + CT. This result indicates that CT did notshow

signiticant adjuvancy to CWP2 in the feces. aIthough CT is a potent mucosal adjuvant which

stimulates 19A response to unrelated protein antigens when co-administered orally (Elson and

Ealding. 1984). On the other hand. systemically, CT did show significant adjuvancy to CWP2

because miee immunized with CWP2 + CT showed increased antibody immune responses

signiticantly higher than mice immunized with CWP2 aIone.

Because C~VP2 \Vas not used in a purified form. questions arose as to whether or not the

observed antibody responses were specific ta C~VP2 or E. coli cell debris. Ta eliminate the

speculations that the response was specifie ta E. coli.. we did ELISAassays specific to eneystingcells

of G. lamblia (which are free of E. coli debris). The presence of antibodies was found ta he

significantly positive in immunized mice and the results were similar ta those obtained in ELISA

assays specifie to CfVP2 antigen. This implies that the antibody response was not specifie ta E. coli

but ta CWP2.

Heyworth et al. ( (987) have shawn that CD4+ T helper (Th) cells are required for clearance

ofGiardia cysts from the intestine. To confirm activation ofa Th1or Th2 response.. we measured

the in vitro production ofcytokines. Our studies demonstrated that when pp and MLN cells were

stimulated with Con A. the release oflFN-y and IL-4 was detectable, but not IL-S. Considering the

faet that IL-S is a potent stimulatorofthe 19A production (Sonada et al., 1992) and thata strong 19A

• response was observed in immunized mice, detectable leveIs of lL-S would have been expected.
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However~ even though IL-S stimulates the 19A productio~ it was demonstrated that the production

ofIL-4 was essential to induce production ofspecific 19A (Kopfel al... 1993; Okahashi et a/.~ 1996).

It couId he hypothesized that IL-S might not he totally necessary for 19A production and acts in

synergy with IL-4. As for spleen cells~ IFN-y ~ IL-4 and IL-S were ail released in vitro when

stimulated with Con A. The presence ofS-lgA (in the feces) and serum 19A.. in addition with the

detection of IL-4 and IL-5~ suggest an involvement ofa Th2 mediated immune response because

these cytokines are found to up-regulate the production oflgA (Kopfet al. .. 1993~ Okahashi et al.~

1996: Sonadaer al.~ 1992). However.. the contrasting patterns ofserum IgG isotypes production in

the serum and the dichotomy ofThI (lFN-y) and Th2 (IL-4 and IL-5) subsets implies adifferential

involvement ofboth Th subsets locaIly (PP and MLN) and systemically (spleen). Briefly" IL-4 from

Th2 celis and IFN-y trom Th1 cells up-regulate the production of IgO1 (Vitetta et al.. 1985) and

19G2a (Finkelman et aL. 1988).. respectively~

In PP.. MLN and spleen celis.. IFN-y levels were higher than levels of IL-4 and IL-S. [n

addition to playing a raIe in the control ofG. muris infection (Venkatesan el al.. 1996).. IFN-y with

the help ofmacrophages.. has been shown to play a central raie in the killing ofthe parasite in vitro

(Belosevic and Daniels.. 1992). Intestinal macrophages, activated by IFN-y. from mice infected with

G. muris have been shawn to phagocytize trophozoites (Owen el al.., 1981). This response was

enhanced in the presenceofimmune serum which suggests thatanann"body-dependant cell-mediated

cytatoxicity (ADCC) is involved in the phagocytasisoftrophazoites bymacrophages (Hilland Pohl,

1990). IFN-y couId be invalved in an AOCC" possibly resuIting in the killing of encysting

trophozoites in the intestine. It could he speculated that the S-IgA activated by IL-4 and IL-S would

bind to the encysting trophozoîtes and that IFN-Ywouldactivatemacrophageactivity ta phagocytize
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the encysting trophozoites.. resulting inan AOCC response working to stopcyst fonnation. This type

of activity has been observed in mv infected cells where treatment of these cells with IFN-y

resulted in significant enhancement ofAOCC and lysis ofHIV cells (Jewett and Bonavida.. 1990).

Levels ofneither IFN-y. IL-4 nor IL-5 released by PP, MLN orspleen cells.. when stimulated

with Con A.. were significantly higher in mice immunized with CWP2 or CWP2 + CT as compared

to non-inununized mice. These resuIts couId he explained by the faet that Con A is a mitogen

known for its polyclonal activation. Hence.. it could he expected that levels ofcytokines released

from imrnunized mice would not be different from the levels released by non-immunized mice. It

is still unclear wether the cytokine expression patterns seen in mitogen-stimulated T cells will he the

same as those observed afterphysiological recognition ofantigens (Karulin et al.. 2000). Thus. the

in vitro stimulation of T cells with Con Amay reflect the Th subset population or the Th subset

stimulation.

Our findings showed that spleen.. PP and MLN cells from immunized mice failed to release

significant levels of lL-4. lL-S and IFN-y when stimulated with CWP2 in vitro. Djamiatun and

Faubert (1996) obtained similar results when they ehallengedT lymphocytes from G. muris infected

or G. lamblia immunized mice with trophozoite antigens. These investigators were unable to deteet

measurable levels oflL-4.. [L-5 and lfN-y. Venkatesan el al. (1996) aIso reponed that MLN cells

from G. muris infected BALB/c mice did not producedetectable leveJs ofboth lL-S and IFN-y when

stimuJated with G. muris antigens. It is possible that the triggering ofC04+ T cell subset by CWP2

was very weak. However.. this is highly unlikely considering the antibody production observed in

the feces and serum. It could he speculated that the reason for the low levels ofcytokines observed

• \vhen T lymphocytes are stimulated by CWP2 antige~ would he that CWP2 does not stimulate a
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polyclonai activation like the mitogen Con A does. It bas recently been brought up that lymphocyte

polyclonal activation could he responsible lor the poor success of effective parasite vaccine

development (Reina-San-Martin et al... 2000). Parasite antigens can obliterate specifie immune

responses by triggering the machinery ofpolyclonallympbocyte response~ thus resulting in a general

lack of specificity of antibody or T cell responses to the antigens during infection and in the

immuno-suppressive state that follows. Forexample.. inhibitionofhumoral responses by substances

derived from Trypanosoma muscu/i has been shown in mice (Albright and Albrigh4 1981). Also~

the polyclonal activation of gamma delta T cells bas been reported to have a potential role in the

maintenance of the B cell hypergammagIobulinemia after Plasmodia falciparum infections in

humans (Ho el al... 1994). CfVP2. possibly not being a polyclonai activator.. wouId he very

promising for the development ofa vaccine against the cyst formation. However.. in order to show

thatCWP2 is notapolyclonal activatorofT lymphocytes.. a completeanalysis ofthe typeofimmune

activities such as non-specific immune responses.. inflamation reaction.. auto-immune reaction and

immunodepression reaction will need to he performed.

In addition to the previous immunization experiment.. infections with G. muris were done in

arder to investigate the response raised against CWP2 in a natura! infection. G. muris infected mice

were sho~n to stimulate a CWP2-specific 19A response in the fecal pellets for up to 35 days post­

infection. The detection of antibodies against CWP2 in infected mice is interesting because it

indicates that this epitope is recognized by the immune system in a natura! intèction. It is important

to note that G. muris infected mice recognize a G. lamblia cyst proteine This observation implies

that CWPl is a conserved epitope, found in bath G. lamblia an G. muris cyst structures. This

• introduces further motivation to use the G. muris mouse model for experiments on CWP2 and



•

•

•

66

protection in challenge infections.

In conclusion.. the data presented here indicates that CWP2 couId hea potential candidate for

the development ofa vaccine. CWP2 raised a S.[gA. [gA and IgG1antibody response which are

responses that could potentially stop or reduce the formation ofcyst. However.. ifit will actually he

capable of stimulating protection remains unanswered.. and funher challenge infections will he

required.
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SUMMARY AND CONCLUSION

CWP2 was successfully expressed as a his-tag gene fusion protein and isolated from

inclusion bodies. BALB/e mice were orally immunized witb CWP2. Because humoral immunity

appears to play an important role in the elimination oftrophozoites from the intestine~ (Brown et al.•

1972: Snider et al.• 1985) ELISA assays were perforrned to determine the production ofantibodies

stimulated by CWP2.

Locally.. a specifie S-IgA response was detected. Systemically.. CWP2 specific 19A. IgG1and

IgG2a were aIl detected. This suggests that bath a local and asystemic immune response were raised

against c~rp2after oral immunization. The presence of IgG1and IgG2a suggests the involvement

• of both a Th1and Th2-mediated immune response. Miee immunized with only CWP2 were able

to stimulate a local immune response. whereas. mice immunized with CWP2 + CT were able to

stimulate both a local and a systemic immune response. Because cyst formation takes place in the

gut. it is important that a local 19A immune response he stimulated. However.. the fact that a

systemic immune antibody response is raised.. especially IgG, suggests that there are more chances

of memory ceUs being stimuIated. Clearance of Giardia cysts from the intestine has also been

shawn to be T cell dependant (Stevens et al... 1978).. especiaIly CD4+ T helper cell dependant

(Heyworth et al... [987). Levels of cytokines produced by pp~ MLN and spleen eells when

stimulated with Con A and CWP2 were measured.. IFN-y and IL4 were produced by pp and MLN

eells when stimulated with Con A: however~ IL-S was notdetected. In spleen ceIls.. IfN-y, IL-4and

[L-S were detected when stimulated v.ith Con A. The dichotomy ofThI and Th2 subsets observed

• in IgG subcIasses is supported bythe cytokines whichconfumaroIe from bath the ThI andTh2 type
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immune response locally (pp and MLN) and systemically (Spleen). However. when PP. MLN and

spleen ceUs were stimulated with C~VP2. very low levels ofIFN-y. IL-5 and IL4 were detectecL as

compared ta celis stimulated with Con A. ln PP and MLN cells IFN-y and IL-4 were detected while

in spleen cells. similar cytokines were produced plus IL-S. Similar results were obtained by

Djamiatun and Faubert (1996) when they challenged with trophozoite antigens. PP and spleen T

lymphocytes from G. muris infected mice or mice immunized with G. lamblia. They were unable

to detect measurable levels of IFN-y. [L-4 and IL-S. The most probable reason why we did not

observe high Ievels ofcytokine release when ceIls were stimulated with CWP2 could he due to the

fact that C~VP2 does not trigger a polyclonal activation of lymphocyte as do mitogens like Con A.

This could play in our tàvor when developing a vaccine. considering that lymphocyte polyclonal

activation has been targeted as the possible reason for the poor success ofeffective parasite vaccine

development even leading ta immunopathology (Reina-Sam-Martin et al.. 2000).

Specitic 19A Ab to CJVP2 were detected in fecal pellets excreted by G. muris infected mice.

These results suggest that C~VP2 appears to be a conserved epitope. fOlmd in both G. lamblia and

G. muris cyst structures. The G. muris mouse model could then he used forexperiments with CWP2

and protection in challenge intèctions.

Severa! possible future studies can he done ta furtherconfirm the immunogenicity ofCWP2

and its potential as a candidate tor vaccine purposes against cyst formation. These include:

1) Infecting immunized mice \\iith G. muris cysts and measuring cyst release to determine ifCWP2

triggered protection.

2) Immunizing mice with CWP2 and different cytokines used as adjuvants to enhance the immWle

• response.
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3) Immunizing mice with C~VP2. deliveredthrough bacteria!carriers such as StreplococCUSgordonii

and Lactococcus /acli. to determine if the immune response stimulated will he stronger than with

CWP2 alone and if it will trigger longer lasting protection.

4) Immunizing mice with CWP1to see ifthe immune response stimulated is similar to the response

stimulated by CWP2.

5) Immunizing mice with both CWPI and CWP2 to see the immune response stimulated by the

eombination of those cyst proteins.

6) Optimizing concentrations of CWP2 used to stimulate a culture of cells to try to detect higher

levels ofcytokines.

7) Perfonning a complete analysis ofthe type ofimmune responses stimuIated after mice have been

immunized \\ith CWP2. Forexample. does immunization with CWP21ead to:

-non-specifie immune responses

-inflammation reaction

-auto-immune reaction

-immunodepression reaction
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