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All.nlct

Giardia muris is an intestinal parasite of mice. It has

a simple life cycle and is non-invasive. Therefore. G. IlUris

infection provides a model to study immune mechanisms that operate

at mucosal surfaces. IlIlDlUnocolipetent mice eliminate primary ~

~ infections. T cell-dependent humoral illllllUne mechanisms are

involved in this process.

The CBA/N mouse bears an X-linked immunodeficiency gene

(Xid) , the expression of which results in defective B cell

maturation and consequent impairment of certain humoral immune

responses. The antibody responses of CBA/N mice are particularly

defective in certain isotypes and specificities.

CBA/N mice fail to eliminate G. muris. The major focus of

this dissertation was an attempt to elucidate the basis for chronic

giardiasis in this strain.

Cellular reconstitution experiments showed that the ability

to eliminate G. muris was transferred to CBA/N mice with lymphoid

cells from immunocompetent. CBA/Ca mice. Reconstitution required

prior irradiation of recipient mice, and was not effective with

semi-purified B cells and T cells. These results indicate that

conventional B cells and T cells are insufficient, and that another

cell type is also required. This cell may be the Lyl+ B cell.

CBA/N mice make quantitatively deficient serUJD IgG antibody

responses to G. muds infection. Providing CBA/N mice with this

antibody failed to induce elimination of the parasite. thus this

iii



isotype defect yas ruled out as the cause of their susceptibility

to chronic giardiasis .

Analysis of G. gurls antigen recognition failed to reveal

a specificity defect in the antibody respunse of CBA/N mice.

However, a glycolipid component of G, muris bound serum IgH from

CBA/J and BALB/c mice. but not serum IgH from CBA/N mice. These

results indicate a possible structural defect in IgK from CBA/N

mice.

Although unable to eliminate prim~ry G, muris infection,

drug-cured CBA/N mice are resistant to reinfection. These results

indicate that the immune mechanisms that mediate elimination of Q.

~ are different from those that mediate resistance to

reinfection.

iv



Acknowledgements

1 thank Dr. Brian J. Underdown for his supervision of this

work. His patience, guidance and enthusiasm were much appreciated.

1 thank the members of my supervisory committee, Dr.

William Rawls, Dr. Kenneth Rosenthal and Dr. John Bienenstock, and

als~ Dr. Peter Ernst, for their valuable advice.

1 thank lain Switzer, Dawn Stetsko and Alan Stafford for

their technical assistance, and Barb Krick for the kind care of the

.anic~ls used in this research.

1 thank Susan Evans, Denis Shaw. Rona Madison, Dawn

Stetsko, Alan Stafford, Din~ Ozols, lain Switzer, Donny Gasangwa.

Sharon Molnar and Ken Rosenthal for their friendship.

I thank my family. especially my parents. Lieutenant­

Colonel and Mrs. Stanley J. Skea, for their emotional and financial

support. and I thank my nieces, Sarah. Amanda and Rebecca, and my

nephew, Matthew.

This work was supported by a studentship from the Medical

Research Council of Canada.



1.4. Giardiasi. in ClAIR Mice ....................... 29

1.4.1.

1.4.2.

CBA.PTER. 2

2.1.

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.7.1.

2.7.2.

2.7.3.

2.7.4.

2.7.4.1.

2.7.4.2.

2.7.5.

2.8.

2.9.

2.10.

2.10.1.

2.10.2.

2.10.3.

Hypotheses Concerning the Basis for
Chronic Giardiasis in CRA/N Mice

Resistance to Reinfection with G. muris

METHODS AND HATElUALS

!lice

Infection of Mice with G. murts

Isolation and Counting of G. muris Cysts

Drug Treatment of G. muris-infected Mice

Isolation of G. muris Trophozoites

Collection of Sera

Adoptive Transfer of Cells Between Mice

Cell Suspensions

T cell Depletion

B cell Depletion

Monitoring of T cell and B cell
Depletions .

F.A.C.S.

Mitogenic Stimulation of Cells

Reconstitution of Mice

Immunization of Mice with G. muris
Trophozoites .

Passive Transfer of anti-G, muris
Antisera to CBA/N Mice ' .

Enzyme-Linked Immunosorbent Assay
for Total Serum IgM ,

Coating Antibody

Assay Procedure

Specificity

vii

29

31

32

32

33

33

34

34

35

35

35

36

37

37

37

39

40

40

41

41

42

43



Statistics

5DS-PAGE

Western Blotting

Assay Procedure

44

44
~

44 ~
~
r.
"'"48 i!
"'
~

48 :j
~

-48

49

49

50

50

Sl

S2

S3

53

S4

S5

56

..........................................

Preparation of Antigens

SDS-PAGE and Western B1 1Jtting

Thin Layer Chromatography and
Immunob1otting " .

Extraction of Lipids from G. muris

Dot Blot Assay

Analysis of the Lipid Components
of G. muris .

Standard Curve and Determination of
Antibody Activity .

Coating Antigen

Specificity

ELISA

Immunoradiometric Assay for IgG
anti-G. muds Antibody •...•..•....••••.•.•.•

Analysis of the Antibody Response to a
Type II T-independent Antigen .•...••..•••••.

Standard Curve and Determination of
Sena I,gK. 1.e,vela .

2.13.1.

2.13.3.

2.14.3.

2.15.

2.13.2

2.14.1.

2.14.2.

2.12.3.

2.12.1.

2.14.

2.13.

2.12.4.

2.12.2.

2.11.1.

2.12.

2.11.

2.10.4.

CHAPTER. 3 RESULTS AND DISCUSSION

3.1 Adoptive Transfer of Cells to CBAIN Mice
to Study the Cellular Requ~rements

for Elimination of G. muris . 57

3.1.1. Results 60

3.1.1.1. Reconstitution of Noro-irradiated CBA/N Mice with
Spleen Cells from CRA/ea Mice . 60

viii



3.1.1.2.

3.1.1.3.

3.1.1.4.

Reconstitution of Non-irradiated CRA/N Kice with
Peyer's Patch and Mesenteric Lymph Node
Cells from CBA/Ca Mice .............•.......• 61

Reconstitution of Irradiated CBA/N and CSA/Ca Mice
with Spleen Cells from CRA/N and CBA/Ca Mice 65

Reconstitution of Irradiated CBA/N Mice with
Mixtures of Splenic B cells and T cells from
CBA/N and CBA/Ca Mice 67

3.1.2.

3.1.3.

3.2.

3.2.1.

Discussion

Suggestions for Future Experiments

Passive Transfer of Serum and Immunization
of CBA/N Mice to Study the Effect of IgG
Antibody on Elimination of G. muris .

Results

76

85

87

90

3.2.1.1.

3.2.1.2.

3.2.1.3.

Comparison of the IgG Antibody Response to G. muris
Infection in CBA/N and CSA/Ca Mice 90

Active Immunization of CBA/N and CBA/J Mice with
G. muris Trophozo1tes 90

Passive transfer of Hyperimmune Anti-G. muris
Antisera from CBA/J Mice to CBA/N Mice 93

3.2.2. Discussion 100

3.3. Analysis of G. muri! Antigen Recognition by
Antibodies from CBA/N Mice 105

3.3.1. Results 107

3.3.1.1.

3.3.1.2.

Western Blot Analysis of G, muris Protein
and Glycoprotein Antigens , 107

Analysis of G, mur1s Lipid and Glycolipid
Antigens , , . . . . . . . .. 116

3.3.2. Discussion 126

3.4. Resistance of CBA/N Mice to Reinfection
withy. muris " 132

3.4.1. Results

ix

134



3.4.1.1. Resistance of CBAIN and CRA/C. Mice to Reinfection
with G. puris After Drug·cure of a PriDary
Infection . . . . . . . • . . . . . • • . . . • . . . . . . . . . • . . . . . . . 134

3.4.1.2. Reconstitution of Irradiated CRAIN and CRA/Ca Mice
with Spleen Cells fram G. muris-immune CBAIN
CRA/Ca Mice . . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . 137

3.4.2.

CHAPTER 4

References

Discussion

CONCLUSIONS

x

143

148

155



Lin of ligures

1. Standarel Curves for Soliel Phase Assays 46

2. Adoptive Transfer of (A) Spleen Cells and (B) Peyer's Patch
anel Mesenteric Lymph Node Cells to Non-irraeliated
CBA/N Mice: Course of G. quris Infe:tion in
Reconstituted Mice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

3. Adoptive Transfer of Spleen Cells to Irradiated CBA/N
and,CRA/Ca Mice: Course of G. muris Infection
in Reconstituted Mice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

4. Adoptive Transfer of Mixtures of T cell-depleted and
B cell-depleted Splenocytes from CBA/N and CBA/Ca
Mice to ~rraeliateel CBA/N Mice: Course of G, muris
Infection in Reconstituted Mice 73

5. Immunization of Mice with G. muris Trophozoites: Course
of G, murts Infection in Immunized and Sham-Immunized
Mice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

6. Passive Transfer of Hyperimmune Anti-G. muris Antisera
to CBA/N Mice: Course of G. muris Infection in
Recipient Mice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

7. Western Blot Analysis of G. muris Trophozoite Antigens
Recognized by Hyperimmune Anti-G, myris Antisera from
CBA/N and CBA/J Mice ,............... 109

8. Western Blot Analysis of G, muris Trophozoite and Cyst
Antigens Recognized by Serum IgG Antibodies from
G. muris-infected CBA/N and CBA/Ca Mice , ' 112

9. Western Blot Analysis of G. myris Trophozoite and Cyst
Antigens Recognized by Serum IgA Antibodies from
G. myris-infected CBA/N and CBA/Ca Mice ., .... "". "". 113

10. Western Blot Analysis of G. muris Trophozoite and Cyst
Antiger.s Recognized by Serum IgM Antibodies from
~ljj~-infected CBA/N and CBA/Ca Mice ., ... ,.,... ..... 114

11, Dot Blot Analysis of Ch1oroform:Methanol Extract of
G. muris Trophozoites: Investigation of Binding by
Immunoglobulin Isotypes from CBA/N and CBA/J Mice 119

12. Dot Blot Analysis of Chloroform:Methanol Extract of
G. muris Tropho%oites: Investigation of Binding by
IgM from CBAfN. CBA/J and BALB/c Mice , ,,' , 123

xi



13. Thin ~yer Chromatography of Ch1orofom:Methano1 Extract
of G, mUds Trophozoites ..•.•....•.••. ,................ 125

14. Susceptibility of CBA/N Mice to a Secondary Challenge
Infection with G, murts Following _ Primary Infection
of Three lleeks' Duration . • • • . • • • . . . . . . . • . . . . • . . . . . . . . . • 139

15. Adoptive Transfer of Spleen Cells From G. muris-immune
CBA/N and CBA/Ca Mice: Course of G, muds Infection
Reconstituted Mice . , , , . . . • . . . . . . . . . . . . . . . . 141

xU



List of Tables

1. T cell and B cell Depletions from Spleen Cell Suspensions 38

2. Reconstitution of CBA/N Mice with Spleen Cells and Peyerts
Patch and Mesenteric Lymph Node Cells from CBA/Ca Mice 64

3. Reconstitution of Irradiated Mice with CBA/N and CBA/Ca
Spleen Cells . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 70

4. Reconstitution of Irradiated CBA/N Mice with Mixtures of
T cell-depleted and B cell-depleted Spleen Cells from
CBA/N and CBA/Ca Mice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

5. Serum IgG Antibody Response of CBA/N and CBA/Ca Mice to
Infection with G. muris .. . . . 91

6. Serum IgG Anti-G. muris Antibody Levels in Actively and
Passively Immunized CBA/N Mice 92

7. Resistance of CBA/N Mice to a Secondary Challenge Infection
with G. muris: Dependence on Duration of Primary
Infection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 135

xiii



Cbapter 1

INTRODUCTION

1.1 Objectives and Experimental Approaehes

The mucosal tissues of the body, comprising the respiratory,

genitourinary and gastrointestinal tracts, are" portals of entry for, and

major sites of infection of potentially pathogenic microorganisms.

Therefore, the mucosal immune system is an important line of defence for

protection against diseas~, and immunization at mucosal surfaces provides

a powerful strategy for the prevention of infection (Befus and Bienenstock

1980) . The production of vaccines designed to stimulate protection

against mucosal infections requires an understanding of the molecular and

cellular mechanisms involved in mucosal immunity. The objective of the

work described in this thesis was to utilize a genetic model of

immunodeficiency to study the mechanisms of immunity to an intestinal

parasite of mice.

The parasite that was used was Giardia muris. The non· invasive

nature of this parasite (Owen, Nemanic and Stevens 1979) and its simple

life cycle (Cheng 1986) make murine giardiasis a valuable model for the

study of immune mechanisms that operate at the external surface of mucosal

tissues (Underdown et al. 1988).
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2

The CRAIN mouse bears an X-linked immunodeficiency gene (Xid) ,

the expression of which results in defective B cell maturation and

consequent impairment of certain humoral immune responses (Scher 1982a).

Unlike most immunocompetent mouse strains which eliminate G, wuris

infection within 6 to 10 weeks (Roberts-Thomson and Kitchell 1978), mice

of the CBA/N strain fan to eliminate this parasite (Snider. Skea and

Underdown 1988). Therefore, CBA/N mice are considered to be susceptible

to chronic giardiasis. Thus, the CBA/N mouse model of B cell deficiency

was used to investigate the immune mechanisms that are important for

elimination of G, muris infection.

The question that is central to this dissertation is "Why do

CBA/N mice fail to eliminate G, muris 1". My primary hypothesis was that

the B cell defect of CBA/N mice renders them susceptible to chronic

giardiasis. A number of strategies were employed to test this hypothesis.

Investigation of the defAct expressed at the cellular level was carried

out by adoptive transfer of lymphoid cells from immunocompetent mice to

CBA/N mice, and the subsequent assessment of the course of G. muris

infection in the recipient mice. At the molecular level, the isotypes and

specificities of antibodies thought to be required for elimination of ~

~ were investigated.

It was previously shown that CBA/N mice make a quantitatively

defective serum IgG antibody response to infection with G, murts (Snider,

Skea rnd Underdown 1988). Although it did not seem likely that serum IgG

antibody would be important for elimination of a mucosal infection, It

nevertheless. tested this hypothesis using the following strategies.

Large quantities of serum IgG anti-G. murts antibodies were provided to






































































































































































































































































































































































