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1. ABSTRACT 

Chlamydia, an obligate intracelMar bactenai pathogen, can successfully infect a wide 

range of host species and persist in the infeçted hosts for a long period of tirne, 

suggesting that chlamydia may have evolved strategies for escaping host defense 

rnechanisms. We have found that chlamydia indeed possesses the ability to evade host 

immune recognition. Immune recognition is a requirement for hosts to develop an 

effective immunity against microbial infections. It has been shown that MHC class II- 

mediated immune responses often play a cntical role in controlhg iniracellular pathogen 

infection. We hypothesized that chlamydia may suppress MHC class II expression in 

order to escape MHC class II-mediated immune responses. We compared the IFN-y- 

inducible MHC class II expression between epitheiial cells with or without chlamydial 

infection. We found that chlamydial infection selectively suppressed the IFN-y inducible 

MHC class II expression by several measurements. First, ce11 surface expression of MHC: 

class II molecules was inhibited in chlamydia-infected cells as analyzed with flow 

cytometry. Second, the total amount of MHC class II molecules was sigdicantly reduced 

in chIamydia-infected cells as detected on Western Blots. Third, the MHC class II mRNA 

expression was also inhibited in chlamydia-infected celis as measured with RT-PCR. 

Together, these observations suggest that chlamydia-induced inhibition of MHC class II 

expression occurs at the transcription level. StÏmulation of epithelial ceils with IFN-y rnay 

confer the infected epithelial cells the abiiity to process and present chlamydial antigens 

for T cells to recognize the infected epithelial cells. Since epithelial cells are the primary 

targets for chlamydiaI infection, chlamydial inhibition of IFN-y-inducible MHC class II 



expression may represent a unique immune evasion mechanism that can facilitate 

chlamydia1 persistence in the infecteci hosts. 

Despite the significant suppression of MHC class II molecules, we found that IFN-y 

induction of ICAM-1 expression was not altered in chlamydia-infected cells, suggesting 

that ICAM-1 rnay not be essential for controlling chlamydia1 infections. ICAM-1 is a 

non-specific adhesion rnolecule that participates in lymphocyte activation and tratnckùig. 

It has been suggested that ICAM-1 may play some role in host defense against 

intracellular infections. To evaluate the role of ICAM-1 in host defense against 

chlamydia1 infection, we compared the resistance of mice with or without ICAM-1 

deficiency to chlamydial lung infection. We found that although ICAM-14- mice had a 

signi ficantly impaired IFN-y and IL2 production, both the wild type and ICAM- 1-1- mice 

displayed a similar resistance to chlarnydial lung infection. 

In conclusion, the selective inhibition of IFN-y-inducible MHC class II, but not ICAM-1, 

b y chlamydia1 infection may be dnven by host immune selective pressure. 



II. INTRODUCTION 

Chlamydia is an obligate intracellular bacteriurn. Because of its intraceliular growth and 

unique life cycle, chlamydia was initially mistaken as protoza and later as a virus. There 

are four species in the genus chlamydia Two of them are hurnan pathogens and thus 

attract most research interest. They are C. tracharnatis (Moulder et al., 1984) and C. 

pneztrnonia (Grayston et al., 1989). Another No, namely C. psittaci (Moulder et al., 

1984) and C. pecorum (Fukushi and Hirai, 1992), are primarily animal pathogens. 

Chlamydia trachomatis is an important human pathogen in both developing and 

industrialized countries. Infection of the ocular mucosa with C. trachomatfs, a disease 

called trachoma, is the leading cause of preventable blindness in developing countries. 

infection in the genital with C. trachomatis tract is the second leading cause of sexually 

transmitted diseases in industrialized countries, ranking only &er human 

immunodeficiency virus 0 (Jones et al., 1982; Schachter J ,  IW8a). 

C. pneumonia causes mild or asymptomatic chronic pulmonary infection in humans. 

Antibodies against C. pneumonia exist in as high as 50% of world population (Camm and 

Fox, 2000). Infection with C. pnezmonia is implicated in the pathogenesis of 

atherosclerosis, which is a chronic inflammation of the blwd vessels leading to occlusion 

of vessels and loss of blood supply to the tissues. 

1. Chlamvdial intracellular mowth 



Chlamydia has a unique intracellular biphasic life cycle that consists of a series of 

metabolic changes. Chlamydia exists in two forms: an elementary body (EB) and a 

reticular body (Eü3). Both EB and RB are bound by an outer membrane similar to that 

found in Gram negative bacteria, except that they do not contain peptidoglycan. A Spical 

chlamydial uifection starts with the attachent and internalization of an infectious but 

metabolically inactive elernentary body (EB) into host ceLls. Once internalized, an EB 

loses its infectivity and differentiates into a metabolicaiiy active reticular body (RB), 

which multiplies and differentiates back to EBs. The vacuolar EBs are fïnally released 

extracellularly and spread to other potential host target cells. 

Morphological changes are observed under the light microscope. Multiple EBs can be 

phagocytozed into the endosomes of one host ceil. The endosomes may or may not fuse 

to form a single endosome, depending on the straùi. Chalmydia restricts its intracellular 

growth to the endosome(s). As reticular bodies continue to replicate, the endosomes 

continue to expand. When the endosome is big enough to be observed under light 

microscope, we define it as a chlamydial inclusion body (IB). A mature inclusion body 

cm occupy one-third to one-half of the host ceii cytosol volume. The entire intracellular 

growth cycle in vitro takes about 48 to 72 houn. It is thought that the chlamydia1 growth 

cycle during natural infection is much longer. 

To complete a Life cycle, it is essential for chlamydia to maintain the integrity of the 

infected host cells since RBs are structurally fiagile and not infectious. In natural 



infections, in order to achieve a Iong-tenn infection in its hosts, it is important for 

chlamydia to protect the infected cells fkom immune recognition and immune attack. 

2. Chlamydia1 persistence and chlarn~dial diseases 

Chlamydia-induced diseases in humans are largely due to the persistent infection. 

"Persistence" describes a long-tem association between chlamydia and its hosts, in 

which the organisms remain in a viable but culture-negative state. When the environment 

is not favorable for growth chlamydia goes through an incomplete life cycle, in which 

reticular bodies remain alive inside the inclusions within host ce11 but do not differentiate 

back to elementary bodies. Thus chlamydia1 infection can't be detected by culturing 

suspected tissue isolates with cells in vitro to expand live organisrns, because there are no 

uifectious elementary bodies. Later, when the environment changes favorably for 

chlamydial growth, reticular bodies recover their ability to produce EB and complete the 

life cycle. By going through an incomplete life cycle, chlamydia could be latent in an 

immune-competent individual and re-flourish at the immune suppressive state- The 

evidence for chlamydia1 persistence are well established in ce11 culture system, animal 

models and epidemiological studies (Beatty et al., 1994b). 

3. Chlamydia1 evasion of host defense responses 

The obligate intracellular pathogen chlamydia is able to maintain a long-term infection in 

immune competent hosts. Carefiil analysis of chlamydia1 intracelldar growth and its 



interactions with host cells has dowed us to conclude that chlamydia has evolved 

various strategies for evading host de fense mechanisms. 

Extracellular pathogens can easily be attacked by antibody neutralization or phagocyte 

ingestion- Chlamydia, as well as other successfil intracellular pathogens, can hide in 

dedicated intracellular compartments and thus are invisible to these immune components. 

B. Avoidance of endo-lysosornal processing 

Chlamydia restricts itselfwithin a vacuole (inclusion) in the cytoplasm of eukaryotic 

cells. The chlamydial inclusions neither become acidic, nor fuse with host ce11 lysosomes, 

whkh makes it difficult for host major histocompatibility complex (MHC) class II 

molecules to capture peptides denved ftom live chlamydial organisms (Eissenberg et al.. 

1983). 

However, only live chlamydia-bwdened vacuoles inhibit lysosomal fusion because 

chlamydial early protein synthesis is required (Van Ooij et al.. 1998). Since a large 

portion of the chlamydial mass released from infected cells are not live EBs, there is a 

high probability for the infected cells to sirnultaneously intemalize dead chlamydial 

antigens. Therefore, the chlamydia-infected cells are still able to carry out lysosomal 

antigen processing fiom dead chlamydia1 organisms. Moreover, chlamydial inclusions 



can fuse with lysosomes in the presence of chlamydia-sensitive antibiotics (Van Ooij et 

al, 1997; Escalante-Ochoa et al, 1998), suggesting that chlamydia1 organisms durhg a 

non-productive infection c m  still be processed in the endocytic pathway, 

C .  Inhibition of host cell apoptosis 

Apoptosis, also called programmed ce11 death or 'ce11 suicide", plays an important role in 

a wide variety of nomal and pathological processes. Intracellular bacteria or virus 

stimulates infected cells to undergo apoptosis. Infected host cells undergo a series of 

designated cytoplasmic and nuclear changes and die. Phagocytes then elimioate the dead 

cells. That dead cells are disposed with membrane-bound contents minimizes darnage to 

uninfected neighboring cells, and discriminates apoptosis nom necrosis, in which cell 

death ieads to the production and release of noxious stimuli that cause extensive tissue 

damage. 

During apoptosis, chromosomal DNA is fiagmented as a result of cleavage between 

nucleosornes. This produces a large number of pieces of DNA about 200 nucleotides 

long. The chromatin condenses and the nucleus breaks up into small fragments. The ce11 

as a whole shnnks and breaks up into membrane-enclosed fkagments that have been 

termed apoptotic bodies. 

Early apoptosis cm be identified by the presence of DNA hgrnents detected on 

polyacrylamide gel electrophoresis, or using a technique called TUNEL (TdT-mediated 



d-UTP-biotin nick end labeling). The mechanism of TUNEL is that the single- or double- 

stranded breaks introduced into the DNA as part of the apoptotic process can be labelled, 

and therefore the cells undergoing apoptosis can be recognized. 

htracellular pathogens have evolved a variety of strategies to evade eliciting infected ce11 

apoptosis. Many viruses counteract host celi apoptosis and their apoptosis inhibitors have 

been identified. Examples include the caspase iniil'bitor CrmA in the cowpox virus 

(Renatus et al., 2000), p35 in baculovinis (Crook et al., 1993), viral Bcl-2 homologues 

(Yasuda et al., 1999), and viral homologues of mammalian death receptors (Thome et al., 

1997). 

Chlamydia requires several days to replicate and differentiate intracellularly to produce 

suficient progeny to spread infection. Thus it is critical for chlamydia to prevent infected 

cells fiom undergoing apoptosis. Tao et al. (1 998) demonstrated that chlamydia has 

developed antiapototic activity. B y direct DNA staining with Hoechst dye, TUNEL and 

DNA ladder gel assays, they proved that chlamydia-infected cells resist apoptosis 

induced b y several stimuli including: the kinase inhi'bi tor s taurosporine; the D M -  

damaging agent etoposide; tumor necrosis factor-a; Fas antibody, and granzyme 

B/perforin. Since chlamydia1 antiapoptotic activity depends on chlamydial, but not host 

ce11 protein synthesis, chlamydia may secrete factors that are transported into the cytosol. 

The existence of chlamydia1 factors inside cytosol may provide a means for chamydia to 

actively manipulate antigen processing and presentation pathways of host cells. The exact 

factor, however, has not been identified. 



D- Potential Evasion of CD4+ T ceil recognition by inh.acellularpathogensacellu~arputhogens 

Zntracellular pathogens are processed and presented to T celis by antigen presenting cells 

(APC) like macrophages or dendritic cells. Pathogens cleaved by lysosome enzymes are 

presented as a peptide fiagrnent bound to a major histocompatibilty complex (MHC) 

molecule and expressed on the surface of the APC- There are two types of MHC 

molecules, namely MHC-class-1 and MHC-class-II. They cliffer in subtle ways, but share 

some overall structural features. 

MC-class-1 molecules collect peptides derived from proteins synthesized in the cytosol, 

and are thus able to display hgments of nascent viral proteins on the cell surface- CDS+ 

T cells recognize the MHC-class-1: peptide complex and eventually kill the Uifected cells- 

MHC class II molecules bind peptides derived fiom proteins in intracellular membrane- 

bound vesicles, and thus dispiay peptides derived fkom pathogens living in target cell 

vesicles or antigens intemalized by phagocytic cells. CD4+ T cells recognize the MHC- 

class-II: peptide complex and eventually activate macrophages to elirninate the infected 

cells. 

In chlamydia1 infection, dead EB enters antigen presenting cells and MHC-class-II: 

peptide complexes are expressed on ce11 surfaces. CD4+ T cells then recognize the 

complex and differentiate into armed effector T cells. Efféctor T cells recognize the 

MHC-class-II: peptide complex on the chlmaydial uifected host cell surface and the 

recognition triggers the CD4+ T cells to release powerfûl cytokines that are either 



inhibitory or lethal to intracellular pathogens. The most important among these cytokines 

is interferon-gamma (EN-y). IFN-y düectly inhibits chlamydia1 intraceilular growth 

(Daubener and MacKenzie, 1999). It also upregulates MHC-class-II expression on target 

ce11 surface and changes them to antigen presenting cells, since MHC-class-II molecules 

are not constitutively expressed on the target cells. (Harton and Tîng, 2000) 

MHC-class-II: peptide antigen presentation by both antigen presenting cells and idected 

target ceils is essentiai for T ce11 mediated immunity to mount a specific immune attack 

against chlamydia1 infection. Conversely, T cell immunity may pose a sekctive pressure 

on chlamydia. Organisms that suppress MHC-class-II expression on antigen presenting 

cells or infected cells remain invisible to the host immune system and are selected to 

survive. In this research, we hypothesized that chlamydia had evolved strategïes to inhibit 

the IFN-y induced upregulation of MHC-class-II expression on infected host cells. 

Without MHC-class-II, these infected cells cannot present chlamydia1 antigens to their 

ce11 surface, and thus T cells cannot target and launch an effective attack against them. 

4. The role of ICAM-1 in host defense aaainst intracellula. infection 

A. Adhesion molecules 

The migration of naïve T cells through the lymph nodes and theu initial interactions with 

antigen-presenting cells involves non-specific binding to other cells. Sunilar non-specific 

binding eventually guides the effector T cells into the penpheral tissues and plays an 

important part in their interactions with target ceus. Non-specific binding of T cells to 



other cells is controlled by an array of adhesion molecules on the surface of the T 

lymphocyte. These cell-surface proteins recognize a complementary array of adhesion 

molecules on the surfaces of cells with which the T cell interacts- Four main classes of 

adhesion molecules are involved in lymphocyte interactions. They are the selectins, the 

integrins, the immunoglobulin superfamily and some mucin-like molecules. 

Intercellular adhesion molecules (ICAMs) belong to the immunoglobulin superfamily- 

They consist of three very similar rnembers-ICAM-1, ICAM-2 and ICAM-3. Al1 of these 

proteins bind to the sarne ligand; the lymphocyte fiinction-associated antigen-l (LFA-l), 

a mernber of the integrin family. 

Al1 T cells express LFA-1. It is thought to be the most important adhesion molecule for 

lymphocyte activation, as antibodies against LFA-1 effectively inhibit the activation of 

both naïve and armed effector T cells. 

ICAM-1 and -2 are expressed on endothelid cells as well as on antigen-presenting cells. 

Binding to these molecules enables effector T cells to migrate through blood vesse1 walls 

and contributes to naïve T celIsy immune recognition. ICAM-3 is expressed o d y  on 

leukocytes and is thought to play an important part in adhesion between T ceil and 

antigen presenting cells. The interaction of LFA-1 with ICAM-1 and ICAM-2 synergizes 

with a second adhesive interaction involving the immunoglobulin superfarnily member 



CD2 and lymphocyte fiinction-associated antigen-3 (LFA-3). CD2 is expressed on the T 

ce11 surface and LFA-3 is expressed on the antigen-presenting cell. 

ICAM- 2 is the most important member in the ICAMs family. It is not constitutively 

expressed on endothelid cells. However, idammatory stimuli such as EN-y, tumor 

necrosis factor-a (TNF-a) and lipopolysacchride (LPS) up-regulate its expression 

(Adams et al.. 1989; Faull et al., 1989). ICAM-1 actively participates in nave T ceIl 

activation and homing, leukocyte extravasation and anned effector T cell homing. 

Monoclonai antibodies to either ICAM-1 or its ligand LFA-1 show therapeutic effect in 

graft rejection, asthma, graf f  versus host disease anci local or systemic reperfusion injury 

(Wegner et al, 1990). 

ICAM-1 not only facilitates non-specific cell-ce11 interaction in al1 immune response 

processes, but also is misused by pathogens to invade host celis (Staunton et al., 1989, 

Roberts et al., 1992). It is not surpnsing that one shrdy demonstrated that ICAM-1 

provided a protective role in Uifection (Bendjelloul et al-, 2000). 

Mice de ficient of ICAM- 1 show impaired neutrophil ernigration in chemical pentonitis 

and decreased contact hypenensitivity. Inactivated ICAM-ldeficient T lymphocytes 

provided negligible stimulation in the mixed lymphocyte reaction when acting as antigen- 

presenting cell. However, these cells proliferate nomally as responder-cells (Sligh et al., 

1993). Naïve T cells require ICAM-1 more than memory T cells (Parra et aL, 1993; 

Igietseme et al., 1999). 



Although ICAM-1 is an important non-specific adhesion molecule, its importance varies 

at different body sites. For instance, ICAM-1 deficiency does not affect acute neutrophil 

emigration to the pulmonary alveoli, although emigration to peritoneum is completely 

absent (Bullard et al., 1995). 

C. K M - I  in host defense aguinst chlamydial infection 

The role of ICAM-1 in chlamydia1 infection is complicated because ICAM-1 not only 

facilitates the interaction of host immune components, but may also help chlamydia to 

attach and enter host cells (Staunton et al., 1989, Roberts et al., 1992). One of the early- 

stage events in chlamydial infection is ICAM-1 's upregulated expression on epithelial 

cells (Kol et al., 1999). Kelly and Rank (1997) have also found an increased expression 

of a4B7 and LFA-1 in the genital tract in chlamydial infection. Although the ICAM-1 

and its ligands' upregulated expression are part of host immune response to better enable 

T ceIl adhesion, they rnay aiso provide the organkms a usefil tool to attach to the host 

epithelial cells. 

Studies of ICAM- 1 fùnction in host defense against chlamydia1 infection are in 

disagreement. Some studies suggest ICAM-1 rnay be required to mount an effective 

immune attack. Igietseme (1996% 1996b) found that adding ICAM-1 to CO-cultured 

chlamydial infected epithelial cells CO-cultured with IFN-y-producing Y cell clones lead 

to more profound inhibition of chlamydial growth than not adding ICAM- 1 to the co- 

culture. 



However, studies in our lab suggest ICAM-1 is not required to mount an effective 

immune response asainst chlamydiai infection, Both MHC-class-lI and ICAM-1 are 

surface molecules expressed on chlamydiai infected epithelial celis upon IFN-y 

stimulation, since they are not constitutively expressed. In a flow cytometry study, we 

added IFN-y to cells with or without chlamydia1 infection, and found that chlamydia1 

infection inhibited IFN-y hduced MHC-class-II but not ICAM- 1 expression- Chlamydia 

selected inhibition of MHC-class-II but not ICAM-1 makes sense because MHC-class-II 

mo1ecule is cntical to chlamydid infection- It presents chlamydia1 antigens to CD4+ T 

cells and thus threatens chlamydial survival. On the other hand, ICAM-1 is not as big a 

threat to chlamydia1 s u ~ v a l  as MHC-class-II and thus chlamydia does not need to 

develop a strategy to evade ICAM-1 upregulation on the target ceii surface upon E N - y  

stimulation. This in viîro finding leads us to design an in vivo experiment to test ICAM- 1 

fiuiction in natural uifection. 



III. LITERATURE REVIEW 

1. Introduction of chlamydia 

A. Taxonomy 

Chlamydiae, originally viewed as a protoza and Iater as a virus, are actually obligate 

intracellular eubacteria (Moulder, 1964). Chlamydiae now have been placed in their own 

order, Chlamydiales, with one family, ChTarnydiuceae, and a single genus, chlamydia 

(Moulder et al., 1984). They are responsible for a wide variety of important human and 

animal infections. There are four species in the genus chlamydia, namely C trachomatis 

(Moulder et al., 1984), C. pneumonia (Grayston et a l .  1989), C. psinaci (Moulder et al., 

1984) and C. pecorum (Fukushi and Hirai, 1992). The first two species are human 

pathogens while the last two are primarily causative agents of animal diseases. 

C. trachonratis has been subdivided into three biovars: trachoma, LGV 

(lympho,pnuloma venereum), and mouse pneumonihs agent (Mouse pneumonitis agent; 

abbreviated as MoPn). The human trachoma and LGV biovars are m e r  divided into 15 

serovars on the basis of antigenic differences in the major outer membrane protein 

(MOMP). The LGV biovar consists of three serovars (LI, L2, W), with the remaining 12 

serovars (A, B, Ba, C to K) in the trachoma biovar. 



A disease called trachoma, caused by C- ~rachomatis infection, is the number one cause 

of blindness in developing countries. Moreover, trachmatl's uifection in the genital 

tract is the second leadhg cause of sexually transmitted disease throughout the world 

(Grayston and Wang, 1975; Jones et a l .  1982). The consequences of trachomatis 

infections in women include pelvic inflammatory disease (PID), infertility, and ectopic 

pregnancy. They are the most costly outcome of any STD except human 

immunodeficiency virus (HIVAIDS), resulting in an estimated 4 billion dollars in health 

care per annum in the United States (Water, 1999). pneumonia is recognized as a 

major cause of sinusitis, pharyngitis, bronchitis, and pneumonia Wuo et al., L993a and 

b). Studies indicate that it is by far the most common chlamydia1 infection, affecting at 

least 50% of the population worldwide. Moreover, coronary heart disease and myocardial 

infarction have been associated with C. pneumonia infection, suppoaed by sero- 

prevalence studies and by direct detection of the organism within artheromatous plaques 

(Thom et al., 1992; Jackson et ai.. 1997). psittaci causes psittacosis (parrot fever) that 

c m  occasionaily be transfened to humans. 

B. Unique Zrye cycle 

Chlamydiae invade hosts through mucosal epithelial cells. They have successfÙlly 

developed an obligate intracellular lifecycle, by altemating between an elementary body 

(EB) and a reticular body (RB). EB is an infectious form and RB is a large metabolically 

active fom. EB is responsible for attaching and promoting chlamydia1 entry into the 

target host cell, while RB replicates (Ward, 1988). The growth cycle is initiated when an 



infectious EB attaches to and enters the endosome of a susceptible host cell. The 

rnetabolically inert EB then undergoes morphological changes and differentiates to the 

larger RB. The resulting RB then divides by binary fission withïn the expanding 

endosome. \men big enough, the endosome becomes visible under a microscope and 

represents a unique cornpartment inside the host cell. This is refexred to as the chlamydial 

inclusion body (IB). M e r  a penod of growth and division, RBs reorganize and condense 

to fom ùifectious EBs. The developmental cycle is complete when host cells Lyse and the 

Ebs are released, allowing the chlamydia to start a new infectious cycle- The entire 

Ïntracellular growth cycle takes about 48 to 72 houn in vitro and varies as a function of 

the infecting strain, host cell, and environmental conditions. 

2- Persistence of chlamvdial infection 

Chlamydia1 infections tend to be asymptomatic in the mild form, but can progress to 

chronic. Prolonged infections lead to severe damage if treated irnproperly. Several factors 

contribute to the persistent infection. Firstly, chlamydia exists in the environment and 

causes repeated episodes of infections. Secondly, the chlamydia1 major outer membrane 

protein MOMP gene is genetically variable. MOMP is a porin with an important 

structure. It forms a trimer enclosing a pore in the outer membrane, and bkds to 

proteoglycans on the epithelial surface during chlamydial attachent to the host cell. 

Afier entry into epithelial cells, the environment in the endosome triggers an increase its 

pore diameter, thus initiating the differentiation nom the elementary body to the reticular 

body. Because of the antigenic variability of MOMP, effector immune cells stimulated by 



old antigens can't recognize newly generated antigens and thus host immunity must 

constantly catch up with the changes of antigen. Thus it is dinicult to generate a 

sufficient number of effector cells to attack a specific antigen (Peeling and Bninham, 

1996; Lampe et al., 1997). 'fhridly, chiarnydial persistence is a major factor in the 

pathogenesis of chlamydial disease (Meyer and Eddie, 1933). 

"Persistence" describes a long-tem association between chlamydia and their host cells, in 

which these organisms remain in a viable, but culture-negative state. All four chlamydial 

species are capable of causing persistent infection. Persistent chlamydia1 infection is 

associated with incomplete chlamydial development, with only sporadic production of 

EBs. Thus traditional methods to reactivate and ampli@ the organism in ce11 culture 

failed to detect chlamydia. This concept started fiom work of Moulder and et al. (1 980, 

198 1, 1982) and has dominated in this area for nearly 2 decades. Persistent chlamydial 

infections have been observed in ce11 culture, animal models and dwing natural infection 

in humans. 

A. Persistent infection in ce22 c i h w e  

In the early 1960s when chlamydia was viewed as a virus, chronic chlamydial infection 

in cultured cells could be maintained for longer than one year with proper conditions 

(Galasso and Manire, 2961; Officer and Brown, 1961). in 1980's, Moulder and 

coileagues (1980, 198 1, 1982) infected mouse fibroblasts (L cells) with C. psittaci. The 

infection at high muItiplicity of infection (MOI) resulted in alternate periods of host ce11 



destruction by chlamydia1 multiplication and periods of chlarnydial proliferation inside L 

cells without destruction of host celis. The coexistence of L ce11 and C. psittaci can be 

maintained indefinitely in the absence of typical chlamydial inclusions. This fom of 

chlamydia was defined as a cslptic body. 

Since then, conditions that alter the chlamydial developmental cycle in ce11 cultures have 

been thoroughly investigated. Some studies found persistent chlamydial infection c m  be 

induced in nutrieut-deficient medium (Bader and Morgan, 1958, 1961; Morgan 1956). 

Supplementation of nutrients to the medium restored productive chlamydia1 growth 

(Bader and Morgan, 1958,1961). Coles and colleagues (1993) mapped amino acid 

deficiency in the chlamydia1 persistence induction. Medium lacking any of the 13 

essential amino acids with the exception of valine induces aberrant chlamydial 

developrnent and Ieads to persistent infection. Whether the amino acid-deficiency- 

induced persistence occurs in vivo during natural infection, however, is unknown. 

A vast nurnber of antibiotics have been shown to inhibit the intracellular growth of 

chlamydia. The effectiveness of antibiotic inhibition depends not only on the mechanism, 

but also on the ability of a specific antibiotic to reach effective concentrations inside 

inclusion bodies. Penicillin (Storey and Chopra, 2001; Clark et al., 1982a), ampicillin 

(E3eale et al., 1991) and D-cyclose~e (Moulder et ai., 1963) can inhibit the synthesis of 

peptidoglycan without a fk t ing  protein biosynthesis. Treatment with these antibiotics 

often induces an atypical form of chlanzydia and leads to persistent infection. The 

phenomenon is unusual because chlarnyfïa is deficient in peptidoglycan (Barbour et al, 



1982; Garrett et al., 1974). The inhibition is actually associated with a cysteine-rich 60- 

kDa-envelope protein (Moulder 1993). 

C hloramphenicol, chlorotetracycline (Tribb y et al., 1973) and erythromycin (Clark et aL, 

1 9 8 2b) e ffectively inhibit prokaryotic protein synthesis. They O Aen clear chlamydial 

infection if the treatment is early and thorough enough. However, the established 

inc!usion bodies are very resistant to antibio tic treatment since the matured EBs are no 

longer metabolically active. Some researchers have observed that the inclusion bodies 

keep expanding regardless of the inhibition of protein synthesis by antibiotics. Therefore, 

a prolonged antibiotic treatment is required in chlamydial Uifection. 

Immunological factors such as EN-y that inhibits chlamydial growth may also induce 

persistent chlamydial infection. IFN-y inhibits chiarnydial growth in vitro (Byrne et al., 

19S9; De la Maza et al.. 1985; Kazar et a l ,  1971; Rothermel et al., 1983a) as well as in 

vivo (Williams et aL. 1988). In a ce11 culture system, IFN-y inhibits chlamydial growth in 

various types of cells including mononuclear phagocytes (Rothermel et al, 1983 b), 

fibroblasts (Byme and Knieger, 1983) and epithelial cells (Byrne et al.. 1986). Once IFN- 

y is removed, productive chlamydial growth is oflen restored. 

mi.(-induced chlamydia1 inhibition is time and dose dependent. Pretreatment of the 

cells with hish levels of IFN-y cornpletely inhibits chlamydial growth. Delayed addition 

or low levels of IFN-y often induces persistent infection, charactenzed by the 

development of morphologically aberrant bodies (Shemer and Sarov, 1985). Even in the 



presence of a very high concentration of IFN-y, EBs enter host ceUs and remain viable for 

a period of time. 

The complexity of the influence of  EN-y on chlamydial growth has triggered intensive 

investigation. A deficiency of tryptophan caused by the IFN-y-activated indoleamine 2,3- 

dioxygenase (DO) is a major mechanism for EN-y-induced chlamydial inhibition 

(Byrne et al,, 1986; Thomas et al., 1993). This is because the IFN-y-induced chlamydial 

inhibition correlated with an increased ID0 activity and can be reversed by addition of 

tryptophan. Up-regulation of macrophage-derived nitric oxide synthase (NOS) (Byrne et 

al., 1992), an enzyme engaged in the generation of cytotoxic reactive nîtrogen 

intermediates (Mayer et al., 1993; Igietseme et al.. 1996c) provided an alternative 

mechanism. Blocking of  nitric oxide in vitro, by adding the nitric acid (NO) synthase 

inhibitor fl-monomethyl-1-arginine monoacetate to the culture solution, reversed the 

effect of interferon. In vivo studies of LNOS, however, suggested that N O S  may not play 

any significant role in host defense against chlamydial infection (Tgietseme et al., 1996~; 

Ramsey et al., 1998; Igietseme et al., 1998a). 

Other imrnunological factors like TM.'-a (ntmor necrosis factor) have also been studied 

and found to induce an altered fom of chlamydia (Shemer-Ami et al., 1989). 

B. f ersistent chlamydial infection in animal monel 



Different mouse models are established to study the persistent infection of  chlamydia. 

Taiwan monkeys, infected through their eyes with trachoma isolates of C. trachomatis, 

resulted in intermittent shedding of viable chlamydia (Wang et al., 1967). Immuno- 

suppression with a corticosteroid fkequently reactivated shedding. Immuno-suppression 

aIso lengthens the shedding of viable chlamydia in mice lungs infected with C. 

trachoniatis or C. pneamonia (Latitinen et al. 1996; Malinverni et al., 1995) and mice 

genital tracts infected with C. trachornatis (Cotter et al. 1997a). When progesterone was 

used to treat C57BU6 mice intravaginally infected with the mouse pneumonitis agent, 

dissemination of  chlamydiae in small numbers to the lymph nodes, pentoneum, spleen, 

kidney, liver and lungs was observed (Cotter et al., 1997b). 

C . EpideniiologtgrcaZ stzidies of Persistent in fectrion with Chlamydia 

Lysis of one host ce11 in culture 48 to 72 hrs following infection can result in the release 

of hundreds of EBs. Each viable EB is capable of eliciting a new round of  infection. 

Culturing L2 strain of C. trachomatis in Hela cells, we expand EB infectivity titer as hi@ 

as 50-100 times per passage generation, measured by inclusion body fomiing unit 0. 

It is believed that the chlamydia1 developmental cycle is similar in natural infection as in 

cell culture. Rapid expansion of chlamydia would result in rapid progression of the 

infection. In the natural condition, however, chlarnydial infection exhibits a prolonged 

course, and is ofien insidious and asymptomatic. This suggests incomplete or altered 

chlamydia1 development cycles may exist following natural infection, although there is 

no direct evidence. It is expected that chlamydia1 growth, dunng natural infections, is 



more cornplex, with intemptions in chIamydial differentiation and production of 

infectious progeny similar to persistence inféctious events defined in ceU culture models. 

i. Ocular chlamydia1 infection 

Although a clear correlation between trachoma and infection with C. trachomatis has 

been establis'nsci, chlamydia organisms cannot be identified by tissue culture in over 20% 

of the cases, even in the presence of severe abnomatities (Taylor et al.. 1989). 

Progressive scarring disease with a clinically unapparent, nonproductive (culture- 

negative) infection indicates that these hdividuals rnay bear a cryptic fonn of chlamydia 

in the infected tissue (Schachter, 1978). Therefore, viable chlamydiae may be present in a 

latent, non-replicating form, inconspicuously contributhg to the progression of disease 

toward blinding trachoma. Other evidence for the continued presence of C. trachomatis 

in a culture-negative state cornes fiom studies of trachoma patients and a primate mode1 

for ocular disease. The y developed a hybridization screening system directed toward 

chlamydia1 ribosomal RNA (rRNA). The presence of un-amplified chlamydia1 r-FUVA in 

conjunctive swabs was detected long after live EB can be revived fiom infected tissues 

(Cheema et al., 199 1 ; Holland et al., 1992). 

ii, Genital tract infection 

Several studies indicate a strong association between serological evidence of a previous 

C. trachornatis infection and obstmctive infertility (Brunham et al., 1985; Henry-Suchet 



et a l .  198 7; Shepard and Jones, 1989). However, recovery o f  viable chlurnydiae nom 

tubal biopsy specimens is rare. Although chlamydia is difficult to culture, especially 

when the disease process has become chronic, the presence of chlamydia1 antigens and 

nucleic acid is indicative of persistent organisms. Although reticular bodies may replicate 

and are mildly active inside inclusions, they do not differentiate into elementary bodies 

and thus can't be detected by ceil culture. A number of studies have identified 

traclzonzatis antigens and chlamydia-specitic DNA in endometrial and tubai specimens of 

culture-negative infertile women (Soong et al., 1990; Theijis et al., 1991). 

3, ChIamydia and imrnunitv 

A. Initiation of immunig 

The sites of C. trachomatis introduction inta the host are epithelium-lined mucosa in the 

genital tract, eye, or respiratory tract. Each of these sites is unique and has a big impact 

on the nature, speed, Pace of progression, and intensity of local host immune system and 

pathogen interactions. Different sites may also have different capacities to bind pathogens 

and thus chlamydia1 infection disseminates differently. 

A chain of events occurs afier chlamydia1 elementary bodies are intemalized into the 

epitheIia1 cells. in a ce11 culture study, IL8 and IL-1 produced by HeLa and human 

endocervical cells were the earliest response to infection by C. trachomaris strain L2 

infection (Rusmussen et al.. 1997). Viable organism is necessary for the cytokine 



production, Adhesion molecules like ELAM-1, ICAM-1, and VCAM-1 are induced 

within a few hours on human epithelial celk after infection by C. pneunzonia 

(Kaukoranta-Tolvanen et al., 1996). Tumor necrosis factor alpha m - a )  is released 

fkom human peripheral blood leukocytes after cells are stimulated in vitro by EBs and 

LPS fiom chlamydia (Ingalls et al., 1995). LPS may be a major factor in the release of 

TNF-a in a natural infection because specific inhibitors of LPS c m  block TNF-a. The 

production of adhesion molecules and cytokines in the early stage of chlamydia1 infection 

ini tiat es the inflammation and immune response. 

B. Dominant CeZZ-rnediated immune response 

Host immunity against chlamydia1 infection consists of both humoral and cell-mediated 

immune response. The effector cells of the humoral response are plasma cells 

differentiated fiom B-lymphocytes. They secrete specific antibodies directed against 

extracellular pathogens. The effector cells of cell-mediated immune response are T 

Iymphocytes. They kill infected celis or activate other cells of the immune system. The 

relative contribution of each to the resolution of the infection has long been the subject of 

debate, and is further complicated by the site of infection, the animal species, and even 

the strain of the animal, 

The humoral immune response appears to not be required for the resolution of both 

primary infection and seconday infection in the murine genital tract infection with 

chlamydia. B-cell-deficient mice of  both the Balblc and B57BU6 background resolved 



the infection the same way, as did the immunological normal mice in the first infection. 

In addition, a11 mice were immune to the rechallenge (Su et al., 1997; Ramsey et a'. 

1988). 

Williams and colleagues (1987b) studied the role of B cells in the immune response 

against chlamydial infection in the lung. They treated Balb/c mice with an anti-IgM 

antibody for several months to create IgM deficient rnice, and then challenged these mice 

intranasally with mouse pnernonitis strain (MoPn) of C. tmchonrati's. IgM deficient mice 

recovered from the pulmonary infection as efficiently as immunologicaily nomal mice. 

Williams and colleagues (1997) reported that IgH-/- B ce11 deficient mice resolved 

primary lung infection as well as control mice. However, these mice had a slight but 

significant increase of chlamydial burden foilowing secondary infection, compared to 

immune competent mice. 

Humoral immunity is accepted generally as not essential, or mildly required in the host 

defense against chiamydial infection- 

Cell-mediated irnmuni ty is very important in host defense against chlamydia1 infection. 

Host resistance to primary infection is strongly T ce11 dependent since nude mice were 

much more susceptibIe to infection with chlamydia than normal mice and often failed to 

clear the infection (Coalson et ai., 1987; Williams et ai., 1981; Magee et al. 1993). 

Athymic rnice on a B O / c  background remained susceptible to chlamydia1 rechallenge, 

whereas euthymic animals developed resistance (Williams et al., 1982). 



T cells are classified as CD4+ T ceils or CD8+ T cells according to their cell-surface 

moiecules. The CD nomenclature reflects the characterization of leukocyte cell-surface 

molecuIes as recognized by monoclonal antibodies. CD4+T cells are also caiied T helper 

cells- They recognize pathogens and their products in the vesicdar compartments that are 

presented by major histocompatibility complex (MHC) class II; then they activate other 

cells. CDS+ T cells are also called cytotoxic T celis. They recognize vinises and bacteria 

that live in the cytosol and are presented by MHC-class-1; then they 1a11 infected cells. 

In murine MoPn infection in the genital tract, CD4+ T cells played a more important role 

than CDS+ T cells in host defense against chlamydia1 infection in mice with a BALB/c or 

C57BU6 background (Magee et al., 1995; Momson et al., 1994; Igietserne et al., 1993; 

Stagg et al., 1998). Adoptive transfer of donor CD4 T cells, but not CDS T cells, obtained 

fiom mice following resolution of primary challenge or during secondary genital tract 

infection, transferred antichiarnydial immunity to severe combined immune deficiency 

(SCID) mice (Magee et al., 1993). It was reported that there is an infiux of major 

histocompatibility complex (MHC) class II-bearing cells into the genital tract. These 

cells may be important for antigen processing and activation of CD4 ceils (Stagg et al., 

1998). However, the exact fiinction of these cells in the mouse genital tract is still 

unknown. 

CD8+ T cells may not play any significant role in clearing chlamydia1 infection. Perry 

and colleagues have shown that clearance of chlamydia trachomatfi fiom the murine 

genital tract did not require perfo~~mediated cytolysis or Fas-mediated apoptosis 



(1999a), demonstrating that the cytolysis firnction of CDS+ T ceiis is not required for 

reso lving c hlamydial infection. 

However, in a singie lung infection, mice depleted of either CD4 or CD8 T cells had a 

significant increase in chlamydia1 burden on day 14 postinfection, although the mortality 

rate was significantly higher in mouse depleted of CD4 cells than in those with CD8 ce11 

depletion (Magee et al., 1 995)- Upon reinfection, P2m-1- mice (MHC class 1 de ficient and 

thus hctional CD8 T ce11 deficient) resolved infection simultaneously with the control 

C57BL/6 rnice. MHC class II-/- mice failed to resolve infection (Williams et al., 1997)- 

The result sugsested a more important role of CD4+ T ce11 in secondary lung infection. 

In conclusion, CD4+ T cells are critical to mediate an acquired immune response against 

chlamydia1 infection both in the lung and the genital tract. 

C. Dominarzt Th1 response 

CD3t cells can be fiirther divided into two functional groups: Th1 and Th2 cells. 

Chlamydia and many other intracellular bacteria suMve because the vesicles they occupy 

do not fuse with the lysosomes. Th1 cells, after differentiation into effector cells, secrete 

cytokines like IL- 12, IL-2, and IFN-y . These cytokines activate macrophages, inducing 

the fusion of their lysosomes with the vesicles containing the bacteria and at the same 

time stimulating other antibacterial mechanisms of the phagocyte- Th1 cells also release 

cytokines that attract macrophages to the site of infection. Th2 cells. upon activation, 



secrete IL-4 hstead, and help B ceiis to proliferate and differentiate into effector plasma 

cells. Most extracellular antigens require an accompmyhg signal f?om Th2 cells before 

they can stimulate B ceils. Thus, Th2 cells mediate humoral immune response. 

Since humoral response is proved to be not required in efficient immunity agalnst 

chlamydia1 infection, Th2 cells may not be required either. Neutralization of IL-4 had no 

detectable effect on host immunity or on bacterial clearance in mouse genital tract and 

pulrnonary infections (Trinchien 1995). 

Th 1 immune response is critical against chlamydial infection. Mice depleted of IFN-y by 

treatment with an t i -1 . -y  antibody had a higher mortality rate thm wild type mice when 

chailenged intranasally with mouse pneurnonitis agent (MoPn) (Williams et al., 1988)- 

Mice with IFN-y or E N - y  receptor gene lcnockouts showed decreased ability to control 

chlamydia1 infections (Peny et al-, 1997; Cotter et al., 1997b; Johansson et ai., 1997). 

Th1 cytokines were predominantly detected in infected animals (Cain and Rank, 1995; 

VAN Voorhis et al., 1997; Perry et al, 1997; Williams et al., 1997). Neutralization of IL- 

12, the cytokine ultimately responsible for the induction of Th1 type immune response, 

was associated with an apparent decrease in the infiltration of CD4+ T cells into infecteci 

tissues (Trinchien 1995). 

Studies in our lab found that chlamydia-pulsed dendntic cells fiom wild type mice could 

elicit a protective Th1 immune response to chlamydial infection. However, dendntic cells 

from IL-12 p40 gene deficient mice failed to do so, suggesting that the ability of denchitic 



cells to produce IL-12 is required for the induction of protection against chlamydia1 

infection (Lu and Zhong, 1999)- 

4- Adhesion molecules and Chlarn~dial infection 

A. Introduction of ICW-I 

The IC AM family consists of ICAM- 1,2, and 3. They are al1 intercellular adhesion 

molecules that non-specifically facilitate migration and adhesion of immune cells. AU 

ICAMs bind to the sarne ligand LFA-1, a member of another intraceUular adhesion 

molecule integrin family. ICAM-1 and -2 are endothelid ligands for leukocytes. ICAM-3 

plays a role in adhesion between T ceUs and antigen presenting cells. 

ICAM-1 is the most important member of the ICAM family; it is involved in many 

physiological processes, including nzve T ce11 activation and homing, leukocyte 

extravasation and arrned effector T ce11 homing (Hayfiick et ai., 1998; Hubbard and 

Rothlein 2000). However, it is not constitutively expressed on non-APCs. Expression of 

ICAM- 1 can be drastically increased on epithelial cells upon IFN-y, TNF-a or 

lipopolysaccharide (LPS) stimulation (Adams et aL, 1989, F a d  et al., 1989)- 

B. ICAM-I and chlamydial in fecttion 



Whether ICAM-1 is essential to launch an effective immune response against chlamydial 

infection is in debate. 

Some studies indicate that ICAM-1 play a significant role in host defense agahst 

chlamydial uifection- Igietseme and colleagues (1996~) CO-cultured chlamydia1 infected 

epithelial cells with IFN-y-producing T ce11 clones. Adduig ICAM-1 to the CO-cultured 

medium lead to more profound inhibition of chlamydial growth than CO-culture alone. 

Monoclonal antibodies against either ICAM- 1 or LFA-1 partïally reversed the inhibition. 

They concluded that adhesion molecules are required for the enhanced chlamydial 

inhibition in epithelial-T ce11 interaction. 

In an in vivo experiment, Keily and Rank (1997) infected mice with chlamydia in the 

genital tract. They found local CD4+ T cells had increased expression of a4P7 and LFA- 

1. Although these cells may not be chlamydia-specific, it suggested that LFA-ICAM-l 

interaction promoted T ceil trafficking in the local idammatory response. 

Igietseme and colleagues (1999) further tested the roIe of 1CAM-l in chlamydial 

infection in a genital tract irifection model. They challenged both ICAM-1 deficient mice 

and wild type mice with live EBs. Reactivated and amplified organism reovered fiom ce11 

culture and cytokine production, as parameters of resistance against chlamydia1 infection 

were compared in the two groups. ICAM-1 deficient mice had significantly greater 

chlamydia1 burden and decreased EN-y, TNF-a and IL-12 level during the first 2 weeks 

of infection compared to wîld type rnice. However, the organism burden quickly reached 



a similar level between wild type and ICAM-1 deficient mice two weeks after the 

infection. Ail mice completely recovered fiom the infection- They concluded that ICAM- 

1 rnay be required for eariy T cell recniitxnent and activation. 

Our study suggests othenvise. Both MHC-class-II and ICAM-1 are surface molecules 

expressed on epithelial cells upon IFN-y stimulation. Both molecules are not expressed 

constitutively. In an analysis using flow cytometry, we added E N - y  to the culture 

supernatant of celis with or without chlamydial infection, and found that chlamydial 

infection inhibited EN-y induced MHCslass-lI, but not ICAM-I expression. The 

selected inhibition of bMC-class-II but not ICAM-1 makes sense, because the MHC- 

cIass-II molecule is cntical to chlamydial ïnfiection in that it presents chlamydial antigen 

to CD4+ T cells and thus threatens chlamydial swival. Conversely, ICAM-1 isn't as big 

a threat to chlamydial survival, and thus chlamydia does not need to develop a strategy to 

evade ICAM-1 upregulation on the target celi surface. We concluded that ICAM-1 is not 

important in the immune response against chlamydia1 infection. 

In sumrnary, the hypotheses to be tested in this study are two-fold: füst, chlamydia has 

evolved a strategy to inhibit E N - y  induced major histocompatibility complex II (MHC- 

class-II) molecule expression in order to evade immune recognition. Second, intercellular 

adhesion molecule-L (ICAM-1) is not important in host immune response against 

chlamydial infection. 



The goal of this research is to explore the mechanism of chlamydia1 persistence under 

host immune monitoring. Until now, iittle is known about chlamydia-host ce11 

interactions, as the organism is very difficult to work with. it cannot be cultivated in cell- 

free media, there are no well-characterized mutants available and genetic manipulation 

techniques have not been devised for the organism. By studying chlamydia1 manipulation 

of host ce11 surface protein MHC-class-II and ICAM-1 expression, this research provides 

useh1 information of the chlamydia-host interaction. The findings may lead to isolation 

of functional chlamydial components responsible for persistent infection, and thus 

contribute to the development of an efficient vaccine against chlamydia1 infection. 



IV. Methods and Materials 

1, Ce11 line and ce11 culture 

The following hzrman ceZZ Zines were used in the thesr's studies: 

MCF7: a mammary epithelium h e Y  provided by Dr. Arnold Greenberg of the Manitoba 

hstitute of CeU Biology 

MRC-5: fibroblast, American Type Culture Collection [ATCC, Manassas, VA] 

2C4: fibroblast, provided by Dr. George Stark of the Cleveland C h i c  Foundation 

HeLa: Huma.  cervical epithelium, ATCC 

CelZ cttlture procedures: 

Remove medium fiom an estabiished celi culture flask with a confient monolayer 

(VWR, 1 50cmZ Mississauga, Ont). 

Rinse the cells with 5-10mI phosphate buffered salule (PBS) lx.  

Rinse the cells with 3ml0.1% -sin solution (GIBCO, Burlingto, Ont) 

Add enough trypsin to cover monolayer (1-2 ml for 150cm2 flask) 

Incubate at 37OC until the ce11 layer starts to detach. 

Pat the flask. 

Quickly add l h l  Dulbecco's Modified Eagle Medium (Eagle's DMEM) with 10% 

fetal calf senun @MEM-10) (GIBCO) and pipet vigorously to disperse the cells. 



3 Split the ce11 suspension fkom one into two flasks if ceils are required in 24 hours. 

OtheMiçe, the ceii suspension fiom one flask seeds three flasks. For maintenance, 

discard 2/3 of ce11 suspension and put remaining 1/3 back into the original flask. 

> Change to new flasks after passing 3 culture generations. 

3 Add 201x11 DMEM-10 in each flask ancl incubate at 37OC, 5% COz. 

2. Ch1 amvdia strains and culture conditions: 

The fol20 wing mains of chlamydia are used: 

L2: belongs to LGV biovar, C. trachomatis species 

MoPn (Weiss strain): belongs to mouse peumonitis biovar, C. trachomatis species 

Procedrtres for growing L2 and MoPu stock in Hela cells: 

> Prepare a confluent 24-hour monolayer of HeLa cells in 150cm2 flasks. 

i- Discard the O Id medium. 

'r Add 10 ml HBSS-EDTA (Hanks balanced salt solution - ethylenediarnne tetra-acetic 

acid) to each flask, and let them stand at room temperature (rt) for 15-20 minutes. 

> Prepare L2 or MoPn inoculum: 5ml DMEM-10 + L2 or MoPn stock with 3 x 1 0 ~  

IFUIflask to make the MOI (Multiplicity of Infection) a little higher than 1. 

3 Remove HBSS-EDTA nom each flask, and add inocula hcubate at 37OC, 5% CO2 

for 2 hours. 



Remove the inocula. 

Add 20 ml DMEM-10 to each flask and incubate in 37OC, 5%C02. 

42 hours after L2 infection or 36 hours afler MoPn infection, harvest chlamydia. 

Harvest the infected cells as a ce11 suspension in 50-ml centrifige tube (Fisher, 

Nepean, Ont) on ice. 

Centrifuge at 4'C, 300 x g 10 mins to get ce11 pellets. Discard the supematant. 

Resuspend L2 and MoPn ce11 pellets in cold SPG ( sucrose 60g, 0.415G, 

NazHPO;r 0.976g, Glutamic acid 0.576g Diluted in 800ml ddHî0) and set the 

suspension on ice. 

Sonicate ce11 suspension 15 sec x 3 t h e s ,  to release EBs from the inclusion bodies. 

Set the tube on ice for 5-minute intervals, to cool d o m  the cells. (Sonics and 

materials, Inc., Danbury, Co~ecticut ,  USA) 

Centrifuge the suspension 300x g lOmin x 3 times, each t h e  removing the ceil 

debris and saving the supernatant- 

Divide the 3 x purified supematant (EB stock) in 500ul aliquots and store at -80°C. 

The stock is used in ce11 culhue studies, so all the procedures are performed under 

condition of strict stenlity. 

L2 and MoPn stock îiter determination 

Prepare fiesh (prepared within 24 hours) HeLa ce11 rnonolayer in 24-well-plate 

(Fisher), 2x 10' cells/well. 

9 Wect cells with 5-fold senal diluted L2 or MoPn stock in cold SPG. 



24 hrs after incubation, perfom DAB (3,3'-Diaminobenzidine tetrahydrocùlonde 

liquid substrate system) staining to visualize the inclusion bodies- 

Fix infected ceiis with 300uVwell100% methanol, 3Omins rt. 

Block the cells with 500ul~well1% BSAIPBS (Bovine serum dbudphosphate  

buffered saline), 30mins rt. 

Add monoclonal antibody Mc22 of MOMP (major outer membrane protein, made in 

Our lab) 200uUwel1, 30&, rt. 

Wash the cells with PBS x 3 times to remove the remaining antibodies. 

Dilute Rabbit anti Mouse IgG conjugated with HRP, (Horse Radish perioxidase 

Capne1321 1-0082) 1:200 in 1% BSAFBS, and add 200ul diluted antibody into each 

well, incubate 30mïn rt. 

LVash with PBS x 3 tirnes to remove the remaining antibodies. 

Apply 1xDA.B 250uVwell(10xconcentrated stock + DAB buffer, kit fiom 

BOEHEZINGER MANNKEIM, Laval, Quebec), and monitor closely under the light 

microscope. 

When the inclusions stain dark brown, stop the reaction with 1 ml PBS in each well. 

IFLI (IncZusion body forming unit) calcula fion 

P Choose the wells with infection rate between 10% and 90%. 

> Count inclusion bodies under five 32x high power-fields per well. 

"r IFU calculated fiom each individual well: Average inclusions per field x 1500 x 

dilution x 4. 

3 Average calculated IFU fiorn each weii. 



IN is defined as the amount of inclusion bodies fonned after Id EB stock passes one 

generation in cell culture, in order to estimate the infectivity of a particular stock 

preparation. Because the area of I field at 32x high-power under microscope is I m d ,  

and the area of 1 well in 24-well plate is L -5 cm2, so the area of  1500 fields at 32x high- 

power equals one well of 24-vell-plate. Thus, we calculate the amount of inclusions 

fonning in a well of 24-weii-plate by multiplying IBs couated x 1500. Because each well 

was infected with a differently diluted EB stock concentration, we also multiply by the 

fold diluted. Finally, because we idected each well of 24-well-plate with 250 ui inocula, 

and IFU is the estimation of I d  stock, we also multiply by4 in the formula to bring the 

calculation to 1 ml. 

3. Preparine ce11 samples for flow cytometrv. WB and RT-PCR: chlamvdia infection and 

interferon-gamma stimulation 

Prepare 4 samples per set for FACS. ?PB and RT-PCR: 

Sarnple A: Normal cells, 

Sarnple B: Normal cells + interferon-gamma, 

Sarnple C: L2 infected cells, 

Sarnple D: L2 infécted celis + interferon-gamma. 

N Set up 24 hn fiesh sets of four 25cm2-flash, each set consisting of 2 x 106 MCF-7, 

2C4 or HeLa cells in each flask, or 4 x 106 MRC-5 cells per flask, for a total of 16 

flasks per expenment. 



3 Infect samples C and D with 5 x 106 IN L2 stock, to make the MOI (h4ukipLicity of 

infection) 1.2, and add 5ml DMEM-10 each flask after Section. 

3 Incubate the fiasks at 37OC with 5% CO2 for 22 hours. 

3 Add into samples B and D Sul of human IFN-y (Pharmingen, San Diego, CA [stock 

concentration 2 x 1 O' unitIrnu) to make the nnal concentration in the flask (Sm1 

DMEM-10) 400uiit/ml- 

3 Incubate at 37OC with 5% COz for another 22-24 hours, 

3 Harvest cells. 

> Use keshly harvested ceus in flow cytometry. 

3 Freeze ce11 pellets at -80°C for WB and RT-PCR. 

4. Flow cytometrv 

The technique of flow cytometry is similar to the visual assessrnent of the intensity of 

fluorescence ofcells stained with a fluorescein-conjugated antibody under an Ultra-violet 

(UV) light microscope. In flow cytometry, the fluorescence intensity for each ce11 fiom 

different angles is determined in a machine called a fluorescence-activated ce11 sorter 

(FACS) and the distribution of the ce11 population in a sample is presented grophically. A 

certain population can also be sorted and separated fiom the rest of the sample. 

Measurernent on the average of 10,000 cens per sample can be made in a few minutes. 

The laser beam interrogates each individual cell, and the scattered Light nom cells is 

analyzed in the forward and 90' angles. The intensity of the forward angle light scatter 



(FALS) signal is directly proportionai to the volume of the ce11 being analyzed. The 90- 

degree light scatter (90°LS) not only is proportional to the volume of the ce& but also is 

affected by other parameters such as granularity, surface topography, etc. 

In practice, al1 4 sets (A-D) of cells are labeled by each of the followùig fust antibodies, 

namely anti-HLA-DRa (L243; ATCC), mouse anti-human intracellular adhesion 

mo lecule- 1 (ICAM- 1) m 8 ;  Phamiingen), and normal mouse IgG (Zymed Labs, Inc, 

South San Francisco, CA). Primary anti'body binding was detected using goat ad-mouse 

IgG conjugated with fluorescein isothiocyanate (FITC) (Caltag Labs, Burlingame, CA) 

and analjzed with a ~ ~ ~ ~ ~ a l i b u r ~ '  equipped with CeIlQuest software (Becton 

Dickinson, Franklin Lakes, NJ). Dead cells were excluded by propidium iodine (PI) 

st aining . 

EIectronic gates were set prior to analyzing the data. Even though ce11 debns or cell 

clus ters were present, they were "gated out" from m e r  analysis. Quantitation of 

fluorescence is perfonned to evaluate the MHC class IT molecule and ICAM-1 expression 

on the cell surface. 

5. Western Blot 

Ce11 samples are lysed with a RIPA buffer ( S O m M  Tris-HCL, pH 7.4, 150 mM NaCl, 1% 

Triton X- 100,0.5% sodium deoxycholate, 0.1 % SDS, 1 mM PMSF, 1 u g / d  Aprotinin, 

1 Oug/ml leupeptin, lug/ml pepstatin A, and 1 m M  sodium orthovanadate) and 



centnfuged at 13,000g at 4OC for 15mins to obtain the postnuclear supematants that 

contain the whole ce11 protein. The protein concentrations are then calculated based on a 

standard curve derived fiom serid diluted BSA. 

Sodium Dodecyl Sulphate Polyacrylamide gel electrophoresis (SDS-PAGE) is used to 

separate proteins with different molecular weights. In electrophoresis, the migration of 

proteins is dependent upon the charge, size and shape of the molecules. However, in the 

presence of SDS, proteins bind the SDS and become negatively charged with similar 

charge: weight ratios. When SDSsoated proteins are placed in an electric field, their 

spatial separation wili depend only on their size and shape. By varyùig the concentration 

of the polyacrylamide gels used as the medium for the electrophoretic separation, 

different resolution ranges of molecule weights may be obtained. 

Following electrophoresis, a process c d e d  electroblotting transfers the proteins to a 

nitrocellulose membrane (NCM, Bio-Rad, -45 um, Mississauga, Ont). Assemble the 

transferring sandwich within the blotting cassette taking in order: filter paper, NCM, 

polyacrylamide gel, filter paper. A TRANS BLOT apparatus (Bio-Rad) was used for the 

electroblotting. 

After the transfer, the NCM with the bound proteins are blocked and stained with first 

antibodies, narnely aHLA-DRa (DA6.147; provided by Dr. Peter Cresswell, Yale 

University) and a M O M P :  clone Mc22- Then second antibodies [anti-mouse or anti- 



rabbit IgG conjugated with alkaline phosphatase or horseradish penoxidase (HRP) ] are 

used to detect first antibody- 

Finally, the blot is developed on X ray films for 2-3 minutes with the ECL kit 

(Amersham Corp, Buckinghamshire, UK). 

6- RT-PCR 

Polymerase chain reaction is a basic rnolecular techniql ue to detect a particular gene if th 

DNA sequence is Imown. Two short oligonucletide primers are designed that are 

complementary to either end of the gene. The sample with the genorne, the primers and 

DNA polymerase are heated to separate the double-stranded DNA to single-stranded 

DNA, and then the sample is cooled down. In the presence of primer, and the particular 

gene in the genome as the template, and DNA polymerase, the particular gene sequence 

goes through semi-conservative replication and expands a single copy of the gene to 2 

copies. This is called a PCR cycle. With the repetition of 20-30 cycles, in which the 

newly synthesized gene copy can also be used as template, a single copy of the gene is 

expanded to thousands of copies that can be detected in an agrose gel under UV light. 

Reverse transcriptase, a retroviral enzyme that sqnthesizes cornplementary DNA (cDNA) 

kom RNA template, has allowed the development of RT-PCR to identifjr a gene 

expressed specifically under in vivo conditions. RT-PCR differs fiom PCR in that the RT 

step uses RNA as template. Only when a protein is actively expressed in a cell, is its gene 



transcnbed into mRNA. Thus RT-PCR detects the expression of mRNA for a particular 

gene within a cell. 

In our study, total RNA was first extracted using a Qiagen RNeary minikit. DNAase was 

then applied to the total RNA to fùrther remove DNA from the sample. The f h t  strand of 

cDNA was synthesized using total RNA as the template and avian myeloblastosis virus 

(AMV) reverse transcriptase (Arnersham pharmacia Biotech kit). PCR was performed to 

expand the cDNA. PCR products nom Sample A to D, namely normal ceils, normal cells 

with IFN-y stimulation, infected ceUs and uifected ceiis with EN-y stimulation, were nrn 

in parallel on an agrose gel. Finaily, the product arnounts as the indication of the level of 

gene expression were visuaily compared f?om a picture taken under UV light. 

The primers used in PCR are: 

DRU (Miller, et al, 1998) forward 5 '-AAAGCGCTCCAACTATACTCCGA-3 ' 

Reverse 5 '-ACCCTGCAGTCGTAAACGTCC-3 ' 

DMa:  (Albanesi et al, 1998) forward 5'-ACCTACTGTGTGGCAAGAAGGTATG-3' 

Reverse 5'-GCTGGCATCAAACTCTGGTCTGGAA-3' 

Ip41: (Albanesi et al, 1998) 

Foward 5'-CAGACCCTGCAGCTGGAGAACCTGCGCATG-3' 

Reverse 5'-GCAGTTATGGTGCCCGCGGCTTCTGGTGTT-3 ' 

P- Ac tin: hrward 5 ' -GTGGGGCGCCCCAGGC ACCA-3 ' 

Reverse 5'-CTCCTTMGTCACGCACGATTTC-3 ' 



7. Mouse strains and housinq 

20 wild type and 20 ICAM-1 deficient female mice (5-6 weeks old) with the CS7BLl6 

background were obtained fiom Jackson (Bar Harbor, Maine), and were maintained 

under standard environmental conditions in the central facilities of the University of 

Manitoba. 

8. Mouse infection 

Respiratory infection procedure (Nigg, C 1942; Wif fiums et uL. 1981; Cho-chou et 

al., 1980) 

"r Anesthetize each mouse with Aerrane (isoflurane, JANSSEN), and apply 20ul inocula 

to each mouse intranasally. 

3 For the fust infection, the concentration of the inoculum: 104 IN/mouse; the diiution 

process was: 8.5~1 stock (6 x 10'1~~/rnl) + 10 ml PBS. 

> For the second infection, the concentration of the inoculum: 2 x 106 IFU/mouse; the 

dilution process was: 166ul stock (6 x 10~IFU/rnl) + 834d PBS. The second infection 

was I month after the fkst infection. By the t h e  of second infection, the body 

weights of al1 the mice had recovered to the original level. 

3 Monitor mouse body weights on a daily basis for 10 successive days after the first 

infection and 4 days after the second infection before the mice were sacrificed. 



9- Luno; titration 

a. Prepare MoPn inocda from the lu= 

P Weigh each lung, and set each lung in 4 d  SPG on ice. 

3 Homogenize the lung on ice to release free EBs in the lung tissue. 

3 Centnfùge the homogenized tissue 300 x g 10 mias and remove the coarse tissue 

pellet. 

> Divide the supernatant into 500ul aliquots and ikeeze them at -80°C. 

b. Lzrng titration: 

Lnfect HeLa ceils with the MoPn inocula prepared above- EB titer of each lung is then 

detennined by DAB (3,3'-Diaminobenzidine tetrahydrochloride Liquid substrate system) 

staining of the inclusion bodies and caiculation of IFU/g lung, following the procedure 

described in section 2 in Methods and Materials. 

10, Spleen cell stimulation in vitro 

Mice were sacnficed and their lungs and spleens were extracted. Lung samples were 

immediately freshly used as inocula to infect HeLa cells in order to quanti@ the number 

of live organism and assess the severity of infection in the mice. T lymphocytes were 

extracted fiom spleen samples, and then were stimulated with dead EB antigen for 



several days. Cytokine production in the supernatant of the stimulated T cells was 

quantified by ELISA (enzyme-iïnked immunosorbent assay) to assess the magnitude of 

immune response against chlamydia1 infection in the mice. 

Procedure of spleen cell stimulation NI vitro is: 

> Heat MoPn elementary bodies at 56OC for 30 min to inactivate EB. 

> Dilute dead EB in RPMI with 5% fetal calfserum and 2-ME (10- to achieve a 

final concentration 10' IFU/ ml. 

P Smash spleen in PBS to release cells. 

> Pipet ce11 suspension through a nylon filter to remove the coarse tissue. 

> Determine white blood ce11 concentration under light microscope, excluding the dead 

cells by trypan blue. 

î Take 3 x 10' cells fiom each mouse for spleen ceIl stimulation. 

'r Wash the cells once with PBS in 50-ml centrifiige tube. 

'r Resuspend the celis in 3mi DMEM-IO. 

> Distribute the cells in 24-weli plates with 10' cells per well, with triplicate weUs for 

each mouse. Identify the spleen fiom each mouse with a nurnber. 

> Add Iml prepared dead EB solution to each well. 

3 FolIowing 24 hours incubation take 0.5ml supernatant fkom each well and fieeze at - 

20°C. 

> 72 hours d e r  incubation (another 48 hn) seal and fkeeze the whole plates at -20°C. 



11. ELISA 

The enzyme-linked immunosorbent assay (ELISA) is a serological assay in which bound 

antigens or antibodies are detected by an enzyme that converts a colorless substrate into a 

colored product. The ELISA assay is widely used in biolo*~ and medicine as well as 

immunology. We used a kit fiom Phamiingen in our study to detect IL-2, IFN-y and IL-4 

production levels- 

Coat plate: coat capture ant'bodies at lm1 / well at 4 O  C overnight. Discard 

coating solution before blocking (no wash). 

BIock plate: add 200ul blocking bufEer (1% BSAIPBS) to each well and Ieave it at 

room temperature for 1-2 hours- 

Discard the solution fiom plate and wash plate 4 times with w a s b g  buffer. 

Add samples and standard: samples and standard should be senally diluted in 

dilution b a e r  in the plate in an extra plate. 1 OOul diluted samples or standard wiil 

be added to each well. 

Incubate the plate for 2-3 hours. 

Wash the plate 4 t h e s  with washing buffer. 

Add diluted streptavidin conjugated alkaline phosphatase (1 :6000) at lOOul / well. 

Incubate the plate at 37' C for 45 min. 

Wash the plate 6 times with washing buffer. 



3 Add substrate (solved in substrate buffer immediately before use) at 100 ul lwell 

3 Read plate at 30,60 and 120 min, 

Capture Abs, 

IL-2 purified rat a mouse IL-2 0.25mg/ml, final concentration 2Sug/d  

IL4 purified mouse I L 4  O.Smg/mï, hal concentration 2.5udml 

IFN-y Purified a mouse interferon-gamma OSmg/ml, finai concentration 

1.25ug/mI, 

Standard: 

IL-2 final dilution: 300ulml 

IL-4 final dilution: Sng/ml 

IFN-y final dilution: Sng/ml 

Detection Abs: 

IL-2 Biotin Rat a rnouse IL-2, final concentration: 2ugM 

IL-4 Biotin 4 mouse IL4 h a 1  concentration: 2ug/ml 

IF%y Biotin a mouse IFN-y, final concentration: 2ugIml 

12. Statistics used in the studv 





V. Results: 

Part A: Chlamydia growth inhibits 1FN-y inducible MHC class II gene expression in 

epithelial cells nt the level of gene transcription 

1. Chlamydia growth inhibits IFN-y inducible MHC ciass II eene expression on the ce11 

surface as detected bv flow cytometm (Fie 1) 

To investigate whether chlamydia possesses the ability to evade the IFN-y induced 

immune recognition, we fust used fiow cytometry to evaluate IFN-y inducible expression 

of MHC class II antigens on the surface of cells in the presence or absence of chlamydial 

infection, 

Four ce11 samples were prepared in parallel: MCF-7 cells alone, MCF-7 stimulated by 

IFN-y, MCF-7 infected with chlamydia1 strain L2, and MCF-7 infected with L2 and 

stimulated by IFN-y. Briefly, we set up 4 flasks of Whour fiesh MCF-7 cell monolayers 

and infected two of hem with C. trachomatis strain L2 at an M O I 4  -2- MOI 1.2 was 

chosen to make sure most cells were infected. 24 hours later, human E N - y  was added to 

one flask of normal MCF-7 cells and one flask of L2 infected cells. Another 24 hours 

later, al1 4 flasks of cells were harvested at the same time and used immediately for 

analysis by flow cytometry. Intact cells were labeled with mouse antibodies against 

huma. MHC-class-II and ICAM-1 molecules, then the first antibodies were detected by a 

secondary antibody against mouse immunoglobulin conjugated with fluorescein. Thus 



MHC-class-II and ICAM-1 expression levels change into fluorescence signals and are 

recogiized and quantitated by the FACS machine. The eEects of EN-y and chlamydia1 

infection on WC-class-II and ICAM-1 expression levels were then evaluated by 

cornparison of the above four samples- The same gates were established to exclude ce11 

debris or ce11 clusters in both normal celis and chlamydial infected ceils, so that similar 

ce11 populations are evaluated. 

Mouse IgG anti-DRa (L243; ATCC) was used to detect human MHC-class-II molecule 

expression on the four different samples. The MHC-class-II molecule is composed of two 

transsmembrane glycoprotein chains, a (34,000 Da) and f3 (29,000 Da). Each chah  has 

tsvo domains. and the two chains together f o m  a clef? on the surface of the molecule that 

is the site of peptide binding- There are three MKC-class-II a- and B- c h a h  genes, calied 

HLA-DR, -DP and -DQ. 

Mouse IgG was applied as a control to exclude non-specific binding of the variation of 

Mouse IgG anti-DRa signal observed in the four different sarnples (see below). As 

demonstrated in Figure LC, there was a similar background in al1 cells since the four 

curves that represent the four samples stained with Mouse IgG are almost superimpoable. 

Cornparing MHC-ctass-II molecule expression on cells stimulated by IFN-y to normal 

celis gave us ideas of how much MHC-class-II expression was upregulated upon IFN-y 

stimulation, and thus provides us a baseline to assess the effect of chlamydia1 infection. 

As seen by the great distance between the curves of IFN-y stimulated cells and the cuve 



of normal cells in Fig LA, IFN-y greatiy increases the expression of MHC-class-il 

molecules. The distance offers a clear window to m e r  test the effect of chlamydial 

infection on IFN-y induced MHC-class-II expression. 

The curve that represents the level of MHC-class-II expression in cells with chlamydial 

infection falls between the curves of normal cells and the cells stimulated with IFN-y, but 

closer to the former. The slight shift in the curves probably represents background. 

Excluding the background factor, we assumed that chlamydiai infected cells had the same 

level of MHC-class-II expression as normal cells. 

Importantly, the cuve of MCF-7 cells infected with L2 and stimulated by mi( locates 

to the left side and is distant from the curve of MCF-7 cells stimulated with EN-y alone. 

That means chlamydial infection effectively inhibits the expression of IFN-y inducible 

MHC-class-II on MCF-7 cells. Also the curve of MCF-7 ceils infected with L2 and 

stimulated by XFN-y locates slightly at the right side of the curve of MCF-7 ceIls infected 

with L2. Since the same shift happens with the anti IgG antibody in Figure lC, the shift 

most likely represents the background. Excluding background noise, we concluded that 

the inhibition of chlamydia1 infection on IFN-y inducible MHC-class-II expression was 

To clariQ that chlamydia1 inhibition was specific for MHC-class-II, another IFN-y 

inducible ce11 surface protein ICA.-1 was designed as a control. ICAM-1 expression on 

the four ce11 samples was evaluated to show the effect of chlamydial infection on the 



level of IFN-y inducible ICAM-1 expression, as presented in Figure 1B. IFN-y greatly 

increased the expression level of ICAM-1, The curve of MCF-7 cells infected with L2 

and stimulated with IFN-y, however, overlaps curve of MCF-7 cells stimulated with EN- 

y. That rneans that chlamydial infection did not *bit EN-y inducible ICAM-I 

expression on MCF-7 ceils and thus proved that the chlamydid inhibition of MHC-class- 

II expression was selective. 

During the flow cytometry study, chlamyida-Mected celis were found to be more fragile 

than wiinfected celis, since a large proportion of infkcted celis died during the procedure, 

while alrnost al1 uninfected cells remained dive. This phenomenon is consistent with the 

visual observation of cells stained with trypan blue under iight microscope. The 

chlmayida-infecteci cells exclude trypan blue less efficiently. 

This phenomenon is also well demonstrated in Fig l(a)-(d) where we measured the size 

distribution and PI staining of a11 the ce11 samples. PI enters cells when ce11 membrane 

permeability is high, such as in the case of dead cells. The distribution in the chlamydia1 

infected cells was much more scattered than uninfected cells, which suggests that 

chlamydia1 infected cells Vary in size and density, or that the infected ceils more easily 

fom ce11 clusters and debris. Also, when dead cells are excluded by PI staining, it was 

noticed that not only was a large proportion of infécted cells dead, as demonstrated in Fig 

1 (d) with two peaks, but also that the PI intensity was higher in live chlamydia1 infected 

ceIls than unidected cells. This suggests that the chlamydia-infécted cells may have a 

higher ce11 membrane permeability than uninfected cells. 



The high ce11 membrane permeability Ui chlamydia1 infected ceii has not been reported 

before. It is a very interesthg fhding because essentially this wiil atfect material 

exchange between the extracellular environment and infected ceiis, and leads to M e r  

understanding of the difference between chlamydia1 infected and normal cells. The 

hding will be tested M e r  in the friture. 



E c. Legend 

'gG - MCF-7 alone control - MCF-7 + 1FN-y 
--- - -  MCF-7 + Chlamydia 

O 1 2 3 ---- MCF-7 + Chlamydia 
log fluorescence + IFN-y 

Fig 1. Chlamydia infection inhibits IFN-gamma inducible MHC-class-II but not ICAM- 
1 expression on ce11 surface 

MCF-7 cells wïth or without chlamydia1 infection were stimulated with IFN-gamma and 
coilected for flow cytometry. (a). distribution of non-infected cells in forward angle light 
scatter (horizontal mis) and 90-degree light scatter (vertical a i s ) ;  (b): PI (propidiurn 
iodine) staining of non-infected cells; (c): distribution of chlamydia-infected cells; (d): PI 
staining of chlamydia-infected cells. A: HLA-DRU expression is detected on ceIl surface; 
B: ICAM-1 expression is detected; C: mouse IgG background is detected. 



2. Chlamydia growth inhtiits IFN-Y inducible MHC class II eene ex~ression on 

e~itheiium cells at total protein level, detected by WB. (Fig 21 

Because previous results (Figure 1) indicated that E N - y  inducible MHC-class-II 

molecule expression decreased at its fünctional site, the cell surface, it was important to 

determine the mechanism of this decrease. The WC-class-II gene, like other genes, is 

fint transcribed into messenger RNA in the nucleus, then transported into the cytosol and 

translated into proteins by ribosomes on the rough endoplasmic reticulum (RER). 

Proteins desthed to fiinction in the cytosol are released fiom nbosomes directly to the 

cytosol. Plasma-membrane proteins, like MHC-class-II, which are localized to the ceii 

surface or extracellular space, enter the lumen of the RER upon synthesis. After being 

properly trimmed and glycosylated in the Golgi cornplex, they finally bud off fiom the 

Golgi cornplex and are transported to the ce11 surface. 

Based on the protein biosynthetic pathway, inhibition of IFN-y inducible MHC-class-II 

molecule expression on cell surface could be caused by a decreased production of MHC- 

class-II molecules, an increased degradation of synthesized protein, or an inhibition of 

transport of newly synthesized protein from the RER to ce11 surface. To investigate this, 

the total cellular level of IFN-gamma inducible HLA-DRa protein was evaluated by 

western-bloting, in the same set of four samples as described in Fig 1. 

Ce11 samples stored at -80°C were used in the western blot assays. Cells were £ k t  

thawed gradually on ice to avoid possible protein degradation, and then were lysed with 



RIPA buffer to release everything inside the celis. The protein concentrations were then 

calculated fiom a standard cuve derived fiom senal diluted BSA. Equivalent arnounts of 

proteins in the four samples were seperated by SDS-PAGE and a mouse antibody against 

human MHC-class-II was used to detect the protein. The prirnary antibody bhdùig was 

detected with horseradish peroxidase-conjugated goat anti-mouse IgG, and visualized 

using an ECL kit. The relative arnounts of MHC-class-II protein in the four samples were 

compared by inspection of the band intensities in each sample. 

Manipulations of the ceii samples are shown at the top of Figure 2. Normal cells are 

chlamydia -, and EN-y -; chlamydial strain L2 infected cells are chlamydia +, and IFN-y 

-; cells stimulated by IFN--y are chIamydia -, and IFN-y +; cells infected with chlamydia1 

as well as stimulated by EN-y are marked by chlamydia +, and IFNy  +. The diEerent 

ce11 lines used: MCF-7, MRC-5,2C4, and Hela cells are indicated at the lefi. The four 

ce11 lines were used to visualize the relative amount of MHC-class-II protein following 

the four treatments. 

For example, in MCF-7 cells, there is almost no MHC-class-II protein detectable in 

normal cells (first lane) and chlamydia-Sec ted cells (thud lane). However, when normal 

cells are stimulated by IFN-y (second lane), the level of MHC-class-II protein was greatly 

increased. Interestingly, there is almost no MHC-class-II protein detectable in the cells 

infected with L2 and stimulated by EN-y (fourth lane), similar to normal cells without 

EN-y stimulation ( k t  lane). That indicates that chlamydia1 infection suppresses the 

EN-y inducib le expression of MHC-class-II protein. 



To summerize, chlamydia1 infection was found to suppress IFN-y induci b le MKC-class-II 

expression at both the cell surface and within the ceU. Similar results were obtained in 

each of four different ce11 lines. These resuits infer that chlamydia prevents the IFN-y 

induced synthesis of MHC-class-II, and excludes the possible trafficking problem that 

newly synthesized MHC-class-II molecules locaiized inside the cells. 

MCF-7 and HeLa cells are mammary epitheliai cell lines; MRC-5 and 2C4 cells are 

mammary fibroblast ce11 lines. Epithelial ceus and fibroblasts are non-professional 

antigen-presenting cells that change into professional antigen presenting cells upon IM-y  

stimulation The pattern of MHC-class-II expression in Figure.2 was similar in aii four 

cell-lines, although there were variations in the amount of protein in each ce11 line. These 

results suggest that chlamydia1 inhibition of IFN-y inducible MHC-class-II expression is 

no t cell-line specific. 



Chlamydia - + +  
I FN-y - + +  

HeLa 

Fig2. Chlamyial infection selectively inhibits IFN-gamma inducible MHC-class-II 
expression at the total protein level 

Chlamydia1 infection suppresses the total cellular level of K A - D R a  in various human 
cell lines, MRC -5, 2C4, MCF-7 and HeLa cells were stimulated with LFN-gamma at 
400u/ml. HLA-DRa were detected in a western blot assay. 



3. Chlamydia p w t h  inhibits IFN-Y inducible MHC class II gene exoression in mithelia1 

cells at the m-RNA level as detected bv RT-PCR, Fig  3) 

The FACS and western blot studies indicate that chlamydia inhibits IFN--y inducible 

MHC-cIass-II expression by decreasing protein synthesis. We next wanted to detennine 

whether the inhibition of synthesis occurs at the level of translation or transcription. To 

do this, we measured the level of IFN-y inducible-MHC class II messenger RNA by semi- 

quantitative RT-PCR in the four ce11 samples. 

Ce11 samples stored at -80°C were gradually thawed on ice. Total RNA was extracted, 

and then DNAase was applied to eliminate any residual DNA present in the samples. The 

concentration of RNA was determined by measuring OD260 and OD280, and then 

equivalent amo unts of RNA were removed fkom the four samples for later procedures. 

First strand complementary DNA (cDNA) was synthesized using total RNA as the 

template, various gene specific primers (see page 37) and avian myeloblastosis virus 

(AMV) reverse transcriptase. PCR was then performed to ampli@ the cDNA. PCR 

products from the four sarnples were nui in parallel on an agrose gel. The amount of 

product (the band intensities) \vas used as an indication of the level of gene expression. 

Amounts were compared visually on a picture of the gel exposed to W light. 

P-Actin was chosen as a positive control for the RT-PCR procedure. Also, because it is 

expressed constitutively, al1 four samples should have same amount of B-actin, so the 

intensity of its product can be used to monitor consistency between the sarnples. 



We examined the level of the mRNA encoding DRa, DMa and the invariant chain p42 

(Ip41) in the four samples. DMa and the invariant chah p41 (Ip41) are molecules 

involved in the MHC-class-II secretion pathway. They are not constitutively expressed in 

the non-professional antigen presenting cells but are EN-y inducible, similar io MHC- 

class-II proteins. Moreover, the genes encoding the invariant chain and the DM 

molecules are Iocated in the MHC-class-II region of the genome. 

The results of RT-PCR shidy are shown in Figure.3. The different treatments of the four 

ce11 samples are shown at the top, and the DRa, DMa and invariant chah p41 (Xp41) 

PCR products are shown on the left. No bands corresponding to the three molecules 

showed up in normal cells and chlamydial infécted cells (lane 1 and lane 3). However, in 

normal ce11 upon IFN-y stimulation, rnRNA products of all three molecules were greatly 

up regulated. hnportantly, the intensity of al1 three products was greatly decreased in 

chlamydia1 infected cells stimulated with IM-y,  indicating that the chlamydia1 infection 

prevented the IFN-y inducible transcription of DRa, DMa and invariant chah pl1 

(Ip41). In another words, inhibition of IFN-y inducible MHC-class-II expression by 

chlamydia occurs at the Ievel of gene transcription. 



Chlamydia - + +  
I FN-y 

DRa 

DMa 

lp41 

B-Actin 

Fig 3. C hlarnyial infection selec tively inhibits IN-gamma inducible MHC-class-II 
expression at the gene transcription level 

In MCF-7 cells, DRa, DMa, Ip41 primers were used to ampli@ and detected in an RT- 
PCR assay, and f3-actin was used as control of the method. 



Part B: ICAM-1 is not requïred in clearance of mice lung MoPn infection. 

1. Resistance to primarv chlamydia1 infection is similar in mice with or  without ICAM-1 

deficiencv, althoueh CD4 Th1 cvtokine ~roduction was simificantlv imoaired. 

To evaluate the resistance of ICAM-1 deficient mice against chlamydia1 infection, rnice 

wïth or without ICAM-1 deficiency were inf i ted  intranasally with the mouse pnumonitis 

agent (MoPn) of chlamydia trachomatis, Because MoPn infection is air-borne, cages of 

mice were separated with plastic filters to avoid cross-infection- 

Body weight changes were monitored every 24 hours within the 10-day period &er the 

frst infection. M e r  sacnficing the rnice, the level of infection in lung tissue was 

indicative of the invasive ability of the chlamydia1 pathogen. This was calculated based 

on titer obtained from culturing extracted inocula with HeLa celis to reactivate and 

ampli@ the organism. Cytokines IL2, IL4 and IFN-y production levels were indicative 

of the strena& of the host immune response and were measured in the supernatants of EB 

stimulated spleen cells. 

A. Body weight change foilowing the frrst infection 

During the first challenge, al1 mice survived the 10-day period foiiowing infection. 

Although the average s t a rhg  body weight of  ICAM-1 deficient mice was about 1 Sg less 

than that of wild type mice, both groups' body weight change exhibited similar patterns 



(Figure 4). Al1 mice, including the ICAM-1 knockout and the wild type mice, were about 

6 weeks old at first challenge. The reason why the ICAM-1 mice weigh less is unknown. 

There was a mild increase of body weight during the first 2 days and then a sharp drop 

fiom day 3, which reached the lowest level at day 6 or  7 and was then followed by a 

bounce-back. Mice that were severely sick had not only a sharp drop in body weight, but 

also Iacked energy and responsiveness, were inactive, and lost their normal hair gloss. 

B. In fectivity determined by L ung titration 

Intact lungs were extracted quickly from sacrinced mice, weighed and set on ice. Lungs 

Eom very sick mice appeared bloody red, indicating extensive blood ce11 infiltration. 

Some of these lungs were necrotic, and parts of their lobes were destroyed. Lungs fiom 

relatively healthy mice, however, showed a normal reddish-white appearance and normal 

size. Severely sick lungs usualiy weighed more than relatively healthy lungs, maybe 

because of water and blood ceU infiltration. 

Mer srnashing the lungs in equivalent volume of cold SPG to release fiee EBs from 

inside the lung tissue, each sample was centrifuged to remove the coarse tissue in the 

pellets. Free EBs in the supernatant then were diluted serially and used as inocula to 

infect the prepared HeLa cell monolayer. 24 hours later, infectecl HeLa cells were fixed 

and stained with an antibody against the chlamyidal major outer membrane protien 

(MOMP). Inclusion bodies were then counted and inclusion body forming unit per gram 

lung tissue was detennined. 



Infectivity of the lung tissue was used as an indicator of the severïty ofthe chlamydia1 

infection. The average Log W/g lung tissue for wild type mice was 6.27+/- 0.55, and for 

ICAM-1 deficient rnice was 6.28H- 0.47. The two averages (Log IFWg lung tissue) 

show no statisticaily significant difference. The results are summarïzed in Figure.5. As 

the severity of infection was similar in mice with or wïthout ICAM-1, it suggests that the 

hvo groups of mice had a sirnilar immune response to the chlamyidal infection- 

C. Cytokine production lever in first infection 

Diluted dead EBs inactivated by treatment at 56OC for 30 min were used as the stimulant 

for cytokine production study. Freshly extracted spleens were smashed to release 

lymphocytes, and then the cell suspension was pipeted through a nylon filter to remove 

the coarse tissue. The white blood cell concentration was determined under a light 

microscope, and equal amounts of white blood cells were taken fkom each mouse for 

spleen cell stimulation. The cells were distriiuted in 24-well plates and same lFU of 

prepared dead EB solution were added to each well, and incubated 37'C with 5% Cor- 

Following 24 hours incubation 0.5ml supematant were taken from each well and fiozen 

at -20°C for IL2 measurements. Following 72 hours incubation (another 48h.s) another 

0Sml supematant were taken fkom each well and fiozen at -20°C for the detemination 

of I L 4  and IFN-y. 

The cytokine profile derived h m  the supematant of in viiro stîmulated spleen cell 

cultures are indicators of the strength of the host immune response against chlamydial 



infection. The cytokines reflect immunity side of the chlamydia-host immunity 

interaction. IL-2 and EN-y are CD4+ Th1 ce11 cytokines, and IL-4 is a CD4+ Th2 

cytokine. IL2 is secreted nom Thl cells early in a immune response. It acts as a p a r a c ~ e  

factor to stimulate neighboring T ce11 to proliferate and daerentiate into Th1 cells. IFN-y 

is secreted late in the response, and it acts as effector to activate macrophages to attack 

pathogens. 

Al1 samples showed abundant IFN-y and IL-2, but negligible level of IL*, consistent 

with the lmowledge that host immunity responsible for clearance of chlamydia1 infection 

lies in CD4+ Thl, but not Th2 ce11 groups. Surpnsingly, markedly lower level of IFN-y 

(p< 0.001) and Tt-2 @<O-001) were f o n d  in the ICAM-1 deficient mice when compared 

to the wild type mice. As demonstrated ui Figure 6 (IFN-y) and Figure 7 (IL-2), the 

average IFN-y (nghl)  production fkom wild type mice was 17.52+/- 2.21, and nom 

ICAM- 1 deficient mice was 13.79+/- 1 -66. The average IL-2 (uhi) level of wild type 

was 5.78+/- 4.08, and of ICAM-1 deficient mice were 1.38+/- 3.3 1. Obviously there are 

huge standard deviations in the readings of IL-2 cytokine level, but because the 

difference is huge and there is seldom overlaping readings in two groups of mice, it is 

considered that the statistical significant dserence is reliable. 

2. Resistance to secondarv chlamydia1 infection was also similar in mice with or without 

ICAM-1 deficiencv, althoueh IL-2 ~roduction was still sianificantlv huaired. 



The second challenge with chlamydia was given at 3 1 days after the first challenge, when 

al1 mice had recovered their lost body weight. Similar to the fkst challenge. body weight 

change, lung titratim, and cytokine production levels were determined after the second 

challenge. 

Body weight changes were monitored daily over a 5-day penod after the second 

infection, This period is sufficient to elicit a full adaptive immunity- Graphs of the body 

weiJht change of mice with or without ICAM-1 deficiency after the second challenge 

dernonstrated a parallel pattern - both groups lost weight fkom the fïrst day after the 

infection and the trend continued until they were sacrinced (Figure 8). Two out of ten 

wild type mice died of heavy infection, while one out of ten ICAM-1 knockout mice 

died. 

In the infectivity study, the average (Log IFU/gram lung tissue) of wild type mice was 

5.52+/- 0.60, and of 1CA.M-1 deficient mice was 6.OW 0.80. There was no statistically 

significant difference behveen the two titer-averages. Together with the similar mortality 

rate in both mice groups, it is concluded that ICAM-1 deficient mice have similar 

immune resistance to the wild type mice in the second chlamydia1 infection. The result is 

demonstrated in Figure S. 

The cytokine production profile illustrated an abundant production of IFN-y (Figure 6) 

and IL-2 (Figure 7), but negligible level of IL-4, similar to the resuits observed following 

the first infection. The average IL2 level of KCAM-1 deficient mice was still 



significantly lower than in the wild type mice as in the fïrst challenge (p c 0.05). The 

level of IL-2 (dd) of wild type mice was 3.33+/- 1.65, and of ICAM-1 deficient mice 

was 2.72+/- 1 -60. Aithough the production of IFN-y was found to be a Little higher Ui wild 

type mice than in ICAM-1 deficient mice, the difference did not have statistical 

significance (0.05 cp  < 0.1). The average IFN-y level (@ml) of wild type mice was 

l6.54-H- 1.8 1, and of ICAM-1 deficient mice was l8.78+/- 2.96- 

The data of individual mice, including Log IFUfgram lung tissue and the amount of both 

IFN-y and IL-2, are summarized in Figure 9. Mouse of identification number (ID) 12 to 

20 and mouse ID 41 are wild type mice with first challenge; mice ID 21-31 are ICAM-1 

deficient mice with f k t  challenge- Mice ID 3-1 1 are wild type mice with second 

infection; and mice ID 32-40 are ICAM-1 deficient mice with second challenge. 





IFU/lung(log) wild type 1 st in1 ICAM-14- 1st inf 
6.27+/4.55 6.28+14.47 
wild type 2nd in ICAM-14- 2nd inf 
5.52+/4.60 6.00+/4.80 

wild 2nd 

ICAM-1 1st 
wild 2nd 
ICAM-1 2nd 

Fig 5. Summary of infectivity in mice with or without ICAM-I deficiency in both 
primary and secondary chlamydia1 infections 

Mice were sacrificed 10 days after the first infection or 5 days after the second infection, 
Free chlamydia EBs were extracted fiom the lungs and were used as inocula to infect 
HeLa cells. IFU (inclusion foming unit) of each lung was calculated and corrected by the 
Iung weight. 



IFNgamma(nglml) wild type 1 st in1 ICAM-14- 1 st inf 
l3.79+/-1.66 l7.52+/2.21 
wild type 2nd in ICAM-1-1- 2nd inf 
t 6.54+/-l.81 18.78+1-2.96 

i:::::i wild 1 st 
pzqICAM-1 1st 

T wild 2nd 
ICAM-1 2nd 
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wild 1 st CAM-1 1st wild 2nd ICAM-1 2nd 

Fig 6. Summary of EN-gamma production levels in mice with or without ICAM-1 
deficienc y in both prirnary and secondary infections 

Free spleen cells of each mouse were obtained and were stimulated by dead chlamydia 
elementary bodies for 3 days. Supernatant was obtained and EN-gamma production level 
was determined by ELISA. 



IL2 (ulmi) wild type 1 st in1 ICAMI1 4- 1st inf 
5.78+14.08 1.38+1-3-31 
wild type 2nd in CAM-14 2nd inf 
3.33+/-f -65 2.72+/-1-60 

IL2 (ulml) 

V .w 
wild 1st ICAM-1 1 st wild 2nd ICAM-1 2nc 

Fig 7. Summary of IL-2 production levels in mice with or without ICAM-1 deficiency in 
both primary and secondary infections 

Free spleen cells o f  each mouse were obtained and were stimulated by dead chlamydia 
elementary bodies for 1 day. Supernatant was obtained and IL-2 production level was 
determined by ELISA. 





ID No. 
#12 
#13 
#14 
#t 5 
#16 
#17 
#18 
#19 
#20 
#41 

#21. 
#22 
#23 
#24 
#25 
#26 
#27 
#28 
#29 
#30 

IFU LungW(g) log IFU IFNy(ng1ml) IL-2 (ulml) 
1 -34'1 O6 0.54 
2 .9~10 '  0.38 
4.05'1 o6 0.41 
4.03'1 0' 0.37 
5.54'1 o4 0-1 7 
4.5'1 o6 O -45 
6.84'1 0' 0.35 
6.1 6'1 0' 0.42 
2.43'1 0' 0.35 
1 -6'1 o5 0.39 

Average 
SD 

1.2'1 o6 0.37 
1 .64'106 0.38 
4.1 8'10' 0.37 
1.22'1 o6 0.38 
1.1 7'lo6 0.43 
3.95'1 0' 0.29 
1.05'1 0' 0.26 
6.32'1 o6 0.39 

Average 
SD 

Fig 9. Data of infectivity and cytokine profile of individual mouse 
Mouse ID 12-20 + 41 wild type 1st infection 
Mouse ID 2 1-3 1 ICAM-1 deficient mice 1st infection 



ID No. tFU LungW(g) log IFU IFN.r(nglml) IL-2 (ulml) 
#3 1 - 0 ~ 1  o5 0.5 5.32 

7.27'1 o5 0.52 
2.85'1 o5 0.51 
1 -74'1 o6 0.51 
2.38'1 o4 0.51 
1 .2*1 o5 0.45 
4.75'1 o4 0.4 
8.74'1 o4 0.51 

Average 
SD 

1 .14'10* 0.39 
1 .71*105 O .44 
2.39'1 o5 0.42 
3.78'1 0' 0.47 
5.87'1 O' 0.46 
6.41'1 o6 0.52 
8.21'1 O' 0.47 
2.95'1 0' 0.46 

Average 
SD 

Fig 9. (Continued) Data of infectivity and cytokine profile of individual mouse 
Mouse D 3-1 1 wild type 2nd infection 
Mouse ID 32-40 ICAM-1 deficient mice 2nd infection 



VI. DISCUSSION 

Part A: Chlamydia inhibits IFN-y inducible MHC class II expression as described in 

a ce11 culture study 

1 - Development of Hvpothesis 

Chlamydia is an obligate intracelluIar bacteriurn that has a unique biphasic life cycle, 

switching fiom an EB to a RB, and back to an EB again. The elementary body (EB) is 

infectious but metabolically inactive, while reticular body (RB) is metabolically active 

and capable of replication, but is non-infectious. Chlamydia îrachomatis is an important 

human pathogen that causes most cases of preventable blindness in developing cowtries 

and hi& incidence of  sexually transmitted disease in industrialized countries. Chlamydial 

infection tends to be mild or asyrnptomatic in nature but usually lasts for a long time. 

Three factors contribute to chronic chlamydial infection. First, repeated infections are 

very common. Second, chlamydia1 major outer membrane protein MOMP gene is highly 

variable, resulting in fiequent antigenic variability. Third, chlamydia has developed an 

incomplete life cycle and causes "persistence" in host. In an incomplete Life cycle, 

reticular bodies (RBs) form aberrantly. They remain alive in host cells but do not 

differentiate back into elementary bodies. Thus the traditional way to detect chlamydia 

(by culturing tissue isolates with tumor ce11 Les in vitro to replicate the organism) fails 

to recognize ctrlamydia in this state. 



Therefore, "persistence" is dehed as a longtemi association between chlamydia and 

their host cells, in which these organisms remain in a viable but culture-negative state. 

The stimulanâs of persistent chlamydia1 Uifection include absence of certain Ends of 

nutrition in the growth environment, or  presence of certain immunological factors and 

antibiotics. 

Although the theory of chlamydid persistence explains why ceil culture fails to detect the 

infection in vitro, the incomplete life cycle does w t  spare chlamydia nom being attacked 

in vivo, by an immune competent host. In a natural infection, ifchlamydial antigens 

continue to be presented to the host ce11 surface d u ~ g  an incomplete life cycle, h u n e  

competenr hosts can still detect the existence of chalmydia and launch an effective attaclc 

against infected cells. 

Long-term survival of chlamydia under host immunity involves active bacteria-host 

interaction. CD4+ T ce11 subgroup Thl cells are responsible for the acquired immunity 

against chlamydia1 infection. Naïve T cells recognize MHC-class-II: peptide complexes 

on professional antigen-presenting cens like macrophages, then proliferate and 

differentiate into armed effector T cells. Again, m e d  effector T cells recognize MHC- 

class-II: peptide complexes on the target cells and signal the target ce11 to undergo 

programmed ce11 death (apoptosis)- Effector T cells also release cytokines like IFN-y to 

activate macrophages to engulf and kill chlamydia. 



Thus, the capacity of  MHC-class-iI molecules to present chlamydial antigens is critical 

for the immune attack against chlamydial infection. Because epithelial cells that 

ch Zumydia target in a naturai infection are non-pro fessional antigen-presenting celIs, they 

do not produce MHC-class-II molecules until they are stimulated by IFN-y. Thus IFN-y 

inducible MHC-c1ass-II expression is very important in immune recognition in an 

effective host defense against chlamydial infection. 

This study hypothesized that chlamydia has evolved a strategy to inhibit the IFN-y 

inducible MHC-class-II expression on non-professional antigen-presenting cells. The 

inhibition enables chlamydia to hide in the target cells and remain invisible to the host 

immune system, and thus maintain long-terni survival in an immune competent host. 

Many other intracelldar pathogens have developed the strategy of inhibiting E N - y  

inducible MHC expression on non-professional antigen presenting cells to help their 

survival in the host. Examples include leidimania, (Fteiner et al.. 1988) fisteria, (Schuller 

et al., 1998) cowdria, (Vachiery et al., 1998) and cytomegalovirus (Heise et a l ,  1998a 

and b; Miller et aL. 1998). Since MHC presentation of antigens is important in host 

defense against these intracellular pathogens, inhibition of IFN-y inducible MHC 

expression might be a universal strategy for intracellular pathogens to evade host immune 

recognition. 

Until now most studies have focused on what the immune system does to chlamydia 

rather than what chlamydia does to the host cells. This study b ~ g s  in a new perspective: 



that chlamydia may actively manipulate the host immune recognition system to ensure 

they can establish a persistent infection. In addition, chlamuydiu passively adapt to the 

unfavorable environment by changing developmental foms. Therefore, this study 

emphasizes and contriiutes to the knowledge of the active interaction between a host and 

pathogen. 

2. Confirmation of Hwothesis 

EN-y  inducible MHC-class-II expression has been previously studied in a cell culture 

system (Sgagias et al, 1996). We added chlamydia to the system and tested whether 

chlamydia1 infection reverses IF%y inducible MHC-class-II expression. Thus, a set of 

four cell-samples were used in the study; normal cells, normal cells + IFN-y, normal cells 

+ chlamydia1 strain L2, and normal cells + IFN-y + L2. 

In most previous studies, cultured cells were stimulated by I F N y  for 48-72 hours before 

MHC-class-Ii expression on ce11 surface as tested. However, a whole life cycle for C. 

trachomatis (strain L2) takes only 44-48 hours. Many cells lyse d e r  44 hours growth 

and the remaining intact cells are extremely Eragile and difficult to handle. Moreover, our 

previous stuily (Tao et al, 1998) suggested that when the chlamydia1 inclusion body (TB) 

volume reached half the size of the host cell, chlamydia direct antiapoptotic activity 

against apoptotic stimulant. This phenomenon is also true in this study. This means that 

chlamydia need to grow until its inclusion body volume reaches half the size of the host 

ce11 before we apply IFN-y stimulation to the infected cells. Therefore, if we cannot fit 



the inclusion body growth time and IFN-y stimulation time in the duration of a 

chlamydia1 life cycle, the method of ce11 culture system cannot be used to test our 

hypothesis. 

In a pre-experiment we titrated dose and timing of  IFN-y to find the shortest possible 

duration of IFN-y stimulation needed to induce a maximum MHC-class-II expression. 

Fortunately, we found that with an IFN-y concentration of 4OOULLit/ml, a great increase in 

MHC-c1ass-E expression happened in 22 hours. Chlamydia needs to grow 22-24 hours 

before its inclusion volume reaches haif the size of host ce11 when the multiplicity of 

infection (MOI) is 1-1.2. Thus, we infected epithelial cells with chlamydia for 22 hours 

and then stimulated cells with I F N y  for another 22-24 hours to test the effect of both 

F N - y  and chlamydia1 infection on MHC-class-II expression. 

Other C. rrachmatis straùis like MoPn take only 36 hours to complete a life cycle and 

thus cannot be examined by this ceIl culture method. Also, the C. h-izchomatis strain was 

chosen over the pnezirnoniu strain even though the life cycle of C. Pneumonia takes 3- 

5 days and seems suitable for the study. C. Pneunzonia is very difficult to grow and huge 

variations in growth are seen in separate cultures- Until now the maximum C. pnezimonia 

infections rate in cultureci cells is 60-7096, thus it is difficult to get unifonnly infected 

ceils to compare with normal cells. Moreover, pnezimonia inclusions are not visible 

under the light microscope and this makes obsewation of the inclusion body volume 

difficult. We beiieve the result fkom this study also applies to MoPn and C. pneumonia, 

except that different experimental methods need to be used to test these strains. 



Mer preparation of the four samples, we performed flow cytometry, western bloting and 

RT-PCR to test our hypothesis. The flow cytometry study detemiines the level of protein 

expression on the cell-surface. Western bloting detects the total amount of a certain 

protein in the cell. RT-PCR evahates the level of mRNA present in a cell for a certain 

gene product. The results suggested that chlamydia1 infection inhibited IFN-y inducible 

MHC-class-II expression at ali three levels. Considering the process fiom WC-class-II 

synthesis to its îünctional expression on the cell surface, we conclude that chlamydia 

inhibit the IFN-y induced transcription of MHC-class-II genes. 

3. Inferences fiom the results 

The express ion of MHC-class-II moleculse and some protek involved in MHC-class-II 

secretion pathway [invariant chab (Ip41) and DM molecules] were tested in this study. 

Newly synthesized MHC-class-II proteins assemble into a protein complex with a MHC- 

class-II-associated invariant chain (ïp41 is one of them) to prevent MHC-class-II fiom 

bindùig to other peptides in the luman of the endoplasmic reticulum. The invariant chain 

(Ii) has a second fimction, which is to target the delivery of the MHC-class-II molecules 

fi-om the endoplasmic reticdum to an appropnate, low pH endosomal compartment. The 

complex of MHC-class-II with invariant chah is retained for 2-4 hours in this 

compartment. During this tirne, the invariant chah is cleaved in several places. The 

cleavage removes most parts of the invariant chain but leaves a short peptide of Ii bound 



to the MHC-class-II. complex. Thus, at this stage, the MHC-class-II molecule still canno t 

bind to anîigen peptides. 

KLA- DM is a MHC-class-II-iike molecule found predominady in MKC-class-II 

compartments @dIiC), late endosomes that transport MHC-class-II molecules to the ce11 

surface. DM also consists of a and P chahs. It competes with MHC-class-II and binds to 

the peptide fizigment fiom invariant chai.  that blocks the antigen-binding site, thus 

exposing the antigen binding site of MHC-class-II molecules and helping the inactive 

MHC-class-iI to become fimctional- 

Invariant chah and DM molecules were selected because their genes located in the 

MHC-class-II gene region. In addition, like MHC-class-II, these molecules are not 

constitutively expressed but are IFN-y inducible in non-professional antigen presenting 

cells. IFN-y induces the transcription of al1 the genes in the region, including MC-class- 

II, DM and the invariant chah, through the production of a transcriptional activator 

known as the MHC class II transactivator (CIlTA). Since it was shown in this study that 

chlamydial uifection inbibits the transcription of MHC-class-II genes and related genes in 

the same region, it is highly probable that the inhibition is achieved by inhibiting the 

expression of CILTA. 

CIITA is the key regulator in IFN-y induced MHC-class-II gene transcription (Harton and 

Ting, 2000) Epithelial cells do not constitutively express CIITA, and therefore do not 

normally express MHC class II molecules. Transfection of epithelial cells with CIITA 



can induce MHC class II expression. A deficiency of CIITA is responsible for some cases 

of bare lymphocyte syndrome, in which the individual lacks expression of al1 MHC class 

II gene products. These individuals suffer severe cornbined immunodefÏciency, 

illustrating the central importance of CILTA in the regulation of host irnmunity. These 

observations suggest that CIITA is both necessary and sufficient for MHC class II gene 

expression. Since CIITA is an obligate mediator of IFN-y inducible MHC-class-II 

expression, inhibition of CTZTA, or the upstream factors that regulate CaTA activity, 

might be the rnechanism that chlamydia inhibits IFN-y inducible MHC-class-II 

expression, 

4. Surnmary of known chlamydia1 ~athwavs to evade host immunity 

Five strategies will be discussed that chlamyriia has developed to evade chlamydia-host 

interaction. First, chlamydia growth altemates between EB and RB. EB is surrounded by 

a very ngid structure that is resistant to most adverse environmental conditions, such as 

heat, dessication, and a wide range of pH. RB grows in a membrane-bound vesicle inside 

host cells and thus protects itself f?om detection and neutralization by the host's humoraI 

immune response. Moreover, RB appears to be devoid of any energy-generating system 

and so it is an energy parasite, being totally dependent on ATP synthesized Erom the host 

cells. The ATP translocase of these organisms takes in ATP and excretes ADP-the 

opposite of the vast majonty of other bacteria Because chlamydia cannot be cultivateci in 

cell-fkee media, and because EB and RB have unique structures, there are no well- 

characterized mutants available and genetic manipulation techniques have not been 



developed for the organism- Thus compared to other bacteria, little is known about 

c hlarnydia, 

Second, although chlamydia is a prokaryotic organism with a relatively simple structure, 

its major outer membrane protein (MOMP) is antigenically variable, a phenornenon 

Iaiown as antigen polymorphism. Host immunïty has to catch up with the newly 

synthesized antigen in order to generate armed effector T cells specif?c for the new 

antigens. If MOMP mutation is too fiequent and host immunîty fails to recognize new 

antigen, these chlamydia1 organisms start to spread in the host- 

Third, after EB enters target host cells, the endosome it resides in provides a favorable 

environment for EB to start differentiation and it does not fise with lysosomes. The lack 

of fusion protects chlamydia fiom exposure to an acidic environrnent and proteolytic 

enzymes. There is considerable evidence that the vacuole containing newly internalized 

EBs does not precede dong the normal phagosome route (Eissenberg et al, 1983). The 

mannose 6-phosphate receptor (a late endosomal-prelysosomal marker) cannot be 

detected in the vacuole containing internalized chlamydia. Acid phosphatase and 

cathepsin D (lysosomal enzymes) are absent and lysosomal glycoproteins LAW- 1 and 

LAMP-2 are also not found (Heinzen et al, 1996)- The endosome is not acidified and 

does not fuse with lysosomes, but is üanspoaed to the Golgi apparatus, where it fuses 

with sphingomyelin-containhg exocytic vesicles. The sphingomyelin is incorporated into 

the outer membrane of the bactena. 



Fourth, chlamydia has evolved an antiapoptotic activity, as discovered by Tao et al. 

(1 998). By direct DNA staining with Hoechst dye, TUNEL and DNA ladder gel assays, 

they proved that chlamydia-infected cells resist apoptosis induced by a varïety of stimuli. 

The stimuli include not only chernicals that cause direct damage to ceU structures Like the 

DNA-damaging agent etoposide and the kinase inhibitor staurosporine, but also 

imrnunologkal factors that are involved in pathogen-host interactions such as tumor 

necrosis factor-a (TNF-a), Fas anti'body, granzyme B, and perforin. 

The antiapoptotic activity agaïnst physiological stimuli significantly increases chlamydia1 

survival in a natural infection. TNF-a is a cytokine that is produced by macrophages and 

T cells. It has multiple fùnctions in both innate and acquired immune response. The Fas 

gene is ano ther member of the TNF gene f d l y  and it is expressed on certain target cells. 

These cells are susceptible to be triggered to undergo programmed cell death by 

lymphocytes expressing the Fas ligand. Granzymes are serine esterases found in the 

granules of cytotoxic lymphocytes including CDS+ T cells and n a t a l  killer cells- When 

granzymes enter the cytosol of target cells it induces them to undergo apoptosis. Perfonn 

is a protein that can polymenze to form membrane pores that are an important part of the 

killing rnechanism in cell-mediated cytotoxiçity. It is produced by, and stored in the 

granules of cytotoxic T cells and NK cells. It is released upon meeting target cells. Since 

infected cells usually undergo apoptosis, the ultimate mechanism of both d a t e  and 

acquired host immune attack against intracellular pathogens. The antiapop totic activity is 

a very powerfùl tool for chlamydia to disarm host immunitytY 



Fi fth, in this study we demonstrated that chiarnydia inhibits IFN-y inducible MHC-class- 

II expression on non-professionai antigen-presenting ceils such as epitheliai ceiis and 

fibroblasts. Since epithelial ceUs are the initial target chlamydia1 Section and h t  line of 

host immune defense, inhibition of IFN-y inducible MHC-class-II expression allows 

chlamydiiu to be invisible to the host immunity and maintain long term survival in the 

host, 

5. Future exploration of the mechanism behind the Inhibition of IFN-y inducible MHC- 

class-II expression 

A. Factors from Chlrnayia may be responsible for the inhibitos. activity 

The rnechanisms evolved by chlamydia to inhibit IFN-y inducible MHC-class-II 

expression needs to be M e r  expbred. Questions that need to be addressed ùiclude 1) 

what is the factor responsible for the inhibition; 2) does the factor cornes fÏom the host or 

chlamydia; 3) what and; 4) where are the targets; 5) how does the factor acts upon the 

targets need to be asked and investigated. 

We noticed in these experiments that the inhibition of EN-y inducible MHCtlass-II 

expression occurred only d e r  the volume of the chlamydia1 inclusion body reached half 

the size of the cell. That gave us a hint that a critical amount of chlumydiu is associated 

with the inhibitory ability, and thus, we M e r  hypothesize that a chlamydia1 protein but 

not host protein, might be responsible for the inhibition. 



We can design friture expeximents to test this hypothesis. First the association of a 

specific amount of  chlamydia and the inhibition of IFN-y inducible MHC-class-II 

expression needs to be c o b e d .  This could be done in two ways -thne course and dose 

response experiments. Then, antibiotics could be used to help us detennine the origin of 

the protein responsible for MHC-class-II inhibition. 

In time course experiment we harvest host cells at several time points after chlamydial 

infection and observed when the inhr'bitory activity ernerges- Because the amount of 

chlamydia in the ceil accumulates with tirne, the association of time with chlamydial 

inhibitory activity will reflect the association of the total amount of chlamydia with its 

inhibitory activity. We will also be able to observe that the chlamydial inhiiitory activity 

continues to increase with tirne, until it reaches a plateau, when RB changes back to EB 

and no more new protein is synthesized. 

In the dose-response experiment, at the same time point after infection a higher MOI 

(ratio of number of organisms versus numbers of host cells) should lead to more 

chlamydial protein being produced, as compared to lower MOL If we infect cells with 

senally diluted chlamydial inocula and find that the chlamydial inhibition of PFN-y 

inducible MHC-class-II proportionately increases as the MOI increases, we wiil be able 

to conclude that the inhibition is dependent on the amount of chlamydia newly 

synthesized protein. 



Whether a chlamydia or host protein is responsible for inhibiting IF%y inducible MHC- 

class-II expression could be M e r  examined using antibiotics that specifically inhibit 

either prokaryotic or eukaryotic protein synthesis. If the inhibition depends on chlamydia1 

but not host protein, antibiotics that work by suppressing prokaryotic transcription, like 

rifarnpin, or suppressing prokaryotic translation, like chloramphenicof, would reverse the 

inhibition. On the other hand, antibiotics iike cycloheximide that completely blocks new 

eukaryo tic (host) protein synthesis would have no effect on the inhibition. 

B. Exploration gf lipsiremnfactors in the 1FN-ystimulation pathway 

The genes encoding the MHC-class-II complex and the related molecules DRa, DMa 

and Ip41 share sirniIar promoter structures that are resulted by the MHC class II 

transactivator (CIIZTA). Therefore, CIITA is a master regulator for the expression of these 

genes. We thus hypothesize that chlamydia may inhibit EN-y inducible MHC-class-II by 

suppressing CIITA function or CIITA gene expression. In the fiiture we could test this 

hypothesis using western bloting and RT-PCR as used in this study to find out whether 

CIITA is suppressed and at what level is the suppression. 

The JakIStat (Jak stands for Janus tyrosine kinase and Stat stands for signal transducers 

and activator of transcriptions) pathway E N - y  uses to induce MHC class II expression is 

already known (Lian et al, 1999). Briefly, IFN--y affects its target cells by binding to 

specific receptors that are composed of two chains. IFN-y binding activates one of the 

receptor chains and induces IFN-y receptor aggregation, and then the aggregated 



receptors deliver signds to the inside of the celi. The cytoplasmic protein kinase Jak-1, a 

member of Janus family of kinases that is associated with the cytopIasmic domain of 

IFN-y recep tors, becomes active and then phosphorylates and activates other Jak- 1 

molecules to amplifi/ the signal. In hm, Jak-1 phosphorylates and activates Signal 

Transducers and Activators of Transcription-1 (STAT-1), a member of STAT family that 

acts as gene-regdatory proteins. Upon activation, STAT proteins f o m  a complex with 

each other, enter the nucleus, and bind to specific sequences in a gene to activate its 

transcription- A wide variety of genes such as MHC-class-II, ID0 (indoleamine 2,3- 

dioxygenase), ICAM-1, and others are activated in this manner, 

During EN-y inducible MHC-class-II expression, the STAT-1 complex activates two 

factors, namely upstrearn stimulatory factor4 WSF-1) and interferon regulatory factor-1 

(RF-1). USF-1 and IRF-1 in turn activate CIITA expression, and eventually lead to the 

transcription of genes located in the MHC-class-II region. In our fùture study, if we find 

that CIITA is also suppressed, we could then test other upstream regulatory factors like 

USF-I and IKF-1 until we determine the origin of the inhibition. 

6. IFN-r inducible ICAM-1 ex~ression is not inhibited bv chlamvdial infection 

ICAM-1 is a ce11 surface protein whose expression depends on EN-y stimulation through 

the same Jak/Stat signaihg pathways as MHC-class-II molecules until the stage when the 

STAT-1 complex enters the nucleus. In IEWy induced ICAM-1 expression, a separate set 

of gene regdators other than USF-1, IRF-1 and CEïA are activated by the STAT-1 



cornplex. There fore, suppression of STAT-1 s e c  ts both IFN-y inducible MHC-class-II 

and ICAM-1 expression, while changes in USF-1, IRF-1 and CIITA would only affect 

MHC-class-II expression. In the flow cytometry study, we discovered that chiamydiai 

infection inhibits XFN-y inducible MHC-class-II expression, but not KAM-I expression. 

Thus, it is highly probable that the chlamydia1 inhiiitory activity targets one or more of 

the intra-nuclear gene regulators USF-1, IRF- 1 or CILTA. 

The discovery that chlamydial infection inhibits IFN-y inducible MKC-class-II 

expression but not ICAM-1 expression, demonstrated the specificity of the inhibition, and 

also led to the second hypothesis of this study -that ICAM-1 is not important in the host 

immune response against chlamydia1 infection. Chlamydia selectively manipulat es MHC- 

class-II function because disniption of the MHC-class-II response is critical to 

chlamydia1 survival. Conversely, ICAM-1 is not selected because it is not as important as 

MHC-class-II for chlamydia1 sunival, and thus chlamydia can ignore its up-regulation on 

host ce11 surfaces. 



Part B: ICAM-1 is not required for a host immune response agahst chiamydial 

infection as tested in a gene knockout mouse model 

1. The gene knockout mouse model: 

To test the hypothesis that ICAM-1 is not essential for a host immune response against 

chlamydia1 infection, we compared lung infection with C. truchomatis strain Mopn to test 

the immune resistence of ICAM-1 gene knockout and wild type mice with the sarne 

background. 

In knockout mice, specific genes are inactivated and thus the gene product is not 

expressed at all. The knockout mouse is created following homo1ogous recombination in 

tissue culture cells known as embryonic stem (ES) cells. On implantation into a 

bhstocyst, stem cells give rise to al1 ceLl lineages in a chimenc mouse, in which cells 

derived fiom normal stem cells posess the gene of interest, whereas cells derived fiom 

the mutant stem cells lack this gene. If the mutant ES cells give rise to genn cells in the 

resulting chimenc mice, then the mutant gene can be transferred to their offspring. By 

breeding the rnice to homozygosity, we can determine the effect of this gene deletion on 

the whole organism. 

The ICAM-1 knockout mouse does not express the ICAM-1 molecuïe in any cell. These 

mice display impaired neutrophil emigration in chemical peritonitis and decreased 

contact hypersensitivity (Sligh et ai., 1993). Inactivated spleen cells derived fiom 



infected knockout mice as antigen-presenting cells provided only a minunal stimulation 

in the rnixed lymphocyte reaction. However, these cells proliferated norrnally as 

responder cells. Naïve T cells require ICAM-1 more than memory T cells @am et al, 

1993; Igietseme et aL, 1999) to carry out their functionsc These findings not only c o h  

that ICAM-1 facilitates non-specific binding of immune components, but also suggests 

that there are subtle differences in the importance of IC1LM-l fiinction in dinérent 

immune processes. 

S tudies also suggest that the fùnction of ICAM- 1 in local i r n m ~ t y  varies at dBerent 

body sites. Mice with KAM- 1 deficiency displayed a normal neutrophii emigration to 

pulmonary alveoli although the neutrophil emigration to the peritoneum was completely 

absent (Bullard et ak, 1995). 

We chose ICAM-1 deficient (knockout) mice to test our hypothesis because this mouse 

model has several advantages. Firstly, it is an in vivo study that mirnics the natural 

infection. This in vivo study is better than an in vitro study because an immunological 

factor is tested in the context of the whole immune response, rather than as an isolated 

factor. Secondly, the gene knockout mouse model is better than other in vivo methods, 

such as partial functional depletion by antibody blocking and adoptive transfer 

experiments. Because model demonstrates not only the changes of immune k c t i o n  that 

occur in a host that lacks a specific factor, but also the compensatory mechanisms that the 

host develops when a specific factor is absent. Therefore, it is not surprishg that studies 

using this model sometixnes reach different conctusions than studies done by other 



methods. For instance, up-regdation of macrophage-derived nitric oxide synthase (NOS) 

(Byme et al., 1992), an e q m e  engaged in the generation of cytotoxic reactive nitrogen 

intermediates (Mayer et al., 1993; Igietseme 1996a, 1996b) used to be viewed as the 

mechanism of IFN-y inhibition of chlamydia1 growth. Blocking nitric oxide in vitro, by 

adding the nitrïc acid (NO) synthase inhibitor Bf'-monomethyl-1-arginine monoacetate in 

the culture solution, reversed the effect of interferon. However, a study done using the 

NOS knockout mice, suggesting that NOS did not play any significant roIe in host 

defense against chlamydia1 infection (Ramsey et al.. 1998; Igietseme et al., 1998a). 

2. Experimental Design 

Four groups of mice were used in this study. They are: 

Wild type mice infected once with chlamydia; 

ICAM-1 deficient mice infected once with chlamydia; 

Wild mice with infected twice with chlamydia; 

ICAM-1 deficient mice infected twice with chlamydia. 

Chlamydia trachomatis mouse pneumonitis strain (MoPn) was used in an established 

lung infection model. Mice are very sensitive to this strain of chlamydia. The infection 

tends to be severe in nature and has a short duration. Nonnal mice clear the MoPn 

infection in 14 days. 



Near lethal-doses of chlamydia were used in both the first and second infections. By 

doing th is ,  minor vulnerabilities in immune resistance show up easily and are revealed by 

a higher rnortality rate in groups of mice. Thus, small discrepancies in immune function 

in wild type and ICAM-1 deficient mice may be more easily identified. 

Body weight change, a sensitive parameter to the severity of chlamydial infection, was 

monitored every 24 hours for a 10-day penod &er the £kt infection, and for a 5-day 

perïod after second Section before mice were sacrificed. M e r  sacrificing the mice, the 

infectivity of lung tissue was calculated based on the titers obtained from infecting 

cultured HeLa cells with Iung isolates, and the levels of the IL2, I L 4  and IFN-y cytokine 

produced were determined. 

Groups of wide type and ICAM-1 deficient mice were each challenged twice. In £kt 

challenge, host innate imrnunity is initiated and lasts for 4-7 days before acquired 

immunity against the specific pathogen is produced. Thus the function of ICAM-1 is 

evaluated in both innate and acquired immunity in the first challenge. In contrast, in the 

second challenge, amed memory T cells respond and launch an efficient acquired 

immune response against the pathogen faster than in the f h t  infection. Thus the fhction 

of ICAM-1 in acquired immunity is main parameter tested in second challenge. In 

addition, the function of ICAM-1 in naïve T ce11 activation and migration is emphasized 

in the first challenge, whereas the fhction of ICAM-1 in armed T ce11 activation and 

migration is more specifically tested in the second challenge. 

3. Results and ex~lanation 



In this study, 1CAM-i deficient mice and wild type mice showed a similar Unmune 

resistance to both chlamydia1 infections, despite significantly impaired IL-2 and IFN-y 

production in ICAM-1 deficient mice in first infection, and significantly impaired IL-2 

production in ICAM-1 deficient mice in second infection. IFN-y production levels were 

the same in both mice groups durkg the second infection. 

Based on the results, we concluded that ICAM-1 is not required in an effective immune 

attack agoinst chlamydia1 infection. This is not surprishg because the ICAM family has 

powerfûl compensatory mechanisms- They compensate for each other within the family 

as well as compensated by members of other adhesion molecule families. For instance, 

the interaction of LFA-1 with ICAM-1 and ICAM-2 synergizes with a second adhesive 

interaction involving the ùnmunoglobulin superfamily member CD2 and lymphocyte 

function-associated antigen-3 (&FA-3). CD2 is expressed on the T ce11 surface, and LFA- 

3 is expressed on the antigen-presenting cell. In the absence of LFA-IXAM-1, ICAM-2 

could be compensated for by LFA--3KD2, and vice versa. The powerfiil compensatory 

function of adhesion molecules originates not only fiom the synergistic ac tivity of non- 

related molecules, but also fiom the relative redundancy of adhesion molecules. 

Maintaining a much higher potential than needed is a universal phenornenon in almost al1 

organ systems; the immune system is not an exception. 

There is evidence of powerhi compensation among adhesion molecules. ICAM-1, -2 and 

-3 al1 bind to the same ligand LFA-1. Thus, LFA-1 deficient individuals must 

demonstrate functional impairment of the ICAM-1 family. However, such patients have 



normal T ce11 response, despite being found to have dysfûnctioning neutrophils and 

macrophages. Since ce11 medicated immunity is responsible for protection of the host 

against chlamydia1 infection, it is reasonable to infer that a deficiency of either LFA-1 or 

ICAM-1 c m o t  Hect  the immune resistance agaînst chlamydia1 infection. 

Many studies of ICAM-1 function in response to infection with other intracellular 

bacteria using the ICAM-1 deficient mouse-mode1 have reported similar results to ours. 

ICAM-1 had only a minor or no innuence on systemic and regional host defense in 

Listeria monocytogenes and Mycobacterium bovis infections despite distinct alterations 

of the gut lymphoid environment (Ulrich Steinhoff, 1998; Saunders, 1999). 

Impaired cytokine production noted in our study following the first and second infections 

did not lead to impaired immune resistance against chlamydia1 infection. This result 

suggesis that other immune components quickly and effectively compensated for CD4+ 

Th1 and EN-y function in both infections. During the second infection, the gap in IM-y 

production between wild type and ICAM-1 deficient mice narrowed, which may suggest 

a broader scale of compensation mechanisms took effect and produced more IFN-y. 

Interestingly, studies of other intracelluiar bacteria, such as Listena monocytogenes and 

Mycobacterium bovis infections, in which ICAM-1 only has minor function in host 

immunity also showed a separation of cytokine production and the outcome of infection 

(Ulrich S teinhoff, 1998; Saunders, 1999). 



4. Ex~ianation of the debates in studies of ICAM-1 fiinction ùi chlarnvdial infection 

A. Introduction of other views about ICAM-1 in chlamydial infection 

The fùnc tion of ICAM-1 in hoa immunity against chlamydial infection has long been in 

debate. Some studies agree that ICAM-1 plays a significant role in host defense against 

chlamydial infection. Igietserne and colleagues (1 W6c) CO-cultured chlamydia1 infected 

epithelial celIs with EN-y-producing T ce11 clones. Adding ICAM- 1 in the CO-culture 

supernatant lead to more profound inhibition of chiamydial growth than CO-culture alone. 

Monoclonal antibodies agauist either ICAM-1 or LFA-1 partially reversed the inhibition. 

Ln an in vivo experiment, Kelly and Rank (1997) infected mice with chlamydia via the 

genital tract. They found local CD4+ T cells had increased expression of a4P7 and LFA- 

1. 

Igietseme and colleagues (1999) M e r  tested the role of ICAM- 1 in chlamydial genital 

tract infection in a ICAM-1 knockout moue  rnodel. They chaiienged both ICAM-1 

deficient mice and wild type mice with live EBs. Reactivated and amplified organism 

amount and cytokine productions, as parameters of resistance against chlamydia1 

infection, were compared in the two groups. ICAM-1 deficient mice had significantly 

greater chlamydial burden and decreased IFN--y, TNF-a and IL12 levels during the k t  

2 weeks of infection compared to wild type mice. However, the organism burden quickly 

reached a similar level in both wild type and ICAM-1 deficient mice two weeks after the 



infection. Al1 mice completely recovered fiom the infection- They concluded that ICAM- 

1 rnay be required for early T cell recruitment and activation. 

B. Cornparison of two gene hocbut  mice study 

Both the Epietseme et al. (1 999) study and this study are based on cornparison of ICAM-1 

gene knockout and wild type mice. Igietseme found ICAM-1 may be required for early T 

ceil recniitrnent and activation, while our study did not find any difference in immune 

resistance between the groups ofmice in two sequential infections. The two studies 

seemed to have reached conficting conclusions. Why? 

The two studies are not as contradictory as they initially appear; they share several 

similar results. First, both studies confimieci that cytokine IL2 and IFN-y production 

levels are impaired in ICAM-1 deficient mice. Second, mice with or without ICAM-1 

deficiency eventually all cleared infection at the same rate in both studies, except that 

Igietsernse found a lag of host immunity development in ICAM-1 deficient mice at the 

early stage of infection, 

However, this dBerence may lie in the different experimental design. Igietsemse et al. 

studied chlarnydial genitd tract infection, whereas this study w d  a lung infection rnodel. 

Just as the route of infection cm eiicit different types of immune response (Igietseme et 

al., 1998b); each body part has its unique local immunity. Thus, different regions of the 



body likely have a different course and intensity of imrnUIllty and different Mmune 

effector profiles. 

Mice clear a pulmonary MoPn infection within 14 days, but clear a genital tract infection 

in twice the time. Mice start to die at a chlamydial organism infection concentration of 

10'' IFU/mouse in the lung but at a concentration of 10~XFU/rnouse in the genital tract. 

Strong and acute host imrnunity in lung infection causes severe tissue damages that lead 

to a sharp body weight drop. Immunity in chlamydid genital tract infection however, 

tends to be chronic and mild. Genitally Uifected mice shed a great amount of viable 

chlamydia without a sign of sickness for a long duration. The evidence suggests mouse 

launch much more vigorous local immunity and resolve infection much more quickly in 

Iung than genital tract. 

Stronger local irnmunity in a lung infection may be caused by its central location in the 

body and a better blood supply. More immune components are recntited in a lung 

infection than in a genital tract, and they migrate to the lung more quickly Evidence of 

stronger and façter lung immunity was found by Builard and colleagues (1 995). In that 

study, mice with ICAM-1 deficiency displayed a normal neutrophi1 emigration to 

pulmonary alveoli although the neutrophil emigration to peritoneum was compIetely 

absent Therefore, the period of early naïve T ce11 recnùtment and tdlicking detected in 

the IgÏetserne et al. study may not exist in chlamydia1 lung infection. 



Compared to the Igietseme study, this study has an advantage because it consists of two 

sequential infections and thus takes into account the ICAM-1 fùnction and compensatory 

mechanisms developed in the memory immune response. Moreover, by combining the 

results of Igietseme et aI and ours, we conclude that ICAM-1 only plays a marginal role 

in host imniunity against chlamydia1 infection. 

We found that ICAM-1 is not essential in host immune response against chlamydia1 

infection. Total depletion of ICAMI could not alter the course and outcorne of 

chlamydia1 pulrnonary infection. One of the main goals of an immunology shidy is to 

understand the host-pathogen interaction in order to develop an effective vaccine; this 

ICAM-1 study is no exception. The results help direct fùture investigatoa to be focus on 

more important immune components in host immunity against chlamydia1 inféction, Iike 

MHC molecules rather than subordhate factors like ICAM-1. 



VII. FUTURE RESEARCH DIRECTIONS 

Two directions are identified fiom this study: 

1. ïdentify the factors that inhibit I F N y  inducible MHC-class-II expression- Since 

the factors would be responsible for an efficient chlamydia1 strategy to evade host 

immunity, identifying or even purifj6ng the factor may contribute to treatment 

and friture vaccine development- 

2. We noticed chlamydia1 infécted ceils possess higher ceLi-membrane permeabiiity. 

It suggests possible structural changes on the ceU membrane. Also, since the ce11 

membrane carries out important exchange hctions between the iaside and 

outside of the cells, small size rnolecular weight moIecules might leak in and out 

of chlarnydial infected cells. Further research in this direction deepens the 

understanding of chlamydia1 innuence on host cells. 
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