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Abstract

Chlamydia trachomatis is an important etiologic agent of Sexually Transmitted
Infections (STIs) worldwide. Female genital C. trachomatis infections are often
asymptomatic or show mild symptoms and thus often remain untreated. C. trachomatis
female urogenital tract infections, includes cervicitis, salpingitis, Pelvic Inflammatory
Disease (PID), endometritis, tubal factor infertility (TFI). Persistent, untreated C. trachomatis
infection causes chronic stimulation of the host immune response against immunogenic
antigens such as chlamydial heat shock proteins (CHSP) 60 and 10. There is a need to study
the seroprevalence of cHSP60 and cHSP10 in symptomatic C. trachomatis infected women
and also elucidate their role in the pathogenesis of female genital tract infection. IgG
antibodies to conserved region of Chlamydial Major Outer Membrane Protein (¢cMOMP),
c¢HSP60 and cHSP10 were detected by Enzyme-linked immunosorbent assay (ELISA) in C.
trachomatis infected symptomatic patient’s sera attending the gynecology out-patient
department of Safdarjung Hospital, New Delhi. IgG antibody titers detected for anti-cMOMP
were significantly higher than that for anti-cHSP60 (1:5; P < 0.01 and 1:25; P < 0.05).
Moreover, patients w;th PID/infertility showed significantly higher antibody titers for anti-
cHSP60 and anti-cHSP10 when compared to patients with cervicitis at dilutions of 1 in 50, 1
in 250, 1 in 1250 (P < 0.001) and at 1 in 6250 (P < 0.01). Further, considering IgG anti-
MOMP ELISA as test standard, anti-cHSP60 antibodies showed higher sensitivity (90.91%)
and specificity (89.47%) than anti-cHSP10 ELISA (75.6% and 73.87%) in the secondary
infertile women. Anti-cHSP60 antibodies detection had a sensitivity of 67.33% and a
specificity of 90.67% in secondary infertile women when compared with Direct Fluorescence

Assay (DFA) and Polymerase Chain Reaction (PCR). This study will help in providing a



clinically useful antibody screening test for predicting or confirming PID and infertility in
infected women.

Further, relative transcript levels and intracellular expression of cHSP60 and cHSP10
in cervical cells had different pattern of expression in C. trachomatis-infected fertile women
compared to infertile women. The difference in expression pattern may reflect an abnormal
cryptic form of C. trachomatis in infertile women suggesting probable role of these cHSPs in
immunopathogenesis.'OLu' results of in vitro stimulation of cervical mononuclear cells with
cHSP60 and cHSP10 suggested that exposure to cHSPs could significantly affect mucosal
immune function by increasing the release of Interferon-gamma (IFN-y), Interleukin (IL)-10
and Tumor Necrosis Factor-alpha (TNF-a) in C. trachomatis-infected infertile women.

In addition, cHSP60 and cHSP10 induced apoptosis of primary cervical epithelial cell
was studied. A DNA microarray study showed that 10 of 205 cellular genes related to
apoptosis were upregulated in cHSP60 stimulated cells and 11 in cHSP10 stimulated cells
whereas 6 and 4 genes were downregulated, respectively. Among these genes, the
upregulation of caspase-3, -8 and -9 genes were confirmed in real-time reverse transcriptase
(RT)-PCR and western blotting. The levels of pro-inflammatory cytokines IL-1fB and IL-18
were also upregulated in cHSPs stimulated cells. Our results indicate that cHSP60 and
cHSP10 were able to trigger apoptosis of primary cervical epithelial cells that are privilege
target for chlamydial infection with concomitant production of proinflammatory cytokines.

This mechanism may have a role in pathogenesis of infertility in women with persistent

chlamydial infection.
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1984) or receptor mediated endocytosis (Hodinka et al.,, 1988) or via both mechanisms
depending on chlamydial strain and host cell (Prain and Pearce, 1989). In epithelial cells, the
inclusion does not acquire lysosomal markers but does fuse with trans-Golgi network-derived
sphingolipid containing secretory vesicles (Hackstadt et al., 1995). Once entry occurs, the
EBs becomes internalized in a double membrane inclusion after 4-8 h and does not enter
early into the pathway of the golgi apparatus, avoiding phagolysosomal fusion. The EBs
inside double membraned endosome multiply by binary fusion through several rounds of
replication results in RBs after 8-12 h, then replication of RBs continues till 20 h. Further,
RBs converting back to EBs and ready for exit from the host cell after lysis in 48-72 h (Hoare
et al., 2008). Although, the developmental cycle is highly conserved across the chlamydial
species, there are differences in the attachment, entry and survival of different species in
mouse macrophages. Recently Rank er. al. showed intense infiltration of polymorphonuclear
leukocytes (PMNs) in conjunctival epithelium after four day of C. caviae infection. These
PMNs play an active role in detaching infected cells from the epithelium and die releasing
organism but in the process, move to new tissue sites via fluid dynamics (Rank et al., 2008).
C. trachomatis infects mannose receptor~positive mouse macrophages better than mannose
receptor-negative cells whereas; C. pneumoniae infects mannose receptor-negative cells

better than positive ones, whereas C. psittaci infects both cells types equally (Kuo et al,,

2002).
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are generally smaller in diameter and contain reticulate-like aberrant bodies, larger in
diameter than typical RBs. Perhaps the best-studied model of in vitro persistence is that
induced by treatment with IFN-y. It is well established that IFN-y controls the in vitro growth
of C. trachomatis through production of the enzyme indoleamine-2,3-dioxygenase (IDO).
Activation of IDO by IFN-y leads to the degradation of tryptophan, and lack of this essential
amino acid causes the death of C. trachomatis through tryptophan starvation (Beatty et al.,
1994a). Further, it has been shown that genital, but not ocular, serovars of C. trachomatis can
use indole as a substrate to synthesize tryptophan in the presence of IFN-y, which might
allow genital strains of C. trachomatis to escape IFN-y-mediated eradication in the genital
tract (Caldwell et al., 2003; Fehlner-Gardiner et al., 2002). Resumption of growth and the
release of infectious EBs are observed upon removal of stress and after the reorganization of
the aberrant form into a replicative organism (Figure 2.2).

Chlamydia trachomatis Associated Clinical Complications

C. trachomatis infection causes most common bacterial sexually transmitted disease
(STD) and infection of eye in humans (Gerbase et al., 1998). As many as 85 to 90 % of C.
trachomatis infection in men and women are asymptomatic (Cecil et al., 2001) which can
persist for several months if do not seek medical treatment (Stamm, 1999). Untreated

—— e ™

infection in both sexesbncreases the risk of HIV (Fleming and Wasserheit, 1999; Galvin and

Cohen, 2004) and HPV —induced cervical neoplasia (Anttila et al., 2001). The highest

incidence of positive isolation of Chlamydiae is in the age group of less than 25 years
(Barnes et al., 1990). The incidence gradually decreases with increasing age (Amo et al.,
1994). According to the specificity of MOMP epitopes, C. trachomatis is currently divided

into 19 serovars (Schachter J, 1999). Serovars A, B, Ba and C are the agents of trachoma, a
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major cause of blindness in Africa, the Middle East, Asia and South America. Serovars D-K,
including D, Da, E, F, G, Ga, H, [, Ia, J and K, are the most common sexually transmitted

bacteria, and serovars L1, L2, L2a and L3 are the agents of transmission of LGV (Table 2.2).

Table 2.2: Chlamydia trachomatis serovars and their associated human diseases (Brunham

and Ray-Ladino, 2005)

Serovar Clinical manifestation Complication
A-C Keratoconjunctivitis Scarring trachoma, blindness
D-K Males: Urethritis, Proctitis Epididymitis
Females: Cervicitis, Urethritis, Endometritis, Salpingitis,
Proctitis Pelvic pain, Ectopic pregnancy,

Perihepatitis  (Fitz-Hugh-Curtis
syndrome), Infertility

Males and Females: Reiter’s syndrome, Reactive
arthritis
Conjunctivitis
L1-L3 Lymphogranuloma venereum: Fibrosis, Rectal stricture

Inguinal syndrome, proctitis

Trachoma

Trachoma is the world’s leading cause of preventable blindness. The ocular infection
manifests from mild conjunctival lesions (follicular conjunctivitis) to severe inflammatory
forms that eventually lead to scarring and blindness (Skwor et. al.,, 2010). Severe forms
develop through repeated or persistent infections by C. trachomatis serovars A, B, Baand C
(Abu el-Asrar et al., 2001; Taylor et al., 1982). Trachoma is endemic mainly in tropical and

subtropical countries. Main reservoir of the organism is eye of the infected person, usually a
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child, and transmission may be potentiated by flies that carry infected secretions from person
to person (Emerson et.al., 1999; Jones, 1974).
Sexually Transmitted Infection

In women, clinical manifestations of C. trachomatis infections include acute urethral
syndrome, urethritis, bartholinitis, cervicitis, endometritis, perihepatitis (Fitz-Hugh—Curtis
syndrome), and reactive arthritis (Brunham et al., 1984; Dieterle et al., 1998; Mardh et al.,
1981; Stamm, 1999; Stamm et al., 1980). Asymptomatic and untreated chlamydial infection
in women can lead to severe reproductive complications causing PID (De Punzio et al., 1995;
Mardh, 1997; Paavonen, 1996a). Repeated infection with different or same serovars have
been shown to increase the risk for subsequent infertility (Patton et al., 1990; Pavletic et al.,
1999; Rank et al., 1995), ectopic pregnancy (Barlow et al., 2001; Cates and Wasserheit,
1991; Gerard et al., 1998), chronic pelvic pain (Westrom et al., 1992), tubal factor infertility
(TFI) (Barlow et al., 2001; Punnonen et al., 1979; Rhoton-Vlasak, 2000) and spontaneous
abortions (Quinn et al., 1987; Witkin and Ledger, 1992). Chlamydial infection during
pregnancy is associated with a number of adverse outcomes including preterm labor,
premature rupture of the membranes, low birth weight, neonatal death, postpartum
endometritis (Andrews et al., 2000; Mardh, 2002) and may be transmitted to the infant during
delivery causing conjunctivitis and nasopharyngeal infection (Jain, 1999).

In men, the most common clinical manifestation of C. frachomatis infection is
nongonococcal urethritis. Other clinical syndromes in men include acute epididymitis, acute
proctitis, acute proctocolitis, conjunctivitis, and Reiter’s syndrome (Berger et al., 1978;
Paavonen and Eggert-Kruse, 1999; Stamm et al.,, 1984). In fact, C. trachomatis causes

approximately 35 to 50 percent of all cases of nongonococcal urethritis in heterosexual men.
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Symptoms of nongonococcal urethritis may develop after an incubation period of 7 to 21
days and include dysuria and mild to moderate whitish or clear urethral discharge. In most
cases, physical examination reveals no abnormalities other than the discharge. Male
infertility, chronic prostatitis, and urethral strictures are possible results of infection. Both
Reiter’'s syndrome (urethritis, conjunctivitis, arthritis, and mucocutaneous lesions) and
reactive tenosynovitis or arthritis (without the other components of Reiter’s syndrome) has
been associated with genital C. trachomatis infection (Stamm, 1999).

LGV, is a systemic disease caused by invasive serovars (L1, L2 and L3) of C.
trachomatis. LGV infects lymphatic and subepithelial tissues which spread exclusively
through sexual contact. Although, it is an important pathogen in some developing countries
and relatively uncommon in industrialized countries (Schachter J 1999). However, all the
reported cases of LGV from Netherlands, France, Sweden, Canada and United States since
2003 have been caused by the L2 serovars, although there is some evidence that a number of
genetically distinct strains of C trachomatis L2 are responsible for these outbreaks (Blank et
al., 2005; French et al., 2005).

Chlamydial Genome Organization

Chlamydial genome comprises of closed circular double stranded DNA and all the
strains of C. trachomatis and many of C. psittaci have 7-10 copies of plasmid. The
chromosomal DNA is approximately 600-850 kb in size (Becker, 1978) that provided a much
clearer picture on genome organization after the completion of chlamydial genome project.
The first Chlamydia genome sequences of C. trachomatis (Stephens et al., 1998) and C.
pneumoniae (Kalman et al., 1999) are available after the completion of Chlamydia genome

project in 1998 (http://chlamydia-www.berkeley.edu:4231/ and GenBank accession no.
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AE001273). These sequences provide insight into the pathogenic and metabolic pathways of
Chlamydia and form a basis for further research to understand Chlamydia biology. The
sequenced C. trachomatis genome serovar D consists of circular chromosome of 1,042,519
base pairs (bp), which is about one quarter of the size of Escherichia coli DNA (Stephens et
al., 1998).

The whole genome is encoding about 894 protein coding genes with 58.7% A+T
content. Plasmids of size 7,493 bp are detected initially in three strains from serovars B, C
and L2 of C. trachomatis. In a later report, plasmids were detected in strains from serovars B,
C, D, L1, L2, and L3. (Hyypia et al., 1984; Lovett et. al., 1980). It has been suggested that
plasmid is essential for the survival of C. trachomatis. However, some reports suggest that it
may not be essential. A strain of serovar L2 that lacks the plasmid and does not contain
plasmid integrated into the chlamydial chromosome was isolated from the patient with
proctocolitis (Peterson et al., 1990). C. pneumoniae does not have plasmid (Campbell et al.,
1987) and strains of C. psittaci showed considerable diversity. Most strains of plasmid range
from 6.2-7.9 Kb, but some strains lack plasmids (Joseph et al., 1986). Some plasmid-free
isolates of C. trachomatis have been described, but these are exceedingly rare and the only
viable clinical isolates described that are plasmid free belong to serotypes L2, D and E
(Farencena et al., 1997; Peterson et al., 1990; Stothard et al., 1998).

Clustering by sequence similarity revealed that 256 chlamydial proteins (29%) belong
to 58 families of similar genes within the genome (paralogs), a fraction similar to other
bacteria with relatively small genomes such as the mycoplasmas and Haemophilus
influenzeae (Brenner et al., 1995; Koonin et al., 1997; Tatusov et al., 1997). The limited and

obligate intracellular growth of Chlamydiae and lack of any direct and indirect genetic
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transfer method is also confirmed by absence of genes involved in DNA uptake and insertion
sequences (Stephens, 1992). Also, chlamydial genes encoding proteins to synthesize amino-
acids is greatly reduced. A large number of gene encoding different ABC transporters which
are primarily involved in smaller Pe_p_tides and amino acids (Stephens et al., 1998). Therefore,
Chlamydiae have traditionally been described as energy parasites obtaining ATP from host
cells (Hatch et al., 1982; Moulder, 1991) and the genomes of C. trachomatis confirmed the
presence of two genes CT065 and CT495 which is homologous to genes encoding ATP
transporting proteins from Rickettsia prowazekii (Andersson et al., 1998). This ability
enables Chlamydia to obtain ATP from the host cells in the early and late stages of
developmental cycle (Hatch et al., 1982). In Chlamydial genome, genes encoding the 60-kDa
cHSP60 or GroEL (CT110) and the 10-kDa cHSP10 or GroES (CT111) are genetically

linked because they are encoded by genes arranged on the bicistronic groESL operon

(Morrison et al., 1990).

Cell-wall Structure

The Chlamydia cell wall consists of both genus-specific and species-specific
structures. The LPS constitutes the component of the membrane common to all Chlamydia
species (genus-specific) (Stuart et al., 1987). The membrane also contains various Outer
Membrane Proteins (OMPs). The outer membrane protein is made up of MOMP of
molecular weight 40 kDa, OMP2 of molecular weight 60 kDa and a third protein of
molecular weight 60 kDa (Figure 2.3). The most abundant of three proteins is MOMP which
is found in all chlamydial membranes reported so far. It contains genus, species, subspecies
and serovar specific antigenic determinants (Stephens et al., 1986; Ward, 1983). MOMP gene
of the C. trachomatis serovar L2 was the first chlamydial gene to be cloned and sequenced

(Stephens et al., 1986). The MOMP is the immuno-dominant antigen of C. trachomatis and
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Innate Immunity

The mucosal epithelial cells of female reproductive tract serve as sentinels in immune
protection and evolved to meet the unique requirements with sexually transmitted bacterial
pathogens (Wira et al., 2005). The immune response to C. trachomatis is a co-ordinated
event where innate immune cells, B cells, and T cells act in concert. The mucosal barrier acts
as a first line of host defense during genital C. trachomatis infection. Shedding of the
endometrial epithelium during certain stages of this estrus cycle can limit the ability of C.
trachomatis to establish infection (Ramsey et al., 1999; Tuffrey et al.,, 1986). Natural
antimicrobial peptide, Defensins, have been shown to inhibit C. trachomatis infection in
urethral samples (Porter et al., 2005). C. trachomatis infection of both human and murine
epithelial cells can induce the production of pro-inflammatory cytokines and chemokines
such as interleukin (IL)-1, IL-6, tumour necrosis factor (TNF)-a, Granulocyte-macrophage
colony-stimulating factor (GM-CSF) (Johnson, 2004; Rasmussen et al., 1997) and IL-8
(Buchholz and Stephens, 2006). In addition, natural killer (NK) cells and phagocytic cells
such as neutrophils, macrophages and dendritic cells (DCs), which are abundant in the
genital mucosa (Parr and Parr, 1991) produce more inflammatory cytokines such as TNF-a,
within the infected epithelial cells (Dessus-Babus et al., 2002). Lower levels of TNF-o, and
IL-6 have been correlated with decreased genital tract tissue pathology following Chlamydia
genital infection (Darville et al., 2003).

Another major inflammatory cytokine produced by innate immune cells is IFN-y,
which can upregulate the phagocytic potential of macrophages, thereby promoting the
engulfment and destruction of extracellular EBs (Zhong and de la Maza, 1988). Upregulation

of inducible nitric oxide synthase in response to IFN-y treatment can kill intracellular
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Chlamydia organisms in infected cell lines (Chen et al., 1996; Igietseme et al., 1997). The
production of IFN-y and other pro-inflammatory cytokines in response to C. trachomatis
infection is enhanced through the recognition of pathogen-associated molecular patterns
(PAMPs). The best characterized receptors for PAMPs are the Toll-like receptors (TLRs).
Although C. trachomatis LPS can be recognized by TLR4 (Prebeck et al., 2003) and cHSPs
are known to be ligand for TLR2 and TLR4 (Bulut et al., 2002; Da Costa et al., 2004), TLR2
appears to be more essential for signaling pro-inflammatory cytokine production following
Chlamydia infection (Darville et al., 2003; O'Connell et al., 2006). In addition to producing
inflammatory cytokines and destroying Chlamydia organisms, a subset of phagocytes, the
DCs, is also efficient at processing and presenting Chlamydia antigens to T cells (Steele et
al., 2004). Recently, Agarwal et. al. shown that both plasmacytoid and myeloid DC subsets
are attracted to the site of chlamydial infection with more prevalence of plasmacytoid DCs in

inflammatory condition (Agrawal et al., 2009). The DCs therefore provide an essential link

between innate and adaptive immunity.

Adaptive Immunity

Cells of the adaptive immune system are necessary to limit the infection and provide
protection during a future encounter with Chlamydia. The concept of B-cells and Chlamydia-
specific antibodies correlated with protective immunity in humans (Barenfanger and
MacDonald, 1974; Jawetz et al., 1965). The monoclonal antibodies against MOMP could
neutralize Chlamydia infection in vitro (Peeling et al., 1984; Peterson et al., 1991) and also
provide protection against infection when passively administered to mice (Cotter et al.,
1995). In addition, the Fc receptor mediated activities of antibodies also play an important

role in combating infection (Moore et al., 2002; Moore et al., 2003).
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During primary infection, B cell-deficient mice control Chlamydia genital infection
as efficiently as wild-type mice. However, Chlamydia clearance following secondary
infection is slightly delayed in the absence of B cells (Su et al., 1997; Williams et al., 1997),
suggesting that B cells may play a role in the memory response to C. trachomatis, although
this protective effect may not hold true for all Chlamydia serovars (Johansson and Lycke,
2001). A more definitive protective role for B cells was revealed by the observation that B
cell-deficient mice depleted of CD4" T cells are completely unable to control secondary
infection with Chlamydia, whereas wild-type mice depleted of CD4" T cells alone only
exhibit a slight delay in clearing secondary infection (Morrison et al., 2000). This B cell-
mediated protection is due to antibody production because passive transfer of immune serum
or Chlamydia-specific monoclonal antibodies into B cell deficient, CD4" T cell-depleted
mice rescues the ability of these mice to control secondary infection (Morrison and Morrison,
2005). The high susceptibility of the CD4" T cell-depleted, B cell-deficient mice to
Chlamydia infection suggests that there is a synergy between B cells and T cells in immunity
to C. trachomatis.

Although antiﬁodies producing B cells afe able to neutralize Chlamydia infectivity,
they are unable to access the organisms that have established intracellular infection. At this
stage, T-cells become crucial for recognizing infected cells and Cilamydia clearance. The
first evidence of T-cells controlling Chlamydia infection was documented when nude mice,
which lack T-cells establish chronic infection while wild type mice clear infection in 20 days
(Rank et al., 1985). This was further proved when transfer of polyclonal Chlamydia-specific
T-cells into Chlamydia-infected T-cell deficient mice facilitates bacterial clearance (Ramsey

and Rank, 1991; Thoma-Uszynski et al., 1998). Furthermore, it has been demonstrated that
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CD4" and CD8" T-cell clones can confer protection against Chiamydia infection when
transferred to nude mice or immunocompetent mice (Igietseme et al., 1993; Igietseme et al.,
1994; Roan et al., 2006; Roan and Starnbach, 2006; Starnbach et al., 1994; Su and Caldwell,
1995).

CD4" T-cells recognize antigens that are engulfed by professional antigen presenting
cells (APCs) and the resulting peptides are presented to MHC class II molecule (Trombetta
and Mellman, 2005). In contrast, CD8" T-cells typically recognize antigens that have access
to the cytosol of infected cells and eventually presented to the MHC class I molecule
(Cresswell et al., 2005). Therefore, chlamydial EBs and RBs in the extracellular space within
tissues can be phagocytosed by professional APCs and serve as a source for CD4" T-cells
antigens whereas chlamydial proteins or inclusion membrane proteins that have access to the
cytosol serve as CD8" T-cell antigens.

Activated CD4" T-cells are important producers of effector cytokines into two major
lineages Th1 and Th2 cells. Thi cells produce IFN-y that plays an important role in adaptive
immunity as it can enhance the presentation of antigens to both CD4" and CD8"* T-cells
(Gaczynska et al., 1993; Steimle et al., 1994). CD4" T-cell derived IFN-y appears to protect
against infection as an IFN-y-producing CD4" T-cell clone, but not an IL-4-producing CD4"
T-cell clone, protected mice against Chlamydia genital infection (Hawkins et al., 2002). Th2
cells produce IL-4, IL-5 and IL-13 and do not appear to protect against Chlamydia infection
and may even indirectly enhance Chlamydia load by inhibiting the development of protective
Thl responses (Brunham and Rey-Ladino, 2005). The inability to completely eliminate
Chlamydia organisms from hosts with inadequate Thl responses can result in continuous

production of inflammatory cytokines which can lead to tissue destruction. The factors that
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determine whether Thl or Th2 response develops following Chlamydia infection is largely
unknown, but experiments comparing immune responses against different species of
Chlamydia have suggested that NKT cells may be an important determinant of the Th1/Th2
bias during Chlamydia infections (Joyee et al., 2007a).

In addition, CD4" T cells are crucial activators of other immune effectors like B-cells
and CD8" T-cells as mice deficient in CD4™ T-cells are more susceptible to Chlamydia
infection than mice deficient in only B cells or CD8" T-cells (Morrison et al., 1995; Williams
et al.,, 1997). Like CD4" T-cells, CD8" T-cells are also producers of IFN-y that can
contribute significantly towards controlling C. trachomatis infection. Adoptive transfer of
IFN-y-producing Chlamydia-specific CD8" T-cells into naive mice confers protection against
C. trachomatis challenge whereas Chlamydia-specific CD8" T-cells unable to produce IFN-y
do not confer protection (Lampe et al., 1998). CD8+ T cell-dependent cytolysis is very
specific for cells expressing the appropriate peptide-MHC class I complex, thereby ensuring
the elimination of infected cells while sparing neighboring healthy ones. T-cell mediated
lysis of Chlamydia-infected cells has been observed ex vivo (Roan et al., 2006; Starnbach et
al., 1994). Therefore, the balance between protective versus pathological responses

determines the final outcome of Chlamydia infection.

Laboratory Diagnosis for C. trachomatis Infection

Diagnosis of chlamydial infections include cell culture, enzyme-immuno assays
(EIA), direct fluorescence assays (DFA), nucleic acid hybridization and amplification tests
(NAHTs and NAATS, respectively), microimmunofluorescence (MIF) and enzyme-linked
immuno assays (ELISA) (Battle et al., 2001). As C. trachomatis is an obligate intracellular

bacterium, cell culture remains a method of choice for diagnosis. Although, cell culture has
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near 100% specificity, it is not recommended for routine use because of its lack of sensitivity
and technical compliyik_:iy (Black, 1997; Essig, A 2007). Since, cell culture detects only
viable organisms, it is useful for antibiotic susceptibility testing thereby suggesting clinicians
to accurate therapy (Warford et. al., 1999).

Antigen based detection methods DFA and EIA is very specific and rapid to perform

—_— m—

but not suitable for large number of specimens (Black, 1997). EIA is more reproducible than
DFA and its sensitivity is comparable to culture but lower than that of NAATs (Bebear and
de Barbeyrac, 2009). Recently, a rapid or ‘point of care’ test was developed by the wellcome
trust based on signal amplification test EIA for chlamydial LPS in a dipstick-type format
(Mahilum-Tapay et al., 2007; Michel et al., 2006). NAHTSs are based on DNA probing (with
Pace 2, Gen Probe, Digene Hybrid Capture II) which is comparable to cell culture methods
(Schachter J 2005). The sensitivity of Digene Hybrid Capture II test is substantially higher
than that of Pace 2 test and is comparable to that of PCR (Schachter et al., 2006). These tests
can be used with endocervical or urethral swabs but is not recommended for use with
noninvasive specimens. It is also noteworthy that multiple site sampling for the diagnosis of
C. trachomatis does not increase the sensitivity of diagnostic test (Dietrich et al., 2010).

Nevertheless, because of high sensitivity, specificity and their possible use of large
range of sample types, NAATs can be considered as tests of choice for diagnosing C.
trachomatis infection (Paavonen and Eggert-Kruse, 1999; Puolakkainen et al., 1998). The
major targets for amplification-based tests are generally multiple copy genes, e.g. those
carried by the cryptic plasmid of C. trachomatis, or gene products such as rRNAs. Several

commercial NAATSs, using different technologies: PCR and real-time PCR (Roche

Diagnostics, Abbott, iL, USA); strand displacement amplification (Becton Dickinson, NJ,
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Tuuminen et al., 2000). C. trachomatis infection has received significant attention as a
primary etiolgical factor responsible for PID, ectopic pregnancy and tubal infertility in
women (Westrom, 1990; Wolner-Hanssen et al., 1990). These complications in women are
strongly associated with the presence of antibodies to Chlamydia with infertility compared to
control women (Moore et al., 1982; Mascellino et al., 2008). The clinical significance of anti-
chlamydial IgG antibodies have strongly supported by elevated titers in women with tubal
infertility and ectopic pregnancy (Shepard and Jones, 1989). Actually, the elevated anti-
chlamydial antibody titers appear to persist for long period after the infection has cleared and
consequently serology may not diminished chronic active infection from past infection (Keay
et al., 1998; Moore et al., 1982). Although, IgG antibodies may denote previous resolved
infection, the presence of IgA antibodies has been reported in some studies as marker of
chronic infection and linked to pathological sequelae of upper reproductive tract (Chaim et
al., 1992; Numazaki et al., 1996). Therefore, detection of anti-chlamydial IgG could serve as

a promising tool for prognosis and diagnosis for sequelae of C. trachomatis infection (Figure
2.4).
Chlamydial Heat Shock Proteins

In 1962, the first description of cellular heat stress response was identified
serendipitously in fruit fly, Drosophila melanogaster that were inadvertently exposed to high
temperatures and exhibited characteristic puffing pattern in salivary gland chromosome
(Ritossa,@ 962). The first gene product of this chromosomal puffing was identified 12 years
later and the term ‘Heat Shock Protein’ was coined (Tissieres et al., 1974). These genes, and

the proteins encoded by them, are highly conserved and present in all cells in all forms of life

and in a variety of intracellular locations. These include the cytosol of prokaryotes, and the
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cytosol, nuclei, endoplasmic reticulum, mitochondria and chloroplasts of eukaryotes
(Lindquist and Craig, 1988). Further, analysis of immune response to bacteria in 1970’s
identified a term ‘Common Antigen’ in many bacterial species (Kaijser, 1975). Subsequent
work in patients infe;ted with Mycobacterium exhibit significant antibody response to 65
kDa antigen which was identified as the molecular chaperone, HSP60 (Young et al., 1987). It
is now fully understood that a number of heat shock protein from bacteria to protozoan
parasites (HSP10, HSP60, HSP70 and HSP90) are potent immunogenic, active
immunoregulators and inducers of cross-reactive immunity (van Eden et al., 2005).:

In Chlamydiae, the 60-kDa cHSPG60, or GroEL, and the 10-kDa cHSP10, or GroES,
are genetically linked because they are encoded by genes arranged on the bicistronic groESL
operon (Morrison et al., 1990). Numerous studies have suggested that both cHSP60 and
cHSP10 are implicated in the induction of deleterious immune responses in human
chlamydial infections. Thus, among a panel of 116 recombinant C. trachomatis proteins,
cHSP60 (Ct110) has recently been identified as an immunodominant antigen, being a strong
target of both humoral and CMI responses, whereas cHSP10 (Ct111) was identified as a
human T cell target (Follmann et al., 2008). Also, in a population based study, serological
association of antibodies to cHSP60 and cHSP10 antigens with female infertility has been
established (Karinen et al., 2004). Interestingly, cHSP60 became duplicated at the origin of
the Chlamydiae lineage presenting three distinct molecular chaperones, namely the original

protein cHSP60-1 (Ct110), and its paralogous proteins cHSP60-2 (Ct604) and cHSP60-3
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(Ct755) (Karunakaran et al., 2003). A recent study showed that cHSP60 copies have
diversed functionally after the gene duplication events (McNally and Fares, 2007) (Figure

2.5). Among the three cHSP60 genes, only the expression levels of cHSP60-1 (cHSP60) and
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Immunology of Chlamydial Heat Shock Protein v

Immune responses to the cHSP60, have been associated with the sequelae of upper
genital tract disease, including ectopic pregnancy (Sziller et al., 1998), PID (Domeika et al.,
1998; Eckert et al., 1997; Kimani et al.,, 1996; Peeling et al., 1997), and TFI (Ault et al.,
1998; Toye et al., 1993; Witkin et al., 1998b; Witkin et al., 1993). In general, serological
reactivity to cHSP60 is low among healthy controls but increases stepwise as disease
becomes more severe (Brunham and Peeling, 1994). Since purified cHSPG60 elicits

mononuclear cell inflammation and tissue damage in animal models of chlamydial infection,
it has been hypothesized that the increased level of immune reactivity to cHSP60 contributes
to the development of immune pathology (Morrison et al., 1989; Patton et al., 1994).
Involvement of other chlamydial antigens (LPS, MOMP and OMP2) in immunopathological
processes, to date, has been discussed controversially (Gerard et al., 2000; Thiel et al., 2000).
Reports on the immunopathogenecity of HSP10 antigens from other microbial pathogens
. suggest that the HSP10 family of proteins are capable of eliciting chronic inflammation and
delayed hypersensitivity. In particular, the immune response to the HSP10 homologues of
Mpycobacterium leprae and Mycobacterium tuberculosis have been shown to be prominent T-
cell antigens and targets of serum antibody responses (Barnes et al., 1992; Kim et al., 1997).
Both M. leprae and M. tuberculosis HSP10 elicit strong Thl phenotype human T-cell
responses, with the production of IL-2 and IFN-y, consistent with a delayed type
hypersensitivity response (Launois et al., 1995).

Several studies on the incidence of sexually acquired reactive arthritis have reported
acute C. trachomatis infection in 42-69% of individuals immediately preceding the onset of

arthritis (Keat et al., 1980; Vilppula et al., 1981). There are some evidences indicates that a
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subset of T-cells, Y& T-cells, react with antigens on autologous cells in which heat shock

antigens are induced (Rajasekar et al., 1990), and yd T-cells isolated from the synovial fluid
of patient with rheumatoid arthritis recognize mycobacterial HSP60 (Holoshitz et al., 1986).
The association of yd-phenotype T-cells with mucosal epithelial tissues and the mucosal site
of C. trachomatis infection raise questions on the role of T-cell subsets specificity directed
toward cHSP60 in mediating either protective or immunopathology responses during
infection. Purified recombinant cHSP60 has been evaluated in animal models of chlamydial
disease pathogenesis and shown to be a potent T-cell antigen capable of eliciting an intense
inflammatory response when applied to the mucosal surfaces of the fallopian tube of
immunologically primed animals (Morrison et al., 1989; Patton et al., 1994). These
characteristics are highly suggestive of the chlamydial hypersensitivity antigens viz. cHSP60
and cHSP10 implicated in chlamydial immunopathology and tissue fibrosis (Morrison et al.,
1989). These cHSPs are similar to the HSPs of human and other organisms (Shinnick, 1991;
Wagar et al., 1990). Inmune recognition of HSP60 may incite an auto-immune inflammatory
response because of molecular mimicry among shared peptide sequences between the
cHSP60 and hHSP60 (Cappello et. al., 2009; Campanella et. al., 2009). Relevant to this
hypothesis, antibody responses to peptide epitopes from hHSP60 have been observed among
women with C. trachomatis- associated ectopic pregnancy (Yi et al., 1993). However, the
autoimmune responses to hHSP60 or immunopathological processes caused by

overexpression of hHSP60 and/or cHSP60 are controversial (Larsen et al., 1994; Yokota et

al., 2000).

The availability of recombinant cHSP60 has facilitated detailed immune-

epidemiological studies among C. trachomatis -infected humans. Studies of antibodies to the
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were able to mount 'a comparable Thl (IFN-y) cytokine response (Bailey et al., 1995).
Furthermore, IFN-y response to cHSP60 are significantly associated with reduced risk of
infection (Cohen et al., 2005), whereas repeated chlamydial infection or PID are associated
with cHSP60- specific IFN-y response (Debattista et al., 2002). Rcecently, Ondondo et. al.
showed systemic and mucosal IFN-y responses are correlated, with preferential systemic
targeting of CD4" T-cells and CHSPGO response is largely CD4" T-cell mediated which
follows discrete Thl and Th2 pathways (Ondondo et al., 2009).

In another study, co-immunization with cHSP60 resulted in cross-reactive T-
lymphocytes that proliferated in response to mouse HSP60 and which were characterized by
a 12- fold increased ratio of IFN-y to IL-10 production. Adoptive transfer of cHSP60 specific
T-cells in primed mice produces high titers of self-HSP60 antibody (Yi et al., 1997).
Therefore, it appears that switches in cytokine production may mediate the pathogenesis of
cHSPG60-associated immunopathology (Yi et al., 1997). Thus, individuals with scarring
trachoma more frequently had cHSP60 antigen-specific IL-4 secreting peripheral blood
lymphocytes than did matched community controls without trachoma scarring. Such
individuals less frequently had cMOMP antigen- specific [FN-y-secreting peripheral blood
lymphocytes than did community controls (Holland et al., 1996). Therefore, cMOMP
specific Thl CD4 T-cells are important in immunity to C. trachomatis infection and disease
and that cHSP60 specific Th2-like CD4 T-cells are associated with the pathological sequelae
of persistent chlamydial infection. It seems that persistent Chlamydiae synthesize different
amounts of chlamydial proteins (reduced amounts of MOMP and sustained amounts of

cHSP60) (Beatty et al., 1993). This may account for the distinctive immunodominance of
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cHSP60 as a serologic antigen observed in seroepidemiologic studies of individuals with
complicated chlamydial infection (Brunham and Peeling, 1994).

In an earlier report suggests, immune sensitization to HSPs probably requires
prolonged exposure of them at elevated concentrations (Witkin et al., 1998a) confirming
women with recurrent infections have significant humoral and CMI responses towards
cHSP10 and cHSP60. Although, co-expression of cHSP60 and cHSP10 are recognized
feature (Dadamessi et al., 2005; Spandorfer et al., 1999), cHSP10 induces proliferation of
cervical lymphocytes obtained from women with recurrent infections more significantly than
cHSP60, thus showing its role can be more important than cHSP60 in the pathogenesis of
chlamydial infections (Agrawal et al., 2007). Also, cHSP10 is associated with chronic genital
tract infection and is homologous to human chaperonin (Cpnl0) and EPF, a form of Cpnl0
which is secreted especially at the start of pregnancy. It has been reported previously that
infertility was associated with the presence of anti-cHSP10 and anti-EPF antibodies in serum
(Betsou et al., 2003). A study by LaVerda et. al. demonstrated that women with acute
infection and TFI recognized cHSP10 more frequently, with infertile women having greater
seroreactivity to cHSP10 than acutely infected women. They also demonstrated that among
women with similar exposure to Chlamydiae, serological responses were greater to cHSP10
in the TFI group than cHSP60 or cMOMP (LaVerda and Byrne, 1997).

Heat shock proteins of the families 60, 70, and 90 belong to the first proteins which
are expressed by the zygote after fertilization (Bensaude et al., 1983). During the first
trimester of pregnancy they can also be detected in the decidua (Neuer et al.,, 1997) and
throughout the whole pregnancy in placental tissues (Ziegert et al., 1999). Autoimmunity to

hHSP60 is not typically evident in women of reproductive age. During pregnancy an
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established sensitization to cHSP60 in connection with overexpression of hHSP60 may cause
reactivation of HSP60 sensitized lymphocytes with subsequent induction of inflammatory
processes (Swanborg et al.,, 2006). At this stage, such inflammatory processes disturb
immunoregulatory mechanisms that are responsible for implantation (immunologically
conditioned impairment of implantation), or the embryo itself is target of destructive
autoimmune responses because of its pronounced HSP expression (Neuer et al., 1999). In
both the early phase and during the further pregnancy course the maternal deciduas and/or
the embryo can be affected by HSP60-conditioned autoimmune reactions which may lead to
an immunologically mediated rejection of the embryo (spontaneous abortion) (Witkin, 1999).
Fallopian tube pregnancy is the most frequent form of ectopic pregnancy (EP). Scarring,
fibroses, and necroses, caused by persistent inflammatory processes (Askienazy-Elbhar and
Suchet, 1999) lead to extreme reduction of the tubal lumen and impair the function of the
tubal ciliar epithelium. Overexpressed cHSP60 has a key function in the development of
these immunopathological processes (Neuer et al., 2000). The combined determination of
cHSP60 and C. trachomatis antibodies enable clear identification of ectopic pregnancy and
are of high predivtive value (Sziller et al., 1998). In addition, Infertility because of total
occlusion of the tubal lumen belongs to common sequelae of silent C. trachomatis infections
in the upper genital .tract (Ault et al.,, 1998) é.nd the associated immunopathological or
autoimmune processes induced by cHSP60 (Kinnunen et al., 2000). Antibodies to cHSP60
are strongly associated with TFI (Ault et al., 1998) and are of high predictive value. The
combined detection of cHSP60 and C. trachomatis antibodies even increases sensitivity and

specificity (Claman et al., 1997).
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Chlamydial Heat Shock Proteins and Apoptosis

The term ‘Apoptosis’ derived from the greek for falling, as of leaves from a tree, was
derived originally as a physiological or programmed form of cell death. Some bacterial
pathogens modulate apoptosis of infected epithelial cells to accommodate the organism’s
life-cycle and facilitate infection. Hence, a large number of bacterial pathogens such as
Bordetella pertusis, Salmonella typhimurium, Shigella flexneri, Escherichia coli and
Staphylococcus aureus induce apoptosis of their infected host cells (Gao and Kwaik, 2000;
Weinrauch and Zychlinsky, 1999).

In Chlamydia, which infect mainly epithelial mucosa modulate apoptosis of infected
cells in two opposite directions; pro-apoptotic or anti-apoptotic (Perfettini et al., 2003). The
resistance of Chlamydia infected cells against apoptosis triggered by external ligands may
contribute to persistence while cell-death at the end of infection cycle would allow
Chlamydiae to exit from infected cells and initiate new round of infection. Several strain of
C. trachomatis protect infected cells against apoptosis due to external ligand like TNF-q,
antibodies against Fas and the kinase inhibitor Staurosporine (Dean and Powers, 2001; Fan et
al., 1998). The anti-apoptotic activity was observed due to inhibition of cyto C release from
mitochondria which thus result in inhibition of apoptosome pathway leading to caspase-3 and
caspase-9 activation. Moreover, epithelial cells display characteristic features of apoptosis
during infection with the serovars of C. psittaci (Ojcius et al., 1998). But no cell death was
observed during the early stage of infection by either C. trachomatis or C. psittaci, although
nuclear condensation, a hallmark of apoptosis became prominent towards the end of the

infection cycle (Gibellini et al., 1998; Perfettini et al., 2000). Thus, it seems protection
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against apoptosis during early stage and cell death during late stage is controlled by
Chlamydia proteins but not host protein (Ojcius et al., 1998).

Also, Chlamydia infected human monocytes are known to secrete IL-1f and IL-18
which require Caspase-1 for their maturation (Los et al., 1999). Further, inhibitors of
Caspase-1 and Caspase-3 showed no effect on cell death during infection with C. trachomatis
and C. psittaci suggesting that caspases do not participate in apoptosis (Ojcius et al., 1998;
Perfettini et al., 2000). However, there are alternate mechanisms of apoptosis which can take
place in the absence caspase activation. Like, a pro-apoptotic member of the Bcl-2 family,
Bax, can induce cell death in absence of the caspase activation (Xiang et al., 1996). Activated
Bax translocates to mitochondria in C. trachomatis infected cells that play a pivotal role in
Chlamydia-induced apoptosis (Perfettini et al., 2002). Thus, Bax activation is known to lead
either caspase-dependent or caspase-independent cell-death (Pastorino et al., 1998).

Chlamydia spp., produces large quantities of HSP60, which is reported to be localized
in the cytoplasm and in the outer membrane of the host cell during persistent infection
(Bavoil et al., 1990). Also, cHSP60 has an amino acidic sequence similar to its human
counterpart, with the exclusion of the mitochondrial localization signal. It may be possible to
correlate some cellular responses during Chlamydia spp. infections with the accumulation of
cHSP60 in the cytoplasm of the host cell and its possible association with cleaved caspase-3
and/or Bax-family proteins. During chronic persistent infection, aberrant chlamydial forms
produce large quantities of cHSP60 which can be transported to the cytosol of the host cell
through a type III secretory apparatus (Clifton et al., 2004; Fields et al., 2003). cHSP60 could
form a complex with cleaved caspase-3 and/or Bax and Bak, inhibiting apoptosis before

cytochrome c release and caspase-3 activation (Di Felice et al., 2005) (Figure 2.6).
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Gaps in Existing Research

Female genital tract infection due to C. trachomatis is often asymptomatic. In such
cases, a strong association between TFI and circulating cHSP60 and cHSP10 antibodies has
been reported. Although the presence of cHSP antibodies has been reported previously by
various workers worldwide. However, in India, seroprevalance of cHSPs and correlation of
antibody titers in women with cervicitis/infertility is largely unexplored. Till now, it is also
not clear that among cHSP60 and cHSP10, which cHSP is more reliable for early diagnosis
and if cHSP60 can be used as a prognostic marker for sequelae of C. trachomatis infection in
women. Further, numerous studies have suggested that cHSP-specific immune responses
play an important role in immunopathogenesis associated with a chlamydial infection, but so
far no study have assessed the immune response and expression of cHSP60 and cHSP10 at
the actual site of infection. In addition, no study has been dedicated to cHSP60 and cHSP10

for their potential role in apoptosis of primary cervical epithelial cells that are privilege target

for chlamydial infection.
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Seroprevalence of Antibodies to Conserved Regions of
Chlamydia trachomatis Heat Shock Proteins 60 and 10

Introduction

Chlamydia trachomatis infection is the most prevalent sexually transmitted bacterial
disease worldwide (Schachter J, 1999). Up to 80% of women with genital chlamydial
infection are asymptomatic, and upper genital tract chlamydial infection is often silent
clinically (Gaydos et al., 1998). Both symptomatic and asymptomatic women show a similar
potential for tubal damage (Patton et al., 1989). Persistent antigen synthesis and an
ineffective immune response contribute to chronic inflammation, tissue damage and
immunopathology associated with salpingitis/infertility (Pal et al., 1998). Protective
immunity to C. trachomatis infection is inadequate and repeated episodes of infection are
common. Undetected and untreated chlamydial infection can ascend to the upper genital tract
and this may lead to PID, Fallopian tube injury and infertility (Stamm, 1999). Several case-
control studies and cohort analyses have reported a strong epidemiological, histological and
serological correlation between C. trachomatis upper genital tract infection and PID
(Brunham et al., 1992; Westrom et al., 1981). Also, a strong association between TFI and
circulating chlamydial antibodies has been reported (Baehr et al., 1988; Moore et al., 1982).

Numerous seroepidemiological studies have shown a consistent immunopathogenic
association between antibody responses to the cHSP60 and the development of PID, ectopic
pregnancy and tubal infertility (Arno et al., 1995; Sziller et al., 1998; Toye et al., 1993). In C.
trachomatis-induced disease, enhanced antibody and CMI responses to cHSP60 are detected
(Ault et al., 1998; den Hartog et al., 2005; Kinnunen et al., 2000). This stress response is

believed to interrupt the normal progression of RBs to infectious EBs, resulting in persistent
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infection that may serve as an antigenic reservoir for potentially immunopathogenic anti-HSP
immune system responses (Beatty et al., 1993; Beatty et al., 1994b).

In an experimental monkey model, repeated C. trachomatis inoculations resulted in
extensive tubal damage and occlusion (Patton et al., 1987), which suggests the involvement
of the host’s immune response in tubal pathogenesis. Subsequent studies in monkeys (Patton
et al., 1994) and in guinea pigs (Morrison et al., 1989) demonstrated that exposure to cHSP60
resulted in a delayed hypersensitivity response and marked localised inflammation. Further
immune response to cHSPIO is associated with the pathogenic sequelae of chronic
chlamydial infection (Betsou et al., 1999) and tubal occlusion (LaVerda et al., 2000). In
addition, co-expression of cHSP10 with cHSP60 has been reported (Morrison et al., 1990);
however; detection of anti-cHSP10 antibodies does not parallel that of anti-cHSP60
antibodies (Betsou et al., 1999; Dadamessi et al., 2005), and the latter are reported to be an
independent marker.

In India, approximately 10 million asymptomatic cases of genital chlamydial
infection are reported in the sexually active age groups of the general population (Joyee et
al., 2004). Cervical C. trachomatis infection has also been found to be associated with bad
obstetric outcome, including still birth, preterm delivery (Rastogi et al., 1999), spontaneous
abortions (Rastogi et al., 2000) and infertility (Malik et al., 2006; Malik et al., 2009; Mittal et
al., 1993b). Also, using conventional serological and antigen detection assays, a high
prevalence of chlamydial infection in symptomatic women (upto 40% in cervicitis and 36%
in infertility) has been reported (Jalgaonkar et al., 1990; Kapur et al., 2006; Mittal et al.,
1993a; Mittal et al., 1§93b; Singh et al., 2002; Bilujuwala, et al., 1982; Ray, et al., 1993). In

another serological study, Joyee et. al. have reported 58.7% IgG positivity in C. trachomatis
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lower abdominal pain, pelvic pain, ectopy, erosion, PID and infertility) were enrolled in the
study. Of these, 107.patients were diagnosed with cervicitis (presented with mucopus in
endocervical exudate) while 52 had PID/infertility. The study was approved by the hospital
ethical committee and informed consent was obtained from each patient.
Collection of samples

The vulva was examined for evidence of lesions and vaginal/cervical discharge. The
cervix was inspected for ulcers, warts, ectopy, erythema, discharge or any other
abnormalities. After cleaning the cervix with cotton swab (Hi Media, Mumbai, India), two
cervical swabs were collected in sterile vials containing phosphate-buffered saline (PBS)
from patients for the diagnosis of C. trachomatis and other sexually transmitted infection
pathogens. The cervical canal was wiped clean and a cytobrush was placed within the
endocervical canal so that cells from the endocervical region and the zone between the
endocervical and ectocervical regions (transformation zone) could be ol;tained (Mittal et al.,
1993a). The cytobrush was then held in a sterile centrifuge tube containing phosphate-
buffered saline (PBS) with penicillin (100 U/ml}, streptomycin (100 pg/ml) and glutamine
(100 pg/ml). Swabs collected from patients were stored at 4°C and transported to the
laboratory within 1 h for diagnosis of C. trachomatis and other STD pathogens. Non-
heparinised venous blood was drawn; the serum was separated and then stored at ~70°C for
the detection of antibodies against cMOMP, cHSP60 and cHSP10.
Detection of C. trachomatis and Other STD Pathogens

Five-millimetre spots were made on clean glass slides using endocervical swabs.
Samples were stained with flourescein isothiocyanate (FITC)- conjugated monoclonal

antibodies to cMOMP using C. trachomatis Direct Specimen Test kit (Microtrak, Syva
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Corporation, Palo Alto, CA, USA) according to the manufacturer’s instructions. In principle,
this kit involves the use of FITC labeled monoclonal antibodies directed against cMOMP
which is a common protein antigen located in the outer membrane of the cell wall in all C.
trachomatis serotypes. This FITC labeled antibody binds specifically to C. trachomatis
present in the methanol-fixed smears previously applied to a well on a microscope slide.
When viewed under a fluorescent microscope, C. trachomatis exhibits a bright apple-green
fluorescence which is either EBs or RBs and contrast with the reddish-brown colour or
counter-stained material. A sample was considered to be positive when at least 10 EBs were
detected by this DFA (Singh et al., 2003; Vats et al., 2004). Samples were simultaneously
confirmed for positivity by PCR analysis.

Gram-stained cervical smears were examined for the presence of yeast cells
(Candidiasis) and clue cells in vaginal smears for the diagnosis of bacterial vaginosis. Gram
stains showing predominance of Lactobacillus morphotype were interpreted as normal and
those showing Gardnerella morphotype or mixed flora were interpreted as consistent with
bacterial vaginosis. Wet mount microscopy was performed for the diagnosis of Trichomonas
vaginalis. For detection of Neisseria gonorrhoeae cervical specimens were incubated at 35°C
in humidified CO, incubator for 48 h on Thayer Martin medium. Colony growth was noted
and N. gonorrhoeae was identified on the basis of gram-stained smears. Pleuropneumonia-
like organism (PPLO) broth was used for the identification of Mycoplasma hominis and
Ureaplasma urealyticum by diluting the cervical samples in arginine-containing and urea-

containing liquid media, respectively, thereafter incubating the media at 37° C (Reddy et al,,

2004).
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Detection of Antibodies Against cMOMP, cHSP60 and cHSP10

ELISA was used to detect IgG antibodies to C. trachomatis-specific antigens
(cMOMP, cHSP60 and cHSP10). Briefly, 2.5 ug antigens was coated on microtiter plates
and incubated overnight at 4°C. After washing with PBS-Tween 20 (PBS-T), the non-
specific sites were blocked with 3% PBS-BSA. Serum samples (1 in 500 dilution in PBS-T)
were added to the wells and incubated for 2 h at 37°C. After washing, é /1 in 10,000 dilution
of HRP-conjugated rabbit anti-human IgG antibody was added and incul:ated for 1 h at room
temperature. After final washing TMB substrate was added to achieve colorimetric detection
of each plate at optical densities read at 450 nm. Positive samples were defined as those
yielding an absorbance (A) value at least two standard deviations (SDs) above the mean
value obtained from the panel of samples taken from the negative subjects [mean +2SD of
the negative samples] i.e. A4sg > 0.72 (¢cMOMP), > 0.522 (cHSP60) and > 0.49 (cHSP10)

(Domeika et al., 1998; Yi et al., 1993).

Statistical analysis

Spearman’s rank method was used to find any correlation between anti-chlamydial
antigens. The level of significance among groups was compared using the chi-square (x?)

test. Significance of antibody titres was calculated by independent ¢-test.

Results
Diagnosis of C. trachomatis and Other STD Pathogens in the Cervix

Cervical C. trachomatis infection was diagnosed in 75 (29.4%) patients using DFA
and all samples were further confirmed to be positive using PCR which detected 200 bp
amplicon of pCT (Figure 4.1). None of the C. trachomatis-infected patients were found to be

infected with other STD pathogens. Among the C. trachomatis-negative patients, 11 (6.1%)
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the lower genital tract in Indian women (Mittal et al., 1993a; Mittal et al., 1993b; Singh et al.,
2002; Singh et al.,, 2003). Various serological studies suggest that the host’s immune
response is directed predominantly against immunodominant proteins such as cMOMP and
cHSP60 (Igietseme and Murdin, 2000; Sharma et al., 2004). In persistent chlamydial
infection the ratio between cHSP60 and cMOMP increases dramatically in vitro; however,
the production of cHSP60 antibodies may predominate over the production of cMOMP
antibodies, which plays a major role in protective immunity against the initial stages of
infection (Beatty et al., 1994b; Peeling et al., 1997).

The results of the present study suggest that cMOMP may be more immunogenic than
cHSP60 in C. trachomatis-positive individuals. Similar observations have been reported in
another study comparing cMOMP and cHSP60 antibody titres (Kinnunen et al., 2002). Many
reports suggest that seropositivity for cHSP60 antibodies is associated with the increased
prevalence of histological salpingitis, pelvic adhesions and a past history of PID (Amo et al.,
1995; Ault et al., 1998; Cerrone et al., 1991; den Hartog et al., 2005; Sziller et al., 1998).
Furthermore, it has been reported that the ratio between cHSP60 and cMOMP increases
dramatically in subclinical chlamydial infection (Beatty et al.,, 1994c). Co-expression of
cHSP60 and cHSP10 is a recognized feature and a positive correlation between the two HSPs
in C. trachomatis-positive samples, and a negative correlation in C. trachomatis-negative
patients, has been earlier reported (Morrison et al., 1990). This suggests that cHSP60 and
cHSP10 may express simultaneously during chlamydial infection, which confirms previous
findings (Dadamessi et al., 2005). Immune sensitization of the host to specific regions of the
cHSP60 might be responsible for initiating a delayed hypersensitivity reaction within the

fallopian tubes, resulting in tubal distortion or peritubal pelvic adhesions.
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C. trachomatis-induced diseases, enhanced antibody and other responses to cHSP60
have been detected in patients (Ault et al., 1998; den Hartog et al., 2005; Sziller et al., 1998).
hHSPG60 is a highly conserved protein that shares 48% amino acid sequence identity with
cHSP60 (Kaufmann, 1994), and specific antibodies have been found to cross-react with
hHSP60, which suggests that these antibodies may play a role in disease pathogenesis
(Domeika et al., 1998). During rapid chlamydial cell growth or differentiation, or following
environmental stress such as inflammation, hHSP60 synthesis is induced. Prolonged or
repeated exposure to cHSP60 could result in the breakdown of immunological tolerance,
leading to self-HSP60-directed immunity through cross-reactive T-cell and B-cell epitopes
(Yi et al., 1993). In general, the activation of a self-HSP60-specific immune response is
considered to be detrimental to the well-being of the host and is associated with a shift from a
protective immune response to a pathological response (Ault et al., 1998; den Hartog et al.,
2005).

In the present study, high cHSP60 and cHSP10 antibody titres were detected in PID
patients. Similar results were obtained in a study comprised of 306 patients, which showed a
significant correlation between cHSP60 antibody, PID and occluded fallopian tubes (Eckert
et al., 1997). Although in our study, anti-cHSP60 titres were higher than anti-cHSP10 titres
in PID/infertility patients, however, the association between cHSP10 seropositivity and TFI
was greater in C. trachomatis-positive patients than in C. trachomatis-negative patients
(Betsou et al., 1999; LaVerda et al., 2000). This implies that seropositivity for both cHSP60

and cHSP10 may be a useful marker for disease severity.
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recognize cHSP10 more frequently than actively infected women, perhaps as a consequence
of repeated or persistent chlamydial exposure (LaVerda et al., 1999). In an animal model,
cHSP60 has also been implicated in urogenital tract disease leading to infertility (Higgins et
al., 2005). High seroprevalence of both anti-cHSP60 and anti-cHSP10 antibodies were
detected in C. trachomatis-infected women and elevated antibody titre of IgG against
cHSP60 and cHSP10 were detected in patients with infertility (details mentioned in Chapter-
4). High seroprevalence may suggest that cHSP-specific immune responses play an important
role in immunopathogenesis associated with a C. trachomatis infection. However, no study
has assessed the serological response in different clinical conditions viz. infertility, cervicitis
and discharge in C. trachomatis infected women. Owing to the significant association
between the serological responses of HSPs with the progressive disease, cHSP60 and
cHSP10 antibodies levels were evaluated in C. trachomatis-infected fertile and infertile
women to know which cHSP is more reliable for prognosis of C. trachomatis infection in
women.

Materials

As mentioned earlier in this Chapter 4.

Experimental Methods A Co
) o W O - e

Study population A W (\h\:\;; RS
A total of 198 women (age group = 16-50 years) attending the outpatient department \\Cj
:

of Safdarjung Hospital, New Delhi, India, for gynecological complaints (cervical discharge,
lower abdominal pain, cervicitis and infertility) were enrolled for the study after informed

written consent and approval of Hospital Ethical Board Committee. After detailed and
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careful physical examination, symptomatic patients were characterized into the following
groups:
Group 1: Infertile females (72)
Group 1A: Primary infertility (30)
Group 1B: Secondary infertility (42)
Group 2: Fertile females (126)
Group 2A: Patients having vaginum discharge (94)
Group 2B: Chronic cervicitis patients (32).
Inclusion Criteria
Fertile women (asymptomatic women and women with mucopurulent cervicitis) were
those having given birth within the last 4-12 months. Infertile women were identified as
those who lacked recognized conception after 18—-24 months of regular intercourse without
the use of contraception. The infertile group included women who were referred for
diagnostic laparoscopy and women whose infertility was of unknown reasons. The fertile
group consisted of women who had no clinical history of a past infection, whereas the

infertile group had a clinical history of a past infection for more than 3 years.

Exclusion Criteria

Patients taking oral contraceptives, having a positive urine pregnancy test, recent
antibiotic therapy, history of a recently treated sexually transmitted infection other than C.
trachomatis and genital tuberculosis were excluded from the study. Further, women with
male factor-related infertility, endometriosis or any other factors, such as hormonal

imbalances which could be attributed as the cause for infertility, were also excluded. Patients
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with overlapping group characteristics were also excluded for the purpose of keeping the
groups well segregated.
Collection of Samples and Laboratory Diagnosis

As described earlier in Chapter-4
Serological Detection of Antibodies Against cMOMP, cHSP60 and cHSP10

ELISA was performed for the detection of IgG antibodies to C. trachomatis using
specific antigens against cMOMP, cHSP60 and cHSP10 as described in earlier. ELISA-
positive samples were defined as those yielding an optical density (OD) value that was at
least 2 SD above the mean values with the panel of samples from negative subjects (PCR and
DFA negative), i.e., OD at 450 nm > 0.72 (Sziller et al., 1998).
Statistical Analysis

Kruskal-Wallis nonparametric test was used to compare continuous variables among
multiple groups and Mann-Whitney U-test was used for c\i)mpan'ng two groups. Data were
analyzed using the SPSS Statistical package. The results presented with 95% confidence

interval (CI) and P-value < 0.05 was considered to be statistically significant.

Results

STD Pathogens in the Cervix of Patients

Among the enrolled patients, none of the C. trachomatis-infected women was found
to be infected with other STD pathogens. However, in C. trachomatis-uninfected women, 11
(6.1%) were found to be infected with Candida spp., 17 (9.44%) with Bacterial vaginosis, 13
(7.22%) for M. hominis, 48 (26.67%) for U. urealyticum and none with N. gonorrhoeae and

T. vaginalis in the cervix.
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C. trachomatis Reinfection
C. trachomatis-reinfected cases were significantly higher in Group 1B (82.6%) and

Group 2B (64.28%) in cHSP60-positive cases (Table 5.1). It was observed that C.
trachomatis antibodies were present more frequently among younger women (57.8% age 16—

27 years) than older groups (42.2% age 28-50 years).

Table 5.1: Percent positivity of Chlamydia trachomatis in different groups of patients

(N=198)

) Number Age, Median CT 126 ¢HSP60 IeG  cHSPIO IgG ¢HSP6O positive cases
Group of Patients  year (range) DMOMP positve positive positive Primary infection Reinfection

Group LA 30 (38.46) 30 (23-38) 6 (20) 9(30.0) 8 (26.67) 707.8)4 2(22.2)
(17.28-22.72] [28.16-31.84)  [28.16-35.84)

Group 1B 42 (53.35) 32 (21-50) 24 (57.14) = 23(54.76) ¢ 17 (40.48) ¢ 4(17.39) 19 (82.6)/
[50.37-63.62) [51.16-52.36]  [35.3445.62)

Group 2A 94 (78.33) 23(16-39) 23(24.47) 18 (19.15) 23(24.47) 17(94.4) ¢ 1(5.55)
(18.08-30.85) [16.63-21.66])  [20.43-28.51)

Group 2B 32 (26.67) 27 (1740) 11(34.38) 14 43.755 9(28.13) 5357 9(64.28) ¢

(26.6-42.14]) [38.5748.92]  [23.41-32.84)

Note: Closed brackets ( ): percentages, square brackets [ ]: 95% confidence intervals,
CT: C. trachomatis, MOMP: major outer membrane protein, cHSP: Chlamydia heat shock
protein, Group 1A: primary infertility, Group 1B: secondary infertility, Group 2A: discharge,
Group 2B: cervicitis * P < 0.05 as compared to group 1A (CT MOMP); bp < 0.0] as
compared to Group 1A (cHSP60), P < 0.01 as compared to Group 1B (cHSP10); °P < 0.01
as compared to Group 2A (cHSP60), P < 0.05 as compared to Group 2B (cHSP10); ip <
0.05 as compared to Group 1B (primary infection); ¢ P < 0.0] as compared to Group 1B and
2B (primary infection); /P < 0.0] and 8 P < 0.05 as compared to Group 1A and 2A

(reinfection).
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Seroprevalence of C. trachomatis Infections

In group 1, anti-cHSP60 specific antibodies were present in 54.76% (95% CI; 51.16%
— 52.36%) of the secondary infertile patients and 30.0% (95% CI; 28.16% — 31.84%) of the
primary infertile patients; however, in Group 2 antibodies were present in 43.75% (95% CI;
38.57% - 48.92%) of patients having cervicitis and 19.15% (95% CI; 16.63% — 21.66%) of
the patients having discharge (Table 5.1). Anti-cHSP10 ELISA showed seroprevelence of
40.48% (95% CI; 35.34%45.62%) in secondary infertile patients (group 1B), which is
significantly higher than group 1A (Table 5.1).
Sensitivity and Specificity of cHSP ELISA

In comparison to IgG MOMP ELISA the sensitivity and specificity for cHSP60 and
cHSP10 ELISA was 90.91% and 75.6% and 89.47% and 73.87%, respectively, in secondary
infertile women. Detection of anti-cHSP60 antibodies had a sensitivity of 67.33% and a
specificity of 90.67% in secondary infertile women on considering DFA and PCR as test
standard (Table 5.2). In cervicitis patients, both the ELISA’s showed 79.17% and 68.18%

sensitivity and 77.78% and 88.89% specificity, respectively, which was higher than those in

patients with discharge.

62
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Table 5.2: Sensitivity and specificity of anti-cHSP60 and anti-cHSP10 ELISA in four

different groups compared to IgG MOMP ELISA and DFA & PCR as test standard.

IgG MOMP ELISA DFA&PCR

¢HSP6O ¢HSP10 ¢HSP6O ¢HSP10
Sent Sed PPV NPV Sent  Sed PPV NPV Sent  Sped PPV NPV Sent  Secd PPV NPW

Group

Group 1A 500 731 222 905 600 834 632 859 ¢0.0 760 333 9048 4545 7805 2174 9143
Group 1B 9091 2947 3333 9444 756 7387 4444 754 6733 9067 6348 8368 600 7937 5294 768
Group 2A 5263 8341 5556 8714 300 7920 375  $64 5435 8337 3333 9333 200 720 1230 8182

Group2B 7947 7778 8261 7348 6818 38889 8824 696 610 9237 6714 8333 350 712 889 909

Note: Direct flouresence assay (DFA); Polymerase chain reaction (PCR); Major outer
membrane protein (MOMP); Chlamydia heat shock protein (cHSP); Group 1A = Primary
Infertility; Group 1B = Secondary Infertility; Group 2A = Discharge; Group 2B = Cervicitis;
*Sensitivity; "Specificity; °Positive Predictive Value; Negative Predictive value. All figures are

in percentage.

Discussion

Undiagnosed or untreated cervical C. trachomatis infection takes a chronic course.
The pathogen ascends via the endometrial cavity to upper genital tract and may lead to
various immunopathological events such as infertility or ectopic pregnancy (Cohen and
Brunham, 1999). C. trachomatis-infected infertile women in Indian population are reported
to be quite high, and among infertile couples from rural areas of north India, 46.5% had
primary infertility and 53.5% secondary infertility (Malik et al., 2006; Mittal et al., 1993a;
Mittal et al., 1993b; Singh and Dhaliwal, 1993; Singh et al., 2002; Singh et al., 2003).
Therefore, screening of women at risk of developing infertility is highly recommended and a

predictive serological test for the early detection is essential.
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Immunity to the cHSP60 is more typically associated with a chronic upper gential
tract infection and fallopian tube damage than with an acute infection of the lower genital
tract suggesting that cHSP60 plays an important role in the immunopathogenesis of C.
trachomatis infection (Clad et al., 2003; Claman et al., 1997; Cortinas et al., 2004; den
Hartog et al., 2005; Tiitinen et al., 2006). Chronic C. trachomatis upper genital tract infection
or reinfections may incite an autoimmune response through molecular mimicry in host that
may lead to tissue damage as chlamydial growth is inhibited by the acquired immune
response (Cohen and Brunham, 1999). Moreover, induction of HSPs interrupts the normal
progression of reticulate bodies to infectious elementary bodies, resulting in a longer-term
persistent infection. Such persistent infections may serve as antigenic reservoirs for potential
immunopathogenic anti-HSP immune system responses (Beatty et al., 1994b).

The present investigation showed that women who were associated with C.
trachomatis secondary tubal infertility were more likely to have anti-cHSP60 (54.8%, 30.0%)
or cHSP10 (40.5%, 26.7%) antibodies than women having primary infertility. Our data
suggest that in infertile C. trachomatis-infected women in India, cHSP60 antibodies are more

likely to be associated with secondary infertility than cHSP10 antibodies. These findings are

-

e\
e -

95

LI

7 bk
concordant with the pervious findings of Clad et. al., where it was reported that cHSP60 IgGC\ -

were more frequent in patients with occluded tubes (Clad et al., 2003).

In the present study, IgG ¢cMOMP ELISA was considered as standard test, and
calculated the sensitivity and specificity of cHSP’s ELISAs with respect to cMOMP ELISA
as C. trachomatis immunodominant MOMP is a target of neutralizing antibodies as well as a
serotyping antigen (Cohen and Brunham, 1999). In addition, specific MOMP variants are

associated with upper genital tract infection and cMOMP IgG and IgA levels were reported
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to be higher in patients having occluded tubes (Clad et al., 2003; Dean et al., 1995). In the
present investigation, cHSP60 and cHSP10 ELISA showed high level of sensitivity and
specificity in the secondary infertile (90.9%; 75.6% and 89.5%; 73.8%, respectively) and
cervicitis (79.2%; 68.2% and 77.8%; 88.9%, respectively) patients in comparison to patients
having primary infertility and discharge. Our data depict that cHSP60 ELISA have higher
sensitivity and specificity in secondary infertile women than cHSP10. In previous study on
considering PCR of biopsy tissue as a test standard of comparison, cHSP60 ELISA
demonstrated 43% sensitivity and 100% specificity (Chernesky et al., 1998).

Additionally, in our study in secondary infertile women, 82% patients had reported to
have chlamydial reinfection while patients with discharge and primary infertility had primary
C. trachomatis infection. Our data suggest the importance of long term chlamydial
reinfection in the pathogenesis of infertility in infected individuals. This suggested that
repeated or chronic exposure to the cHSP60 was required for development of specific
immunity to HSP60 epitopes shared between C. trachomatis and human. This study revealed
that cHSP60 antibodies are more reliable serological marker for the sequelae of infertility in ')
subfertile patients. Thus, an early detection of anti-cHSP60 antibodies can be routinely used
as useful predictive and diagnostic marker for C. trachomatis-induced infertility. It will also
improve cost effectiveness of screening strategies in infertility clinics in India. However,

follow-up investigation would be required for the comprehensive prognostic information of

anti-cHSP60 assay.















































































































Role of cHSPs in Immunopathogenesis m

Furthermore, higher levels of both the cytokines IFN-y and TNF-o were detected in
infertility group than in fertile group after stimulation with cHSP60 and cHSP10. IFN-y
production has been identified as one of the main factors in protective immunity (Wang et
al., 1999) and is also important in the development of chronic chlamydial infection (Beatty et
al.,, 1994b). IFN-y delays the developmental cycle of Chlamydia so that chlamydial RBs
persist longer, which might result in persistent unapparent infection and also, play a role in
immunopathogenesis by promoting inflammatory damage and fibrosis (Rottenberg et al.,
2002). In addition, increased levels of IFN-y have been reported in the endocervical
secretions of C. trachomatis positive infertile women (Reddy et al., 2004). TNF-o which
displays anti-chlamydial properties are also known to play an important role in the initiation
of inflammatory response (Shemer-Avni et al., 1988). In the mouse genital tract, infertility
associated with endometriosis has been shown to be related to the production of TNF-a
(Darville et al., 2000). In human, both IFN-y and TNF-a have been reported to be associated
with infertility (Kwak-Kim et al., 2003; Naz et al., 1995; Ng et al., 2002). Proinflammatory
cytokines are also known to drive the lipid peroxidation of the spermatozoé plasma
membrane to levels that can affect the sperm fertility capacity (Martinez et al., 2007). In
addition TNF-a and IFN-y have effects on sperm motility, viability, membrane integrity and
lateral head displacement, suggesting poor fertilizing potential of human spermatozoa during
inflammatory conditions (Estrada et al., 1997). Previous evidence suggests that the
concurrent immunization with cHSP60 switches the cytokine production of hHSP60
responding T cells to dominant production of proinflammatory IFN-y (Yi et al., 1997)
showing that cHSP60 can break the tolerance of autoreactive cell reactions and lead them to

participate in the inflammatory reactions during chlamydial disease. Hence from the present
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study higher levels of both IFN-y and TNF-a by cHSPs in infertility group may suggest their
involvement in the immunopathological condition associated with the infertility.

In this study, IL-4 was undetectable and IL-13 levels were not significantly different
in any group in contrast to previous report in which cHSP60 specific IL-13 in PBMCs has
been reported to be associated with the protective response (Cohen et al., 2005). It may
suggest that cHSP specific Th2 cytokines (IL-4 and IL-13) does not play any role in
pathogenesis related to chlamydial infection.

The higher levels of IL-10 may not suggest a Th2 response as studies showed that it is
secreted by Thl and Th2 cells as well as other cells (Trinchieri, 2007; Yssel et al., 1992).
Further, it has been shown that in many chronic infections in human and experimental
animals, CD4" T cells can produce high levels of both IL-10 and IFN-y (Trinchieri, 2001).
Hence the production of high levels of both the cytokines, IL-10 and IFN-y in the absence of
significant levels of other Th2 cytokines, suggests that the cells secreting IL-10 are not Th2
cells but other cells. Previous studies, suggested that immune sensitization to HSPs probably
require prolonged exposure of them at elevated concentrations (Witkin et al., 1998a). As for
cHSP60, there have been reports that during repeated and severe C. trachomatis infection
there is enhanced recognition of cHSP60 by circulating lymphocytes (Witkin et al., 1993;
Witkin et al., 1994) and it has been shown that PBMCs from women with tubal factor
infertility responded more frequently to cHSP60 antigen (Kinnunen et al., 2003).

Hence the differential responses to ¢cHSPs in Chlamydia-infected fertile and infertile
women would be du; to prolonged exposure to cHSPs in infertile cases. The correlation
analysis of different cytokines produced upon stimulation with cHSP60 and cHSP10 and was

observed a positive correlation for IL-10 and IFN-y levels in infertility group suggesting
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similar role of cHSP10 in pathology associated with the infertility as cHSP60. There are no
studies to date on cHSP10 specific CMI responses and these data suggests that the cHSP10
specific immune responses may have crucial role in the immunopathological condition
associated with the infertility. Reports on the immunogenicity of HSP10 antigens from other
microbial pathogens suggest that the HSP10 family of proteins are capable of eliciting
chronic inflammation and delayed hypersensitivity. In particular, HSP10 homologues of
Mycobacterium leprae and Mycobacterium tuberculosis have been shown to stimulate T-cell
responses (Launois et al., 1995; Mehra et al., 1992). Overall these results suggest that
exposure to the cHSPs could significantly affect mucosal immune function by modifying the

release of cytokines leading to severe immunopathological conditions related to infertility.
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Role of Chlamydial Heat Shock Proteins 60 and 10 in the Apoptosis
of Cervical Epithelial Cells

Introduction

Chlamydiae are strict intracellular pathogens with a biphasic life cycle; the
extracellular infectious form is the EB, which is metabolically inert. EBs infect susceptible
host cells and transform into the RBs, which are the vegetative form of the organism, capable
of metabolic activities, replicate intracellular within a membrane-enclosed vacuole called an
inclusion and differentiate back to EBs (Moulder, 1991). Host-cell death observed at the end
of the infection cycle is involved in release of EBs from the host-cell and contributes to the
inflammatory response of the host (Hogquist et al., 1991). Apoptosis, or programmed cell
death, is the mechanism for cellular self-destruction that functions to eliminate cells during
immune selection, tissue development, and tissue regeneration (Wyllie AH 1980). Activation
of human host cell apoptosis has been observed as a response to infection by a wide range of
intracellular and extracellular pathogens (Grassme et al., 2001; Weinrauch and Zychlinsky,
1999). It has also been demonstrated that apoptosis induction in some bacterial infections can
limit the spread of intracellular infection by provoking inflammatory responses or by
delivering the intracellular pathogen to professional phagocytes (Fratazzi et al., 1997; Gao
and Kwaik, 2000; Hacker and Fischer, 2002).

Chlamydiae have been reported to elicit the induction of host cell death under some
circumstances and also actively inhibit apoptosis under others (Byrne and Ojcius, 2004).
Several strains of C. trachomatis protect infected cells against apoptosis due to external
ligands, including TNF-o, antibodies against Fas, and the kinase inhibitor staurosporine

(Dean and Powers, 2001; Fan et al, 1998). However, epithelial cells that are preferential
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target of Chlamydia display features of apoptosis during infection. Morphological changes
associated with apoptosis such as chromatin condensation, blebbing and DNA fragmentation
have been observed in infected cells confirming the apoptotic nature of host cell death
(Ojcius et al., 1998). -

Although, an inflammatory response is required for the resolution of primary C.
trachomatis infection, on the other hand chronic inflammation is also responsible for the
scarring process in trachoma and female genital tract. Thus, a number of inflammatory
mediators are involved during infection, including IL-1f and TNF-a. TNF-o and other
inflammatory cytokines which may aid in eradicating Chlamydia infection and also promote
long-term tissue damage (Darville et al., 1997). It has been reported that human monocytes %
infected with Chlamydia secrete IL-1P. Caspase-1 plays a role in the maturation of IL-1p and | (?
IL-18, and has been shown to have no effect on Chlamydia-induced cell death, suggesting I

]
that caspase-1 is activated during infection (Los et al., 1999).

Chlamydial factor, cHSP60 has been shown to induce apoptosis, in vitro, in primary .
human trophoblasts, placental fibroblasts, and in JEG3 trophoblast cell line (Equils et al., l y O
2006). Chlamydial HSPs are expressed constitutively throughout the life cycle and can be
found in the outer membrane complexes of elementary and reticulate bodies. Chlamydial
HSP60 has been reported to be responsible for proinflammatory pathologic manifestations of
human chlamydial disease in the reproductive tract (LaVerda et al., 1999; Neuer et al., 1997;
Neuer et al., 2000). Recently, cHSP60 has been identified as an immunodominant antigen
being strong target in both humoral and cell mediated immunity whereas cHSP10 has been
identified as human T-cell target (Follmann et al., 2008). In addition, serum and follicular

fluid antibodies to cHSP60 has been associated with the development of immunopathology in
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chlamydial infection, leading to blinding trachoma, PID, ectopic pregnancy, and tubal
infertility following ocular and genital C. trachomatis infections (Amo et al., 1995; Ault et
al., 1998; Brunham et al., 1985; Brunham et al., 1992; Claman et al., 1997; Cortinas et al.,
2004; den Hartog et al., 2005; Eckert et al., 1997; Freidank et al., 1995; Kimani et al., 1996;
Peeling et al., 1997; Toye et al., 1993). Serum antibodies to cHSP10 has also been associated
with severity of human genital tract disease (Betsou et al., 2003; Betsou et al., 1999; LaVerda
et al., 2000) and immune reactivity to cHSP10 has been significantly associated with tubal
infertility (LaVerda et al., 1999).

There are number of studies that have been devoted on cell-mediated and humoral
immune responses to cHSP60 and cHSP10, however, no study has been dedicated to their
potential role in apoptosis of primary cervical epithelial cells that are privilege target for
chlamydial infection. The fact that higher levels of cHSP60 and cHSP10 mRNA and proteins
were detected in cervical epithelial cells of C. trachomatis infected infertile women than in
fertile women might be related to different metabolic state of Chlamydia between infertile
and fertile women and to different levels of apoptosis of endocervical epithelial cells (Jha et
al., 2009). Therefore to assess their effect in apoptosis of primary cervical epithelial cells
recombinant cHSP60 and cHSP10 were used. Quantitative measurement of apoptosis was
performed by cytofluorometry. An apoptosis pathway-specific cDNA microarray analysis
was used to examine the expression of epithelial cell genes that might be affected by cHSP60

and cHSP10. The upregulation of genes of interest was confirmed in real-time RT-PCR

analysis.
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Materials

Agarose, Bovine Serum Albumin, Glycine, Nonidet P-40, NaCl, SDS, Na3;VOQ,, NaF,
Glutamine, HEPES, Tris base, RPMI-1640, Penicillin, Streptomycin, Ponceau S, Phenyl
methyl sulfonyl fluoride (PMSF), Diaminobenzamide, Coomassie, and other fine chemicals
were purchased from Sigma Chemicals, USA. Trizol, Taq polymerase, dNTPs, MgCl,, DNA
ladder was from Invitrogen, USA. Primers for IL-18, IL-1B, TLR2, TLR4 and B-actin were
synthesized by MWG-Biotech, Germany. Radiolabelled [a¢-**P] dATP was procured from

Board of Radiation and Isotope Technology (BRIT), Mumbai, India.
Experimental Methods

Culture of primary epithelial cells

Epithelial cells were obtained, after informed consent, from 15 healthy women
attending the gynecology OPD of Safdarjung Hospital (New Delhi, India) who were referred
for diagnostic laparoscopy undergoing routine checkup for reasons unrelated to this study.
The Hospital’s ethics review committee approved the study. At recruitment, a detailed
clinical questionnaire was administered to each patient to collect information on reasons for
referral and obstetric, medical and gynecological history (including menstruation and

symptoms of genital and urinary tract infection). An exclusion criterion consisted of: - (i)

——

occurrence of sexually transmitted disease during the last year and (ii) history of pelvic
inflammatory disease. The cervical canal was wiped clean with cotton tipped swab and a
cytobrush was placed. within the endocervical cgnal and rotated one 360° turn so that cells
from the endocervical region and the zone between the endocervical and ectocervical regions
(transformation zone) could be obtained. The cytobrush was then placed in a sterile

centrifuge tube containing PBS with penicillin (100 U/ml), streptomycin (100 pg/ml) and
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glutamine (100 pg/ml). All cytobrush samples had negative results for blood contamination.
No cervical specimens were taken from menstruating patients, or if blood was visible in the
cervical area or if the epithelium appeared disrupted. Diagnosis of C. trachomatis and other
STD pathogens were done as mentioned in Chapter 4.
Processing of Samples

Cervical samples were centrifuged at 200 g for 10 min at 4° C, with the resulting
pellet yielding cervical epithelial cells. The epithelial cells were washed twice with PBS. To
check the viability of the cells Trypan-blue staining was performed on a hemocytometer. The
final pellet was resuspended in RPMI medium containing 10% (v/v) FCS, 1 mM glutamine
and 1 mM pyruvate. The cells were seeded into 24-well tissue culture plates and incubated at
37°C in an atmosphere of 5% (v/v) CO; in air to allow the rapid attachment of any
contaminating fibroblasts. After incubation for 1 h, the medium containing non-attached cells
was removed and seeded into another plate. These epithelial cells (5 x 10° cells) were
incubated for 3 days to reach 80-90% confluence in order to avoid contact inhibition of the
cells. The epithelial cells were confirmed by staining with a cytokeratin-specific antibody
(ICN pharmaceuticals, Costa Mesa, Calif., USA) and the absence of leucocytes was verified
by the lack of staining with an antibody specific for the leukocyte common antigen, CD45
(Dako Corp., Carpinteria, Calif., USA). Further epithelial cells were stimulated with cHSP60
(5 pg/ml) and cHSP10 (5 pg/ml) along with unstimulated control cells. Cells were harvested
after 4 h for RNA isolation and cDNA preparation. Approximately 0.5 x 10° cells were fixed
in methanol for flow cytometric analysis and the rest of the cells in equal numbers were

processed for nucleic acid preparation and western blot assay.
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Cloning, Expression and Purification of cHSP60 and cHSP10

Cloning and expression of cHSP60 and cHSP10 have been previously described in
Chapter 6.
Quantitative assessment of cell death and apoptosis using cytofluorometry

Cervical cells were analyzed for apoptotic effect of cHSP60 and cHSP10 stimulation.
Cells were stained using Propidium Iodide (PI) which stains dead cells (necrotic cells) and
FITC-labeled annexin V (Roche Molecular Biochemicals, Germany), which stains apoptotic
cells. Cells were incubated with medium and 5 pg/ml of cHSP60 or cHSP10 for 4 h.
Labeling procedures followed were those suggested as per manufacturer’s manual. Briefly,
cells were resuspended in annexin labeling solution containing 10 mM HEPES (pH 7.4), 140
mM NaCl, 5 mM CaCl,, and FITC-conjugated annexin V for 15 min. After washing twice ‘
with PBS, cell pellets were resuspended in PI (2 pg/ml) containing PBS and analyzed by
flow cytometry. At least 10,000 events were analyzed, and apoptosis was presented as mean
percentage positive cells stained with annexin V.
Complementary DNA Microarray

Atlas human apoptosis array (Clontech, Palo Alto, Calif.) containing 205
immobilized human cDNAs, housekeeping and negative control cDNAs, in duplicate dots on
nylon membranes, were used to detect apoptosis genes. Labeled cDNA probes were prepared
with reagents provided with the Atlas Human Array kit (Clontech Laboratories, Palo Alto,
CA, USA). For each specimen, 2.5 pg of total RNA was incubated with Human Apoptosis-
Specific Primers (R&D Systems, Minneapolis, MN, USA) for 5 min at 65°C and then at
42°C. A mixture of reaction buffer, dNTP mix, 50 U of Moloney murine leukemia virus

reverse transcriptase and [0->*P] dATP (>2,500 Ci/mmol, 10 uCi/pl) (BRIT, Mumbai, India)
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was added to each sample, which was then incubated at 42°C for 60 min. The labeled cDNA
probes were purified with column chromatography to remove unincorporated isotope using
spin columns provided with Atlas pure total RNA labeling system (Clontech). Cyt-1 DNA
was added to the labeled probe to reduce background hybridization to repetitive DNA
sequences prior to the addition of the probe to the hybridization solution. A nylon membrane
containing bound cDNA clones cormresponding to 205 different human genes was
prehybridized with a solution of hybridization buffer (ExpressHyb; Clontech) and 100 pg of
sheared salmon testes DNA/m! (previously boiled for 5 min and chilled on ice prior to
addition to the prehybridization solution) at 68°C. Each labeled cDNA probe was mixed into
prehybridization buffer and incubated overnight at 68°C with the membrane. After
hybridization, the membrane was washed with wash solution 1 (2xstandard saline citrate
(SSC), 0.1% sodium dodecyl sulfate (SDS)) and wash solution 2 (0.1xSSC, 0.1% SDS) at
68°C followed by a final wash of 2xSSC at room temperature. The washed membrane was
wrapped in plastic wrap and exposed to a phosphor imaging screen. Imaging screens were
scanned by use of a Phosphorlmager (Typhoon 9700, Amersham, Uppasala, Sweden) and
analyzed with ImageQuant software (GE Healthcare). The signals on each array were
corrected for background with an average for blank columns and standardized with a
housekeeping gene present on the same membrane (glyceraldehyde phosphate
dehydrogenase). The duplicated intensity signals for each gene were summed for data
analysis. Each experiment was performed in triplicate and the ratio of gene expression levels
was determined by dividing the signal intensity on the control array. Differential gene

expression was considered significant when the signal ratio was greater than 2:1. The
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complete gene list for the Atlas human apoptosis cDNA expression array may be viewed at
www.bdbiosciences.com/clontech/atlas/genelists/index.shtml.
Preparation of total RNA and preparation of cDNA probes

Total RNA was extracted from epithelial cells using Trizol reagent (Life
Technologies Corp., California, USA). All RNA preparation was confirmed to be DNA-
negative by PCR targeting the host actin gene in the absence of reverse transcription. The
integrity of each RNA preparation was checked by analysis on ethidium bromide-stained
formaldehyde-agarose gels (Gerard et al., 2002; Gerard et al., 2001). The concentration of the
extracted total RNA was assessed using spectrophotometry. Next, the total RNA was treated
with DNase Free™ reagent (Ambion, Austin, TX, USA) for 60 min, and then reverse-
transcribed with Superscript II™ (Invitrogen, Carlsbad, CA, USA) at 37°C for 60 min using
Random Primer™ (TaKaRa, Tokyo, Japan). The resultant cDNA mixture was stored in small
aliquots at —20°C until further use.

Real-Time reverse transcriptase PCR

The SYBR green real-time RT-PCR was performed in RT? Profiler PCR Array
System (SABiosciences Corporation, Frederick, USA) that contains a panel of 96-primer sets
for thoroughly researched set of 84 apoptosis related genes, five housekeeping genes and
three RNA and PCR'quality control. Briefly, 2:5 pg of RNA was used to convert cDNA
using first strand synthesis kit (Fermenta International Inc., Canada) followed by mixed with
2X SABiosciences RT? gPCR Mastermix provided with kit and 25 pl of mixture was added

in each well. RT-PCR was performed on Eppendorf Mastercycler ep realplex using program
consisted of 10 min of denaturation at 95°C followed by 15 sec at 95°C and 1 min at 60°C for

40 cycles and final extension of 5 min. at 72° C. Threshold cycle (Ct) for each well was
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calculated using instrument software. Data was analyzed using PCR array data analysis web

portal from the address: http://www.SABiosciences.com/pcrarraydataanalysis.php. In brief,

the expression level of housekeeping genes was chosen for normalization in each plate. ACt
of each gene of interest was calculated by subtracting average of Ct value of housekeeping
genes using formula: ACt=Ct®®.-Ct*VS HKC_ Further, AACt was calculated using the formula:
AACt=ACt (group II) — ACt (group I), where group I is the control and group II is

225Y in gene expression was calculated by dividing

experimental. Finally, fold change (
normalized expressiox.l of the gene of interest in.the experimental sample to the normalized
expression of same gene of interest in the control sample. The result was reported as mean
fold changes in gene expression compared to housekeeping gene if the fold change is greater

than 2.

Immunoblotting of proteins

Cells stimulated with cHSP60 and cHSP10 were washed with PBS and subsequently
treated with lysis buffer (0.5% Nonidet P-40, 150 mM NaCl, 0.1% SDS, 50 mM NaF, 1 mM
Na;VO,, and 1 mM phenyl methyl sulfonyl fluoride) containing the complete protease-
inhibitor cocktail (Roche Diagnostics, Mannheim, Germany). Protein concentrations were
determined by the Bradford protein assay (BioRad Laboratories, USA) with BSA as
standard. Extracted proteins (50 pg) were electrophoresed on 8-12% SDS-polyacrylamide
gels and transferred to polyvinyl difluoride membranes (BioRad, USA); the membranes were
reversibly stained with Ponceau S (Sigma Aldrich, St Louis, USA) to confirm complete
transfer. Membranes were blocked with 5% nonfat dry milk in PBS-Tween-20 and incubated
with mouse anti-IgGs against Nuclear Factor- kappaB (NF-xB) (p65), IxB (inhibitor of kappa

B) (Alexis Biochemicals) and rabbit anti-IgG against caspase-3, Caspase-8, Caspase-9 (Santa
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Cruz Biotechnology, USA). They were further incubated with the respective secondary IgG
conjugated with horseradish peroxidase. Subsequently, blots were developed using
diaminobenzamide as the detection agent and analyzed using the Image J software
(http://rsbweb.nih.gov/ij/index.html).
Analysis of mRNA expression using semiquantitative RT-PCR

Total RNA and ¢cDNA prepared for microarray and real-time RT-PCR were used for
amplification of IL-13 (443 bp), IL-18 (279 bp) and B-actin (235 bp) gene. Primer sequences
for RT-PCR were as follows: IL-1f (forward) 5’- GCT GAT GGC CCT AAA CAG ATG-3’,
IL-1B (reverse) 5’- ACG AAT CTC CGA CCA CCA CTA-3’ (de Gruijl et al., 1999); IL-18
(forward) 5’-GCT TGA ATC TAA ATT ATC AGT C-3’ and IL-18 (reverse) 5’-GAA GAT
TCA AAT TGC ATC TTA T-3’ (Pizarro et al., 1999); TLR-2 (forward) 5’-AGG CTG CAT
TCC CAA GAC ACT-3’ and TLR-2 (reverse) 5’-AGC CAG GCC CAC ATC ATT TT-3’,
TLR-4 (forward) 5’-TGG TGT CCC AGC ACT TCA TCC-3’ and TLR-4 (reverse) 5°-TTC
CTG CCA ATT GCA TCC TGT A-3’ (Sasu et al., 2001); B-actin (forward) 5’-CCA ACC
GCG AGA AGA TGA CC-3’, and B-actin (reverse) 5’-GAT CTT CAT GAG GTA GTC
AGT-3’ (Jobin et al., 1997). Sequences for PCR primers specific genes of interest were
synthesized by (MWG-Biotech AG, Ebersberg, Germany); 2 pl of cDNA was used as the
template for individual PCRs with pairs of gene-specific primers. Each PCR mixture on
contained 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2.5 mM MgCl,, 0.2 mM each
deoxynucleoside triphosphate, 0.5 mM each primer, and 1.5 U of DNA polymerase
(Invitrogen). Thermal cycling programs consisted of 10 min of denaturation at 95°C,
followed by 1 min at 94°C, 1 min at 56°C, and 2 min at 72°C for 23 cycles and a final

extension of 5 min at 72°C. PCR products were analyzed by electrophoresis through 2%
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agarose gels and visualized by ethidium bromide staining. RT-PCR data were analyzed by
scanning densitometry of gel bands and normalized to 3-actin signals obtained from the same
time point. The normalized data were expressed as relative changes in mRNA levels between
cHSP60 and cHSP10 stimulated cells and unstimulated controls. The numerical data were

analyzed using a two-tailed Student ¢ test. A p value of, 0.05 was considered significant.

Results
Apoptotic effect of cHSP60 and cHSP10 stimulation of endocervical epithelial cells

We first examined whether cHSP60 and cHSP10 elicited an apoptotic effect on
endocervical epithelial cells. Cells were incubated with medium alone (control) or with §
ng/ml of cHSP60 and cHSP10 for 4 h. Cell death was assessed by staining with PI and FITC-
labelled annexin V to detect necrotic and apoptotic cells respectively, using flow cytometry.
Treatment with cHSP60 significantly increased the mean percentage of apoptotic cells (57.4
+ 59 % vs 9.3 £ 1.2 % in control cells, p < 0.05). Similarly, treatment with cHSP10
significantly increased the mean percentage of apoptotic cells (47.8 4.8 % vs 9.3+ 1.2 % in
control cells, P < 0.05) (Figure 8.1a). No significant difference in necrotic cell death (PI

positive cells) was observed in cHSPs stimulated cells as compared to control cells (Figure

8.1b).
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Figure 8.1: Detection of apoptosis by flow cytometry in in vitro stimulated
epithelial cells. (a) Apoptosis was detected by Pl and FITC-labeled Annexin V staining
assay in 4 h cultures of primary epithelial cells in the presence of 5 pg/ml cHSP60 or
cHSP10. Each column denotes the mean percentage and SEM (error bar) from experiments
carried out in triplicate with cervix epithelial cells derived from 3 donors. * P < 0.05;

Kruskal-Wallis test. (b) Figures (dot plot) shown are representative of three independent

experiments.

Effect of cHSP60 and cHSP10 stimulation on mRNA expression (cDNA microarray)

To study the changes in mRNA expression of genes related to apoptosis in epithelial
cells, cDNA microarray approach was done using the Clontech atlas human apoptosis
expression array (205 different human genes related to apoptosis). In cHSP60 stimulated

cells, 10 genes were significantly (P < 0.05) upregulated and 6 genes were significantly (P <




Role of cHSPs in Apoptosis

0.05) downregulated. Similarly, in cHSP10 stimulated cells, 11 genes were significantly (P <

0.05) upregulated and 4 genes were significantly (P < 0.05) downregulated. The fold change

expression of genes and their accession numbers are listed in Table 8.1.

Table 8.1: Modulation of gene expression in epithelial cells after stimulation with

cHSP60 and cHSP10 for 4 h,

S. No. |Gene Description Accession No. | cHSP60 cHSP10
1 Cyclin dependent kinse 4 M 14505 (-)8.3+0.32 | (-)5.240.46
2 Cyclin-Bl M25753 ()17.140.19 | (-)4.610.24
3 Phospholipase D1 U38545 3.8+0.62 9.240.57
4 ERK-1 X60188 4.61:0.44 5.4140.19
5 MAPK Kinase kinase 3 U78876 9.3+1.2 3.24041
6 PCNA M 15796 (-)2.410.22 Unchanged|
7 E2F transcription factor M96577 (-)3.9£0.61 | Unchanged
8 P53 induced protein AF010315 4.1+0.2 | Unchanged
9 Bcl-2 antagonist of cell death U66879 Unchanged | 3.110.12
10  |IL-1 beta convertase U13699 11.8+1.1 8.3+1.3
11 Caspase-3 U13737 4.5+0.64 5.9+0.22
12 Caspase-8 160520 3.310.23 6.4+0.67
13 |Caspase-9 U56390 7.140.19 4.6+0.32
14 |TNF-receptor associated factor-6 U78798 3.1+0.91 5.7+0.81
15 |Caspase-8 & FAAD-like apoptosis regulator| AF010127 224033 9.7+0.41
16 |TNF superfamily member 6 270519 Unchanged | 1.8+0.11
17  |TNF receptor family member 1B M32315 ()143+13 | (07.2£0.82
18 TNF receptor family member 10B AF016268 (-)2.8+0.41 | (-6.6x£0.36

Note: The expression of genes was analyzed using an apoptosis cDNA expression

array from Clontech containing 205 immobilized human cDNAs. Values in columns cHSP60

and cHSP10 represent normalized fold change + standard deviation after stimulation as

compared to unstimulated control, (-) indicates fold down regulation and rest are fold

upregulated genes.
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Analysis of mRNA expression using real-time RT-PCR

To validate the data obtained using the human apoptotic cDNA microarray and to
further characterize mRNA expression profile, few genes of interest were subsequently
quantified by real-time RT-PCR. IL-1 B-convertase, caspase-3, -8 and -9 were upregulated in
cDNA microarray were also upregulated in real-time RT-PCR upon stimulation with cHSP60
and cHSP10. The fold change expression of all genes and their accession numbers after

stimulation of cHSP60 and cHSP10 are listed in Table 8.2.

Table 8.2: Modulation of gene expression in epithelial cells after stimulation with

cHSP60 and cHSP10 for 4 h.

S. No. |Gene Description Gene Bank ID| cHSP60 cHSP10
1 [Apoptosis peptidase activating factor 1 NM 001160 | 13.6+0.75 | 6.2+0.86
2 |BH3 interacting domain death antagonist NM 001196 | (-)5.5+1.16 | Unchanged
3 |NLR family apoptosis inhibitory protein NM 004536 | (-)7.1+0.38 | (-)9.6+2.41
4  |Interleukin f} convertase NM_033292 7.3+1.22 6.2+0.44
5 |Caspase-3 NM 004346 | 9.1+1.46 3.6+0.74
6 |Caspase-8 NM 001228 | 4.7+0.54 10.2+1.41
7 |Caspase-9 NM 001229 7.2+0.69 7.9+0.36
8 |Fas-associated death domain NM 003824 | (-)4.5+1.44 | (-)6.1+2.17
9 |Fas-ligand NM 000639 | 12.4+1.11 | Unchanged
10 |Bcl-2 interacting domain NM 003806 | 5.6+1.91 5.9+0.74
11 |TNFRSFI1A associated death domain NM 003789 | Unchanged | 4.6+1.22
12 |TNF receptor family member 1B NM 001065 | (-)9.4+0.58 | Unchanged

Note: The expression of mRNA was analyzed using real-time RT PCR. Values in
columns cHSP60 and cHSP10 represent normalized fold change + standard deviation after
stimulation as compared to unstimulated control, (-) indicates fold down regulation and rest

are fold upregulated genes.
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Caspases-3, 8, 9 and NF-«B activation

To examine whether protein expression correlated with mRNA expression, western
blot assay was performed to quantify caspase-3, -8, and -9 in the same experimental
conditions. Expression of caspase-3 was significantly higher in both cHSP60 (7742 £ 1114.5
arbitrary units, P < 0.07) and cHSP10 (4662 + 776.4 arbitrary units, P < 0.05) stimulated
cells than in control cells (869 + 66.7 arbitrary units). Furthermore, expression of both
caspase-8 (cHSP60; 5877 + 398.01 arbitrary units, P < 0.0]) (cHSP10; 6915 + 415.5
arbitrary units, P < 0.01) and -9 (cHSP60; 1300 + 257.8 arbitrary units, P < 0.05) (cHSP10;
1392 + 257.4 arbitrary units, P < 0.05) were also significantly higher in cHSP60 and cHSP10
stimulated cells than in control cells (caspase-8; 458 + 169.7 arbitrary units) (caspase-9; 409
+ 182.7 arbitrary units) (Figure 8.2).

Expression of NF-kB and IxB were also analyzed and it was upregulated in both
cHSP60 (3940 + 509.84 arbitrary units, P < 0.05) and cHSP10 (4924 + 442.58 arbitrary
units, P < 0.05) stimulated cells compared to control cells (1907 + 719.85 arbitrary units). In
contrast, expression of IxB was found to be downregulated in stimulated cells (cHSP60; 6576
+ 490.85 arbitrary units, P < 0.05) (cHSP10; 4629 + 272.2 arbitrary units, P < 0.05)

compared to unstimulated control cells (11817 + 1464.08 arbitrary units) (Figure 8.3).
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Discussion

C. trachomatis is known to modulate host cell to escape immune response and
prolong their persistence to cause fallopian tube damage, ectopic pregnancy and infertility in
women. In chronic chlamydial infection, cHSPs are produced in large amounts and play a
role in pathogenesis. In the present study, we investigated the ability of cHSP60 and cHSP10
to induce apoptosis of primary cervical epithelial cells. A significant increase in
phosphatidylserine exposure which is known to be associated with apoptosis, has been
observed in cHSP60 and cHSP10 stimulated cells as well as an upregulation of caspase-1, -3,
-8 and -9. These results agree with: an earlier in vitro study by Equils et. al., where in authors
have shown that cHSP60 induces an apoptosis that was caspase-dependent in primary human
trophoblasts and placental fibroblasts (Equils et al., 2006). In addition, the expression of
several genes related to apoptosis was found to be increased. For example, the mRNA level
of apoptosis peptidase activating factor-1 (Apaf-1) was upregulated by both cHSP60 and
cHSP10 in real-time RT-PCR assay. This result agrees with the report of Samali et. al.
showing that cytochrome c, procaspase-3, procaspase-9 and HSPs were all present in
mitochondria and that the presence of Apaf-1 alone was able to initiate the apoptosis
activation process (Samali et al., 1999). The mRNA level of Fas-ligand was also found to be
upregulated by cHSP60 suggesting a role in Fas/CD95-mediated apoptosis requiring the
activation of caspase-8 (Li et al., 1998). However, upon cHSP10 stimulation the level of Fas-
ligand was unchanged which may be explained by the fact that cHSP10 plays an ancillary

role in chaperone function with cHSP60.
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Members of .the transcription factor family, NF-«B, are key regulators of the
expression of many genes involved in immune regulation. During chlamydial infection,
activation of NF-xB has been reported in persistent infection of epithelial cells (Paland et al.,
2006). In the present study, we have also observed the ability of cHSP60 and cHSP10 to
activate the epithelial cells to trigger NF-«B activation and to down regulate IxB as well as to
induce the release of IL-1B and IL-18. Similarly, Kol et. al. have shown that cHSP60 and
human HSP60 activate vascular endothelium, smooth muscle and macrophages to produce
proinflammatory cytokines mediated by NF-«B (Kol et al., 1999). In another study by
Takenaka et. al, it was reported that recombinant HSP60 of Helicobacter pylori induces
inflammatory responses through TLR-mediated NF-«B in cultured human gastric epithelial
cells (Takenaka et al., 2004). Our results also suggest the involvement of cHSPs in activation
of NF-xB signaling pathway and production of proinflammatory cytokines.

In addition, cHSP60 has been known to be ligand for TLR2 and TLR4 and it
subsequently activaties NF-xB leading to release of proinflammatory cytokines from immune
cells (Bulut et al., 2002; Costa et al., 2002; Da Costa et al., 2004; Erridge et al., 2004;
Prebeck et al., 2001). In the present study, higher expression of TLR-2 and TLR-4 mRNA in
cHSP60 stimulated epithelial cells suggests a role of TLRs in recognition of cHSP60. This
data agrees with an earlier study wherein Vabulas et. al. reported that cHSP60 are recognized
by both TLR-2 and TLR-4 (Vabulas et al., 2001). We did not observe any significant
difference in the mRNA levels of TLR-2 and TLR-4 in cHSP10 stimulated and unstimulated
epithelial cells. This suggests that either cHSP10 is not recognized by TLRs or if recognized
then it does not stimulate downstream signaling. However, further studies are required to

elucidate this factor. The observed effects were attributable to recombinant cHSPs and not to
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LPS contamination as our cHSP60 and cHSP10 preparations were treated with polymyxin B.
Therefore, binding of cHSPs to TLR mediate both apoptosis and NF-«B activation. Indeed,
TLR signals for apoptosis is through TLR adapter molecule, myeloid differentiation factor 88
(MyD88) via a pathway involving Fas-associated death domain protein and caspase-8, the
initiator caspase associated with Fas-mediated apoptosis (Fan et al., 2005; Janssens and
Beyaert, 2002). Through TLRs, cHSPs also induce the synthesis of the precursor of the pro-
inflammatory cytokine interleukin-1p. Interestingly, binding of cHSPs to TLR also activates
caspase-1 which contains active site cysteine necessary to cleave cytokine precursors pro-IL-
B and pro-IL-18 (Cerretti et al., 1994; Ghayur et al,, 1997), resulting in proteolysis and
secretion of mature IL-]1p (Aliprantis et al., 2000). Our findings support the earlier reports
showing that C. trachomatis infection causes the activation of caspase-1 which had been
correlated with the release of mature IL-18 from epithelial cells (Lu et al., 2000) and to IL-

1B, involved in oviduct pathology (Cheng et al., 2008).

In conclusion, in our in vitro study it has been shown for the first time that cHSP60
and cHSP10 are involved in apoptosis of primary cervical epithelial celis with concomitant
production of proinflammatory cytokines such as IL-1B which has been known to be
involved in oviduct pathology. Also, it has been suggested that apoptosis induction in some
intracellular bacterial pathogens provoke inflammatory responses by delivering the pathogen
to professional phagocytes (Gao and Kwaik, 2000; Hacker and Fischer, 2002). In women
with persistent C. trachomatis infection, the release of extracellular cHSP60 may therefore
lead to cell apoptosis and to an inflammatory response resulting in fibrosis and scarring of

female genital tract that may contribute to severe tubal pathologies including infertility.
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Conclusions

In the present study seroprevalence of antibodies to cHSP60 and cHSP10 was
evaluated in symptomatic women. Further role of cHSP60 and cHSPIO in
immunopathogenesis of infertility was studied in C. trachomatis infected women. ELISA
was performed to measure antibody responses using specific peptide sequences against
cMOMP, cHSP60 and cHSP10 in patient’s sera. Among C. trachomatis-positive women, the
seroprevalence of cMOMP (66.7%) was higher followed by cHSP60 (64.0%) and cHSP10
(61.3 %) suggesting that cMOMP may be more immunogenic than cHSP60. High titers of
antibodies to cHSP60 and cHSP10 were detected in women with PID/infertility than
cervicitis. This implies that seropositivity of cHSP60 may be a useful marker for discase
severity. The present investigation showed that women who were associated with C.
trachomatis secondary infertility are more likely to have anti-cHSP60 antibodies than women
having primary infertility. Considering IgG MOMP, PCR and DFA as test standard, cHSP60-
ELISA showed high sensitivity and specificity in the secondary infertile women in
comparison to patients having primary infertility, cervicitis and discharge. Also, cHSP60-
ELISA had higher sensitivity and specificity in secondary infertile women than cHSP10-
ELISA. Thus our study revealed that cHSP60 antibodies are more reliable serological marker
for the sequelae resulting in infertility in subfertile patients. Further, different pattern of
expression of cHSP60 and cHSP10 in cervical epithelial cells were observed using real-time
RT-PCR and flow cytometry in infertile women compared to fertile women reflecting

probable difference in the metabolic state of the Chlamydia with the presence of an abnormal

cryptic form of C. trachomatis in infertile women.
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In addition, full length cHSP60 gene (CT110) was amplified in C. trachomatis
positive patient’s samples. PCR amplicons were characterized by restriction digestion
analysis and PCR products were subsequently cloned in pGEM-T vector. Further, specificity
of positive clones was confirmed by restriction digestion and colony PCR. The recombinant
clones of cHSP10 were provided as a gift from Dr. Sylvette Bas. Clones of both cHSP60 and
cHSP10 were used for expression of recombinant proteins in protein expression vectors.
Purified cHSP60 and cHSP10 were further used for stimulating cervical mononuclear cells
from C. trachomatis-infected fertile and infertile women to study the specific cytokines
(IFN-y, IL-10, TNF-a, IL-4 and IL-13) released at the local site of infection. Levels of IFN-y,
IL-10 and TNF-a were higher when stimulated with both cHSP60 and cHSP10 in the
infertile as compared to fertile and uninfected women. The enhanced levels of IL-10 detected
in our study may be responsible in prolonging infection by exerting immunostimulatory
effects and may contribute towards fibrosis and tubal infertility. IFN-y delays the
developmental cycle of Chlamj/dia so that chlamydial RBs persist longer, which might result
in persistent unapparent infection and also, play a role in immunopathogenesis by promoting
inflammatory damage and fibrosis. TNF-o. which display anti-chlamydial properties, is
known to play an important role in the initiation of inflammatory response. In the present
study higher levels of both IFN-y and TNF-o were detected upon stimulation with ¢cHSPs in
infertilite women which may suggest their involvement in the immunopathological condition
associated with the infertility. IL-4 was undetectable and IL-13 levels were not significant
and may suggest that cHSP specific Th2 cytokine does not play any role in pathogenesis

related to chlamydial infection. Overall our results suggest that exposure to cHSPs could
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significantly affect mucosal immune function by modifying the release of cytokines leading
to severe immunopathological conditions such as infertility.

Furthermore, in vitro, study was also performed to assess the effect on apoptosis of
cervical epithelial cells upon stimulation with recombinant cHSP60 and cHSP10. Our data
has shown that the stimulation of epithelial cells with ¢cHSP60 and cHSP10 resulted in
significant increase in the number of apoptotic cells (Annexin V positive cells) compared to
control cells. Using microarray analysis, caspases- 1, 3, 8 and 9 was found upregulated in
both cHSP60 and cHSP10 stimulated cells. These results were further validated by real-time
RT-PCR and western blotting. The proinflammatory role of cHSPs in stimulated cervical
epithelial cells was also evident as upregulation of NF-kf, IL-1f and IL-18 was detected in
cHSPs stimulated cells as compared to control cells. In conclusion, it was shown for the first
time in vitro that cHSP60 and cHSP10 are involved in apoptosis of primary cervical
epithelial cells with concomitant production of proinflammatory cytokines such as IL-1§
known to be involved in oviduct pathology. In women with persistent C. trachomatis
infection, the release of extracellular cHSP60 may therefore lead to cell apoptosis and to an
inflammatory response involved in fibrosis and scarring of female genital tract that may
contribute to infertility.

Future Scope of Work

Reproductive morbidity associated with sexually transmitted C. trachomatis infection
in India, is a cause of .concem. This study sugges.ts the importance of chlamydial infection in
the pathogenesis of infertility in infected women. Therefore, a predictive diagnostic test
based on cHSP60 for upper genital infection would be a desirable tool for various

immunopathological sequelae such as infertility. The results presented in this study will help
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in designing serological test based on cHSP60 for the diagnosis and prognosis of women at
higher risk of developing sequelae to C. trachomatis infection. Also, this has a clinical
relevance as it will help the gynecologist for timely therapy, thereby improving the
reproductive health of women.

The intent of the study provides some perspective on understanding the role of cHSPs
in immunopathogenesis of C. trachomatis infection in infertile women. However, further
research is warranted to precisely define the potential contribution of cHSP60 and cHSPIO
and other conserved chlamydial antigens in the immunopathological process in infertile

woInen.
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Preparation of reagents

Stock solution of commonly used reagents

1M Tris

121.1 gm of Tris base was dissolved in 800 ml of double distilled water and pH set (6.8, 7.4,
8.0) with concentrated HCL. Volume was made up to 1 liter and autoclaved.

0.5SM EDTA

186.1 gm of disodium EDTA-2H,0 was added in 800 ml of double distilled water, stirred
vigorously on a stirrer, pH set to 8.0 with NaOH (~20 gm of NaOH pellets) and volume
made up to 1 liter and autoclaved.

3M sodium acetate

204.5 gm of C;H;30,Na. 3H,0 was dissolved in 400 ml of ddH,O, pH set to 5.3 with glacial
acetic acid, volume made up to 500 ml and autoclaved.

10% SDS

10 gm of electrophoresis grade SDS was dissolved in 70 ml of ddH2O, heated at 60°C to
dissolve and the volume made up to 100 ml.

Ethidium Bromide (10 mg/ml)

10 mg of ethidium bromide was dissolved in 1 ml ddH,O, stored in a opaque bottle.

Calcium Chloride (0.1 M)

1.47 gm of CaCl,.2H,0 was dissolved in 100 mi of ddH,O and sterilized by autoclaving.
IPTG (1M) |

238 mg of IPTG was dissolved in 1 ml of ddH,O, filter sterilized and stored at -20°C in 50

ml aliquots.
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DEPC water

0.1% diethylpyrocarbonate was added to 1 liter ddH»O in a fume hood and mixed well. After
incubating it for 1 hr at 37°C it was autoclaved.

Sodium Phosphate (1M)

Monobasic

138 gm of NaH,HPO4.H,0 was dissolved in 800 ml of ddH20 and volume made up to 1liter.
Dibasic

268 gm of Na,HPQ,4.7H,0 was dissolved in 700 ml of ddH2O and volume made up to 1liter.
Phosphate Buffer Saline (PBS)

8 gm of NaCl, 2 gm of KCl, 1.44 gm of Na,HPO, and 0.2 gm of KH,PO, were dissolved in
800 ml of dw. pH was set to 7.4 with HCI. Final volume was made up to 1 liter and sterilized
by autoclaving at 15 Ib/sq.in for 20 min. and stored at room temperature.

Ammonium persulfate (10%)

To 1 gm of ammonium persulfate, 10 ml of dw was added and the solution stored for several
weeks at 4°C.

10 X TAE buffer (Tris acetate, EDTA)

4.84 gm of Tris base in 80 ml of dw was dissolved and 1.2 ml of glacial acetic acid and 2 ml
of 0.5 EDTA pH 8.0 were added. Final volume was made up to 100 ml.

10X TBE buffers (Tris borate, EDTA)

8 gm of Tris base, 55 gm of boric acid and 9.3 gm Na,EDTA. H20 were dissolved in 700 ml
dw and the final volume made up to 1 liter.

SDS-PAGE electrophoresis buffer

3 gm of Tris base, 14.4 gm of glycine and 1 gm of SDS were dissolved in 1 liter of dw.
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Protein transfer buffer

5.8 gm of Tris base, 2.9 gm of glycine and 0.33 gm of SDS were dissolved in 500 ml of dw.
200 ml of ethanol was added and the final volume was made up to 1 liter.

2X SDS-PAGE sample buffer

(Tris-Cl (pH6.8) 100 mM, DTT 200 mM, SDS 4%, Bromophenol blue 0.2%, Glycerol 20%,
B-mercaptoethanol 10%).

10X Ligation buffer

(Tris-Cl pH 7.8 500 mM, MgCl, 100 mM, DTT 100 mM, ATP 10 mM)

10 X Amplification buffer

(Tris-Cl (pH 8.3) 100 mM, MgCl, 15 mM, KCI 500 mM, Gelatin 0.1%)

DNA loading dye (6X)

0.2 gm bromophenol blue, 0.2 gm of xylene cyanol and 30 ml of glycerol were dissolved and
volume set to 100 by autoclaved dw.

SDS-PAGE reagents

Composition of resolving gel (12%) 10 ml

(30% acrlyamide solution 4.0 ml, 1.5 M Tris-Cl (pH 8.8) 2.5 ml, dw 3.3 ml, 10% SDS 100
ml, 10% APS 100 ml, TEMED 10 ml)

Composition of stacking gel (5%) (5.0 ml)

(30% acrylamide solution 0.83 ml, 1.0 M Tris-Cl (pH 6.8) 0.68 ml, dw 3.4 ml, 10% SDS 50
ml, 10% APS 50 ml, TEMED 5 ml)

Staining solution
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1 gm of coomassie blue was dissolved in 450 ml of methanol. 100 ml of glacial acetic acid
was added and the volume made up to 1 liter by double distilled water, filtered through
Whatman no.1 filter and stored at room temperature.

Destaining solution

Methanol: water: acetic Acid were mixed in the ratio of 45:45:10 and stored at room
temperature.

DNA loading dye (6X)

0.2 gm bromophenol blue, 0.2 gm of xylene cyanol and 30 ml of glycerol were dissolved and
volume set to 100 by autoclaved ddH20.

Preparation of bacterial culture media

LB medium (Luria Broth)

10 gm of Tryptone, 5 gm of Yeast, 5 gm of Sodium chloride (Hi Media) were dissolved in
lliter of double distilled water. Media were sterilized by autoclaving for 20 min at 15
Ib/sq.in.

LB Agar

15 gm of agar powder, 10 gm of Tryptone, 5 gm of Yeast, 5 gm of Sodium chloride, (Hi
media) were dissolved in double distill water. Media were sterilized by autoclaving for 20
min at 15 Ib/sq.in. LB agar was allowed to cool to 45°C and poured (~30 ml per plate) in 90
mm disposable petri plates (Tarsons) along with appropriate antibiotics and allowed to

solidify.
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