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Members of the family Chlamydiae cause a wide range of diseases.

Chiamydia trachomatis and C. pneumoniae are most commonly associated with

human disease. C. psittaci and C. pecorum are largely animal pathogens, although

C. psittaci can cause pneumonia in the elderly and immunocompromised. A

vaccine against these pathogens is desirable, but although multiple vaccine

regimens have been examined, none have proven truly effective.

Studies were conducted to evaluate the use of recombinant vaccinia virus

(VV) vectors encoding chlamydial proteins as vaccine candidates using a guinea

pig model. In the first study, guinea pigs were immunized with varying amounts of

attenuated \TV encoding either the M6 protein of Streptococcus pyogenes or

chloramphenicol acetyl transferase (CAT) from E. co/i. The purpose of this study

was: (1) determine how much attenuated virus can be given intranasally to guinea

pigs without causing death; (2) characterize the humoral and secretory antibody
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response to both the viral vector and M6 protein; and (3) develop a protocol for

animal manipulation, and sample collection and storage for use in future research.

The results obtained indicate that 10 PFU of attenuated VV can be given

intranasally to guinea pigs. Serum IgG was detected against VV proteins, as

determined by immunoblotting. Antibodies against M6 could not be similarly

detected in serum, or by direct enzyme linked immunosorbant assay (ELISA). IgG

could not be detected by immunoblotting against either VV or M6 in saliva.

The purpose of the second part of this research was to evaluate the potential

efficacy of a vaccine using the C. psittaci guinea pig inclusion conjunctivitis

(GPIC) strain proteins IncA and TroA. Guinea pigs were immunized intranasally

with either PBS, control vaccinia virus, r\[V:IncA, or rVV:TroA. Three weeks

after immunization animals were challenged by ocular infection with C. psittaci

elementary bodies (EBs). Eye swabs were taken following challenge and titered to

determine the chlamydial load.

Results indicate that rVV:TroA provides no protection against chiamydial

challenge. Titers from rVV:IncA immunized animals appeared to be somewhat

lower than those of the controls on day 4 post-challenge. This difference, however,

proved not to be statistically significant. A single immunization with rVV:JncA or

rVV:TroA was thus shown not lead to a protective immune response in guinea pigs

under the conditions tested.
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CHAPTER 1

INTRODUCTION

Members of the family Chlamydiae cause a wide range of diseases in both

humans and animals. Chiarnydia trachomatis is responsible for the most new

sexually transmitted disease (STD) cases in the United States, and can result in

ectopic pregnancy, pelvic inflammatory disease (Pm), infertility, and

epididymititis (Genc and Mardh, 1996; Guaschino and Seta, 2000; Sciarra, 1997).

This pathogen is also responsible for trachoma, the leading cause of preventable

blindness worldwide (Guaschino and Seta, 2000; Thylefors etal., 1995). C.

pneunzoniae causes pneumonia and has been implicated in atherosclerosis (Danesh

etal., 1997; Grayston, 1992; Grayston, 2000; Saikku etal., 1992; Thom etal.,

1992). C. psittaci is primarily a pathogen of passerine birds, but can also lead to

pneumonia in infected humans (Johnston etal., 1999; Murray etal., 1998; Peeling

and Brunham, 1996). Considering the morbidity and mortality that chlamydial

diseases cause worldwide, the fact that many of these infections are asymptomatic,

and because in underdeveloped countries screening and treatment of Chiamydia

may not be financially feasible, a vaccine against all or any of the chlamydial

species would be desirable.
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Research suggests that a successful chlamydial vaccine would need to

stimulate both a humoral and cell-mediated immune response, as well as a mucosal

immune response to reduce bacterial shedding (Beagley and Timms, 2000).

Although a vaccine has been sought for over three decades, all previous vaccine

candidates have failed to provide long-lasting, multiple-serovar protection against

any of the Chiamydia species.

The purpose of this research is to evaluate the potential efficacy of a

vaccine using the C. psittaci guinea pig inclusion conjunctivitis (GPIC) strain

infection-specific proteins IncA and TroA. The vector chosen for this study was

vaccinia virus. Vaccinia virus is a member of the Orthopoxvirus family and has

been used extensively in the past as the vaccine responsible for the eradication of

smallpox worldwide (Fenner, 2000). Vaccinia has also been used successfully as a

vector to immunize animals against rabies in the U.S. and Europe. Perhaps most

importantly, vaccinia virus is also capable of generating both the cell-mediated,

humoral, and mucosal immune response which is necessary to protect against

chiamydial infections (Brochier et al., 1996; Gherardi and Esteban, 1999;

Mastrangelo et aL, 2000; Moss, 1996; Phillpotts et al., 2000; Sanz-Parra et aL,

1998).

In the first part of this study, the amount of attenuated vaccinia virus that

could be given to guinea pigs without causing mortality was examined using

recombinant viruses encoding either the M6 protein from Streptococcus pyogenes

or chioramphenicol acetyl transferase (CAT) from E. co/i. In addition, this



research provided the opportunity to create a protocol for animal usage, sample

collection, and sample storage for future guinea pig research. The immune

response to M6 and vaccinia antigens was also examined to confirm the ability of

intranasal immunization to lead to productive viral infection.

As the attempt to create attenuated vaccinia viral vectors expressing IncA or

TroA failed, the second part of this research examined the ability of immunization

with wild-type recombinant vaccinia virus vectors harboring either incA or irnA, to

protect against subsequent C. psittaci GPIC challenge. Vaccinia virus

recombinants were given to guinea pigs intranasally, and ocular GPIC challenge

conducted four weeks following immunization. Protocols for animal work, sample

collection, and sample storage were conducted as determined from earlier studies.

While C. psittaci is not an important human pathogen, the ability to show

protection against a subsequent chlamydial challenge would provide several

important pieces of information. First, C. psittaci is a significant pathogen of

animals and a market may exist for vaccination in pets and large-scale food

producers such as poultry farms. Second, an IncA homolog has been found in C.

trachomatis (Bannantine et al., 1998 a), a chlamydial species which causes much

human morbidity, and thus protection by r\TV:IncA in this study could spur future

protection experiments using C. trachomatis IncA. Finally, protection provided by

either IncA or TroA, proteins not known to be released or shed into the host cell

cytoplasm, could give insight into chlamydial host-pathogen interaction and help

identify other chiamydial proteins for use in future vaccination studies.



CHAPTER 2

REVIEW OF THE LITERATURE

The family Chlamydiaceae currently consists of one genus and four species,

C. irachomatis, C. pneumoniae, C'. psittaci, and C. pecorurn, although there is

consideration of pending reclassifications (Everett, 2000). While these species are

similar biologically, they cause a diverse range of serious human and animal

diseases. Chiamydia are gram negative bacteria, once thought to be viruses by

virtue of their ability to pass though 0.35 J.tm filters, the fact that all are obligate

intracellular parasites, and the presence of an eclipse period following infection

when no infectious progeny can be recovered from a host cell (Murray et aL, 1998;

Rockey and Matsumoto, 2000). Observation that chiamydial species are sensitive

to antibiotics, contain both DNA and RNA, possess bacterial ribosomes, and

synthesize their own proteins and lipids correctly placed this genus within the same

family as other bacteria (Moulder, 1964; Murray etal., 1998).

Chiamydial Development

Chiamydial species share a common replication cycle with two distinct

developmental forms. Infection of a host cell is initiated by uptake of the 0.3-0.4

tim electron dense chiamydial elementary body (EB) in a membrane-bound

vacuole. The EB is metabolically inactive, but infectious. Its small size accounts

for the filterability discussed earlier. While the chlamydial EB is analogous to the



spores of other bacteria, the EB lacks detectable peptidoglycan and instead appears

to be stabilized by extensive intra- and inter-molecular cross-linking of the EnvA

and EnvB proteins (Everett and Hatch, 1995). Major outer membrane protein

(MOMP), a protein present in large quantities in the outer portion of EBs, may also

be involved in this cross-linking (Everett and Hatch, 1995). These proteins are

cysteine-rich and provide rigidity through disulfide bonding.

Within two hours following internalization by a host cell, EBs undergo a

transition and become the metabolically active reticulate body (RB). Chlamydial

protein synthesis, however, can be detected as early as 15 minutes post infection

(Plaunt and Hatch, 1988). In contrast to EBs, RBs are relatively large (l tim),

have non-condensed chromatin, arid replicate by binary division (Rockey and

Matsumoto, 2000; Scidmore-Carlson etal., 1999). Replication continues through

the course of infection within a membrane-bound vacuole called the inclusion, a

structure which fails to fuse with lysosomes and appears to be located in the host

cell's exocytic pathway (Heinzen etal., 1996; Moulder, 1991). Although the

mechanisms by which this cellular localization occurs is unknown, the process may

be mediated by chiamydial proteins embedded within the inclusion membrane as

no proteins secreted into the host cell have at this time been discovered and

inclusion proteins are thus the only chlamydial proteins in direct contact with the

host cell.

Eighteen hours post-infection, RBs are typically found adjacent to the

inclusion membrane. RB to EB transition begins to occur at this time, and 40-72



hours following internalization, depending on the strain, the host cell lyses

(Hackstadt etal., 1997). Although the inclusion contains both EBs and RBs when

the host cell lyses, only the EBs contribute to subsequent rounds of infection

(Rockey and Matsumoto, 2000).

Inclusion Membrane Biology

A great deal of research has centered around the characteristics of the

inclusion, given its central importance in chiamydial growth and development, and

the fact that nutrient acquisition and lysosomal avoidance may be mediated by

proteins associated with the inclusion membrane. Although within the family

Chlamydiaciae inclusions have some similarities, differences do exist between

species and strains. When infected with multiple EBs, inclusions of C.

trachornatis, C. pneumoniae, and many strains of C. psittaci and C. pecorum fuse

into one larger inclusion (Campbell etal., 1989; Rockey etal., 1996). Some C.

trachomatis strains have non-ftisogenic inclusions (Suchiand et al., 2000), and the

inclusions of the C. psittaci guinea pig inclusion conjunctivitis (GPIC) strain have a

lobed appearance (Rockey etal., 1996).

Heinzen et al., (1996) reported multiple lines of evidence indicating that C.

trachomatis serovar L2 resides in a non-acidified inclusion, including the lack of

lysosomal markers within the inclusion membrane and failure of acidotropic dyes

to localize within the inclusion. The trafficking of sphingomyelin synthesized from
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C6-NBD-tagged ceramide from the ans-Golgi network to the inclusion, along

with the exclusion of fluorescein isothiocyanate-dextran (FITC-dex) and Lucifer

yellow (LY) from the inclusion suggests that Chiamydia reside in the exocytic

transport network (Heinzen etal., 1996). The delivery of C. trachomatis-

containing vacuoles to the peri-Golgi region of host cells and placement of the

inclusion within the exocytic pathway was subsequently found to be dependent on

early chlamydial protein synthesis, as inhibitors of bacterial transcription or

translation during the initial four hours of infection prevents sphingolipid delivery

to the inclusion (Scidmore etal., 1996).

Chiamydia are known to acquire nutrients including amino acids and

nucleotides from a host cell, although the mechanisms by which this occurs are

unknown (Hatch, 1975a; Hatch, 1975b; Heinzen and Hackstadt, 1997; McClarty

and Tipples, 1991; Tipples and McClarty, 1993). Hypotheses for how nutrients

pass through the inclusion include the presence of pores that allow passive

diffusion of metabolites from host cytoplasm into the inclusion, or active transport

via proteins imbedded within the inclusion membrane. Through microinjection

studies, Heinzen and Hackstadt (1997) found that tracer molecules as small as 520

Da were unable to move from the cytoplasm of a host cell to the chlamydial

inclusion, suggesting that pores are not present within the inclusion membrane.

Chlamydial proteins localized to the inclusion membrane were discovered

by screening an expression library of C. psittaci DNA with antisera from

convalescent, C. psittaci-infected animals and hyperimmune antisera generated



against formalin-killed purified EBs. The first gene identified using this method,

termed incA for inclusion membrane protein A, encodes a protein of 39 kDa. IncA

is present in the inclusion membrane of infected cells and at the limit of detection

in purified EBs, but not found in developmental forms (Rockey etal., 1995). The

same paper reports that IncA contains a large hydrophobic N-terminal region and is

apparently post-translationally modified. Rockey et al. (1997) subsequently

demonstrated IncA to be a serine/threonine phosphoprotein, phosphorylated by the

host and exposed on the cytoplasmic face of the inclusion. Recent information

suggests that IncA plays a role in homotypic fusion between inclusions infusogenic

C. trachomatis strains (Rockey et al., unpublished data). Two additional C. psittaci

inclusion membrane proteins, IncB and IncC, have since been discovered

(Bannantine et al., 1998 a). Both proteins are -2O kDa, are transcribed in an

operon, and have a large N-terminal hydrophobic region similar to that found in

IncA. The functions of IncA, IncB, and IncC have yet to be determined.

Initially, homologs of IncA, IncB, and IncC were not found in C.

trachomatis isolates, raising the concern that C. psittaci is not a good model for the

chiamydial species of larger concern to human health. However, with the

sequencing of the C. trachomatis genome (Stephens etal., 1998), homologs of

IncA, IncB, and IncC were found (Bannantine etal., 1998a; Bannantine etal.,

I 998b). Although C. psittaci IncA and C. trachomatis IncA have only 27%

identity, and C. trachomatis IncA is only 29 kDa as opposed to 39 kDa, both

proteins share similar sized hydrophobic regions near their N-terminal ends



(Bannantine etal., 1998a; Scidmore-Carison etal., 1999). Four additional C.

trachomatis proteins were discovered which localize to the inclusion membrane

(Scidmore-Carlson etal., 1999). IncD (-15 kDa), IncE ('-16 kDa), IncF (-11 kDa),

and IncG (-18 kDa and -2 1 kDa) are transcribed in an operon and are all present as

a single species except IncG which appears as two bands, suggesting post-

translational modification may occur. Interestingly, IncD-G are not evenly

distributed over the inclusion membrane, but instead are concentrated at regions

where the RB makes close contact with the inclusion membrane. Although the

purpose of inclusion membrane proteins in C. trachoniatis and C. psittaci has yet to

be determined, IncD-G are attractive candidates for proteins involved in controlling

vesicular interactions of the inclusion membrane, as transcription occurs by two

hours post infection, in contrast to IncA transcripts which are not detected until 6-

12 hours post infection (Scidmore-Carlson et al., 1999). Research continues to

determine the function of chiamydial proteins located within the inclusion

membrane.

Diseases Caused by Chiamydia

Although all chlamydiae share common developmental characteristics, the

diseases caused by each species differ greatly. Chiamydiapsittaci and C. pecorum

are primarily pathogens of animals. Members of C. pecorum were originally

classified as C. psittaci strains, but Fukushi and Hirai differentiated C. pecorum as
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the causative agent of abortions, polyarthritis, and conjuctivitis in sheep (Fukushi

and Hirai, 1992; Philips and Clarkson, 1998). Bovine, ovine, and swine forms of

C. pecorum exist (Fukushi and Hirai, 1993). C. psittaci was originally isolated in

parrots, but has since been identified in over 130 species of birds, as well as in

household cats (Murray et al., 1998; Nasisse et aL, 1993; Peeling and Brunham,

1996). This species of Chiamydia is usually acquired from the inhalation of

bacteria-containing fecal materials and causes headaches, high fever, and chills

which can precede pneumonia, particularly in the old or immunocompromised

(Johnston etal., 1999; Murray etal. 1998).

In contrast to C. psittaci and C. pecorum, C. trachomatis and C.

pneumoniae are pathogens commonly associated with human hosts. Chiamydia

trachomatis is responsible for the most common sexually transmitted infection

(STI), with an estimated four million new cases reported in the U.S. each year, 10

million cases per year in Europe, and 89 million cases per year worldwide.

Gonorrhea (62 million/year worldwide) and syphillis (12 million/year worldwide)

are the next most common STDs, but still trail Chiamydia in terms of contraction

frequency (Guaschino and Seta, 2000; Sciarra, 1997). Chiamydia trachomatis

consists of a variety of serovars which causing distinct diseases. The LGV-

serovars (Li, L2, and L3) lead to lymphogranuloma venerum. In contrast, the A,

B, and C serovars cause endemic blinding trachoma, while serovars D-K lead to

inclusion conjunctivitis, newborn pneumonia, urethritis, cervicitis, epididymititis,

salpingitis, acute urethral syndrome, and perinatal infections (Guaschino and S eta,
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2000). In females, C. trachomatis causes urethritis, cervicitis, pelvic inflammatory

disease (PID), and sequelae including infertility, ectopic pregnancies, and chronic

pelvic pain. In males, infection can lead to arthritis, urethral obstruction, and

conjunctivitis; in infants, pneumonia (Genc and Mardh, 1996; Hillis et al., 1997).

In addition to the above, C. trachomatis is the second leading cause of blindness

worldwide (15.5%) behind only cataracts (41.8%), and is the leading cause of

infectious preventable blindness (Thylefors et al., 1995).

The direct costs involved in treating Chiamydia trachomatis infections each

year is staggering. Approximately one million women have episodes of PID each

year, of which 200,000 are hospitalized (Beagley and Timms, 2000). In addition,

approximately 500,000 woman become infertile because of infection (Peeling and

Brunham, 1996; Washington et al., 1987). It was estimated in the early 1 990s that

by the year 2000, annual costs of treating PIDs in America alone would top $10

billion (Beagley and Timms, 2000).

Chlamydiapneumoniae is known to be the causative agent of "walking

pneumonia," and has recently been found in association with atherosclerotic

lesions. C. pneumonia is believed to cause a large number of diseases including

pneumonia, pharyngitis, sarcoidosis, pericarditis, endocarditis, bronchitis, sinusitis,

and myocarditis (Grayston, 1992; Grayston, 2000). Several researchers have found

evidence suggesting C. pneumoniae plays a role in atherosclerosis. Saikku et aL

(1992) studying anti-C. pneumoniae IgG and IgA in a Helsinki Heart study, and

Thom et al. (1992) studying anti-C. pneumoniae IgG levels in patients with or
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without coronary artery lesions, found evidence to support the association of C.

pneumoniàe with heart disease. Muhiestein et al. (1996) studied coronary

specimens of 90 patients undergoing heart surgery and 24 control specimens, and

found 79% of experimental tissues showed evidence of chlamydial species whereas

only 4% of control tissues showed such evidence (p<O.001). In another study, this

time using 36 coronary artery artheromas from people who died of various causes

in South Africa, C. pneumoniae was detected in 20 of 36 autopsy cases (Kuo et al.,

1993). A significant association between past C. pneumoniae strain TWAR

infection and asymptomatic atherosclerosis was found in a study of nearly 16,000

patients with asymptomatic atherosclerosis (Melnick et al., 1993). Two different

pictures emerge as to the role Chiamydia may play in atherosclerosis. C.

pneumoniae may promote tissue damage and elicit an autoimmune disease, or

alternatively the bacteria may be just "innocent bystanders" which take hold in

already damaged or inflamed heart tissue (Danesh etal., 1997; Grayston, 2000).

Chlamydiapneumoniae has also been implicated in wheezing and possibly asthma

following infection (Emre et al., 1995; Hahn et al., 1991). The need to track C.

pneumoniae becomes even more evident when one considers that an estimated

30%-50% of adults worldwide are serotype positive for C. pneumoniae (Hahn et

al., 1991).
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Antibiotic Resistance

Chlamydial infections are thought to be responsible for disease conditions

which cost Americans billions of dollars in health care fees annually. Currently,

chlamydial infections can be treated relatively easily with antibiotics such as

tetracycline, azithromycin, and doxycycline (CDC, 1998; Lefevre and Lepargneur,

1998). This may not always be the case, as antibiotic resistant chiamydial strains

have already been identified in clinical isolates. In 1990, Jones el al., reported

finding C. trachomatis specimens from five patients that had at least one isolate

resistant to tetracycline with a minimal inhibitory concentration (MTC) of 4-8

j.tg/ml. These bacteria were also resistant to doxycycline, erythromycin,

sulfamethoxazol, and clindamycin, but were sensitive to rifampin, ciprofloxacine,

and ofloxacin. Lefevre and Lepagneur (1997) reported a C. trachomatis sample

from a woman in Toulouse, France resistant to tetracycline at a concentration

greater than 64 .tg/ml, whereas control samples were sensitive at a concentration

less than 0.25 .tg/ml. However, only approximately 1% of the Chiamydia

population showed the resistant phenotype. Somani et al. (2000) identified several

C. trachomatis isolates in patients, where prior antibiotic treatment failed, that were

resistant to azithromycin at concentrations of 0.5 tg/ml-4.0 .tg/m1 (0.5 p.g/ml for

control) and ofioxacin at concentrations of 2.0 .tg/m->4.0 .tg/ml (0.5 j.tg/ml for

control). Thus, chiamydial isolates have already been found with resistance to

tetracycline, doxycycline, erythromycin, sulfamethazol, clindamycin, a.zithromycin,



14

and ofloxacin. There is no reason to believe that with increased selective pressure,

Chiamydia will not develop the means to become resistant to all these

antimicrobials simultaneously. In addition, while to date no antimicrobial

resistance has been described in wild-type C. pneumoniae, few isolates have been

tested and resistant C. pneurnoniae strains represent a true concern (Stamm, 2000).

Given the potential health hazards chlamydial species present, the widespread

nature of infections, and the fact that so many infections are persistent or

asymptomatic, a chiamydial vaccine would be beneficial in developed countries,

not to mention in underdeveloped regions where treatment is likely to be

unavailable.

Resistance may not be the only reason antimicrobial regimens fail to clear

chiamydial infections. Evidence exists that treatment with antimicrobial agents

leads to an altered chiamydial developmental form called aberrancy. When the

agent causing aberrancy is removed, the Chiarnydia are able to return to normal

growth. This condition may lead to persistence and has been implicated in both

ocular and genital C. trachornatis infections (Beatty etal., 1994).
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Immune Response to and Vaccine Development for Chiamydia

Several factors make the development of a vaccine against Chiamydia a

priority to fight infection by these bacteria. First, many chiamydial infections are

asymptomatic, meaning damage is done before treatment is sought. Second, much

of the morbidity caused by blinding trachoma occurs in third-world countries where

screening for infected individuals and subsequent treatment is not financially

feasible. However, even though chiamydial vaccine research has been occurring

since the 1 960s, a truly effective vaccine against any of the chlamydial species has

yet to be developed. Vaccine regimens examined include infection with live

Chiamydia, inactivated Chiamydia, subunit vaccines based on the MOMP or

Hsp6O, passive transfer of immunoglobins, and recently MOMP DNA vaccination

(Grayston and Wang, 1978; Puolakkainen and Makela, 1999; Rank etal., 1995;

Sowa etal., 1969; Stagg, 1998; Watson elaL, 1973; Zhang etal., 1997; Zhang et

al., 1999). Problems that researchers have encountered during vaccine trials include

poor cross-protection provided when an individual is infected with one Chiamydia

serovar and challenged with another, short-lived protection provided by chiamydial

infection, the lack of ability to determine which chlamydial antigens generate a

protection immune response, and the apparent need for multiple arms of immune

response to provide any significant protection against infection. Some vaccine

regimens were even found to exacerbate inflammation upon subsequent chlamydial

challenge (Grayston and Wang, 1978; Puolakkainen and Makela, 1999; Rank et aL,
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1995; Sowa et al., 1969; Stagg, 1998; Watson etal., 1973; Zhang etal., 1997;

Zhang etal., 1999). Recently, it was found that in C. trachomatis-infected mice,

primed CD8 T cells recognize the chlamydial inclusion membrane protein Cap 1

(Fling et al., 2001), lending support for vaccine candidates incorporating

chiamydial vacuolar proteins.

Research suggests that a successfi.tl chlamydial vaccine would need to

generate both a cell-mediated immune response to clear/limit existing infection and

a mucosal immune response to prevent shedding of infectious bacteria which could

spread infection to other individuals. Rank et al., (1998) infected guinea pigs

vaginally with C. psittaci and challenged the same animals afterwards to determine

if the duration of serovar-specific immunity correlated with the ability of subjects

to be reinfected. Results indicate that resistance to reinfection lasts up to 30 days

post-infection, but decreases by day 77. Immunological studies showed that after

30 days, both serum IgG, and genital IgA and IgG levels against chlamydial

antigens including MOMP and an 84 kDa protein decreased. Cell-mediated

immunity also peaked at approximately 30 days post-infection and decreased

during the time reinfection occurred. Rank etal., (1979) used cyclophosphamide to

suppress the immune response in female guinea pigs and found that aberration of

either the cellular or the humoral immune responses led to prolonged chlamydial

infection. If humoral immunity alone was suppressed, prolonged infection

occurred, but recovery was still evident, suggesting cell-mediated response is

important in immunity. However, when the humoral response was allowed to
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recover, the infection was cleared suggesting that a humoral response is also

essential. Rank and Barron (1983 a) found evidence for humoral response in

immunity, as animals with a non-fttnctional humoral response were susceptible to

reinfection whereas control animals were not. The same researchers (1 983b)

subsequently discovered that guinea pigs infected vaginally with C. psittaci GPIC

concurrent with injection of anti-guinea pig thymocyte serum (ATS) had infection

lasting 20-30 days longer compared to controls. Rank etal., (1989) using ATS,

found evidence that following a primary genital infection cell-mediated immunity

is needed in addition to humoral immunity for resolution of a challenge infection.

Batteiger and Rank (1987) infected guinea pigs vaginally with C. psittaci and found

that most infected animals produced anti-MOMP IgG, other anti-chiamydial IgG,

and vaginal anti-chlamydial IgA. Secondary infections in these animals occurred,

but the infections were less severe and were cleared more readily. Evidence for

CMI in clearing chlamydial infections also exists. Lammert (1982) found in vitro

that spleen cells from C. psittaci-infected mice isolated from 5-21 days post-

infection preferentially lyse infected target cells compared to controls.

Another concern in vaccine development is the requirement that the vaccine

not lead to an immunopathogenic response upon subsequent chiamydial infection.

Chronic inflammation associated with C. trachomatis infection is thought to lead to

the development of conditions such as PD and infertility, with chiamydial Hsp6O

believed to induce autoimmune reactions (Brunham and Peeling, 1994; Morrison et

al., 1989; Yi etal., 1997). Hsp6O was found to have homology to the groEL HSP



18

that occurs in both prokaryotic and eukaryotic organisms and induce ocular

inflammation when introduced to the conjunctivae of animals previously sensitized

by chiamydial infection (Morrison et al., 1989). Subsequently, women with Pifi

who develop chronic inflammation were found to be those with antibody to groEL

(Wagar et al., 1990). There is also evidence that molecular mimicry may result in

immunopathology associated with systemic rheumatic disease, as one of the human

ribosomal proteins often targeted by autoantibodies in rheumatic autoimmune

diseases (L7) was found to be highly homologous to the RNA polymerase major

sigma factor of C. Irachomatis (Hemmerich et al., 1998). In this study, anti-L7

antibodies were found to recognize the RNA polymerase major sigma factor. Thus,

an effective vaccine against Chiamydia species would need to protect against the

bacteria, but not stimulate an anti-Hsp6O or anti-RNA polymease major sigma

subunit response.

Research suggests that a successful vaccine against any of the Chiamydia

would need to generate an anti-Chiamydia cell-mediated response and both a

systemic and mucosal humoral response. Vaccinia virus (VV) is a member of the

genus Orthopoxvirus, to which variola-major and variola-minor, the causative

agents of smallpox, also belong. Several factors make VV a good candidate for a

vaccine vector. First, VV replicates entirely within the cyto so! of a host cell,

precluding the chance that viral DNA would insert into and mutagenize the host

cell genome. Second, VV virus has a long history of use in vaccination. Vaccinia

virus was used successfully to eradicate smallpox worldwide, a goal which was
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achieved in the late 1970s (Fenner, 2000). A recombinant \T was also used with

great success between 1989 and 1995 to immunize approximately 8.5 million foxes

and raccoons from rabies in the United States and Western Europe (Brochier et al.,

1996). Currently, VV vectors are being used to battle numerous diseases, including

HIV, herpes, and even cancer (Bernstein, 2000; Da Costa etal., 1999; Steele,

2000). Finally, VV is also capable of generating both the cell-mediated, humoral,

and mucosal immune response which is necessary to protect against many

pathogens. Gherardi and Esteban (1999) examined the immune response generated

in mice when a VV recombinant is given orally. The authors found that 14 days

post-infection, both vaginal and intestinal anti\TV mucosal IgA was present, as

well as a systemic IgG response dominated by the IgG2a subclass. CD8+ and

CD4+ reactive against \TV were found in the mesenteric lymph nodes (MLN) as

well as the spleen following \TV immunization. Phillpotts et al. (2000) found anti-

\TV IgG2a and an anti-VV ctyotoxic T-lymphocyte (CTL) in the spleen when mice

were scarified on the back with either \NT or recombinant VV vectors. The B- and

T-cell response induced following vaccination of guinea pigs with VV expressing

foot-and-mouth disease viral structural proteins was examined by Sanz-Parra et al.

(1998). The authors found that both CD4+ and CD8+ FMD V-specific T-cells, as

well as B-cells, were induced by the vaccinia recombinants. Mastrangelo et al.

(2000) and Moss (1996) both discuss the induction of both cellular and humoral

immune responses following vaccination with VV recombinants.
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From the information above, it is clear that chiamydial species are

responsible for a wide variety of diseases for which a preventive vaccine would be

beneficial. However, a successful vaccine would need to activate not only the two

classical arms of the immune system, the humoral and cell-mediated responses, but

also generate a mucosal anti-Chlamydia response. Vaccinia virus is a good

candidate vector as it has proven successful in past vaccination campaigns and

generates a humoral, cell-mediated, and mucosal immune response.
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CHAPTER 3

GU11'EA PIG VACCINATION STUDY- rVV:M6 AND rVV:CAT

Materials and Methods

Cells and viruses

African green monkey kidney cells (BSC4O) were cultured in Eagle

minimum essential medium (MEM, Sigma; St. Louis, MO), supplemented with

10% (vollvol) heat inactivated fetal calf-serum (FBS, Biowhittaker; MD), 2mM L-

glutamine (LG, Sigma; St. Louis, MO), and 10 j.tg/ml gentamicin sulfate (GS,

Sigma; St. Louis, MO). Incubations were performed at 37C in a humidified

atmosphere containing 5% carbon dioxide. All viruses were propagated, purified,

and titered as described previously (Madalinski et al., 1977). Viral infections were

performed in MEM supplemented with 5% (vol/vol) heat inactivated FBS, 2mM

LG, and lOugIml GS. Both r\TV:M6 and rVV: CAT have been described elsewhere

(Fischetti etal., 1989; Hruby etal., 1990). Both of these viruses were attenuated

by insertional inactivation of the thymidine kinase (TK) gene.

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and
Afilnity Blots of VV Proteins

To ensure rVV:M6 leads to the accumulation of M6 protein in infected

cells, while rVV:CAT does not, immunoblots were run on infected cell lysates. To
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obtain total cell extracts (TCE) for analysis, confluent 100 mm plates of BSC4O

cells were infected with r\TV:M6 or rVV: CAT at a multiplicity of infection (MOl)

of 10 for 24h at 37C, at which point all cells showed cytopathologic effect (CPE).

Cells were harvested, centrifuged briefly at 4C, and the cell pellet washed in PBS.

Following washing, cells were resuspended in 80 p1 PBS and freeze-thawed three

times to lyse cells. For resolution of proteins from \TV-infected BSC4O cells, 40 j.il

TCE alequots were mixed with 16 .tl reducing 6X SDS-PAGE sample buffer (6%

sodium-dodecyl-sulfate, 300 mM Tris-HCI pH 6.8, 6% 2-mercaptoethanol, 60%

glycerol), boiled 10 mm, and passed lox through a 25G needle. 20 j.il of each

sample was then loaded on 13% acrylamide:3 .0% bisacrylamide tricene gels.

Concurrently, post nuclear spin (PNS) lysates were loaded on the same gels. PNS

samples were prepared as for TCE except following freeze-thawing, samples were

centrifuged for 2 mm at 2000xg at 4C and the supernatant used for preparing

samples. For positive and negative controls, Streptococcus gordonii stains

containing or lacking M6 were used. GP204 (M6-; Siga Research Laboratories;

Corvallis, OR) or GP1223 (M6+; Siga Research Laboratories, Corvallis, OR) were

grown overnight in 5 ml Brain Heart Infusion (BFI) broth (Difco; Detroit, MI) at

37C without shaking. Cells were pelleted by brief centrifugation and supernatant

removed. 40 jil of each supernatant was mixed with 16 l.tl 6X SDS-PAGE sample

buffer, boiled 10 mm, and 20 p1 of each loaded on tricene gels. For

immunoblotting, proteins were transferred to nitrocellulose membranes using

standard Western blotting techniques (Towbin etal., 1979). Blots were blocked in
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3% gelatin-tris buffered saline (TBS) for 30 mm prior to probing. Probing for the

presence of M6 protein was performed using rabbit polyclona! antibody (Jones e

al., 1986) diluted 1:2000 in 1% gelatin-ti-is buffered saline with 0.02% Tween-20

(TTBS) incubated overnight (0/N) on a rocking platform. Blots were washed three

times for 5 mm/wash in TTBS and a goat anti-rabbit antibody conjugated to

horseradish peroxidase (Promega; Madison, WI) diluted 1:20,000 in 1% gelatin-

TTBS added for 75 mm at room temperature (RT) in the dark. Following

hybridization, blots were washed three times for 10 mm/wash in TTBS and three

times for 5 mm/wash in TBS. Blots were incubated in chemiluminescent reagents

for 5 mm at RT (Pierce Supersignal; Rockford, IL) and developed by exposure to

Biomax M1R-2 film (Kodak; Rochester, NY).

UV Inactivation of Vaccinia Virus

For UV inactivated VV for use in delayed-type hypersensitivity (DTH)

studies, VV strain Western Reserve (WR) at 5.5 x I 9 PFU/mI was placed in an

open petri-dish and irradiated for a total of 14 mm using a hand-held UV light

source, during which time the viral solution was stirred once per mi Irradiated

virus was titered and found to have been reduced to 2 x iO4 PFU/ml, suitable for

DTH determination. To insure an appropriate amount of protein remained in the

viral solution for DTH examination, a protein gel was run using the irradiated virus

sample and stained with Gelcode (Pierce; Rockford, IL).
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Animals and Inoculations

Female Hardy guinea pigs weighing between 450-500 grams (Simonsen

Laboratories; Gilroy, CA) were vaccinated with either PBS, rVV:CAT, or rVV:M6

at virus concentrations between x109 PFU/ml and 1x1O6PFU/ml according to

Table 1. Guinea pigs number one and two were given M6 protein (Siga Research

Laboratories; Corvallis, OR) in alum adjuvant (Pierce; Rockford, IL) to obtain sera

positive for anti-M6 antibodies. These animals were given 500 .tg M6 in alum

according to Pierce instructions, delivered in several intradermal (i.d.) injection,

and boosted with 200 .tg M6 four weeks later. Prior to inoculation, each animal

was anesthetized by intramuscular (i.m.) injection of 200 cc of a 1:1 ketamine

(Vetamine, 40 mg/kg; Somerville, NJ): xylazine (Butler, 4 mg/kg; Columbus, OH)

solution into the hind quadricep. Immunizations were given in 70 iii volumes,

distributed evenly between each nostril using a 100 1.il pipetman, to anesthetized

animals propped upright against a cage wall. At the conclusion of the study,

animals were anesthetized with 300 i.tl of the solution described above and

sacrificed by CO2 asphyxiation.
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Table 1- Vaccination regimen used in the guinea pig-M6 vaccination study. The
number assigned to each guinea pig is followed by the virus type and
concentration given to each, as well as whether the animal lived through
the course of the study.
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Inoculation Regimen Used in Guinea Pig-M6 Study
Guinea Inoculum Type Amount Survival

Pig ID Through Wk 8

GP I M6 protein 500 .tg/200 ig boost in No (Died Week 4)
alum adjuvant

GP 2 M6 protein 500 tg/200 ig boost in Yes
alum adjuvant

GP3 PBS 7OLLI Yes

GP 4 PBS 70 jil Yes

GP5 PBS 70tl Yes

GP 6 rVV:CAT PFU Yes

GP 7 rVV:CAT i09 PFU Yes

GP 8 rVV:CAT PFU Yes

GP 9 rVV:M6 PFU Yes

GP 10 rVV:M6 PFU Yes

GP 11 rVV:M6 iü PFU Yes

GP 12 rVV:M6 108 PFU Yes

GP 13 rVV:M6 iO PFU Yes

GP 14 rVV:M6 108 PFIJ Yes

GPI5 rVV:M6 IO7PFU Yes

GP 16 rVV:M6 IO PFU Yes

GP 17 rVV:M6 PFU Yes

GP 18 rVV:M6 106 PFU Yes

GP 19 rVV:M6 106 PFU Yes

GP 20 rVV:M6 106 PFU Yes

Table 1.
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Sample Collection and Storage

Blood and saliva samples were collected from each animal (numbers 3-20)

the day prior to viral immunization (week 0) and at weeks 2, 4, 6, and 8. For blood

collection, each anesthetized animal was poked in several ear veins using a 27G

needle and blood transferred to a 1.5 ml microcentrifuge tube using a 200 tl

pipetman. Whole blood was incubated at 37C for lh and stored overnight at 4C.

The following day, samples were centrifuged at 5000Xg at 4C for 10 mm and sera

frozen at 70C until used. Prior to usage, each sera was thawed and sodium azide

was added to 0.02%. At week 8 prior to sacrifice, as much blood as possible was

collected directly from the heart of each guinea pig with a 20G needle and 5 cc

syringe. For saliva collection, each anesthetized animal was injected

subcutaneously (s.c.) with 0.5 mg pilocarpine (Sigma; St Louis, MO) in 100 .tl

PBS. After salivation began, saliva was collected from each animal into a 1.5 ml

centrifuge tube using a disposable transfer pipette. Following the saliva collection

at week 0, animals were starved for 24h prior to collection. Saliva was kept on ice

and centrifuged at 2000Xg at 4C for 10 mm and pipetted away from food debris.

To each saliva sample, BSA was added to 0.5%, sodium azide to 0.02%, and

Complete protease inhibitor cocktail (Boebringer-Manheim; Germany) to 1X

concentration as instructed by provided literature. Samples were stored at 70C

until used.
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Delayed-Type Hypersensitivity (DTH Determination

Six weeks following immunization, animals were tested for DTH response

to M6 protein and VV antigens. The backs of anesthetized animals were shaven

and cleaned with 70% ethanol. Each animal was injected i.d. with 5 jig M6 in 50

j.il PBS, 11 jig \TV antigens in 50 jil PBS, and 50 j.tl PBS in three different spots.

The size of the resulting DTH was measured at 24h and 48h post-injection using

Chicago Brand 4" electronic digital calipers with depth bar accurate to 0.001".

ELISA Analysis of Anti-M6 IgG in Sera

For examination of anti-M6 IgG in serum sample, direct ELISA analysis

was employed. M6 protein (Siga Research Laboratories; Corvallis, OR) was

diluted to 1.25 jig/mI in carbonate buffer with 0.02% sodium azide (pH 10). To

each well of a 96-well Dynex Immulon 2HB ELJSA plate, 100 j.tl buffer with

protein was added and allowed to absorb to the ELISA plate for lh at room

temperature (RT). Following absorption of protein, plates were washed five times

with 300 j.tl PBS-0.02% Tween2O (PBS-T) plus 0.02% sodium azide using a Bio-

Tek Instruments EL404 ELISA plate washer and blocked for 80 mm at RT with

200 jil/well of 3% acidified BSA in PBS-T-0.02% sodium azide. Following

blocking, sera were serially diluted two-fold down each plate column in PBS-T,
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starting at 1:10 dilution, in a final volume of 100 Mllwell. Each sample was run in

triplicate and incubated at RT for lh. For guinea pigs number one and two

(animals given purified M6 protein), sera was started at an initial dilution of 1:80 in

addition to a 1:10 dilution. Control guinea pig serum never exposed to M6 was

provided by Dr. Daniel Rockey and was diluted as other samples starting at an

initial dilution of 1:10. Plates were washed as above and secondary goat anti-

guinea pig IgG-HRP (Bethel; Montgomery, TX) diluted 1:1000 in PBS-T (100

.il/we1l) was added for lh at RT. Following washing, 100 .tl 2, 2'-Azino-bis(3-

Ethylbenzthiazoline-6-Sulfonic Acid) ABTS peroxidase substrate (Sigma; St.

Louis, MO) was added to each well and incubated at RT. At 10 mm, 30 mm, and

60 mm following addition of substrate, absorbance readings were taken at 405 nm

using a Molecular Devices OptiMax tunable microplate reader (Sunnyvale, CA).

Data was collected into Softmax Pro v2.4 (Sunnyvale, CA). The titer for each sera

was defined as the highest dilution which gave an absorbance of sample/absorbance

of control ratio of 1.5 or higher.

Immunoblotting

To examine the presence of IgG and IgA in the sera and saliva collected at

week 8, immunoblotting was conducted. 12.5% acrylamide gels were run of either

\V infected BSC4O cells or BSC4O cell lysate to examine anti-VV antibodies or

E.coli-M6 or E. coli-wo/M6 lysates to examine anti-M6 antibodies. After transfer
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to nitrocellulose, membranes were blocked in 2% BSA PBS-T overnight and

loaded into a slot blot apparatus (Biorad; Hercules, CA). Serum or saliva was

added to each slot at a dilution of 1:110 in 2% BSA PBS-T for 2.5h at RT on a

rocking platform. Following washing three times in PBS-T, anti-IgG blots were

incubated in 35S-Protein A (Amersham, 1 tCiIpi; Piscataway, NJ) diluted 1:500 in

2% BSA PBS-T for 1.5h at RT while rocking. For blots to examine IgA, prior to

addition of 35S-Protein A, blots were incubated in rabbit anti-guinea pig IgA

(Bethel; Montgomery, TX) at 1:1000 dilution in 2% BSA PBS-T for 2.5h at RT

while rocking. Following protein A hybridizatoin, blots were washed three times

with PBS-T, dried at 37C, and exposed to Biomax MR-2 film (Kodak; Rochester,

NY).

Results and Discussion

Prior to inoculation, it was unknown what immune response guinea pigs

would have to high concentrations of attenuated virus delivered intranasally, or if

the guinea pigs would exhibit virus-associated pathology. Prior to use, r\TV:M6

and rVV: CAT were tested to ensure that rVV:M6 leads to the accumulation of M6

protein in infected host cells while rVV: CAT does not (see Figure 1). As can be

seen, a large amount of protein corresponding to the molecular weight of M6 and

reacting with anti-M6 antibodies can be found in all lanes containing rVV:M6
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Figure 1- rVV:M6 causes the production of M6 in infected BSC4O cells while
rVV: CAT does not. Both total cell extracts (TCE) and post nuclear spins
(PNS) are shown. B SC4O lysates alone, rVV: CAT-infected cell lysates,
and GP204 supernatant does produce the M6 protein. rV\T:M6-infected
cell lysates show evidence of M6 production as does the positive control
GP1223.
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infected BSC4O cells and in the lane containing GP1223 (M6+) streptococcus

supematant. No bands are present in the mock infected BSC4O cells, rVV: CAT

infected cells, or the GP204 (M6-) supematant lanes. These data suggest that

rVV:M6 causes M6 accumulation in infected cells while rVV:CAT does not.

All animals given virus survived through the duration of the study and

showed no long-term ill effects of infection. The only animal that failed to survive

to week 8 was guinea pig number one, which died following boosting with M6

protein at week 4. Although the reason for death of this animal is unknown, several

possibilities exist. First, the guinea pig may have died as a result of the

ketamine:xylazine solution given as anesthetic. Alternatively, as shown in Table 2,

the subject had a high anti-M6 response at the time of boosting suggesting an

anaphylaxis-like condition may have been induced by M6 boosting.

DTH failed to provide compelling evidence for reactivity against either M6

or \TV antigens. As expected, PBS injection sites showed no redness and no

induration suggestive of a DTH response in any of the animals. M6 injection led

only to a reddening of the surrounding skin and was present to the same extent in

all the guinea pigs. VV antigens did form DTH suggestive bumps 48h post-

injection, the average measurement of which is found in Table 3. As can be seen,

guinea pigs inoculated with either rVV:CAT or rVV:M6 have DTH measurements

slightly higher than that of the PBS control, the largest difference being between

rVV:M6 (106 PFU) at 7.5 mm and the PBS control at 5.7 mm. However, those

given a greater amount of virus did not necessarily develop a greater DTH
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Table 2- Anti-M6 IgG titers from guinea pig sera collected on weeks 0-8. Titers
are given as the highest dilution of each sera which gave an absorbance
reading at 405nm (30 mm after addition of substrate) equal to or greater
than 1.5 that of the control sera at the same dilution. Titers were not done

(ND) at week 6 or week 8 for guinea pig #1 because of its death following

sample collection on week 4.
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Sera Antibody Titers (IgG) from Guinea Pig-M6 Study

Guinea Pig ID Wk 0 Wk 2 Wk 4 Titer Wk 6 Titer Wk 8 Titer

Titer Titer

GPI(M6) <1:10 1:1560 >1:10,240 ND ND

GP2(M6) <1:10 >1:1280 1:160 >1:10,240 >1:10,240

GP3(PBS) <110 <110 <110 <110 <110

GP4(PBS) <1:10 <1:10 <1:10 1:10 1:320

GP5 (PBS) <1:10 <1:10 <1:10 <1:10 1:160

GP6(rVV:CAT) <1:10 <1:10 <1:10 <1:10 <1:10

GP7(rVV:CAT) <1:10 1:40 1:320 1:640 1:640

GP8(rVV:CAT) <1:10 <1:10 <1:10 <1:10 1:20

GP9(rVV:M6) <1:10 <1:10 <1:10 <1:10 1:40

GPIO(rVV:M6) <1:10 <1:10 <1:10 <1:10 <1:10

GPII(rVV:M6) <1:10 <1:10 <1:10 <1:10 1:40

GP12(rVV:M6) <1:10 <1:10 1:80 1:40 1:10

GPI3(rVV:M6) <1:10 <1:10 <1:10 <1:10 1:160

GPI4(rVV:M6) <1:10 <1:10 <1:10 <1:10 <1:10

GP 15 (rVV:M6) <1:10 1:20 1:40 1:40 1:10

GPI6(rVV:M6) <1:10 <1:10 <1:10 <1:10 1:40

GPI7(rVV:M6) <1:10 <1:10 <1:10 <1:10 1:20

GP 18 (rVV:M6) <1:10 <1:10 <1:10 <1:10 <1:10

GPI9(rVV:M6) <1:10 <1:10 <1:10 <1:10 1:40

GP2O(r\TV:M6) <1:10 <1:10 1:20 1:320 1:80

Table 2.
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Table 3- Average guinea pig anti-VV DTH response measured
48h post-injection. DTH analysis was done at week 6
post-immunization with VV. The guinea pig immunization groups

are found in the left-hand column while the average DTH
measurement for that group is located to the right.
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Average anti-VV DTH response at 48h post-injection

Guinea Pig Group DTH Measurement (mm)

Guinea Pig #2 (M6
protein injection)

8.7

PBS 5.7± 0.50
rVV:CAT, iø PFU 7.0± 0.75

rVV:M6, iø PFU 7.1± 0.40
rVV:M6, 108 PFU 6.2± 0.34

rVV:M6, iø PFU 7.1± 0.27

rVV:M6, 106 PFU 7.5± 0.81

Table 3.
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response, and guinea pig two which was not exposed to VY developed the greatest

anti-VV DTH response at 8.7 mm. Anti-VV DTH measurements taken 24h after

injection showed the same trends as those found at 48h, but were not as large.

Considering the lack of a detectable anti-M6 DTH and the inconsistent

measurements for anti\TV DTH, this method proved an unreliable determinant of

an immune response to either vector or target antigen.

ELISA analysis was conducted to determine the titer of anti-M6 IgG present

in sera from each animal at weeks 0-8, but failed to show significant levels of anti-

M6 IgG in any guinea pig sera except those given M6 protein in adjuvant. Results

of titers for week 0-8 for each guinea pig studied are found in Table 2. As

expected, all guinea pigs had no anti-M6 IgG in pre-bleeds. Following

immunization with M6 protein in alum adjuvant, guinea pigs one and two

developed a significant anti-M6 response. Prior to its death on week 4, guinea pig

one had a titer of greater than 1:10,240. At the same time, guinea pig two had a

titer of only 1:160, but this rose quickly to greater than 1:10,240 following boosting

at week 6. Guinea pigs number seven (PBS), twelve (rVV:M6 at PFU). fifteen

(rVV:M6 at PFU), and twenty (r\TV:M6 at 106 PFU) also had measurable titers

reaching 1:640, 1:40, 1:40, and 1:320 respectively at week 6, with titers for all

except guinea pig seven dropping by week eight. It is unknown why guinea pig

seven had the largest reaction of all experimental animals, considering this subject

was immunized with only rVV:CAT. This piece of data suggests, however, that no

specific anti-M6 response above background levels could be detected by ELISA in
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viral treated animals. All samples not mentioned above had titers less than 1:10, a

surprising result as previous studies has shown protective immune responses with

both humoral and CMI responses generated from recombinant VV vectors in

similar vaccine studies (Brochier et al., 1996; Gherardi and Esteban, 1999;

Mastrangelo etal., 2000; Moss, 1996; Phillpotts etal., 2000; Sanz-Parra etal.,

1998). ELISAs were not run to examine other antibodies present in either sera or

saliva samples.

Immunoblotting was used to examine anti-M6 IgG in sera, anti-M6 IgG in

saliva, anti\TV IgG in sera and anti-VV IgG in saliva using week 8 samples. When

examined in this way, a significant anti-VV IgG response was found in most

animals vaccinated with VV (see Figure 2). Numerous bands, such as the doublet

at approximately 35 kDa, appear on blots loaded with VV-infected cell lysates

compared to mock-infected controls suggesting antibodies are present in the sera

which react with vaccinia antigens. As can be seen, the only sera which fail to

show specific reactivity are from animals three through five (PBS controls) and

animals fifteen and sixteen (rVV:M6 at 10 PFU). Although infection with \TV is

expected by intranasal inoculation, it is not surprising that some animals showed a

greater antibody response than others, as the degree of infection cannot be

accurately controlled. While this method showed that infection occurred, and an

immune response was generated against the vector virus, no difference between

animals given variable amounts of VV could be examined using this technique.
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Figure 2- Autoradiogram depicting anti-VV IgG found in guinea pig sera 8 weeks
post VY-infection. The top film shows reactivity to VV-infected
BSC4O lysates while the bottom film shows reactivity against mock-
infected BSC4O lysates. Lane numbers correspond to guinea pig
numbers assigned in Appendix A; 3-5 (PBS), 6-8 (rVV:CAT, i09 PFU),

9-11 (rVV:M6, IO PFU), 12-14 (rVV:M6, 108 PFU), 15-17 (rVV:M6,

i07 PFU), 18-20 (rVV:M6, 106 PFU).
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Blotting was also conducted to examine the presence of anti-M6 IgG in

week 8 sera, as a method to firther support, or contradict the results obtained

earlier by ELISA (see Figure 3). Although bands can be seen in several lanes

throughout the blot, none correspond to the 47 kDa M6 protein and are specific to

cell lysate containing M6 compared to lysate lacking M6. This result supports the

conclusion that immunization with rVV:M6 did not stimulate a detectable anti-M6

systemic IgG response.

Blotting using saliva to provide the primary antibody failed to show the

presence of either anti-M6 IgG or anti-M6 IgA (Data not shown). This could be a

result of a lack of these antibodies in saliva at detectable levels or it may represent a

general difficulty in using saliva for irnmunoblotting. As it was determined earlier

that immunized animals had anti-VY serum IgG at detectable levels by

imniunoblotting, saliva samples were examined by Western blotting for anti-VV

IgG. Again, no detectable salivary antibody levels could be determined by this

method (Data not shown). Together these results suggest that either no anti-VV or

M6 IgG or IgA is present in the saliva of infected animals or immunoblotting is not

a good method for examining antibody levels in saliva.

Conclusion

Through the course of this study, several pieces of information were learned

which will be useful in future studies. The conditions used to anesthetize animals
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Figure 3- Autoradiogram depicting anti-M6 IgG in guinea pig sera 8 weeks post
VV-infection. The top film shows reactivity to an E. coil lysate

containing M6 while the bottom film shows reactivity against an E. coil

lysate lacking M6. Lane numbers correspond to guinea pig numbers

assigned in Appendix A; 2 (M6 protein in adjuvant), 3-5 (PBS), 6-8
(r\TV:CAT, IO PFU), 9-11 (r\TV:M6, 1O PFU), 12-14 (rVV:M6, 108

PFU), 15-17 (rVV:M6, iø PFU), 18-20 (rVV:M6, 106 PFU).
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and collect samples are all sufficient for subsequent guinea pig studies. 200 tl of a

ketamine:xylazine solution given i.m. rapidly anesthetizes an animal and keeps it

sedated for between 30 mm and lh. Pilocarpine stimulated salivation as expected

and easily allowed the collection of more than 1.5 ml of saliva. It became evident,

however, that in order for successful collection of saliva, animals had to be starved

for at least 24h prior to collection so that excessive amounts of food would not be

present in the saliva. This proved to be a major problem throughout the study.

Blood collection in guinea pigs proved difficult as no veins are easily accessible for

tapping. To obtain whole blood, veins in the ears were punctured with a sterile

needle and droplets collected with a pipet. Using this method gave varying

success. On average, approximately 250 was obtained. At times over I ml of

blood was collected while occasionally less than 100 jil could be obtained. This

method proved to be relatively non-invasive and easy compared to other options of

obtaining blood such as by cardiac puncture.

The main question to be answered in this study was how much attenuated

VV could be given to animals without causing death. Using the attenuated VV

recombinants, up to iø PFU of virus could be given intranasally without killing

the animals. This represents a large inoculum at the upper limit of how much can

realistically be given to an animal as a higher viral concentration would be difficult

to obtain and still have a suitable vaccination volume. A viral solution at a higher

concentration could also prove too viscous for accurate pipeting and efficient

absorption by nasal epithelia.
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As shown through immunoblotting, groups of guinea pigs given virus at

1
6, o, 1 O, and 1 O PFU all developed a serum IgG response against VV

antigens, suggesting a productive infection followed inoculation. Although a

productive infection occurred and antibodies against the VV vector could be

detected, a serum IgG response against M6 could not be detected by either ELISA

analysis or immunoblotting. This suggests that either M6 was not produced in vivo

at levels sufficient to generate a humoral immune response or the level was

sufficient but a response was still not generated. M6, however, is known to be a

relatively poor antigen (Kevin Jones, personal communication), which may explain

the lack of detectable anti-M6 antibodies where antibodies against the vector are

evident.

Immunoblotting with saliva failed to show the presence of any antibodies

tested. Blots were run to examine antibodies specific to both the VV vector and

recombinant M6 protein. Considering of the lack of a detectable humoral immune

response, it is not surprising that neither anti-M6 IgG nor IgA could be detected in

saliva. Interestingly, anti-VY IgG could not be detected in saliva even though

reactivity was shown to VV antigens when probing with sera. This result suggests

that the lack of antibody detection in saliva may not only be a function of low

antibody levels, but a general difficulty in immunoblotting with guinea pig saliva.

In the course of this study, no humoral or mucosal immune response could

be detected to M6 encoded by VV. However, it was shown that productive

infection can be achieved though intranasal immunization with VV and that
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animals develop humoral antibodies against the viral vector. The lack of anti-M6

antibodies may be due to the poor antigenicity of this protein. In addition, it was

discovered that j9 PFU of attenuated virus can be given to guinea pigs without

causing death and that the protocols used to anesthetize animals and collect

samples are suitable for future use.
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CHAPTER 4

GUINEA PIG & rVV:IncA/TroA VACCiNATION AGAINST Chiamydiapsittaci

Materials and Methods

Cells and Viruses

rVV:IncA and rVV:TroA were created by Scott Hansen according to the

methods described by Blasco and Moss (1995). IncA remains in its native

form when translated, but TroA is tagged with six C-terminal histidine residues.

Briefly, C. psittaci incA and troA were cloned into plasmid pRB21 utilizing the

EcoRI and StuI restriction sites. B SC4O cells were infected with the F 1 3 VRB 10

vaccinia strain and co-transfected with pRB2l -incA/troA. Recombinant viruses

were selected six times in rabbit kidney (RK 13) monolayers by the ability to form

extracellular enveloped virions (EEVs) and isolated by plaque titration.

Recombinant viruses were screened for the ability to express IncA and TroA

protein by immunoblot analysis. Vaccinia virus Ithica Health Department, strain J

(IHDJ) was used for viral controls. Virus was propagated in BSC4O cells, purified,

and titered as described in Chapter 3.
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Screening of WT rVV: IncA and rVV:TroA

To ensure appropriate recombinant protein production by rVV:IncA and

rVV:TroA, SDS protein gels and fluorescent assays (FAs) were used to examine

rV\T:IncA and rVV:TroA infected cells. For protein gels, BSC4O cells were grown

to 1.2 x 106 cells/well in a 6-well tissue culture tray. One well of cells was infected

with either rVV:IncA, rVV:TroA, or rVV:CAT at an MOl of 25, or mock-infected.

Infections were allowed to proceed for 8h at 37C. Cells were scraped from the

plate, centrifuged at 2000Xg for 20 mm at 4C, and washed in 200 J1l PBS.

Following washing, cells were resuspended in 40 .t1 PBS and freeze-thawed three

times to lyse cells. Ten .tl of each TCE was separated by electrophoresis and

transferred to nitrocellulose for blotting. Blots were blocked in 3% gelatin-lBS for

lh at RT on a shaking platform, washed 30 mm in TTBS, and exposed to Pierce

India His Probe (recognized His tags) at 1:2000 dilution in 1% gelatin-TTBS for

1 .5h at RT on a shaking platform. Blots were washed three times for 10 mm/wash

in TTBS and twice for 5 mm/wash in TBS, developed with Pierce Supersignal

chemiluminescent substrate for 5 mm and exposed to Biomax MR-2 film (Kodak;

Rochester, NY).

For FA analysis, HeLa cells were grown to 3.6 x 1 cells on sterile 12 mm

diameter glass coverslips in 24 well tissue culture trays. Cells were infected with

either rVV:IncA, rVV:TroA, or rVV: CAT at an MOl of 0.5 or mock infected.

Infection was allowed to proceed for I Oh at 3 7C at which time cells were fixed for

10 mm in methanol and stored in PBS. Double labeling was performed
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sequentially for both the recombinant protein or \TV. For IncA, cells were

incubated in mouse anti-C. psittaci IncA at 1:10 dilution in 2% BSA-PBS for lh at

RT on a rocking platform. For TroA, cells were incubated in mouse anti-6XHis

antibody (Clontech; Palo Alto, CA) at 1:1000 dilution in 2% BSA-PBS for lh at

RT on a rocking platform. Cells were washed three times in PBS-T and stained for

VV antigens. A mixture of rabbit anti-P4a and anti-4b (both VV core proteins),

both at 1:100 dilution in 2% BSA-PBS were used to recognize VV-infected cells,

and were incubated with cells for I h at RT on a rocking platform. After VV

staining, cells were washed three times with PBS-T and incubated in fluorescently

labeled secondary antibodies (Pierce; Rockford, IL). Cells were incubated with a

mixture of goat anti-mouse rhodamine conjugated antibody and goat anti-rabbit

fluoroisothiocyanate (FITC) conjugated antibody at 1:5000 diluted in 2% BSA-

PBS for lh at RT in the dark, after which cells were washed four times with PBS-T

and stored in PBS. Cells were inverted on a drop of Vectashield mounting medium

(Vector Laboratories; Burlingame, CA) on a microscope slide. Fluorescent images

were examined and collected on a Leica DMLB microscope equipped with

appropriate fluorescent filters. Images were collected digitally using a Spot

Camera (Diagnostic Instruments; Sterling Heights, Ml) and processed through

Adobe Photoshop 5.0 (Adobe software; San Jose, CA).
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Animals and Inoculations

Female Hartly guinea pigs (450-500 grams) ordered from Simonsen

Laboratories were allowed to adjust one week prior to inoculation with VV. Prior

to sample collection or infection with either VV or Chiamydia, animals were

anesthetized with 200 g.tl of a 1:1 solution of ketamine:xylazine as described in

Chapter 3. Animals were separated into four groups of six receiving either PBS,

WT VV IHDJ, rVV:IncA, or r\TV:TroA (Table 4). All viruses were given at a

concentration of lxi O PFU in 10 !.il PBS, split equallybetween each nostril.

VV infections were allowed to proceed four weeks prior to challenge with

C. psitlaci strain GPIC. C. psittaci EBs were diluted in 0.25 M sucrose, 10 mM

sodium phosphate, 5 mM L-glutamic acid (SPG) buffer such that each 10 .il aliquot

would contain 2000 EBs. For infections, animals were anesthetized and 10 .tl of

the diluted Chiamydia were placed underneath the lid of each eye. Animals were

sacrificed following the conclusion of the study by anesthetizing with 400 1.il of a

1:1 ketamine:xylazine solution followed by carbon dioxide asphyxiation.

Sample Collection and Storage

Blood samples were collected from each guinea pig twice over the course of

the study, at week 0 prior to VV infection and at week 3 to check for

seroconversion. Whole blood collection, sera separation, and sample storage was
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Table 4- Vaccination regimen used in the guinea pig-IncAJTroA vaccination study.
The number assigned to each guinea pig is followed by the virus type and
concentration given to each, as well as whether the animal lived through
the course of the study.
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p4(rA
Guinea Pig ID 1noculumTyp jnount Wk 8

G1'I ?'.
:.

GP 2 PBS 5 p1/nostril Yes.- . ...... .,-
1UflOSfrI a.-..

GP 4 PBS 5 p1/nostril Yes
rpg

...,

GP 6 PBS 5 p1/nostril Yes

1J1IiDJJ t HW(Jtotl, ib9gpstil

OP 8 VV IHDJ 108 PFU total; 5 p1/nostril Yes
0P9 :vv nDJj 4 Yes '- -..

GP 10 VV IIIDJ io PFU total; 5 p1/nostril Yes

G1I1. )' V1Hni
OP 12 VV IHDJ l0 PFU total; 5 p1/nostril Yes ......

OP 13 - 1WthicA . 1O'PFU tothi, pI/oetril NO(1tçd
OP 14 rVV:lncA 108 PFU total; 5 p1/nostril Yes

40 o1il/ncstra1 çs'
OP 16 rVV:lncA 108 PF!.I t'tal: 5 jil/nostril Yes

.:iO8 prj a ftjj.
OP 18 rVV:IncA 10 PFU total; 5 p1/nostril Yes

-OP 19. V;T Vj' oA 10 PFIJ ioaL, S pI/npsri1 Yes

OP 20 rVV:TroA 108 PFU total; 5 jil/nostril Yes

GPJ- L'* - ;WroA ;7 l08 1iI/nosb,l kes
OP 22 rVV:TroA 108 PFU total; 5 p1/nostril Yes

(II' 23 rVV X t çtai jil/nostrif Ye
OP 24 rVV:TroA IO PFU total; 5 itI/nostril Yes

Table 4.
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performed as done in Chapter 3. Sodium azide (0.02%) was added to each sample

after which they were stored at 4C,

Eye swabs were collected to determine chlamydial titers present in each

eye. For swabbing, animals were anesthetized and each eye was swabbed using a

calcium alginate fiber tipped aluminum applicator swab (Fisher; Nepean, Ontario).

Swabs were placed in 1 ml ice cold SPG buffer containing two sterile glass beads

in a 5m1 Falcon. Tubes were vortexed at 7000 RPM for 2 mm at 4C and stored at

70C until used. Samples were taken prior to infection with Chiamydia (left eye

only) and at days 4, 8, 12, 20, and 27 following infection (both eyes).

Titering of Chla,nydia from Eye Swabs

Each swab sample was titered in McCoy cells to determine the number of

inclusion forming units present at the time of collection. McCoy cells were grown

to confluency in 96-well tissue culture trays. Samples were thawed and vortexed

for 1 mm at 700 RPM at 4C. Cells were infected in triplicate with chiamydial

samples at 100, 101, and 10.2 dilution in 100 i.tl SPG buffer. Plates were

centrifuged at 2000Xg at RT for lh, SPG replaced with MEM containing 10 xg/m1

gentamicin and 1 .tg/m1 cyclohexamide, and infectionallowed to proceed for

29.5h. Cells were fixed for 10 mm in methanol and stored in PBS at 4C until

immunostaining. As titers from day 4 post-challenge showed high numbers of
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inclusions, these samples were re-thawed and titered again at dilutions ranging

from 101 to

Prior to staining, wells were blocked in 2% BSA-PBS for 20 mm at RT.

Mouse anti-heat shock protein (HSP) 60, diluted 1:10 in 2% BSA-PBS was added

to each well and incubated I h at RT with shaking. Cells were washed three times

in PBS and incubated for lh at RT in the dark with goat anti-mouse rhodamine

(Pierce; Rockford, IL) conjugated antibody. Cells were washed four times in PBS

and stored in PBS with 0.02% NaN3 at 4C. Inclusions were counted on a Leica

DMIL microscope with LEP mercury bulb and appropriate fluorescent filters.

Immunoblotting

To test for the presence of systemic IgG specific for VV antigens, IncA, and

TroA, sera was examine by immunoblotting. 12.5% polyacrylamide gels were

loaded with either V\T-infected BSC4O cell or non-infected BSC4O cell lysates to

examine anti\TV IgG or C. psittaci GPIC-infected HeLa cell or non-infected HeLa

cell lysates to examine anti-IncA/TroA IgG. To obtain VV-infected BSC4O and

control lysates, 8.9 xl 06B SC4O cells were infected with VV at an MOl of 3.

Infection was allowed to proceed for 24h at which time all cells showed CPE. Cell

were harvested by centrifugation briefly at 2350Xg at 4C and washed in 2 ml

Hanks Balanced Salt Solution (HBSS, Gibco; Bethesda, MD). The cell pellet was

resuspended in 300 il 1X PAGE sample buffer, boiled 10 mm, and passed 10 times
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through a 20G needle to shear genomic DNA. Control BSC4O lysates were

prepared as done for infected cells, excluding viral infection. For Chiamydia-

infected cell lysates, 1.2 xl06 HeLa cells were infected at an MOl of 1 with C.

psittaci EBs diluted in SPG and the infection allowed to proceed for 40h.

Following incubation, the cell monolayer was washed in 2 ml HBBS and lysed in

600 .tl 1X PAGE sample buffer. Lysates were passed 20 times through a 21G

needle to shear genomic DNA and boiled 10 mm prior to loading on gel. Control

HeLa lysates were prepared as done for infected lysates, excluding chiamydial

infection.

Gels were run with either 100 j.tl of each lysate (for VV) or 200 .tl of each

lysate (for Chiarnydia) and proteins transferred to nitrocellulose membranes using

standard Western blotting procedures. Membranes were blocked overnight in 2%

BSA PBS-T at 4C prior to probing. Following blocking, blots were placed into a

slot blot apparatus and incubated in sera diluted 1:10 in 2% BSA PBS-T for lh with

shaking at RT. After thorough washing with PBS-T, blots were incubated in 35S-

Protein A diluted 1:500 in 2% BSA PBS-T for lh with shaking at RT. Blots were

washed four times in PBS-T, dried completely at 37C, and exposed to Biomax MR-

2 film (Kodak; Rochester, NY).
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Results and Discussion

Prior to immunization with VV, r\TV:IncA and rVV:TroA were evaluated to

ensure each leads to the accumulation of either IncA or TroA in infected cells.

rVV:TroA was engineered to encode a 6 histidine tag and was evaluated in infected

BSC4O lysates by Western blotting. Results indicated that rVV:TroA did produce

recombinant protein at detectable levels (data not shown). rVV:IncA could not be

examined by blotting as IncA encoded by rVV:IncA is not histidine tagged and an

anti-C. psittaci IncA antibody which works in immunoblots is not available. An

antibody against C. psittaci IncA exists which is useful in fluorescent assays (F As)

and was used in r\TV: IncA infected HeLa monolayers to follow IncA production.

Infected monolayers were stained with antibodies against both VV core proteins

and IncA. IncA expression was found in approximately 50-60% of rVV:IncA

infected cells as indicated by the colocalization of vaccinia and IncA proteins (see

Figure 4). Infected cells lacking IncA were found. This could be due to IncA

protein interfering with VV function, a condition recognized with previously made

vaccinia-IncA constructs.

Three weeks following intranasal immunization with PBS, rVV:CAT,

rVV:IncA, or rVV:TroA, serum samples were analyzed for seroconversion against

both the vaccinia vector and IncA or TroA. Immunoblotting for anti-VV proteins

revealed evidence of vaccinia-specific serum IgG in animals immunized with VV

IJ-IDJ, rVV:IncA, and rVV:TroA (see Figures 5 and 6). Guinea pigs receiving VV
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Figure 4 - HeLa cells infected with rVV: IncA showing expression of IncA. Cells
above were infected, fixed, and stained for the VV core proteins P4a and
4b (fluorescin; green), IncA (rhodamine; red), and DNA (dapi; blue).
incA is present in -5O-6O% of infected cells as evidenced by the
colocalization of fluorescin and rhodamine stains. Several cells above
fluoresce only green, indicating VV infection and a lack of IncA. Total
magnification is 1000X.
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Figure 4.



Figure 5 Autoradiogram depicting anti\TV IgG found in guinea pig sera 3 weeks
post VV-infection. The top film shows reactivity to VY-infected BSC4O
lysates while the bottom film shows reactivity to mock-infected BSC4O
cell lysates. Lane numbers correspond to guinea pig numbers assigned in
Appendix G; 1-6 (PBS) and 7-12 (\TV IHDJ). The positive control (+)
for both films was guinea pig #8 sera at 1:10 dilution from the rVV:M6
described in Chapter 2. The negative control (-) is guinea pig #2 sera
from the same chapter. An arrow points to a band which is likely a VV
protein. (B=blank lane)
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Figure 6 -

Autoradiogram depicting anti-VV IgG found in guinea pig sera 3 weeks post-VV
infection. The top film shows reactivity to \T\'-infected BSC4O cell lysates while
the bottom film shows reactivity to mock-infected BSC4O cell lysates. Lane
numbers correspond to guinea pig numbers assigned in Appendix G; 13-18
(rVV:IncA), and 19-24 (rVV:TroA). The positive control for both films is guinea
pig #8 serum from the r\TV:M6 study described in Chapter 2 at a 1:10 dilution.
Arrows point to bands which are likely to be VV proteins.



220K
130K---

90K
70K---

60K---

30K---

20K

15K

+ 13 14 15 16 17 18 19 20 21 2223 24

+ 13 14 15 16 1718 19 20 21 22 23 24

220K
130K---
90K---
70K---

60K

40K

30K

20K---

15K---

Figure 6.

63



64

immunizations developed antibodies against one or two proteins of approximately

31 KDa and 32 KDa which are found in V\T-infected BSC4O lysates but absent in

mock-infected BSC4O lysates. Animals immunized with only PBS failed to

develop antibodies against these proteins further suggesting these bands represent

\T proteins. The reactive bands around 3OKDa which are present in immunized

guinea pigs are not found in pre-bleeds of the same animals (see Figure 7). These

results demonstrate that \TV immunization resulted in infection at a level sufficient

to prime the immune response against viral proteins.

Immunoblouing was also attempted to examine the presence of anti-IncA

and anti-TroA IgG in serum. Probing lysates of Chlamydia-infected HeLa cells

resulted in many reactive bands, several of which lie at 3 9-40 KDa, the molecular

weight of IncA and TroA (see Figure 8). However, many of these bands are also

present in mock-infected HeLa cells, or present in animals inmiunized with only

\TV IHDJ. Immunoblotting thus did not provide a useful way of determining

seroconversion to either chiamydial protein.

FAs were performed on Chlamydia-infected cell monolayers and probed

using guinea pig sera from 3 weeks post\TV infection as a further attempt to

examine the presence of IncA and TroA antibodies. Anti-TroA analysis by this

method failed to show the presence of a humoral response to TroA (data not

shown). Anti-IncA antibodies were found in guinea pig number 13, 14, and 16,

animals immunized with rVV: IncA (see Figure 9). The presence of anti-IncA in
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Figure 7 - Autoradiogram depicting anti-VV IgG found in pre-bleed sera. The top
film shows reactivity to VY-infected BSC4O lysates while the bottom
shows reactivity to mock-infected BSC4O lysates. Lane numbers
correspond to animal numbers assigned in Appendix G; 7-12 (VV
1HDJ), 13-18 (rVV:IncA), and 19-24 (rVV:TroA). The positive
controls for both films is guinea pig serum #8 at 1:10 dilution obtained
from the rVV:M6 study described in Chapter 2.
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Figure 8 Autoradiogram depicting anti-IncAITroA IgG found in guinea pig sera
3 weeks following \TVinfection. The top film shows reactivity to C.

psittaci-infected HeLa lysates while the bottom shows reactivity to
mock-infected HeLa lysates. Lane numbers correspond to guinea pig
numbers assigned in Appendix G; 7-12 (VV IHDJ), 13-18 (rVV:IncA),
and 19-24 (r\TV:TroA). Positive control #1 was guinea pig anti-Hsp6O
diluted 1:10. Positive control #2 was a mix of two guinea pig anti-
Hsp6O antibodies (#274 and #345) each diluted 1:20.
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Figure 9- Fluorescent assays of C. psittaci-infected HeLa cells showing the

presence of anti-IncA antibodies in guinea pig #14 serum (r\TV:IncA
immunized) three weeks following vaccination. Chlamydial Hsp6O is

stained red, anti-IncA is stained green, and dapi staining of DNA

appears blue. (A) Infected HeLa cells probed with guinea pig #14 pre-

bleed serum. Total magnification is 400X. (B) Infected HeLa cells

probed with guinea pig #14 serum 3 weeks following immunization.

Total magnification is 400X.
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Figure 9.
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these samples was evidenced by the colocalization of anti-guinea pig and anti-

Hsp6O staining to the chiamydial inclusion membrane.

Thus, prior to chiamydial challenge, it was determined that animals had

seroconverted to VV, indicating successful infection with the vaccine agent.

Several animals in the rV\T:IncA group were also shown to have developed anti-

IncA antibodies, suggesting the immunzation had the desired effect of priming the

immune response to this infection-specific protein. A serum IgG response could

not be detected in three animals within the IncA immunization group or any

animals in the TroA immunization group. However, priming of other classes of

antibodies or priming of cytotoxic T cells may have occurred as this was not

examined.

Following chiamydial challenge, eye swabs were collected at days 0, 4, 8,

12, 20, and 27 post-challenge to determine the chiamydial load present. Results of

titering are found in Figure 10, Figure 11, and Table 5. Day 0 and 27 titers have

been excluded as day 0 titers for all eyes were zero and at day 27 the only animals

showing any evidence of chlamydial inclusions was the left eye of animal 2 (PBS)

and the right eye of animal 15 (rVV:JncA). In Figure 10, each black diamond

represents the titer determined for one guinea pig eye while the "X" denotes the

median of that group. Figure 11 shows the average Chiamydia titer for each

immunization group (PBS, 1HIDJ, rVV:IncA, and rV\T:TroA) at day 4, 8, 12, and 20

post-challenge. Table 5 gives the data used to generate Figure 11. There is no

evident reduction in chlamydial titers in the rVV:TroAvaccinated group compared
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Figure 10- Chlamydial titers at days 4, 8, 12, and 20 post-challenge from animals

immunized with PBS, VV IHDJ, rVV:IncA, or rVV:TroA. The titer

obtained from each eye of an animal in each of the four groups is

represented by a black diamond. The median value for each group is

depicted by an "X". Notice the change in axis scale on day 20.
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Figure 11- Average group chiamydial titers from PBS, \TV IHDJ, rVV:IncA, and
r\TV:TroA immunized animals days 4, 8, 12, and 20 post-challenge.
Bars represent the average chiamydial titer obtained for all animals in
each immunization group. The standard deviation is given above each
bar.



1 .OE+06

I .OE+05

1 .OE+04

IFU/mi

1 .OE+03

1 .OE+02

1 .OE+01

Average group chiamydial titers

IIII
4 8 12 20

Day

Figure 11.

Ave PBS

i::i Ave VV IHDJ

Ave rVV:IncA

Ave rVV:TroA

75



Table 5- Average IFU/mi from guinea pig immunization groups. The average
IFU/ml and standard deviation was determined for each immunization
group (PBS, \TV IHDJ, rVV:JncA, and rVV:TroA) at day 4, 8, 12, and
20 post chiamydial challenge. This data is represented graphically in
Figure 11.



Average chiamydial titer in immunization groups (IFU/mi)
Day post PBS group IHDJ group rVV:IncA group rVV:TroA group

challenge

4 3.3E 5±2.0 E 5 1.4E 5± 8.8E 4

8 7.0E5±7.15E4 1.3E5+8.7E4
12 1.1E4±9.0E3 8.1E3±6.5E3
20 9.5E 1± 4.3E 1 4.3E 1± 3.2E 1

Table 5.

9.9E4± 1.3E5 1.8E5± 1.0E5
7.4E 4± 6.OE 4 9.7E 4± 4.5E 4
8.2E 3± I.2E 4 3.7 E 4± 2.3E 4

5.9E 1± 7.3E 1 3.2E 1± 5.6E 1
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to those animals infected with control virus at all days tested. The chiamydial load

for the rVV:TroA group is in fact higher at day 4, 8, and 12 than the 1HDJ

immunized animals and is often higher than the PBS controls. This suggests that in

the context of a VV vector, and under the conditions tested in this study,

immunization with the chlamydial protein TroA provides no protection against a

subsequent C. psittaci challenge.

Immunization with rVV: IncA seems to provide some degree of protection

from chiamydial challenge. At day 4 post challenge, the median chiamydial titer of

the rVV:IncA group is 6.4 X iO4 inclusion forming units per ml (IFU/mi),

compared to 4.2 X IFU/mi for the PBS control and 1.3 X i05 IFU/mi for IHDJ-

infected animals. While this represents an approximate 2-fold difference between

rVV: IncA and the IHDJ control, no difference between these two groups exists

when the average of these groups, including standard deviations, are compared (9.9

x io± 1.3 X105 IFU/mi versusl .4 X i0± 8.8 X iø 1FU/mi, respectively). The

difference between the immunized and control group would, however, have been

greater had it not been for the single eye from the rVV: IncA group that had a much

higher titer than the others.

In Figure 10, the median rVV:IncA chiamydial titer was lower than viral

controls at not only day 4 post challenge, but also at days 8, 12, and 20. As with

day 4, these differences were insignificant or non-existent when comparing group

averages and standard deviations (see Figure 11). The animals shown to have anti-

IncA IgG in serum 3 weeks after immunization (guinea pigs number 14 and 16) by
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FA did not have lower chiamydial titers than those in which no anti-IncA could be

detected (guinea pigs number 15, 17, and 18). Together, this data suggests that

while titers appear to be lower in rVV: IncA animals, this difference is not

significant and does not represent priming of a protective immune response against

C. psittaci.

Conclusion

Several conclusions can be drawn for the study described above. First,

intranasal immunization with WT VV did lead to the induction of a humoral

response, both to the viral vector itself and to encoded recombinant proteins. As

shown by immunoblotting, all animals immunized with \TV vectors developed

viral-specific antibodies. Anti-IncA and anti-TroA antibodies could not be detected

by immunoblotting, but anti-IncA was shown in three animals immunized with

rVV: IncA by FA. Anti-TroA IgG could not be identified in the current study.

This study also revealed the inability of vaccination with either r\'V:IncA

and rVV:TroA to provide significant protection against a subsequent Chiamydia

challenge. No protection was detected in animals immunized with 108 PFU of

rVV:TroA. Chiamydial titers were shown to be somewhat lower in rVV: IncA

immunized animals compared to those infected with IFIDJ. This difference,

however, was subsequently shown to be not significant. No difference was seen



between rVV:IncA immunized and control groups at day 8, 12, or 20 post-

challenge.

Considering that there was a small difference in chiamydial load between

rVV:IncA immunized and control animals, future work may be warranted to boost

protection. In the current study, only one immunization was given to prime the

immune response. Other studies using VV have found better protection when

animals are primed with a DNA vaccine and boosted with VV encoding the same

protein. Robinson et al. (1999) found that the most promising immunization

regimen to protect against a subsequent immunodeficiency virus challenge was

DNA priming and recombinant pox virus boosting. Caver et al. (1999) found DNA

priming, VV boosting, and re-boosting with purified HIV-1 envelope protein

provided the best immune response to the HIV envelope protein. Future

experiments could prime with a plasmid encoding IncA and boost with rVV:IncA

prior to chiamydial challenge to determine if this regimen provides a greater degree

of protection than one immunization with VV. IncA protein could be purified and

used to re-boost the immune response to determine if this has any effect on

protection also.
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APPENDIX

CREATION OF ATTENUATED rVV:INCA AN]) rVV:TROA

Materials and Methods

An attempt was made to construct recombinant VV vectors in which C.

psittaci incA and troA were inserted into the TK gene, leading to attenuated viral

vectors. PCR fragments encoding IncA and TroA, each tagged with a C-terminal

6-Histidine tag, were cloned into pGNR (Hansen et al., 2001) using the 5' Stul and

3' XmaI restriction sites, creating pGNR-IncA and pGNR-TroA (see Figure 12).

Sequencing was done to ensure gene integrity and used in transfection experiments

to homologously recombine incA and troA, along with the GFP-neomicin

resistance Bizyrne marker encoded by the pGNR plasmid, into the TK locus.

Transient transfections

BSC4O cells were grown to 1.2 x 106 cells/well in a 6-well tissue culture

tray and transfected with 10 j.tg pGNR-IncA or pGNR-TroA using 30 j.tl DMRIE-C

(Gibco; Bethesda, MD). After 15 mm of transfection, cells were infected with VV

(strain Copenhagen) at an MOI of 1 and incubated at 37C for 24h. Following

incubation, growth media was removed from cells, 200 mg/ml G41 8 was added,

and placed back on the cell monolayer and incubated another 24h at 37C. Cells
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were harvested, centrifuged at l5000Xg for 30 mm at 4C, and resuspended in 80 jil

PBS. Cells were freeze-thawed three times to lyse cells, 10 il of each TCE mixed

with imi infection media and 200 mg/mI G418, and place on a fresh monolayer of

1.2 x 106 BSC4O cells. Infection was allowed to occur for 24h at 37C, at which

time cells were harvested as before, resuspended in 80 p.1 PBS, freeze-thawed three

times, and stored at -70C. BSC4O monolayers of 1.2 x 106 cells were prepared and

pre-treated with 200 mglml G418 in infection media 16h at 37C. This media was

aspirated, and to the pre-treated cells 2 p.1 of each viral TCE in I ml infection media

containing 200 mg/mI G4 18 was added. Growth was allowed to occur for 72h at

37C, following which cells harvested as before, resuspended in 80 p.1 PBS and

frozen at -70C. Recombinant rVV:JncA and rVV:TroA was isolated and purified

by plaque titration.

Screening of rVV:IncA and rVV:TroA attenuated viruses

Multiple techniques were used to screen rVV:IncA and rVV:TroA to insure

that they contained incA or troA, and for the ability of these viruses to form IncA or

TroA protein. To screen viruses for the presence of the incA or troA gene, PCR

was performed on genomic VV DNA using the same 5' and 3' primers used to

amplify gene fragments for cloning into pGNR. For obtaining genomic VV DNA,

8.9 x 106 BSC4O cells were infected with r\TV:IncA or rVV:TroA at an MOI of 1

and allowed to infect until all cells floated off the plate (-48h), at which time cells
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were harvested, centrifuged at 3000Xg for 20 mm at 4C to pellet cells. Media was

aspirated, cell pellets resuspended in 500 l PBS, and 450 p.1 of this added to 30 p.1

lox triton, 1.5 p.1 2-mercaptoethanol, and 25 p.1 0.5 M EDTA (pH 8.0). This

solution was vortexed, incubated on ice 10 mill and centrifuged at 3000Xg for 2.5

mi Supematants were transferred to a fresh microcentrifuge tube and centrifuged

at 1 5000Xg for 10 mm at 4C. Supernatants were aspirated, pellets resuspended in

100 p.1 25 mM Tris/1 mm EDTA (TE) and mixed without vortexing. To each

solution was added 1.5 p.! 10 mg/mi proteinase K, 6.7 p.1 3 M NaCl, 0.3 p.1 2-

mercaptoethanol, and 10 p.110% SDS, and the resulting solution mixed without

vortexing. Tubes were incubated at 55C for 30 mm with gently mixing every 5

mm. Two phenol:chloroform:isoamyl alcohol (25:24:1; Gibco, Bethesda, MD)

extractions were performed by adding equal amounts of the 25:24:1 solution to

each tube, mixing thoroughly, centrifuging tubes at l5000Xg for 1 mm, and

transferring the aqueous phase to a new tube. The organic phase was back

extracted by adding 100 p.1 TE, mixing gently, and transferring the aqueous phase

to a fresh tube. Four rounds of ether extractions were done on each pooled aqueous

phase, the resulting aqueous phase kept, and remaining ether evaporated at 65C for

10 mi Genomic VV DNA was precipitated by adding 4 p.1 3 M NaC1, 2.5 the

volume of 100% ethanol, and placing tubes at 70C overnight. Tubes were

subsequently centrifuged at l5000Xg at 4C for 30 mm and ethanol aspirated. The

dried DNA pellet was resuspended in 35 p.! TE and 2.5 p.1 of the resulting DNA
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used in PCR reactions. This procedure was also followed with mock infected

BSC4O cells.

PCR reactions to examine the presence of incA and troA were conducted

using 0.75 il of each DNA sample (vaccinia and mock infected cells), 850 ng

pGNR-IncA (IncA positive control), 1018 ng pGNR-TroA (TroA positive control),

or 1000 ng pGNR alone (IncA and TroA negative controls). Reactions were

allowed to proceed for 35 cycles of the following conditions; 94C for 1 mm, 55C

for 1mm, and 72C for 5 mm. One percent agarose gels were prepared and lanes

loaded with either 7pJ MBI Fermentasi Kb DNA ladder or 10 jil PCR samples

mixed with 5 jil MBI Fermentas loading buffer.

Several protein gels were run to examine the ability of r\TV:JncA and

rVV:TroA to lead to the accumulation of the IncA, TroA, or GFP-Neomicin

proteins in infected host cells. To examine the production of IncA and TroA (both

His tagged), 8.9 x1O6BSC4O cells were infected with each virus at an MOl of 5.

Infection was allowed to proceed for 24h at which time all cells showed CPE. Cell

were harvested by centrifugation briefly at 2350Xg at 4C and washed in PBS. The

cell pellet was resuspended in 200 j.il PBS and freeze-thawed three times to lyse

host cells. Prior to loading on 12.5% acrylamide gels, 15 p.1 TCE was mixed with

and equal volume of 2X PAGE sample buffer and boiled 10 mm. Resulting blots

were blocked in 3% gelatin-TBS overnight, washed three times for 10 mm/wash in

TTBS and incubated in Pierce India His Probe at 1:2000 dilution in 1% gelatin-

TTBS for 80 mill at RT on a shaking platform. Blots were washed in TTBS three
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times for 10 mm/wash and twice in TBS for 5 mm/wash, chemiluminescent

substrate (Pierce Supersignal; Rockford, IL) was added for 5 mm at RT, and

exposed to film to visualize any bands present. To examine the production ofthe

GFP-Neomicin fusion protein, the same TCEs were run on gels, and blots blocked

and washed as described above for anti-IncA-6XHis/TroA-6XHis blots. Blots were

incubated in rabbit anti-GFP polyclonal antibodies at 1:5000 dilution in 1% gelatin-

TTBS forl7h on a shaking platform and washed three times for 10 minlwash in

TTBS. Goat anti-rabbit alkaline phosphatase (AP) conjugated secondaryantibody

(Invitrogen) was incubated with blots at 1:10,000 dilution in 1% gelatin-TTBS for

2h at RT on a shaking platform. Membranes were washed three times for 10

minlwash in TTBS and once 5 mm in TBS prior to the addition of AP development

solution (Biorad; Hercules, CA) according to the manufacturers protocols for 10

mm. Prior to drying, blots were washed twice for 5 mm/wash in ddH2O.

Results

To determine if the recombinant TK VV vectors contained the incA and

troA genes, genomic viral preparations were prepared and PCR was conducted with

incA and troA specific primers. The results of this screen are found in Figure 13.

Both incA-6X His and troA-6X His should be approximately 1 Kb. As can be seen,

a band corresponding to 1 Kb is present in both rVV:IncA and rVV:TroA lanes, but

absent in all control lanes. This result suggests that both incA and troA are present
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in the genomes of the VV vectors. As the primers are specific to the most 5' and 3'

ends of incA and troA, the presence of bands also implies that the genes are full-

length.

Inimunoblotting was conducted to test for the presence of lncA-6X His,

TroA-6X His, and the GFP-neomicin BiZyme fusion protein in infected

mammalian cell lines. The Bizyme gene product could be detected in infected

BSC4O cells infected with either rVV:lncA and rVV:TroA suggesting that

homologous recombination occurred and resulted in the incorporation of both

incA/troA and the gene encoding GFP-neomicin into the VV genome (data not

shown). Interestingly, neither TncA-6X His nor TroA-6X His could be detected in

the same lysates when probed with anti-6X His antibodies (not shown). Repeated

attempts and blotting revealed no evidence of the chlamydial proteins.

The reason behind the inability to identify IncA and TroA is unknown.

Previously, recombinant TK VV harboring incA and troA have been made

according to the method described by Blasco and Moss (1995) in which

recombinant viruses are selected by the restored ability to form plaques, a function

of the F13 gene product absent in non-recombinant viruses. In addition, it appears

as though both incA and troA are present in the genomes of the recombinant

viruses, and that the Bizyme gene product is produced upon infection. From this

data, it appears as though mutations are present in incA, troA, or the synthetic

early/late promotor genes which do not allow gene transcription or protein

translation, that the genes are not stable in VV vectors, or that the production of
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these proteins somehow interferes with viral function. Evidence that IncA is not

stable in VV may be provided by the fact that in TK rVV:IncA viruses made

previously, not all cells shown to be positive by FA also contain IncA (see Figure

4). This could be due to IncA localizing to intracellular membranes neededby VV

for replication, thus providing selective pressure for viruses which do cause the

accumulation of IncA. The reason for the lack of detectable TroA protein is

unknown.

As the creation of recombinant VV vectors harboring incA or troA, and

attenuated by insertional inactivation of the TK gene proved difficult and time

consuming, it was decided that vaccination studies would be conducted with

previously constructed vectors. The VV viruses selected were created by Scott

Hansen according to the methods described by Blasco and Moss (1995). While

containing incA or troA, these vectors are TK.
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Figure 12- Schematic representation of pGNR-IncA and pGNR-TroA created for
use in making rVV:IncA and rVV:TroA attenuated by insertional
inactivation of the VV TK gene. IncA or TroA (yellow arrow) is under
control of the 7.5 promoter, while the BiZyme gene fusion (purple
arrow) is under control of the synthetic early/late promoter.
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Figure 13- PCR of recombinant TK- vaccinia vectors showing the presence of the
incA and troA genes in rVV:IncA and rVV:TroA respectively. Positive

controls are PCR reactions using pGNR-lncA or pGNR-TroA as
template DNA. Negative controls are PCR reactions using pGNR as
template DNA.
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