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Abstract

The HIV pandemic to date has killed over 20 million and currently infects 40

million people world wide. Through socioeconomic, cultural, demographic and

biological factors, the greatest burden of this disease has been upon women with a

disproportionately larger number of infections in women compared to men. Despite

effective prevention programs and the advent of anti-retroviral therapy this pandemic

shows little sign of slowing and after 20 years of research we have not yet achieved what

is most desperately needed to halt this pandemic, an effective vaccine against HIV

transmission. In Nairobi, Kenya, the discovery of a group of HlV-resistant sex workers

offers a unique opportunity to derive insight into factors which may constitute protection

against infection. Natural immunity to HIV thus far is extremely rare therefore

identifying correlates and protective factors against HIV in these women could have

profound implications for development of a protective vaccine. In recent years we have

come to recognize the importance of understanding HIV transmission at the primary site

at which the virus enters the body, the mucosal barrier. Here, the characteúzation of the

genital tract mucosal immune system among HlV-resistant women is described. A

characteristic phenotype of elevated levels of CD4+ T cells as well as high levels of a

known inhibitor of HIV, the chemokine RANTES, in the genital mucosa of HlV-resistant

women was found. In addition, a novel proteomics approach was employed to screen the

cervical secretions of these women and discovered a novel inhibitor of HIV, trappin-2, a

protein that is highly associated with HIV resistance. These findings may lead to the

development of new prevention tools against HIV infection, in particular, the

development of a microbicide which could protect women from the disease.
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Introduction

This year, 2006, the HIV or human immunodeficiency virus pandemic turned 25

years old. It has spread from its first detection in a small group of homosexual men on

the western coast of the United States to an unprecedented global pandemic. Unlike

some of the other major infectious diseases, HIV affects all individuals without

discriminating by age, social or economic status or respecting geographical boundaries.

For example, malaria is estimated to kill I million individuals annually, predominantly

children under the age of 5 who live in tropical areas [1]. However, HIV/AIDS kills

approximately 3 million individuals each year, and unlike malaria, the number of new

infections each year is consistently rising having reached 4.5 million new infections in

2005 alone [2]. To date, there is no known cure or effective vaccine for this disease

while an estimated 13 500 new infections occur daily.

A brief history of HIV:

On June 5, 1981 in the weekly Morbidity and Mortality Weekly Report (MMWR)

from the CDC a case report entitled "Pneumocystis Pneumonia---Los Angeles" was

published, describing the infection of 5 young men who had a very rare pneumonia. Two

of these men had died while the others remained severely ill yet they had no known

relationship to each other nor did they have known sexual contacts who had similar

symptoms. Interestingly, all patients had a cytomegalovirus (CMV) infection, candidal

mucosal infection, and of those tested, a reduced lymphocyte proliferative response to

antigens or mitogens. Immediately, similar cases began to be reported from across the

country and eventually the term Acquired ImmunoDeficiency Syndrome or AIDS was



coined to describe this new disease. In 1983, a retrovirus which was similar to the human

T cell leukemia virus (HTLV) group was isolated by two laboratories led by Dr. Luc

Montangier in France and Dr. Robert Gallo in the United States 13,41. Initially termed

HTLV-IVLAV, the virus was eventually classified in the lentivirus family and is now

termed HIV-I [5]. It is now widely accepted that the HIV-I virus is the cause of AIDS, a

syndrome whereby the immune system of its host is eventually depleted leaving the

patient susceptible to opportunistic infections and malignancies ultimately causing death

t6l

As recognition of the disease spread, HIV was found not to be restricted to just

homosexual men but to injection drug users and hemophiliacs who received blood

transfusions and other blood products. The first report that AIDS may be transmitted

through heterosexual contact showed that in long term monogamous couples the disease

appeared in the female partners of infected men [7]. Eventually, questions as to the

origin of the virus began and initially the Haitian population faced large stigmatization

when it was found in male Haitian immigrants [8]. Later the virus was found in

heterosexual individuals in Zaire, Africa [9, 10]. By 1986, the disease had been

recognized as a new pandemic that was spreading rapidly and had possibly been in Africa

decades earlier but gone unnoticed lII,l2l. Decades later the infection has become

entrenched in the global population and continues to spread unabated.

Recently, the true origin of the HIV pandemic was discovered and traced back to

its original host organism and geographic region using molecular sequencing of the virus.

There are two subtypes of the HIV virus, HIV-1 which is the most predominant and

pathogenic strain, originated from a subspecies of chimpanzee from the southern region



of Cameroon. HIV-1 is subdivided into the pandemic group M (major) and the non-

pandemic group N (non-major) which can be traced back to the simian

immunodef,rciency virus SIVcpz in the Pan troglodytes troglodytes [13]. Over the years

the group M HIV-I has diverged into numerous clades (A to K) and recombinant forms

of the virus [14]. The second subtype of HIV is HIV-2 which is less pathogenic strain of

the virus and in fact may confer a degree of protection against acquiring HIV-1 infection

[15, 16]. This virus is thought to have originated from the SIVsm strain of lentivirus

found in the sooty mangabeys Cercocebus atys [17]. Interestingly, the SIV forms of

virus do not cause an AIDS like syndrome in their natural hosts [18]. It appears that

through evolution both the host and virus have adapted to co-exist through numerous

senetic and viral mechanisms.

HIV today:

Currently the HIV pandemic has killed over 22 million people since its discovery

and infects another 40 million globally. The greatest affected region is sub-Saharan

Africa which accounts for 75o/o of the global infections. Furthermore, this pandemic is

continuing to spread in both highly affected nations within Africa, throughout Asia,

Eastern European nations as well as the Caribbean U9-22| While these hotspots have

been recognized, each nation within those regions is meeting this anticipated pandemic

with different responses. These vary from full political will to confront the epidemic

head on to complete denial. Examples of great success include Brazil whose efforts to

stem the tide of infection early during the epidemic have led to effective control [23].



Unfortunately, in regions where a lack of political will has prevailed, the population

suffers the greatest, for example, in South Africa where 1 in 9 adults are HIV positive [2].

The routes of HIV transmission have now been clearly elucidated. The virus is

found in and transmitted through bodily fluids, such as semen or genital secretions, blood

and breast milk [24]. The vast majority of HIV is transmitted through sexual contact,

where the virus is shed or enters through the genital or rectal mucosal surfaces. HIV can

also be transmitted through direct blood transmission, for example through injection drug

use with contaminated needles or transfusion of tainted blood products. As well, HIV is

transmitted from mother to child either during birth or through breast feeding [25]. Rates

of HIV transmission in each of these situations is dependent on numerous factors which

relate either to the recipients' susceptibility to infection or the donors type and amount of

virus in infected body fluids. In addition, these biological factors are further complicated

by social and economic factors which aide in the dispersion of the virus to the most

vulnerable individuals in a population.

HIV/AIDS in Africa:

HIV has spread through the populations of many of the countries in Africa, hitting

hardest in the sub-Saharan region of Africa which accounts for 70o/o of all global

infections. By the end of 2001, the estimated prevalence of HIV in adults in sub-Saharan

Africa was 8.4%o, at least 4 times higher than in any other region in the world [26]. This

has had an enormous impact. Since 1999,the average life expectancy has gone down in

38 countries where for example,inZambia it is now 34 1271. ln addition, the pandemic



has reduced the economic growth of many countries in sub-Saharan Africa by 2-4Yo each

year [28].

Questions as to why the HIV epidemic has hit this region so hard compared to the

rest of the world remain, however there are a number of factors which have been

described that play a role. For example, the spread of HIV is related to rate of partner

change, sexual mixing among different sexual activity classes, age groups or economic

groups. In addition, biological factors can contribute to the rapid spread of HIV by

increasing the risk of transmission per sexual act. These include male circumcision status,

and concomitant infections which produce ulcerations such as herpes simplex virus-2

(HSV-2), chancroid or syphilis 129-311. Though there are differences in sexual behavior

across cultures, no substantial studies have examined these differences or other risk

factors for HIV infection [32]. However, a comparison to Southeast Asia where countries

such as Thailand that have also suffered from a high HIV prevalence rate has shown a

com.mon thread. The presence of sex-workers and their frequent use by the male

population has contributed significantly to the spread of HIV. These so-called'core

transmitter' groups have had a profound affect on the spread of the HIV epidemic in both

regions. While in sub-Saharan Africa, the targeting of education and prevention methods

to this group was slow to take hold, in Thailand, with strong political backing programs

encouraging consistent condom use were quickly mounted. By 1996,97 Yo of sex

workers in Bangkok, Thailand reported consistent condom use with their clients [33]. In

contrast, by 1997,28%o of sex workers in Yaounde and Ndola and 50Yo in Kisumu had

reported the same [34]. Perhaps the combination of an earlier epidemic start as well as



poor control efforts during the acute phase of the epidemic contributed to the large

disparity in outcomes between these two regions today.

Of particular concern is the impact of HIV infection on women. On average there

are now 13 infected women for every 10 infected men in sub-Saharan Africa and this gap

continues to widen [2]. In particular, young women (ages 15-24) in this region account

for 70o/o of newly acquired infections. Unfortunately, in southern Africa the HIV

prevalence rate among pregnant women (an indicator of the tide of the epidemic)

suggests that27 .9Yo of these women were infected in 2003, up from 25Yo in 2001.

However, in regions such as East Africa, a decline in infection rates has begun in Uganda

and Kenya. The reasons for this decline are not entirely clear. The increased

susceptibility and spread of HIV infection among women in Africa and worldwide is not

simply due to biological factors. It is also a reflection of the social inequalities between

men and women in these societies which leaves women with little power to determine the

fate of their own health and well beins.

The HIV epidemic has also left.12 million orphans in the sub-Saharan region

alone. Aside from the factthat many are HIV positive themselves, with no care givers

they represent a burden to the surviving generation [2]. Grandmothers have become

parents though many are incapable of supporting these children without aid.

Turning the tide on the HIV pandemic:

While the spread of HIV has continued there have been some recent successes

which show signs that prevention strategies and research is beginning to have an affect.

In 1996 combination anti-retroviral therapy with powerful new drugs was introduced as a



strategy to control the virus replication within infected patients [35]. Though initially

very expensive, in the past 3 years the introduction of highly active anti-retroviral therapy

(HAART) to the most affected regions in the developing world has been initiated and

costs have been greatly reduced. The WHO and UNAIDS set a goal to treat3 million

infected individuals in low and middle-income countries by 2005. Though this goal was

not achieved by the target date, efforts continue to scale up treatment with anti-retroviral

drugs [36]. This has proven difficult due to the poorly developed health care

infrastructure in most of these countries. Issues such as drug resistance, monitoring

progress of therapy and adverse drug reactions and poor quality drugs also plague these

efforts. Despite this, a recent study suggests that making the investment in HIV treatment

now rather than later is more cost-effective [37]. Howevet, while treatment to millions of

infected individuals is necessary, it is not sustainable without a continued influx of

money the demand for which will continue to increase with the size of this pandemic. A

long-term solution is needed with either a cure or a vaccine.

There has also been progress in HIV prevention which has begun to take affect in

a handful of nations. Recently, Zimbabwe joined Uganda and Thailand in achieving a

reduction in their HIV prevalence rates through behavior modification [38]. Studies

show the HIV incidence rate has dropped with a change in sexual behavior of young men

and women by delaying the time of sexual debut as well as reducing the number of

partners an individual has. In addition, condom use is now widespread which may also

be playing a role in reducing the spread of HIV in this region, but this is still debated [39].

Finally, a recent randomized control trial on male circumcision has shown a 60Yo

protection in preventing HIV transmission from women to men [40]. Wide spread



implications of this research and the adoption of male circumcision on a large scale

would have a significant impact on the spread of the pandemic. Lastly, there are

currently over 30 microbicide trials which are on going. A push to develop microbicides

which could prevent HIV transmission from men to women is underway and currently

shows greater promise than current vaccine candidates. Despite all progress made, an

effective vaccine to prevent HIV transmission remains our greatest challenge.

The HIV Virus:

HIV is a retrovirus belonging to the family of lentiviruses. Lentiviruses are

characterized by having a capsid containing RNA genome which is further encapsulated

by a lipid envelope. They are found in many animal species and generally cause chronic

type infections with continuous viral replication as well as a long period of latency.

Viral Components:

Structurally, the HIV virus is approximately 100 nm in diameter. It has avkal

envelope derived from the hosts' lipid bi-layer from budding cells and contains a trimeric

complex of glycoproteins. Each subunit of the trimer is composed of a gpl20 external

sequence and a gp41 intemal protein which is anchored within the lipid membrane. This

structure is responsible for viral entry by directly interacting with a CD4 ligand and a

chemokine co-receptor on the surface of a target cell. Gp120 is loosely bound to gp4l

and can be shed from the surface of the virion [a1]. The crystal structure of the

CD4lgpl2} interaction was resolved by Kwong et al (1998) and showed that the gpI20

molecule contained a large cavity for CD4, a conserved region for chemokine receptor

binding and evidence for a conformational change required for the interaction to occur



$2\ Gp120 itself contains a variable V3 loop region which is responsible for interaction

with the chemokine receptor and membrane fusion. It is immunogenic but because of its

variability it is difficult to elicit a conserved neutralizing antibody response to gp120.

Finally, as the virus buds from its host cell it incorporates a number of host proteins, such

as HLA class I and II proteins as well as adhesion proteins, into the viral envelope.

The HIV core is made of p24 (capsid), p16 (matrix) and p9 (nucleocapsid)

structural proteins. Thep24 core antigen forms a capsid which contains 2 copies of the

viral RNA. The capsid also contains all the necessary enzymatic machinery required for

the virus to replicate. This includes a reverse transcriptase, which functions to reverse

transcribe viral RNA into oDNA, as well as degrade the viral RNA template (via a

RNAse H enzyme) in the cytoplasm of the host cell. As this is a unique protein to the

virus not found in the host cells it has been targeted for development of anti-HIV drugs

such as nucleoside or non-nucleoside inhibitors. The reverse transcriptase enzyme is also

very error prone introducing incorrect nucleotides every 1500 to 4000 bases which results

in high mutation rate of the virus when replicating [43]. The second enzyme found

within the capsid is an integrase (p32) which functions to incorporate the transcribed

cDNA into the host cell genome. As this is a unique function of the virus, the integration

process is also atarget of anti-viral therapy. And finally, a ptotease (p1 1) which cleaves

pre-proteins into functional proteins as they are produced and incorporated into newly

formed viral particles. For example, the gag proteins are derived from protease mediated

cleavage of a 53 kDa protein into the p24, pI7 , p9 and p7 components. Protease activity

is necessary for the generation of functional HIV viral particles and can be targeted for

therapeutic intervention as well.

9



The HIV viral particle contains a number of accessory proteins which individually

function to enhance the infection of host cells and viral replication. Early in the viral

replication cycle the accessory proteins nef, tat and rev are produced. Nefhas been

associated with many possible functions including the enhancement of virion infectivity,

down regulating CD4 and MHC class I molecules on the surface of infected cells and

interfering with T cell activation through interaction with signal transduction molecules

144]. Tat and rev are regulatory proteins found in the nucleus whose primary function is

to stimulate transcription of the proviral DNA into virion RNA. Tat specifrcally will bind

to the 5' end at the LTR promoter region of the viral DNA and enhances viral

transcription. Rev binds to RRE (rev responsive elements) in the env gene and aides in

transport of partially spliced RNA to the cytoplasm [45].

The remaining three genes, vpr, vpu and vif are not as well understood but, their

functions are becoming increasingly characteÅzed. Vpr plays an important role in viral

replication within non-dividing cells such as macrophages. It is thought to be important

in the transport of the pre-integration complex to the nucleus 1461. Vpu on the other hand

is important for viral budding and has been shown to interact with the CD4 molecule,

playing a role in its degradation 1471. Finally, the vifprotein has recently been shown to

interact with a host cell inhibitory protein called APOBEC3G (apolipoprotein B mRNA

editing enzyme catalytic polypeptide-like 3G), blocking its inhibitory activity. If

APOBEC3G is permitted to carry out its function, the HIV virus cannot replicate inside

host cells as its viral DNA is degraded as a result of the enzymes function to deaminate

deoxycytidine to deoxyuridine in mRNA or DNA. As well, vfinduces the ubiquitination

of the APOBEC3G enzyme leading to its degradation by the proteasome [a8].

10



Vir al r ep lic øtio n cy c le :

The HIV virus replicates at arate of approximately 10 billion viral particles per

day within the human body [a9]. The stages of the replication cycle can be briefly

summarized as the following: 1) HIV binding and fusion with a target cell,2) infection

and reverse transcription of the RNA genome, 3) integration of the DNA provirus into the

human chromosomal DNA, 4) transcription and assembly and finally 5) budding and

release of the virus.

In the first step, HIV entry is specific to cells expressing the CD4 surface

molecule and a chemokine co-receptor, primarily the CXCR4 or the CCR5 molecules

[50-52]. These molecules are found mainly on a subset of T cells known as T helper cells

(CD4+ T cells) and monocytes such as macrophages. The normal function of the CD4

molecule is to bind to the T cell receptor - MHC class II molecule complex found on the

T cell and antigen presenting cell (APC) respectively. This complex is also surrounded

by adhesion molecules forming an immunological synapse when an APC interacts with a

T helper cell. However, the HIV virus has commandeered this complex using its surface

expressed gpI20 molecule to bind to CD4, initiating the virus cell interaction and

interfering with the normal function of the immune synapse. The binding of CD4 to the

gpl20 trimeric complex induces a conformation change which permits the binding of a

chemokine receptor, thereby drawing the virus into a close interaction with the target cell

[53]. This conformation change also induces the gp41 to insert its N-terminus into the

host target cell membrane causing the virus to fuse with the cell [54].

There are two HIV phenotypes, which correspond to the type of HIV chemokine

co-receptor the virus uses. The R5 type virus uses primarily the CCR5 chemokine co-

11



receptor, which is found mainly on macrophages (as such were previously known as the

M-tropic viruses) 155-571. These viruses grow well in macrophage cultures but not in T

cell cultures. In contrast, the X4 type viral strains use the CXCR4 chemokine receptor

for entry and are found primarily on T cells þreviously referred to as T tropic strains) [58,

59]. The R5 type viruses are thought to be more easily transmitted sexually than the X4

viruses [60]. This is supported by evidence that during the early events after transmission,

the R5 type virus is detected first in the serum of these individuals [61]. In addition, R5

viruses have been shown to cross mucosal epithelial barriers selectively by passing

through primary intestinal epithelial cells which express either the CCR5 or an altemate

receptor for HIV, galactosylceramide (GalCer) but do not express CXCR4 162]. In vitro

studies have shown that R5 viruses replicate more efficiently in co-stimulated CD4+ T

cells than X4 viruses, which exert more of a cytopathic effect on the cells [63]. It has

also been demonstrated that HIV preferentially infects activated T cells, especially

memory or effector T cells rather than naiVe T cells. This may be due in part to the

expression of chemokine receptors on these cells whereby naïve T cells express CXCR4

predominantly while the memory/effector T cells express CCR5 164,651. Why there is a

preference for R5 type viruses early in infection despite the fact that the donor may have

anX4 type virus dominating their infection remains unclear. Either through selective R5

transmission at the mucosal membrane or effective cytokine inhibition of X4 strains,

initial HIV infection seems to be preferentially with a R5 type of virus.

Upon entry into the cell cytoplasm, the HIV capsid uncoats and releases the RNA

genome and viral replication machinery. This is the second step of the replication cycle

during which the viral RNA is reverse transcribed into oDNA in the cytoplasm. The
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resulting proviral DNA is flanked by long-terminal repeats (LTR) regions and is

transported to the nucleus rilhere, in the third step of the replication cycle, it integrates

into the host cell genome. Integration has been shown to occur within genomic 'hotspots'

where the proviral DNA incorporates mainly into active genes, particularly those that are

turned on during HIV infection [66]. From this point, the NFrcB transcription factor

enters the nucleus and binds to the LTR regions of the proviral DNA, facilitating the

active transcription of HIV genes into RNA. Here the proteins coded for by the pol and

gag genes form the viral core components while the env gene forms the gpl60 precursor

protein for the envelope. As these products are formed they move towards the cell

surface where they are cleaved by protease to form the mature viral particle. In the final

stage of the viral replication cycle, the virus buds from the infected cell taking with it

proteins from the host cell membrane and incorporating them into the viral envelope.

With a massive amount of viral particles being produced each day and a very high

mutation rate, the HIV infection within a host is able to escape immune destruction by

producing many quasispecies or genetically similar viruses within the body. These

quasispecies ensure the infection continues within the host, maintaining a viral fitness

level that even allows for the escape against drug intervention and the host immune

response.

The Host of HIV infection:

In the simplest terms, HIV destroys the human immune system, eventually

eradicating the necessary machinery we need to fight off even the simplest infections.

White much has been learned in the past two decades, we are still incapable of reversing
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this affect. The result is those infected, despite therapy, will eventually develop AIDS

and succumb to an opportunistic infection.

Patltogenesis of the disease:

HIV is primarily acquired during sexual contact with an infected partner.

Therefore the initial site at which infection occurs is at a mucosal surface, usually the

genital tract of a male or female individual. Initially HIV enters the body and begins

replicating in susceptible cells. During this acute phase of infection, the virus replicates

exponentially while the body begins to mount an immune response. Remarkably, the

virus itself only has a half life of approxim ately 2 days in infected cells and will survive

in circulation for only 0.3 days 149,671. In most cases, the infected individual remains

relatively asymptomatic during this phase though mild flu like symptoms such as fever

may occur. In addition, the high level of viremia stimulates the immune system's

response to the infection, causing the development and release of large numbers of CD4+

T cells, and increasing the number of replication competent cells available for infection.

Eventually, the antigen specific immune response to HIV gains momentum and is able to

control the viral levels. A viral set-point is reached where a balance is established in the

host with a relatively stable CD4+ T cell count and a systemic viral load. This viral set-

point has been shown to be inversely correlated with disease progression. Individuals

who have a high viral set-point progress to AIDS rapidly whereas individuals with a low

viral set-point progress more slowly [68]. As the infection progresses, the immune

system is in a constant battle to contain the replicating virus which outpaces the immune

response. This phase of the disease lasts from just a short few years in some individuals

to an undefined number of years in others. As well, during this phase most individuals
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remain relatively healthy and asymptomatic. In the final stages however, the body is

unable to keep up with virus replication, steadily losing CD4 T cells while viremia

increases. At this point, individuals progress to AIDS (HIV disease progression is

reviewed in [69]).

There are however exceptions to HIV progression, some individuals termed long

term non-progressors (LTNP) remain healtþ for prolonged periods of time, showing no

sign of developing AIDS. These individuals are defined differently in many studies but

in general have been HIV positive for greater than l0 years, maintainingaCD4 count

over 400 despite being therapy naiVe. In some cases, this phenomenon may be due to

replicative incompetence of the infecting virus [70, 71]. However, in other cases viral

replication is normal and therefore the LTNP phenomenon is most likely due to host

factors. These individuals have important implications for research. Their ability to

maintain an adequate immune response despite long term pressure by the virus means

they are able to effectively control their infection. Understanding the mechanisms that

control infection in these individuals could provide ne\tr avenues of treatment and

possibly lead to a therapeutic vaccine.

In extremely rare instances, individuals have been shown to be resistant to HIV

infection. With the discovery that the CCR5 co-receptor for HIV was required for

infection, it was noted that in the Caucasian population, a higher frequency of individuals

had a frame shift mutation due to a32 base pair deletion in the coding region of the

CCR5 gene, thus rendering the receptor inactive 1721. Individuals who were

heterozygote for this mutation exhibited slower progression to AIDS while those who

were homozygotic for this mutation were resistant to infection [73]. Since the discovery

15



of these individuals, other descriptions of lower susceptibility to infection in discordant

couples, highly exposed but persistently seronegative (HEPS) individuals or HIV-

resistant individuals have been described [74]. These individuals are of utmost interest

for research as understanding their mechanisms of resistance to HIV infection represents

our greatest hope of finding a preventative vaccine against HIV infection.

AIDS andfinøl outcomes:

AIDS is a clinical syndrome defined as a person with HIV infection whose CD4

counts have fallen below 200 per mm3 or who contract known HIV related diseases that

are relatively rare in the general population. These include rare types of cancers such as

Kaposi's sarcoma, cervical cancers and lymphomas. In addition, individuals with AIDS

are susceptible to opportunistic infections such as Pneumocystis carinii pneumonia (PCP)

or cryptosporidiosis. There are 26 clinical diseases which are associated with AIDS and

all are indicators that a persons' HIV disease has progressed to this stage

(http ://www.niaid.nih. gov/factsheets/hivinf.htm).

The Immune Response to HIV:

The complexity of the immune response to HIV has been slowly elucidated

through studies in infected humans, including LTNPs and treated individuals as well as

exposed but uninfected individuals. In addition, we have gained a great deal of

knowledge through studies in animal models of HIV, though to date, effective vaccines

developed in animal models have yet to translate to humans. HIV infection results in

both a humoral immune response as well as an adaptive immune response'
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Cellulør immune responses to HIV:

The immune response to most viral pathogens involves an adaptive cellular

response. This includes a CD4+ T helper cell response which is mediated by MHC class

II presentation of an antigen. This is primarily responsible for secreting cytokines in the

local milieu of the infection to recruit other immune cells, cause proliferation of antigen

specific killer cells, and to eventually halt the immune response when the pathogen is

cleared. T helper cells will establish either a Thl or Th2 cytokine prof,rle in response to

infection depending upon the type of pathogen. In addition, a CD8+ cytotoxic T

lymphocyte (CTL) response is established in response to antigen presentation via MHC

class I molecules and mediates direct killing of infected cells (reviewed in [43]).

In HIV infected individuals, the immune response becomes highly dysregulated.

As the virus attacks immune cells directly, understanding what constitutes an effective

immune response in infected individuals becomes very difficult. It is perhaps here that

animal models have greatly increased our knowledge. During the early stages of

infection in a macaque model of SIV infection, the CD4+ T cells of the gut associated

lymphoid tissue (GALT) become severely depleted [75]. Specif,rcally, resting memory

CD4+ T cells are depletedlT6]. In a similar study, the authors found that activated and

proliferating as well as resting memory CD4+ T cells are infected and lost in the

lymphoid tissues [77]. These findings have since been replicated in humans undergoing

HAART, who show a restoration of CD4+ T cells irrespective of the time of HAART

initiation and more related to viral suppression and immune activation within the gut

tissue [78]. Eventually, as the HIV disease progresses, CD4+ T cell responses are muted

through apoptosis, reduced production andlor redistribution into lymphoid organs [79].
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Interestingly, HIV infected cells can also cause bystander apoptosis in uninfected

immune cells, further accelerating the destruction of the immune system [80].

HIV is also confronted by a CTL response which is specific for HIV antigens.

The increased CTL killing of infected cells is aided by a Thl type cytokine response to

the viral infection. Here T helper cells produce cytokines such as IFNy andIL-2 which

activate a specific CTL response as well as recruit and induce proliferation of HIV-

specific CTLs 143,691. In response to an infection with HIV, HIV specific CTL

responses increase in frequency. This has been shown to correlate with decreased viral

load and replenished CD4+ T cell counts [81, 82]. CD8+ T cells are also capable of

releasing HIV suppressive factors such as cell anti-HIV factor (CAF) and the

B-chemokines [83] [59]. CD8 T cells in HIV infected individuals also appear to be

somewhat dysfunctional showing impaired cytokine secretion or CTL activity through

decreased perforin secretion [84, 85].

As HIV infection progresses within an individual, a decrease in a strong CD4+

mediated Thl type response (IL-2 and IFNy) to the virus is reflected in an eventual shift

to aTh2 type cytokine profile (increasing IL-4 and IL-10) found in infected patients [86].

While mounting a CTL response to HIV does appear to correlate with decreased viral

load and a lack of disease progression, it remains unknown if this response alone is

responsible for control of infection initially and during the latent phase of infection.

Humoral immune responses to HIV:

HIV also elicits a humoral response, stimulating the production of anti-HIV

antibodies by B cells. Though B cells are not infected by the HIV virus their function can

become dysregulated as the disease progresses. The role of antibody Íesponses to HIV

18



during infection is not clear. The majority of antibody studies have focused on their

ability to bind to the envelope protein of HIV, thereby inhibiting either the virus

attachment or virus/cell fusion stages of infection. During the initial infection when peak

viremia is established in the host, an HlV-specific antibody response has not yet

developed therefore initial control of HIV infection is most likely not due to a humoral

response. However, in the chronic stages of infection, HIV elicits antibody development

which can be either functional or in large part, non-functional. Non-functional antibodies

bind the envelope protein but are unable to prevent infection. Functional antibodies are

capable of neutralizing the virus through multiple mechanisms [87]. There are only a few

characteÅzed broadly neutralizing anti-HIV antibodies. In general they are directed

against the HIV env proteins which include IgGbl2 and2GlZ (directed against gpl20)

and IgG 2F5 and4El0 (directed against gp41) [8S]. Evidence for antibody protection in

humans is found in LTNPs who show broadly neutralizing and long-lived antibody

responses to the virus suggesting that these HlV-specific antibodies could play a role in

the control of viremia during chronic infection [89]. Few studies have been performed on

HIV resistant individuals but evidence shows that these individuals have neutralizing IgA

at the genital mucosa which could play arole in protection from infection [90, 91]. In

support of this, a study by Mascola et al examined the protective capacity of multiple

neutralizing antibodies against vaginal challenge in macaques. The results showed

protection only with a broad range of neutralizing antibodies present in the mucosa and

that steady subtraction of each of the passively diffused neutralizing antibodies used in

the protective cocktail resulted in more infections in the test groups of animals [92].
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Studies in animal models have shown that an antibody response to infection does

develop and fuither that vaccinated animals can develop a protective antibody level at the

mucosal level192,93]. Another possible mechanism by which antibodies can act to

control HIV infection is through antibody dependent cell cytotoxicity. Here, antibodies

do not neutralize the virus but instead direct killing of HIV infected cells through

recognition of viral proteins on the cell surface and coordinate killer cells (such as NK

cells) to eliminate the infected cell [87, 94]. Despite the production of protective

antibodies and their association with reduced progression, these antibodies have not been

successfully generated by vaccines and conferred any protection in humans.

The mechanisms of HIV escapefrom the host defense:

HIV has developed a number of unique strategies which enable it to evade the

host's immune response and establish a chronic infection. With the rapid time of

replication and the high genetic mutation rate during the replication of the virus, a

completely new virus is essentially created within the body each day [95]. While most

viruses produced will end up being genetically inferior and/or nonfunctional, some will

be selected by pressures exerted from the immune system to evade host recognition and

thus survive. For example, modification of the viral envelope prevents neutralizing

antibodies from forming and effectively combating HIV entry into cells. In addition,

other mechanisms help an infected cell evade targeted destruction. For example, the HIV

nefprotein has been shown to downregulate CD4 and MHC Class I surface expression in

infected cells thereby preventing these cells from being destroyed by a cytotoxic T cell

response [96]. While normally natural killer (ltIK) cells would destroy cells with reduced

MHC Class I molecules, HIV further evades this by specif,rcally downregulating the
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expression of HLA-A and HLA-B but not that of HLA-C and HLA-E, which are

responsible for triggering inhibitory receptors on NK cells [97]. Perhaps most

importantly however, HIV is capable of establishing latent reservoirs of infected cells.

As HIV preferentially infects activated cells such as memory T cells, it can also infect

cells which are inactive but then does not progress through the replication cycle.

Integration of proviral DNA requires that the cell be activated. Therefore, cells such as

microglial cells of the nervous system and naïve or resting memory CD4+ T cells will

accumulate proviral DNA [98]. Since anti-retroviral therapy is largely predicated on the

active replication cycle of the virus, these latently infected cells aid in escape of HIV

from HAART treatment by remaining unsusceptible to the drugs [99, 100]. As these

latently infected memory T cells are able to survive for almost 4 years in the body, it is

estimated that it would take well over a lifetime of antiretroviral therapy to eradicate the

virus from the body [101].

The Mucosal Immune Responses to HIV:

In sub-Saharan Africa, the primary route of HIV transmission is through

heterosexual intercourse [102]. As such, it follows that the primary site through which

HIV first contacts and enters the body is through the genital tract. Although it remains

unknown as to which form of the virus, be it cell-associated or free-virus (non-cell

associated), is primarily transmitted and establishes infection, the mechanisms by which

the body's host defense systems prevent infection remain largely uncharacterized at the

mucosal level. Mechanisms of HIV-1 transmission at the initial site of infection has

become an important question in recent years [103, 104]. While much of the literature
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regarding HIV/AIDS infection is based on studies performed within the systemic tmmune

system, this does not reflect initial viral-host interactions. Initial exposure to HIV during

sexual transmission is at the genital tract; however, little is known about HIV-1 specific

immune responses at this site [105], in part due to diffrculties in acquiring adequate

samples for immunological studies of the genital tract [106]. Researchers have begun to

appreciate the complexity of the immune environment at this site and the role it plays in

the initial phases of HIV transmission [105]. Understanding the immune response to HIV

at this site and its subsequent dissemination throughout the body would greatly inform

the design of a mucosal based vaccine or aide in the development of a microbicide.

Models of HIV trønsmksion at the mucosøl level:

The risk of HIV transmission per sexual act between heterosexual discordant

couples is 3-50 per 10 000 unprotected exposures [107]. In general, the probability of

transmission per coital act is approximately 0.001 [108]. Given such a low probability of

transmission per sexual act, this suggests that the majority of time, the mucosal barrier is

suff,rcient to protect an individual from infection. However, given the enormous number

of HIV infected people globally, how then could this virus have spread so eff,rciently?

Perhaps the most plausible explanation is that viral transmission is a highly variable

process whereby an individual becomes more susceptible to infection than at other times.

In order to understand this variation and factors which are associated with the increase in

susceptibility to HIV infection, an understanding of how the virus enters the body is

needed. HIV can enter the human body through the genital mucosal barrier by a number

of potential routes, however, no definitive mechanism has been characterized in humans.

The most studied model of transmission is through the female genital mucosal barrier.
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Here it is has been shown that HIV infected lymphocytes or free-viral particles are

deposited into the genital tract by an infected partner. The virus crosses the mucosal

layer and penetrates the epithelial lining of either the vaginal or cervical tissue.

One proposed model of HIV transmission is through dendritic cells. In the genital

tract, dendritic cells (DC's) lie within the subepithelial lining and extend finger like

projections through epithelial cell junctions. DC's are potent antigen presenting cells

which express a surface adhesion molecule known as DC-SIGN. This adhesion molecule

captures and binds HIV particles but does not act as a receptor for infection of the DC.

The captured virus is transported externally on the DC from the subepithelial tissue to

draining lymph nodes. In conjunction with the presentation of the virus on the surface of

the DC, T cells are infected and the transmission of the virus to its target cell is enhanced

[109]. Additionally, in vitro DC's have been shown to be infected and subsequently able

to preferentially infect memory CD4+ T cells, the cell type shown in cervical organ ex-

plant cultures to be infected initially [110, 111]. DC's have been shown to play a major

role in transmission of HIV virus both in the female and male genital tract and are a

major cell type found in the subepithelial tissue Lllzl. In addition, the lamina propria of

the mucosal tissue contains macrophages and resting T cells which are susceptible targets

for viral infection. Thus in establishing infection the virus is able to cross the epithelial

barrier and either productively infects resident immune cells or is transported by DCs to

lymph nodes where alarger pool of susceptible cells are infected and then disseminated

throughout the body.

A second method of HIV entry through the mucosal barrier suggests that the

cellular composition of the epithelial barrier itself plays an important role in HIV
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transmission. HIV has been shown to cross the epithelial cells through transcytosis of the

cells [113]. In addition, in the intestinal epithelium, specialized cells called microfold

cells (M cells) found within the epithelial cell layer are able to endogenously transfer

proteins from the apical to the basal side of the cell [114]. This mechanism could also

transfer virus particles directly through the cell. However, in the vaginal tract, the

epithelium is largely composed of stratified squamous epithelial cells and does not

contain M cells. Cervical tissue has a uniquely structured epithelium composed largely

of columnar epithelial cells and is subject to weakening, lesions or ulceration through

hormonal changes, ageing or concurrent infections. Such disruptions of the epithelial

barrier represent another potential portal of entry for the virus. Whether epithelial cells

themselves can be productively infected with the virus remains controversial but a

possible mechanism of viral entry into the body [115, 116]. Finally, epithelial cells can

also act to selectively transfer CCR5 type viruses across the barrier possibly explaining

the selective transfer of R5 viruses seen early in infection [62]. How this occurs is not

known as studies have demonstrated that epithelial cells from the genital tract express

both CXCR4 and CCR5 HIV co-receptors [117, 118].

There are still some questions which remain about the early events in HIV

transmission. The importance of free-virus compared to lymphocl.te associated virus in

transmission is unknown. In addition, many of the studies outlined above have only been

performed in vitro, so the actual events that happen in humans in vivo remain unknown.

There are likely a number of factors which play an important role in the transmission of

the virus in vivo and multiple mechanisms acting in concert may account for infection.

The genital mucosa is fuither complicated by the presence of a microflora which
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influences the susceptibility to infection. High levels of lactobacillus organisms

contribute to a lower pH in the genital tract (through production of hydrogen peroxide)

and reduce the susceptibility to infection. However, there are a number of mechanisms

which could increase the susceptibility to infection as well.

Inc r e as ing s us c ep tib ility to infectio n :

There is strong evidence now that certain factors such as menstrual cycle,

concurrent STI's and other inflammatory conditions can greatly increase the risk of

infection. While an intact mucosa is thought to protect from infection, disruption of this

barrier either through ulceration caused by STI's (i.e. HSV infection), degradation from

chemicals or detergents (i.e. nonoxyl-9, dry-sex, douching practices), or through natural

changes influenced by hormones (i.e. menstrual cycle thinning of the epithelium through

progesterone increase) will lead to increased susceptibility to infection. In addition,

cervical ectopy which is a naturally occurring change during ageing, and bacterial

vaginosis which is a common pathology that affects the female genital mucosal barrier,

both lead to higher risk of infection by HIV [119]. In the male genital tract, specifically

the foreskin, alarge number of CD4+ T cells and langerhan DCs are found and act as

transmitters of the virus [112]. Removal of this tissue during circumcision greatly

reduces the transmission of virus to men. The immune activation state at the tissue level

therefore may also play a role in transmission. Higher levels of immune cells and their

receptor expression can increase the likelihood ofan infection occurring and

subsequently spreading throughout the body [120].
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Innate immuneføctors whiclt protect agøinst infection:

The genital mucosa is not a sterile site. The mucosal barrier of the genital tract is

responsible for protecting the body from invasion of organisms including pathogens and

those of the normal host's microflora. Therefore, the innate immune system contains

numerous factors which are capable of preventing infection or controlling the growth of

the microflora. A handful of mucosal innate immune factors have been discovered that

can specifically prevent or combat HIV infection. For example small cationic proteins

called defensins are secreted by epithelial cells and have been shown to inhibit HIV

infection in vitro. The cr-defensins as well as the B-defensins 1, 2 and 3 have been shown

to inhibit HIV replication early within the viral life cycle II2I-T231. Additional factors

have been identified as important in protection against HIV at the genital mucosa.

Another inhibitor of HIV infection is the Type I (IFN o/B) and Type II (IFNy) interferons.

These cytokines play apivotal role in the T cell mediated responses involved in killing

infected cells [119,124]. As well, the antileukoprotease inhibitor SLP-I which was f,rrst

isolated from saliva, has been shown to be an inhibitor of macrophage type HIV

infections U25,1261. Though SLP-I affects R5 viruses primarily, the mechanism of

action for this selective inhibition is not known.

Some innate immune mediators appear to have selective ability to inhibit different

strains of HIV based on their co-receptor usage. The chemokine SDF-1 (CXCL12) is

found within the subepithelial layer of the cervix and is able to selectively inhibit X4 type

viruses from infecting susceptible cells by out competing for the CXCR4 HIV co-

receptor lI27l. In contrast, the B-chemokines, specifically MIP-1c¿, MIP-1Þ attd

RANTES are all ligands for the CCR5 receptor and can prevent HIV infection of R5 type
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viruses. In conjunction with the strong correlation to resistance to infection displayed by

individuals with the ð32 deletion in the CCR5 gene, researchers have begun to exploit

this particular avenue of infection to develop new treatments and an affective microbicide.

Most recently, the PSC-RANTES analogue was tested in macaques and demonstrated

effective protection against infection [i28]. When used in combination with 2 other

compounds (cd52L and BMS-378806), CMPDl67, another CCR5 based inhibitor, was

used as microbicide and provided protection up to 6 hours before challenge with a SHIV

strain of virus U291. The use of natural inhibitors of HIV has already begun to contribute

to the development of novel treatment options.

The phenomena of HlV-resistance:

HIV resistance has been studied in different contexts within humans. Initial

reports first described the phenomenon of exposed yet uninfected individuals. These

included cases of accidental exposure in labworkers or infants exposed in utero but

remained uninfected [130, 131]. Both the infants and partners of infected individuals

who were exposed but remained uninfected showed CTL responses to HIV [132].

Though limited to epidemiological estimates of exposure, a clear biological picture of

HIV resistance did not emerse until the identification of HlV-resistant individuals with a

CCR5 mutation in a group of high risk individuals 1721. The mutation which rendered

the CCR5 co-receptor for HIV infection useless to an infecting virus gave a biological

basis for resistance to infection. Studies of this mutation have been conducted in other

high risk groups such as commercial sex workers but its presence only explains a portion

of the resistant phenotype. The definition of HlV-resistant individuals in studies varies
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widely and does not include just sex workers but also HIV discordant couples. However,

discordant couples are not subject to the same amount of exposure compared to other

high risk groups. In addition, the uninfected partners are only exposed to one type of

virus as opposed to multiple HIV viruses.

HIV resistance has been linked to innate immune responses such as chemokine

receptor mutations like the afore mentioned CCR5delta 32 deletion as well as an SDF-1

3' UTR mutation. However, no differences to date have shown a difference in B-

chemokine expression itself except in the serum of discordant couples 17 4]. There have

also been associations with HLA haplotypes including HLA-B18, HLA-A216802, HLA-

DRBi *01 and HLA-411 [91, 133,1341.

Adaptive immune responses such as CTL responses to HlV-specific antigens have

also been associated with HIV resistance in Thai, Gambian and Kenyan sex worker

cohorts [134-136]. Here, responses to HIV peptides have been characterized both in

blood and at the genital mucosal level. As well, T helper cells show production of IL-2

after stimulation with HIV peptides [137]. Finally, HIV specific antibodies have been

associated with HlV-resistance as well. This includes gp160-specific IgA found in the

cervical lavage (CVL) samples of Thai subjects [91].

In one of the oldest sex-worker cohorts in the world, the HlV-resistant women of

the Pumwani cohort have been well characterized for correlates of protection. These

include the presence of CTL specific response to HIV in both the blood and genital tract

[138]. As well, HlV-specific IgA has been found in the cervical secretions of these

women and further, this IgA has been shown to neutralize HIV in vitro 1137,1391.

Finally, genetic associations such as the HLA-A2|6802 supertype have been associated
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with protection [133]. However, HlV-resistance is not an absolute phenomenon and can

sometimes wane in the absence of repeated exposure to the virus through continued sex-

work [140]. While HlV-resistance continues to be the main focus of study within the

cohort, no one factor has yet to be identified which entirely explains this phenotype.

Impetus for this thesis and hypothesis:

Continuing on the work previously characterizing HlV-specific mucosal

responses in the genital tract of the HlV-resistant women, the crux of this thesis entails

the development of improved sampling techniques for mucosal immunology studies and

further characterization of the phenotype of HlV-resistant women at the mucosal level.

We hypothesized thøt the genitøl trøct immune system of HlV-resistønt women has a

uniqae phenotype which helps to confer protectionfrom infection despife repeøted

exposure to HIV. To address this hypothesis the following major objectives were

developed:

genital tract such that it could be applied in a clinical setting in the

Pumwani slum of Nairobi

HlV-resistant phenotype

system in humans by characterizingthe proteome of the genital secretions

from HlV-resistant individuals

29



resistance

This thesis is organized into three parts. The first part outlines the optimization of

new genital tract sampling techniques which further enable immune studies of cells and

innate immune factors. Further, the application and results of these studies in the HIV-

resistant women are shown and discussed. The second part of this thesis will introduce a

novel approach to the study of HlV-resistance both in the serum and genital tract. New

protocols were developed and optimized for the charucteization of HlV-resistant serum

and cervical secretions and the search for 'markers' of resistance. Finally, in the third part

of this thesis, the discovery and characterization of a new inhibitor of HIV found within

the genital mucosa of these women and highly associated with HlV-resistance is

described.
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CHAPTER 2: Methods & Materials

Study Populations:

Women were enrolled for various studies at three separate sites. Initial studies

and optimization of sample collection was performed at the University of Manitoba. A

collaboration was established with a colposcopy specialist who then aided in the

optimization of cervical sample collection. These methods were then applied in the study

site of the Pumwani sex worker cohort and the Maternal to Child transmission cohort bv

physicians in Nairobi. A summary of the ernolment criteria are listed below:

Manitoba Colposcopv Clinic:

Women were enrolled from the Colposcopy Unit at the V/innipeg Health Sciences

Women's Clinic in collaboration with Dr. Femando Guihon. Women were recruited

during their clinical visit to the colposcopy specialist however, were excluded if they did

not meet the following criteria. They must be over the age of 18, not actively

menstruating, not pregnant and sample collection would not interfere with any treatment

or diagnostic procedure for which they were being seen. All patients were enrolled

blinded to the researcher according to the ethics guidelines approved by the University of

Manitoba Health Research Ethics Board. A copy of the study design and consent form is

included in the Appendix.

Pumwani Sex Worker cohort:

The Pumwani cohort is composed of commercial sex workers located in the

Pumwani district of Nairobi. This open cohort was f,rrst established in 1985 to study the

immunobiology of sexually transmitted diseases including HIV. Since its inception there
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have been over 2200 enrollees, of which approximately 800 individuals are in active

follow-up. Biannually, the enrollees in the cohort are recalled to participate in a resurvey

during which biological samples such as serum and peripheral blood mononuclear cell

(PBMC) samples are taken as well as a detailed patient history. A resurvey form is filled

out which chronicles the sexual practices of these women. Specimens are obtained for

testing for STI's, HIV testing and CD4 counts. Additional samples are obtained for

special studies. Women receive free medical care for all ailments as well as counseling

on safe sex, condom use and other support. At the time of this study, antiretroviral

therapy was not available.

During the course of the studies outlined in this project, a new protocol was

established for collecting mucosal samples from these women during the biannual

resurveys which has now become a regular component of the resurvey. The studies

carried out have separated these women into three study groups based on their HIV status

and duration of prostitution (active follow-up). Of primary interest is the HlV-resistant

study group which was first defined by Fowke et al (1996) [141]. These women have

been followed for greater than 3 years and remain HlV-negative by both serolo gy and

PCR, are clinically healthy showing no signs of HIV infection and are active sex workers

U411. The second group is the HlV-uninfected individuals who are HlV-negative by

serology but have not been enrolled in the cohort long enough to be considered HIV-

resistant. These women tend to be new enrollees in the cohort though their age and

reported duration of prostitution prior to enrollment varied widely. Finally, the last study

group of HlV-infected individuals comprises the largest number of women in the cohort.

Their disease progression varies as well, with some who have progressed to AIDS while
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others remain healthy such as the long-tenn non-progressors (LTNP) or long-term-

survivors (LTS).

All women enrolled in the studies outlined in this thesis were above 18 years of

age, were not actively menstruating and were not pregnant. Informed consent for their

participation in mucosal studies was obtained by a clinic nurse. Ethics approval for these

studies from the Universitv of Nairobi as well as the University of Manitoba was

obtained.

Mother to Child Transmission Cohort:

The mother to child transmission cohort was established at the Pumwani matemal

hospital to study the transmission of HIV from infected mothers to their children. The

women who attend this clinic are from the same socio-economic class as those who

attend the Pumwani Sex worker clinic however, they are not at high risk for HIV

acquisition. During the course of this thesis, some samples were obtained through this

cohort to serve as low-risk controls for both HIV uninfected and HIV infected individuals.

C ervical S amp le C o llection :

Previous studies of mucosal immune responses in humans have been impeded by

low recovery of cells [105, 140]. A collection method that was ideal for resource poor

clinical settings was established. This procedure maximized cellular recovery and

minimized blood contamination. All samples were obtained by physician; the physician

was blinded to the HIV status of the patient to avoid potential bias. Initially, cervical

lavages were collected were taken for studies in Part I of the thesis by a Weck-cel

surgical spears (Medtronic, Jacksonville, USA). Briefly, 2 or 3 V/eck-cels are taken of
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the cervix and upper vaginal fornix region by placing the sponge on the tissue surface and

allowing absorption of mucosal fluid for 30-45sec. For the latter studies in Part II and III

of this thesis and for subsequent re-surveys, collection of CVL samples was switched to a

new protocol by performing a2 mL lavage of the ectocervix using 1X sterile PBS. A

transfer pipette was th en used to collect the lavage fluid from the posterior fornix.

Cervical mononuclear cells were obtained using a combination of a cytobrush and

scrapings. The cytobrush was inserted into the cervical os and rotated 360 degrees

quickly. The ectocervix was then scraped with a plastic cervical scraper and both the

cytobrush and cervical scraper were placed in a 50 mL conical tube with 10 mL of sterile

PBS. Samples were kept in a cooler at 40C for transport back to the laboratory and were

processed within 4 hours of collection.

CVL processing and cervicøl mononucleør cell (CMC) Isolation:

Upon receipt at the University of Nairobi laboratory, samples were recorded in a

log book for tracking purposes. For the cervical secretions, the Weck-Cels were visually

assessed for blood contamination and rated using an incremental scale (from + to +++).

The V/eck-Cels were frozen at -700C immediately for shipment to the University of

Manitoba. For the CVL biomarker study, cervical lavages were briefly vortexed then

aliquoted into 1 mL microfuge tubes and frozen at -700C.

CMC's were collected by both a cervical scraper and endocervical cytobrush in a

50 mL conical tube and transported in 10 mL lX PBS. Cervical samples were visually

assessed for level of blood contamination (assigned a value visually from none f6 f, *f,

+++). Samples with gross blood contamination (+++) were excluded from analysis. The
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conical tube was then vortexed for 10 seconds to loosen cell aggregates and using sterile

forceps, the cytobrush and cervical scraper were discarded. CMC's were isolated from

other cells such as epithelial cells or neutrophils by a modified Ficol-Hypaque density

centrifugation. Briefly, in a 15mL Falcon tube, 4 mL of Ficol was added then the cellular

solution was layered on top very slowly. The tube was then centrifuged at 1350 rpm for

25 minutes at room temperature with the brake off. After this, the leukocyte containing

monolayer was transferred to a fresh 14 mL Falcon tube then topped up to 12 mL with

lX PBS and inverted 3 times to wash the cells. The tube was then centrifuged for 10

minutes at 1600 rpm. The supernatant was then poured off and the cell pellet was

resuspended in 1 mL of lX PBS with 1% BSA. Cells were counted using a

hemocytometer. The remaining epithelial cells (bottom pellet of the ficol separation),

was transferred to a 1.5 mL microfuge tube using a transfer pipet, washed with lX PBS

and centrifuged at 1500 rpm for 10 minutes. The supernatant was then poured off and the

pellet frozen at -700C for transport and storage at the University of Manitoba.

úl/ec k-Cel Process ing fo r Cyto kines and Chemo kines :

Samples were thawed on ice on the day of the experiment and processed to elute

solutes from the Weck-Cel sponge using a modified protocol from Rohan et al (2000)

lI42l. The sponges were equilibrated in 300 uL Extraction Buffer (lX PBS, aprotinin

100ug/ml., 0.1% sodium azide and 0.25 M NaCl). The secretions were then separated

from the sponge using a Spin-X centrifuge filter unit (Costar) by centrifugation at 16 000

g for 15 min at40C. The sponge was then equilibrated in another 300 uL of extraction

buffer and the centrifugation step repeated. The extract was kept on ice until used.
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S urføce Støining for Flow Cytometry :

Systemic levels of CD4 and CD8 T cell counts are measured as part of the regular

diagnostic procedures during the resurvey performed by the University of Nairobi clinical

diagnostic staff. Blood was collected for HIV serology and lymphoclte counts using a

Coulter counter (Beckman). CD4/CD8 lymphocyte counts were assessed by FACS as

described [138].

CMCs were stained for flow cytometry analysis of surface markers. CMCs were

aliquoted in 12 x 75 mm FACS tubes and washed in lX PBS with 2%FCS and0.IYo

azide. The cells are pelleted by centrifugation (1700 rpm for 10 minutes at 40C¡ and the

supernatant poured off and the pellet spot dried. The CMCs were then blocked with 10

uL of human gamma-globulin (lmg/ml) on ice for 10 minutes. Cells were then stained

with anti-CD3, CD4, CD8 and CXCR4 and CCR5 antibodies (as well as the appropriate

isotype controls) for 30 minutes at 40C in the dark. After the incubation, cells were

washed with ice cold PBS+2%FCS and0.1,o/o azide, centrifuged as before and

resuspended in 3 60 uL of PB S +zyo F CS and 0.0 1 % azide and 40 tL I0%;o

paraformaldehyde (gives IYo final concentration of paraformaldehyde). All samples were

kept at 4oC in the dark overnight. Data was acquired the following day using a Becton

Dickinson FACS flow cytometer (Becton Dickinson Immunocytometry Systems, San

Jose, California, USA) and analysis was performed using CellQuest Pro Version 4.0

software.
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Chemiluminescent Detectíon of Cytokines and Chemokines:

Enzyme-linked immunosorbent assays (ELISAs) for human IL-2,IL-I}, IL-13,

MIP-14, MIP-1Þ and RANTES were performed using procedures previously described

by Lewkowich et. al. (2001) [143]. Recombinant interleukin (IL)-2, IL-10, IL-13,

macrophage inflammatory protein (MIP)-lø (CCL3), MIP-I8 (CCL4) and RANTES

(CCL5) were supplied by PeproTech Canadalnc. Additional reagents were purchased

from Gibco BRL Laboratories.

Briefly, plates were coated with appropriate capture antibody and incubated

overnight at 40C. The next day, the plates were blocked with 0.17% BSA/PBS at370C

for 2 hours. Plates were washed 4 times with0.5%o Tween 2OIPBS and samples were

added then incubated overnight at 40C. The plates were washed and a biotinylated

detector antibody was added and incubated at 40C overnight. Plates were developed

using a 0.4 mM disodium 3-(4-methoxyspiroIi,2-dioxetane-3,2'-(5'-chloro)-tri-

cycto[3.3.1.13'71decan-4-yl)phenyl phosphate (CSPD) solution (Tropix, Bedford, Maine,

USA) in a i mM MgCl2, 0.1 M DEA, pH 9.5 substrate buffer. Saphire II (Tropix,

Bedford, Maine, USA) was added to increase the intensity of the chemiluminescent

reaction at a I:10 dilution. Plates were read after 20 minutes on a Microlumat Plus

microplate luminometer (EG&G Berthold, Gaithersburg, Maryland, USA). Any sample

value below the detectable range of the assay was assigned a value of half below the

lowest sensitivity for the purposes of analysis.
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Sltort-Term Culture of CMC ønd Antigen Stimuløtion:

Ficol separated CMCs were washed as described above then resuspended in warm

AIM-V media (Gibco). CMCs were counted by hemocytometer then plated in 96 well

round bottom plates for culture at200 000 cells/well. Cells were incubated overnight at

370C,5Yo C}zthen stimulated the next moming with either PHA (2 ug/ml), Candida (10

ug/ml-) or gpl20 (2.5 uglmL). Cultures weïe grown for 48 hours at 3J0C, 5Yo COz and

suoernatants were harvested and stored at -800C.

Serum SELDI-TOF Protocol (Serum Fractionation Kit):

Serum samples were collected and stored at -800C. In order to reduce the

complexity of the serum samples and increase the resolution of low abundance proteins,

the serum was fractionated based on binding to an anionic exchange sorbent and serial

elution by pH. Briefly, 100 uL of serum was added to a single well containing Q Hyper

D exchange beads in a 96 well plate format. Proteins bound to the sorbent were then

eluted using a wash buffer with increasing pH gradient (50mM Tris-HCl, pH 4-9) and

vacuum filtration into 96 well collection plates. Serum fractionation was performed

according to the manufacturer's instructions.

The fractionated serum was loaded onto CM10 protein chip arrays. The CMl0

alray was pre-washed with a binding buffer (50mM sodium acetate,pH 4,0.1% triton)

for 5 minutes shaking on a micromix plate shaker and repeated. The fractionated samples

were loaded at20 uL sample with 180 uL binding buffer then sealed and incubated

shaking for 30 minutes. After, the samples were dumped and each chip was washed with

binding buffer without triton X (50mM sodium acetate,pH 4) by incubating on a shaker

38



for 5 minutes, dumping and repeating. The chips were washed once briefly with ddHzO

then allowed to air dry. Finally, 1 uL of an energy absorbing matrix was applied to each

chip spot (50% SPA in 0.5% TFA, 50Yo acetonitrile solution) allowed to dry and then

repeated once more. The protein chips were then kept in the dark until read. Samples

were acquired on a PBS IIC SELDI-TOF MS and univariate analysis for biomarkers was

carried out usins the Biomarker'Wizard Software v3.1.

CVL SELDI-TO F protocol:

Assay optimization showed that the CMl0 ProteinChip Array (cation exchanger)

bound the greatest diversity of proteins from genital tract secretions and was chosen for

subsequent analysis. Samples were thawed, mixed by vortexing then pelleted by

centrifugation at 14 000 rpm for 2 minutes to remove any debris and kept on ice to limit

protein degradation. Protein concentrations of each CVL sample were equalized to 50

uglmL by quantifying the samples using a Bradford reagent based Protein Assay Kit

(Bio-Rad) then diluting with 1X PBS. The equalized CVL samples were then aliquoted

and stored at -800C until ready for testing by mass spectrometry.

On the day that the equalized protein samples were to be analyzed each aliquot

was thawed and kept on ice. The CM10 proteinchip was predetermined to be the best

surface to analyze our samples on. Briefly, the CMl0 array \ryas pre-washed with a

binding buffer (50mM sodium acetate, pH 4, 0.1%o triton) then samples were loaded to a

final concentration of 2 ug of protein per spot in the binding buffer. Here we added 40

uL of the equalized protein CVL sample to 260 uL of binding buffer. The loaded

proteinchips were incubated on a microplate shaker at room temperature for t hour and
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then washed with a wash buffer (50mM sodium acetate,pH 4) and HPLC grade water.

The spots were allowed to dry and then an energy absorbing matrix (EAM) of 50Yo

sinapinic acid (in 0.5%TFN50o/o acetonitrile) was applied. Samples were acquired on a

PBS IIC SELDI-TOF MS under written protein chip and spot protocols developed for

this assay. Each sample was acquired under a low and high energy setting to capture both

small (<20 kDa) and large proteins (>20 kDa) respectively. Univariate analysis for

biomarkers was carried out usins the Biomarker Wizard Software v3.1.

Tøndem Møss Spectrometry (MS) Sequence ID for a 6 kDct HlV-resístance biomurker:

Univariate analysis of the CVL samples collected from HlV-resistant, HIV-

uninfected and HlV-infected individuals yielded a highly elevated biomarker of HIV-

resistance that was 6 kDa in size. To determine the identity of this protein it must first be

purified from the CVL samples and then sequenced by tandem MS. Purification of the 6

kDa biomarker of HlV-resistance from CVL samples \ilas accomplished by anion

exchange chromatography (flow-through) using biospin disposable chromatography

columns (Bio-Rad) where the pooled CVL samples of high and low expressing 6 kDa

protein was bound to individual columns and serially eluted using a wash buffer (50 mM

Tris-HCl, pH7,5,4,3 and organic phase). Using the SELDI-TOF mass spectrometer

each elution fraction was analyzed on an NP20 chip which showed the protein was found

in the flow-through fraction of the anionic exchange purification. Therefore, a second

purification step was added using reverse phase chromatography during which the flow-

through fraction from the anionic exchange chromatography step was bound to reverse

phase beads and eluted with increasing amounts of organic solvent (actetonitrile 5Yo,I0o/o,
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20o/o,30yo, 4\Yo,and 50%). The 6 kDa protein was found in the 30Yo acetonitrile,0.lyo

trifluoroacetic acid fraction by mass spectrometry. The enriched preparation was reduced

with 5mM dithiothreitol, alkylated with 50 mM iodoacetamide and resolved by SDS-

PAGE using a I6Yo tricine pre-cast gel (Invitrogen). The 6 kDa gel-purified protein was

digested with trypsin and unique fragments analyzed by tandem MS. Ions were

fragmented by collision induced dissociation (CID) and the MS/MS spectrum was

submitted to Mascot search tool for identification (http://www.matrix-science.con4.

ELISAfioT Trappin-2 and SLP-I:

ELISA's were carried out using atrappin-2 detection kit for the 9.9 kDa form of

the protein (HyCult Biotechnology) as well as for SLPI (RnD Systems) as per

manufacturer's instructions. An in-house ELISA was established for measurement of the

6 and 9.9 kDa forms of trappin-2. Briefly, 96 well plates were coated ovemight with a

polyclonal antibody for trappin-2 at2 ug/ml (RnD Systems), blocked for one hour with

0.I7%BSA/PBS, then washed and incubated with CVL samples for 90 minutes at37oC.

Plates were washed and a TRAB2F monoclonal detection antibody was added at0.25

ug/ml (HyCult Biotechnology) then incubated for 90 minutes at37oC. Finally, the

plates were washed and a secondary alkaline-phosphatase IgG mouse antibody (Sigma)

was added. Plates were developed using a colorometric assay and read on an ELISA

plate reader at 410nm.

Statisticøl Analysis for Biomarker Dßcovery:

Statistical analysis of mass spectrometry data to identify biomarkers was

performed using the Ciphergen Biomarker Wizard Software v3.1 as part of the
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biomarker discovery platform. Confirmation of the differences between trappin-2levels

by ELISA was performed using Mann Whitney U tests. Though a total of 579 CYL

samples were assayed for, some samples came from individuals over multiple time

points during the 2 year course of sample collection. The mass spectrometry data

presented was analyzed for biomarker discovery in three separate ways. First, by

treating each CVL sample individually (shown in figure 24), secondly, by taking a single

random sample from each individual at a time point and thirdly, by using the aggregate

mean intensity per individual. All statistical differences between the study groups

remained the same in each approach to analysis. For the ELISA confirmation of trappin-

2 levels, the data was analyzed by taking the mean level of trappin-2 for all samples

within each individual (the aggregate values are presented in f,rgure 26). It should be

noted that over multiple time points, CVL levels of trappin-2 for each individual

remained relatively constant. Comparison between the mass spectrometry intensity

values and ELISA data for trappin-2levels was done by Pearson's Correlation test and

confounding variables were analyzedby multivariate regression analysis using SPSS for

Windows vl1.0.

H I V In ltib itio n Exp er ime nts :

To test the ability of trappin-2 to inhibit HIV infection in vitro we employed two

viral inhibition culture systems. Studies were performed against HIV lab adapted and

viral isolates in a PBMC infection system to determine trappin-2's ability to inhibit a

variety of HIV strains. In addition, studies were performed in an artificial T cell line

(MT4 cells) against lab adapted strains of HIV to determine its potency.
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PBMC infections

Human PBMCs were collected from anonymous volunteer donors and viral stocks

were titred for growth within those individuals to determine the appropriate concentration

to infect cells with during the experiment. Briefly, blood was collected in vacuum tubes

containing heparin. The blood was transferred to 50 mL tubes, centrifuged to remove the

plasma then diluted with 1 X PBS. The diluted blood was layered slowly onto 15 mL

Ficol- hypaque and centrifuged for 25 minutes at 1600 rpm. A monolayer of

lymphocl'tes was recovered by transfer pipette and in a new conical tube, resuspended in

RPMI media to wash the cells. The cells were pelleted by centrifugation at 1500 rpm for

10 minutes then resuspended in the appropriate volume of media for culturing.

PBMCs were first cultured for 3 days in RPMI media (supplemented with 10%

FCS, 100 U/mL penicillin, 100 ug/ml streptomycin) with 20 uglmL PHA. Cells were

then plated atZX 10s cells/well in a 96 well round bottom plate and pre-treated with

trappin-2 as outlined in the individual experiments. Cells were subsequently infected

with the HIV viral strains at 100 X TCIDso for 2 hour at370C. After infection, cells were

washed with 1X PBS twice then resuspended in media supplemented with IL-z (20 U/mL)

and culture d at 370C, 5Yo COz. Supernatants were collected at the designated days after

infection and assayed for viral growth by p24 ELISA while cells were stained with trypan

blue for measurement of cell death.

p24 ELISA

96 well NTlNC-maxisorb ELISA plates were coated with monoclonal anti- HIV-I

p24 arfübody (2 uglmL) and incubated for 3 hours at370C (or over night at 40C¡. the

buffer was removed and then the plates were stored at -700C until ready for use. On the
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day of use, the plates were thawed and blocked for t hour with 1X PBS,2yo goat serum

and then washed 3 times with water. Samples were treated with IYo triton-X 100 then

transferred to the ELISA plate and incubated for 3 hours at370C. Plates were washed

1 0X with Amplicor wash buffer and a rabbit polyclonal anti-p24 antibody (1 :10 000

dilution) was added and incubated for 2 hours at370C. Plates were washed as before then

a biotin anti-rabbit antibody was added (l:28 750 dilution) and incubated for 90 minutes

at370C. Plates were washed as before and developed using a strepavidin-alkaline-

phosphatase reaction, then read at 405nm on an ELISA plate reader.

MT4 infections

The human T-lymphoid MT4 cell line was maintained in RPMI-1640 medium

supplemented with I}Yo fetal calf serum (FCS) and IYo penicillin and streptomycin. The

HIV-1 positive human serum 162 and anti-HlVp24 monoclonal antibody used in this

study were previously described ll44l.3'-Azido-3'deoxythymidine (AZT) was obtained

from Sigma Inc. The HIV-I provirus plasmid pHxBc2 was used in this study [145].

To determine the inhibitor effect of trappin-2, different concentrations of trappin-

2 (1 or 5ug/ml) were first incubated with MT4 cells for t hour. Then equivalent amounts

of virus (0.02cpm/cell) were incubated with cells in the presence or absence of trappin-2

for 2 hours. Infected cells were washed and cultured in the absence or presence of the

same concentration of trappin-2. As a control, 10uM of AZT was used. At different

time points, viral production in supematants was evaluated by RT activity as previously

described by Yao et al 1146l.

To analyze virion production and virus composition in the presence and absence

of trappin-2, atthe fifth day of infection, supernatants were collected, lysed with zuPA
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lysis buffer. Virion associated proteins in the supematants were immunoprecipitated

with human anti-HIV serum. Then, immunoprecipitants were run onto I2o/o SDS-PAGE

andanalyzed by Westem blot with anti-p24 monoclonal antibody. Meanwhile, the same

amounts of cells (2x106) were lysed by RIPA buffer and directly run to SDS-PAGE for

virus detection with anti-p24 antibody.

CBA Flex-set on LSR-II:

To determine if trappin-2 was able to induce an antiviral response the

supernatants of cells treated with trappin-2 was collected and tested for cytokine or

chemokine production. Cell supernatants of trappin-2 stimulated PBMCs, MT4 cells or

HeLa cells were assayed for cytokine and chemokine production using the cytometric

bead assay flex-set system from Becton Dickinson Biosciences. Supematants were tested

forIL-2,IL-6, IL-10, IFNy, TNFo and RANTES following the kit protocol. Samples

were acquired on an LSR-II 9 color flow cytometer then analyzed with FCAP anay

software from BD Biosciences.

Gene Microørray Anølysß of Trappin-2 Stimulated MT4 Cells:

MT4 cells were grown in RPMI (10% FCS) in T75 flasks then harvested and

resuspended in round bottom culture tubes with 10 million cells per tube. Cells were

stimulated with media alone or trappin-2 (5 ug/ml-) for 2 hours at370C,5%o COz. After

incubation, cells were centrifuged and the supernatants collected and stored at -100C.

The cells were harvested for RNA collection by RNeasy purification kit (Qiagen) and

quantified on the Agilent 2100 Bioanalyzer, each performed according to manufacturer's
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protocols. Subsequently, the RNA was sent to the University Health Networks

Affymetrix Service (Toronto, Canada) for analysis of gene expression.
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Part I: Characterization of the Female Genital Tract in HlV-resistant women

In the Pumwani cohort, previous pilot studies of mucosal immunology were

carried out by Dr. Rupert Kaul. Both cell mediated immune response as well as the

antibody mediated responses to HIV in the cervical mucosa of HlV-resistant women were

characferized. These studies showed that HlV-specific responses in cervical cells were

i0 fold stronger than those found in the corresponding systemic compartment of the same

individual [ 3 8]. As well, HlV-resistant individuals were found to recognize different

epitopes of env, pol and gagwhen compared to HlV-infected individuals [138]. Finally,

humoral responses were detected in the form of HIV specific IgA which was

subsequently demonstrated to have neutralizing capability in an in vitro transcytosis assay

u37, 1471.

Although these correlations are important and among the first identification of

mucosal immune responses to HIV in humans, these studies were limited by small

sample numbers and more importantly, no single correlate of resistance was identified.

This suggests that HlV-resistance may be multifactorial in nature which is also supported

by previous studies on genetic correlates ofresistance [133, 148]. In addition another

possibility for the lack of a single immune correlate to HIV resistance may be that in the

initial studies characterizing the HlV-resistant women's genital mucosal barrier, the

studies were too limited to have found other immune related factors which could

contribute to the phenotype. Consequently, a broad hypothesis was developed to initiate

the studies which stated that the mucosal immune response from the HlV-resistant

women would exhibit significantly different immune parameters when compared to
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genital mucosa of women in appropriate control groups and that these responses are

important in conferring protection against HIV infection. At the time, very few studies

had been conducted to characteÅzethe immune system or responses generated within the

human female genital tract, much less in the context of an HlV-resistance cohort. As

such, the hypothesis was first addressed by optimizing sample collection techniques then

completing a surveillance study of the mucosal cells present in the genital tract of HIV-

resistant, uninfected, infected and low-risk control groups. Further, an analysis of the

mucosal cytokine milieu was carried out as no study had been conducted prior to this in

an HlV-resistance cohort. Finally, the effect of epidemiological and clinical variables on

the biological observations was ascertained. Studies of the genital mucosa have

traditionally been hampered by poor cell recovery and a lack of sensitive immunoassay

techniques which could yield reliable information from low sample volumes. This was

addressed by establishing new techniques as discussed in the following chapter.
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CHAPTER 3: Establishing new sample collection and immune techniques.

Introduction:

In order to address my hypothesis in the women of the Pumwani sex-worker

cohort in Nairobi, Kenya, sample collection techniques needed to be optimized which

would be appropriate for the clinical setting in the Pumwani area. This was done in

collaboration with Dr. Fernando Guihon, a colposcopy specialist at the University of

Manitoba.

Study populstion in Manitoba:

Female patients attending the colposcopy clinic at the Women's Hospital, Health

Sciences Centre were recruited on a voluntary basis to participate in the study. Women

were excluded from the study if they were less than 18 years of age, pregnant or

menstruating. Additionally, if the procedure was deemed inappropriate for the patient

based on the physician's assessment (i.e. patient was to undergo a procedure which would

be compromised by our sampling) the patient was excluded. Over the course of two

years of intermittent sampling, a total of 1 15 women were sampled. Ethics approval for

the collection of cervical tissue scrapings as well as cervical lavage collection using a

Weck-cel sponge was obtained prior to the commencement of the study from the Health

Research Ethics Board of the University of Manitoba. Samples were collected without

access to medical records and used immediately; no material was stored.
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Cervical mononuclear cell (CMC) ønd lavage sample collection:

The cervical tissue is believed to contain the highest number of immune cells in

the female genital tract and is ideal for sampling based on the structure of the tissue. The

outer portion of the ectocervix is composed of a stratified, squamous, non keratinized

epithelium similar to that found lining the vagina. Towards the endocervix, a zone of

transformation marks the conversion to a single layer of simple columnar epithelial cells

which extends through the endocervical canal (see figure 1). This zone of transformation

decreases in size as a woman ages. Immediately under the surface of the epithelial layer

however, follicular aggregates composed mostly of lymphocytes have been observed,

although they have largely been uncharacterized.

Ectocervix

Endocervical canal

Cervical Os

Zone of Transformation

Figure 1. The human cervix. The cervix is a highly immunogenic tissue within the

female genital tract and plays an important role in forming an effective barrier against

foreign pathogens. Most cells present in the cervical epithelium produce and secrete

mucous. The volume and consistency of mucous that is secreted varies during the

menstrual cycle but plays an important role in the innate defense against bacteria.
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Traditional methods of collecting biopsy samples from the ectocervix were

deemed unfeasible given the clinical setting in which the samples were going to be taken

in the Pumwani slum. The clinic at the time consisted of an examination table with no

stirrups and a lack of emergency supplies should a procedure result in excessive bleeding.

In addition, it was felt that if indeed the mucosal barrier is critical for maintaining

protection from HIV and given the fact that despite counseling post procedure to abstain

from sexual activity the patient would most likely not heed these wamings, it was

believed that we would be putting these women at higher risk of infection if a biopsy

procedure was performed. Finally, given the pain associated with such a procedure it was

felt that this went beyond the scope of a voluntary based study and therefore a less

intrusive and painful sampling protocol was designed to obtain cervical mononuclear

cells from the ectocervix.

The final sampling protocol established is outlined in detailed in the methods

section however, briefly, the use of a wooden ectocervical scraper, plastic ectocervical

scraper and endocervical cytobrush individually or in concert was optimized for the

greatest number of CMC's recovered with a minimum amount of blood contamination in

the sample. In addition, disposable speculums were assessed for optimal size (small,

medium and large) and supplier by the physician in charge. Collection of cervical lavage

fluid for assessment of both cytokine/chemokine levels as well as IgA levels was carried

out using a Weck-Cel sponge. Though few studies had addressed taking lavage samples

from the vaginal tract, a consensus in the literature as to which method was ideal did not

exist. Therefore, it was elected to use a modified Weck-cel collection method as it was

convenient for collecting and storing material for transport in the Nairobi clinical setting
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and could be quantitative based on equal volumes of sample collected between patients

U421. All samples were obtained by a single physician to avoid possible introduction

of sampling bias in the results.

Ectocervix
Vaginal tract

1+
Uterus

? ,l,l,l,l,l,l,lr-m

Posterior Fornix
Endocervix

Figure 2. Sampling of the cervical tissue. Cervical lavage samples and cell samples

were obtained using a sequential application of three apparati. A speculum was inserted

into the vaginal tract then a2 mLlavage of the ectocervix was performed using a transfer

pipette. 1) The lavage fluid was collected using a Weck-cel sponge gently placed at the

base of the cervix in the posterior fornix region. 2) AnAyres spatula (or cervical scraper)

was used to firmly brush the entire surface area of the ectocervix towards the posterior

fornix where the collected material is scooped up and placed in 10 mL of sterile PBS. 3)

The endocervix was scraped using a cytobrush which was inserted into the cervical os

approximately 2 cm in depth then rotated 360 degrees and removed quickly to avoid

bleeding of the tissue. The cytobrush was deposited in the 10 mL sterile PBS for

transport back to the laboratory.
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Results:

The optimization of the sampling protocol yielded a valuable increase in cell

numbers. From initial experiments to the optimized procedure our cell yields increased

from an aveïage of 430 000 to 1.7 X 106 cells or roughly a 4 fold increase. This enabled

us to perform a greater number of immunoassays on each patient sample.

Immune cell phenotyping panels were designed for use on a 3 color flow

cytometer found in the Nairobi labs however all optimizationdone at the University of

Manitoba were performed using a 4 color flow cytometer.
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Figure 3. Flow cytometry analysis of PBMC vs. CMC. The forward and side-scatter

profiles of all cells acquired from a PBMC experiment (left panel) and a CMC

experiment (right panel) show stark differences in the cell size and granularity within the

samples. In the PBMC's, T cells are found in the lymphocyte population within the red

circle while in CMC's the T cells were found in a small population of cells in the green

circled area.
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Flow cytometry experiments were performed to begin to phenotype the immune

cells found within the CMC isolated cultures. In figure 3, the forward versus side scatter

profiles of PBMCs normally used in experiments is compared to those of the CMC

population. Lymphocytes are easily found in a tight population in the PBMC samples

where they are a mixture of T and B cells. However, in the CMC's back-gating was used

to isolate the T cell population in the forward versus side scatter plots and found them to

be in a much smaller population tightly associated in the lower portion of the panel. Of

note, the B lymphocy.tes are no longer found associated with the T cells in the CMC

experiments as opposed to their close association in the PBMC panel.

For immune cell phenotypes expected to be found in the cervical samples,4 flow

cytometry panels were established for staining of the CMC's (see Table 1). Initial studies

on CMC's isolated from women at the colposcopy clinic at the University of Manitoba

showed the effective isolation of individual cell phenotypes based on their fluorescent

markers. A summary of the flow cytometry data obtained is shown in table 2. As

expected for samples from a mucosal surface, the predominant cell type found was

neutrophils. Few T cells were found when compared to B cells or other antigen

presenting cell populations.
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Table 1. Immunophenotyping panels used to stain CMC's. All background

compensations were set using isotype control antibodies for each fluorochrome used.

Panel CD Marker Fluorochrome Immune cell phenotypes

CD3

CD4

CD8

FITC

cvc

PE

CD4+ T helper cells

CD8+ cytotoxic T cells

CD4

CXCR4

CCR5

cvc

PE

FITC

T cell HlV-receotors

CD3

CD16

CD56

FITC

PE

cvc

Neutrophils

NK cells

CD3 FITC Monocytes/ macrophages

4 CD14 PE B cells

CD19 CyC
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Table 2. Summary of the phenotyping results for 5 individuals in which the final CMC

sample collection procedures had been optimized.

CD14 CD16 CD19 CD3
Sample:

(mono/m$) (neutÆt[K) (B cells) (T cells)

Representative

sample

(Patient 43)

104 events

430 6437 8s5 r57

Averages:
545.2 7501.8 872.6 174

n:5

7o Proportion of

total gated 6.0yo 82.5yo 9.60/" l.9o/"

events:

Discussion:

The results of optimization studies performed at the University of Manitoba were

very encouraging and set the stage for a preliminary analysis of the genital tract

phenotyping of the HlV-resistant women in Nairobi, Kenya. The sample collection

procedure was simplified as much as possible and was easily implemented in the clinic

setting within the Pumwani clinics. Previous collection techniques which were similar in

nature (using multiple cytobrushes) were greatly improved upon by greatly reducing the

blood contamination which occurred during the procedure. In addition, the larger number
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of CMC's collected allowed for 4 phenotyping panels to be stained for flow cytometry.

This greatly improved on prior studies performed on CMC's which only allowed for a

single panel of flow c1'tometry markers to be analyzedper patient sample collected. This

previous limitation had greatly impeded the ability to look at immune Íesponses in the

female genital tract. As such, I could begin to assess other cell types present in the

cervical mucosa on the sex-worker population besides the traditional CD8+ T cells.

Finally, the collection of cervical lavage fluid by Weck-cel sponges was well suited for

studies and made shipping and storage of samples uncomplicated.

57



CHAPTER 4: Elevated T Cell Counts and RANTES Expression in the Genital

Mucosa of HIV-I-Resistant Kenvan Commercial Sex-Workers.

Introduction:

In sub-Saharan Africa, the primary route of transmission of HIV is through

heterosexual contact [102]. While HlV-infected individuals have specific immune

responses, understanding protective responses against HIV is best studied in individuals

who are naturally resistant to infection. A number of genetic mechanisms have been

described, such as the CCR5A32HIV co-receptor mutation [1a9] and associations with

specific HLA alleles such as A216802 and DRBl*01 [133]. However, genetic

mechanisms do not exclusively account for resistance to HIV infection in all individuals.

Studies of naturally resistant populations who are highly exposed to HIV suggest that

immunologic mechanisms may confer HIV resistance.

In Kenya, studies of the HlV-resistant women suggest that protective HIV-

specific immune responses exist, including systemic and genital CTL U36, 138] and IgA

responses U371. These antibodies were shown to be neutralizing and prevent HIV

transcytosi s in vitro lI39 , 1471. Further characterization of these responses within these

women may help unravel potential immune mechanisms of HlV-resistance.

The purpose of this study was to charucterize lymphocyte populations and the

immunoregulatory environment within the genital tract of HlV-resistant women.

Comparisons between HlV-resistant women to both uninfected and infected control

groups in sex-worker and non-sex-worker populæions were made. T cells numbers as

well as cytokine and chemokine levels were assessed.
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Results:

Study Subjects:

Women were enrolled form the Pumwani (high-risk sex-worker) cohort as well as

the Mother-to-Child Transmission (low-risk non sex-worker) during a biannual resurvey.

In total, 79 women were en¡olled in this study. Collection of blood samples, cervical

Iavage samples and cervical tissue samples as well as epidemiological and clinical data

on each subject was performed. Clinical information was collected from the commercial

sex-worker cohort to address confounders of mucosal immune responses. Study groups

were equivalent in age, days from menses, and average number of clients per week (see

Table 3). Duration of prostitution was equivalent between HlV-resistant and HIV-

infected women; however, the HlV-uninfected group was composed of recent enrollees

in the cohort and had a lower duration of prostitution. While the HIV uninfected group

report a median duration of sex work of 4 years, they are not defined as resistant as we

cannot assess sufficient exposure to meet our epidemiologically definition [141].
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Table 3. Summary of clinical information obtained for all sex-workers enrolled in the

study. Data was collected by questionnaire by a clinic nurse before samples were taken.

Biological sampling was performed by the physician in charge without knowledge of the

sex-workers HIV status to avoid potential bias of results. Contraceptive use includes

Depo-Provera, Oral contraceptive (Oral), Tubal ligation (TL) and Intra-Uterine

Contraceptive Device (IUCD). Sexually hansmitted infection (STÐ status is reported as

an undefined ulcer (ulcer), T palladium reactive by rapid plasma reagent tests (RPR) and

gonorrhea. Note, 2 HlV-infected and 2 HlV-resistant women were removed from the

menses data due to menopause (no menses > 84 days). All values reported are the mean

+ standard error of the mean (SEM) with the median reported in brackets.

Sample
Group

Age
Days
from

menses

Prostitution
duration
(years)

Contraception
Clients/

week
Douching Vaginal

discharge

STI
Status

Uninfected
(n:18)

35.2

=
2.07

(37)

25.1!
4.88

( 18)

7.4 X t.54

(4)

None 1l
Depo-Provera

/1

Oral I
IUCD 1

22.6X
2.72

(2r)

Postcoital
J

Daily 14

¿

1 ulcer
3 RPR

I
gonorrhea

Resistant
(n:28)

41.8
+

1.18

(43.s)

26.6 X
3.93

(22)

12.6 ! 1.31

(11)

None 20
Depo-Provera

5

TL2
Oral 1

24.7 +
3.61

(24.s)

Postcoital
t4

Daily 8

¿

lnfected
(n:24)

41.6
+

1 1al.lJ

t40.5)

17.7 +
J.I

(r4)

12.4 t t.58

(r2)

None 15

Depo-Provera
5

TL3

24.4 +
3.87

(21)

Postcoital
10

Daily 9

I RPR
I

gonorrhea
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Gynecologic exams were performed by a physician who assessed the presence of

genital tract infections and identified evidence of bacterial and viral sexually transmitted

infections (STI's). Subclinical infections of Chlamydia, N. gonorrhoea, T. palladum, H.

ducreii and HSV were diagnosed by PCR, serology and bacteriology. HlV-uninfected

women had a higher number of STI's compared to the HIV uninfected group; however,

this was not statistically significant (p:0.11). Exclusion of individuals with a concurrent

STI from subsequent analysis did not alter the findings, nor did their presence in linear

regression analysis. All women reported similar usage of condoms and spermicide (data

not shown), hormonal (oral and Depo-Provera) and other methods of contraception

(tubal-ligation and intrauterine devices). The majority reported douching post-coitally

and/or daily using soap and water. HlV-uninfected women who reported douching did so

predominantly daily, whereas the HlV-resistant women and HlV-infected women

reported mostly post-coital douching þ:0.005, and p:0.032 respectively).

Systemic CD4/CD9 lymphocyte counts :

Blood CD4 and CD8 lymphocyte counts were obtained for all sex-worker subjects

(Figure 4). HlV-infected women had depressed CD4 counts and elevated CD8 counts

compared to both the uninfected (p<0.0001 and p<0.0001) and resistant þ:0.002 and

p<0.0001) women respectively. No significant differences were observed in CD4 and

CD8 lymphoc¡'te counts between uninfected sex-workers and resistant sex-workers

although a trend towards higher CD8 T cells was noted (p:0.085).
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Figure 4. HlV-resistant women do not show significant differences compared to HIV-

uninfected women in lymphocyte populations found in the blood. Blood samples were

collected in EDTA tubes and analyzed for CD3+CD4+ and CD3+CD8+ cell counts by

FACS for each study subject that had a cervical sample taken. A) HlV-infected women

had depressed CD4 counts and elevated CD8 counts compared to both uninfected

þ<0.0001 and p<0.0001) and resistant (p:0.002 and p<0.0001) women respectively. B)

A trend towards an elevated CD8 T cell count in the HlV-resistant group when compared

to the HlV-uninfected women was noted (p:0.085). Horizontal bars represent the

median response for each study group.
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Cervical CD4 and CD\ T cell populations in sex-workers:

Cervical mononuclear cells were isolated and the lymphocyte population gated

based on forward versus side scatter profile (Figure 5). Representative panels are shown

in Figwe 5b. CD4 and CD8 T cell populations were differentiated using CD3+/CD4+

and CD3+/CD8+ markers and isotype controls to define background and quadrant

settings. Back gating was used to confirm the identity of dual positive cells.
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Figure 5. Representative FACS panels for CD3+CD4+ |CD3+CD8+ lymphocyte

populations in the cervical cell samples. Cervical samples were collected from study

subjects using an Ayres spatula and cytobrush and lymphocytes isolated by f,rcol-density

centrifugation. Cells were stained by CD3-FITC conjugated antibody and either CD4-

CY-C or CD8-PE fluorescent antibodies. Samples were tested using a flow cytometer

and 100 000 events were acquired per sample. Representative panel of the forward

scatter vs. side scatter plot is shown A) with the lymphocyte population gated. B) Dot

plots of CD3+CD8+ (left panel) or CD3+CD4+ (right panel) cells.
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When total cervical T cell numbers were compared, elevated CD3+ T cells were

observed in HlV-resistant women compared to HlV-uninfected women þ:0.021), but

not to HlV-infected sex-workers (Figure 6a). When CD3+/CD4+ T cell subsets were

examined, HlV-resistant women demonstrated increased CD4 T cells compared to HIV-

uninfected (p:0.002) and HlV-infected (p:0.003) women (Figure 6b). The CD3+/CD8+

T cell population in HlV-resistant women was also increased compared to HIV-

uninfected women (p:0.003) but not infected women (Figure 6c). Similar to what was

observed systemically, HlV-infected women also demonstrated elevated cervical CD8 T

cell numbers compared to Hlv-uninfected women (p:0.018). To control for the potential

effects of epidemiologic cofounders such as days from menses, contraceptive use and STI

infection a stepwise linear regression analysis of these factors was conducted and the

effect on differences in CD3/CD4+ and CD3/CD8+ cervical lymphocytes. The stepwise

addition of these factors individually, or in combination did not affect the differences

between these two groups þ values with 3 factors added p:0.044 and p:0.029 for

differences between CD31CD4+ and CD3/CD8+ cervical lymphocytes in resistant and

uninfected women respectively).
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Figure 6. Cervical T cells are elevated in HlV-resistant sex-workers. A) Cervical CD3+

T cell levels were assessed in each sex-worker study group. T cell levels were

significantly higher in HlV-resistant compared to HlV-uninfected women (p:0.021). B)

HlV-resistant women showed significantly elevated level of CD3+CD4+ T cells

compared to HlV-infected (p:9.903) and uninfected (p:0.002) women. C) Comparison

of CD3+CD8+ T cells again demonstrated a significant increase in cell counts in HIV-

resistant women when compared to HlV-uninfected women (p:0.003). In addition,

CD3+CD8+ T cells were elevated in HlV-infected women comoared to HlV-uninfected

controls (p:0.018). Horizontal bars represent the median response for each study group.

Comparison of the sex-workers cohort to a low-risk exposure control group:

To control for the effect of sex work contributing to the elevated CD4 and CD8

numbers we tested non-sex-workers as a low-risk exposure group. This group had

similar cervical CD3+, CD3+|CD4+ and CD3+/CD8+ T cells as HlV-uninfected sex-

workers (Figure 7). Again, HlV-resistant women demonstrated elevated CD3+,

CD3+1CD4+ and CD3+/CD8+ T cell numbers compared to HlV-uninfected non-sex-

workers þ:0.036, p:0.035 and p:0.0054 respectively).
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Figure 7. HlV-resistant sex-workers have elevated T cells compared to HlV-uninfected

sex-workers (S\Ð and non-sex-workers. T cell counts were compared to a HIV-

uninfected non-sex-workers group as a control for high risk behavior. Lymphocyte

counts (both CD3+CD4+ and CD3+CD8+) as well as total CD3+ cells were comparable

between the HlV-uninfected sex-\ilorkers and low-risk uninfected non-sex-worker

population. Comparisons bet\¡/een the HlV-resistant group and either the non-sex-worker

or sex-worker uninfected groups showed significantly elevated lymphocyte counts

(p<0.05). Horizontal bars represent the median response for each study group.
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HIV co-receptor expression in cervicql cells:

We assessed the number of CD4+, chemokine receptor positive cells from the

cervix to determine the prevalence of HlV-susceptible target cells in a subset of subjects

who had enough cervical cells available to do a second FACS panel (Figure 8). HIV-

resistant women trended towards elevated numbers of CD4+/CCR5+ T cells compared to

both HlV-uninfected and HlV-infected women (Figure 8a, p:0.14 and p:0.056

respectively). CD4+|CXCR4+ T cells in HlV-resistant women were significantly

increased compared to both HlV-uninfected and HlV-infected women (Figure 8b,

p:0.0I2 and p:0.003 respectively).
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Figure 8. HlV-resistant women show increased expression of HIV co-receptors in the

cervical tissue. Chemokine receptor CCR5 expression was assessed in CD4+ T cell gated

populations for each of the sex-worker study groups. (A) Comparison between HIV-

resistant women and HlV-infected women showed a significant elevation in total

lymphocytes expressing CD4+CCR5+ (p:0.014) and a strong trend between HIV-

resistant and HlV-uninfected controls (p:0.056). (B) CD4+CXCR4+ levels were

assessed in CD4+ T cell gated populations. HlV-resistant women demonstrated a
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significant increase in CD4+CXCR4+ expression when compared to HlV-uninfected

women (p:0.012). In addition, HlV-resistant women showed higher levels of CXCR4 in

their CD4+ T cell populations when compared to the HlV-infected group (p:0.003).

Horizontal bars represent the median response for each study group.

Cytokine and Chemokine expression in the genital mucosa:

A number of immunoregulatory cytokines in individuals from the sex-worker and

non-sex-worker groups based upon sample availability was assessed to compare mucosal

cytokine expression.IL-z,IL-10 and IL-13 levels were similar in HlV-uninfected, HIV-

infected, resistant and HlV-uninfected non-sex-worker groups (Table 4). However, B-

chemokine levels were significantly different within the sex-worker populations. HIV-

uninfected women had higher concentrations of MIP-Ia compared to Hlv-infected

women (p:0.029). HlV-resistant women had significantly greafer RANTES levels than

HlV-uninfected sex-workers (p:0.005).
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Table 4. Mucosal cytokine and chemokine levels forLL-2,IL-10, IL-l3, MIP-1o, MIP-

1B and RANTES in sex-workers and low risk control group. Expression levels were

assayed by chemiluminescent based ELISA. Values are the mean expressed in pglml, +

SEM with the median reported in brackets; n of 9 was used in each sample group for the

cytokine data and n of 10 was used in each sample group for the chemokine data. ($

p:0.029, * p:0.005)

STUDY

GROUP
tL-2 IL-l0 IL-13 MIP -lc¿ MrP -lp RANTES

Uninfected

(n:9) 3.2611.65

(0.e8)

20.86+17.02

(4.32)

134.55+30.58

(117.2r)

199.s4+31.12$

(2r4.94)

t25.38+38.7

(7 s.64)

5.04+1.86*

(2.22)

Infected

(n:9) 1.88+0.61

(1.14)

4.9r2.34

(1.2e)

I 19.59+18.31

(101.71)

105.5+24.42S

(116.23)

76.85+27.11

(46.8)

29.92+12.97

(11.06)

Resistant

(n=9) 2.75+1.31

(0.e8)

3.03*0.96

(2.88)

146.27+28.73

(127.83)

171.44+27.44

(168.26)

149.23+46.51

(e3.62)

53.69+30.85*

(16.14)

Uninfected

(low-risk)

(n:9)

5.68+2.05

(0.e8)

12.65+1.2

(0.e8)

89.65+21.0

(88.24)

155.85+57.0

(184.4)

156.87*50.04

(11e.44)

12.62+5.64

(1.e5)
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Discussion:

In Sub-Saharan Africa the primary route of HIV infection is heterosexual [102],

therefore initial virus/host contact and transmission occurs within the genital tract. While

most studies on immune responses to HIV have been performed in the systemic

compartment, these may not reflect mucosal responses important in sexual transmission

of HIV. Previous studies have demonstrated differences in lymphocyte populations

isolated from genital mucosa compared to blood derived cells [150, 151] and have

described HIV-1 specific CTL in the genital tract of HlV-infected women [152-154] and

exposed-uninfected men [155]. Studies on the initial interactions between a susceptible

host and HIV-1 at the mucosal level have primarily been conducted in animal models

[105] demonstrating that HIV-1 elicits active immune responses in the genital tract.

Vaccination and/or simian immunodeficiency virus (SIV) challenge at the mucosal level

results in the production of SlV-specific CTL responses and neutralizing IgA antibodies

[150, 156,1571. A study of 3 immunizedmacaques protected post-challenge with

SIVmac251, demonstrated that SlV-specific CTL responses correlate with protection

[15S]. A similar study demonstrated the induction of gag-specific CD8+ T cells within

the vaginal and cervical lamina propria of infected macaques U50]. Interestingly, the

frequency of the mucosal response exceeded that detected in systemic compartments.

Site-specific, HlV-specific neutralizing IgA and IgG responses elicited by intranasal

immunization with SHIV-dn were protective after challenge [159]. While these studies

demonstrate an important role for the immune system within the genital tract of monkeys,

it remains unclear whether similar responses are capable of preventing naturally acquired

infection in humans.
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In previous studies it was demonstrated that HlV-resistant women from the

Pumwani cohort have HlV-specific IgA within their genital tract in the absence of

systemic IgA ll47l, and that HlV-specific CTL are found in the cervix of resistant

women at a higher frequency than in blood [138]. Such data emphasize that studies

performed on the 2%o of the body's systemic lymphocytes may not accurately reflect

mucosal lymphocyte responses [1 60].

In this study elevated T cell numbers within the genital mucosa of HlV-resistant

women compared to controls was found. Similar to what is observed systemically, CD8+

T cell numbers in the genital tract of HlV-infected women are elevated compared to

uninfected women. Previous studies of cervical biopsies from HlV-infected women have

also shown elevated CD8+ CTL rather than CD4+ cells [ 6 1 ], suggesting a role for

CD8+ T cells in mucosal immune responses to HIV. It is important to note that HIV-

resistant women also had elevated genital CD8+ T cell numbers compared to HIV

uninfected controls. Along with previous data showing high levels of HIV specific CD8+

responses in the cervix [162] this suggests a role for mucosal CD8+ responses in

mediating protection from HIV infection. Perhaps most interesting, mucosal CD4+ T

cells were also found to be elevated in resistant women compared to HlV-infected and

uninfected controls. These differences were not reflected systemically suggestingthat

HlV-resistant women are immunologically unique at the genital mucosa and this may be

related to their ability to escape HIV infection. As CD4+ T cells are critical in the

regulation of humoral and cellular immune responses, this has important implications for

understanding immunity to HIV infection. A previous study by Biasin et al 1163l
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demonstrated similar unique mucosal immune responses in an HIV exposed uninfected

population, although they did not examine protein levels or mucosal lymphocl'tes directly.

Many factors - sexual behavior, hygienic practices, genetic influences and

environment - may account for elevated CD4+ T helper (Th) cells. Previous studies

demonstrated that HlV-uninfected women from Thailand had elevated genital tract CD4+

T cells compared to North American women [164]. To control for the confounding

effects of sex-work comparisons between HlV-uninfected sex-workers to HlV-uninfected

non-sex-workers were made. No differences in mucosal T cell numbers were observed,

ruling out sex work alone as an explanation. Since these women come from a similar

genetic and socio-economic background, it is likely that elevated CD4+ T helper cells in

resistant women represent a distinct biological difference and not an environmental effect.

Analyses of stratified data show that these women were similar in age, days from menses,

clients per week, and had similar hormonal contraception usage (Table 3). Women were

enrolled sequentially as they attended our clinic, therefore, we were unable to control for

these factors directly. However, using multiple linear regression models, it was

demonstrated that differences in lymphocyte numbers were independent of these factors.

An interesting observation was that HlV-uninfected women reported douching

predominantly daily when compared to the HlV-resistant and HlV-infected individuals.

This led to the investigation of the potential differences between our HIV study groups

for douching practices at large. An analysis of the entire database for the Pumwani

cohort at the time of the 2002 survey showed no differences between the HlV-uninfected,

infected and resistant women in either postcoital or daily douching practices. However,

the potential affect of these practices on maintaining the integrity of the mucosal barrier
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cannot be overlooked and requires fuither study. Specific information regarding some

reported behaviors such as "dry-sex" or material other than soap and water used for

douching such as detergents is not collected. Other studies have demonstrated the link

between abnormal vaginal flora, bacterial vaginosis and susceptibility to HIV infection

[165] however, direct temporal linkage to douching practices and HIV susceptibility have

been difficult to prove 1166,1671. While the presence of bacterial vaginosis was visually

assessed by the physician during this study, sub-clinical cases are common which could

have been missed and therefore mav have influenced the results.

The longer duration of prostitution reported by HlV-resistant women may account

for differences in T cell numbers, with exposure and immune response to HIV-1 and

other STI's being responsible for elevated numbers, rather than a reflection of a

mechanism for resistance. To address this, a prospective study is currently underway to

determine if elevated T cells are predictive of immunity to HIV-I infection, or aÍe a

byproduct of immune stimulation. The data suggests that immune stimulation alone does

not explain the elevated lymphocyte levels in the resistant women as HlV-uninfected

women experienced more STI's than resistant women, yet still had lower T cells numbers.

Cellular HIV infection requires both CD4 and either the CCR5 or CXCR4

chemokine co-receptor [61]. A trend was found towards increased CD4+/CCR5+

expressing cells and a marked increase in CD4+/ CXCR4+ T cells in the genital mucosa

of HlV-resistant women compared to uninfected sex-workers. Analysis of mean

fluorescent intensity showed that this increase was attributed to increased numbers of

CD4+ T cells rather than increased receptor expression per cell, demonstrating if

anything, that resistant women would be more likely to become HIV infected.
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The immunoregulatory milieu of the genital mucosa is important in determining

the response to antigenic challenge. Levels of IL-2,IL-10 and IL-13 were quantified as

indicators of typel/ type2 Íesponses; however, no differences were detected. Levels of

RANTES, MIP-lcr and MIP-IB were also assessed as these can inhibit HIV-I infection in

vitro, and are elevated in some exposed-uninfected women [168]. HlV-infected women

had lower levels of MIP-lcr compared to HlV-uninfected women, likely a result of

perturbation of the immune system due to HIV infection. Interestingly, HlV-resistant

women had elevated levels of RANTES in mucosal secretions, suggesting a potential

mechanism of protection from HIV infection. Higher expression of RANTES would

block CCR5 receptors on susceptible cells preventing infection from occurring. Resistant

women have equivalent systemic RANTES levels, again emphasizing the significance of

studies at the mucosal site [169]. The subgroups of patients tested for cytokine and

chemokine analysis were confirmed as epidemiologically similar to each other, as

described in Table 3. It should be noted that other HIV inhibitory factors such as SDF-I

or c¿ and B defensins may also play a role resistance to infection in this group but these

were not measured in this study. Perhaps the mechanism through which RANTES is

involved in protection is by its role as a chemoatfractant, rather than its HIV inhibitory

ability. RANTES is a potent chemoattractant that is instrumental in the recruitment of T

cells to tissue sites [170]. This may be an explanation for the increased levels of mucosal

T cells in resistant women, however further studies are required.

There are several potential weaknesses or limitations to this study. One is that we

are unable to determine exposure to HIV-I prior to entry in our cohort. Although HIV

uninfected women reported a median of 4 years of sex-work (Table 3) we can not



ascertain sufficient exposure to define these women as resistant because they are new

enrollees. A HlV-resistant individual is defined as an active sex worker for over 3 years

under our observation. Even with strong intervention strategies for safer sexual practices,

it is known that these women will become infected, unless they fall into the resistant

phenotype. This makes identification of immunological differences between these groups

less likely, but strengthens any positive associations identified. In addition, variability in

human immune responses can make differences between groups difficult to detect, thus

studies such as this one needs to be interpreted cautiously. Another limitation is that the

confounding epidemiologic variables were analyzed using logistic regression which can

be sensitive to outlying variables. Ideally, this would be controlled for at the outset of the

study, however, it was not possible due to random patient recruitment and is diff,rcult to

achieve in modestly-sized human studies. Anal¡ical variability such as the gating

strategy used to determine cervical cell numbers may also have affected the results,

however, the analysis was performed blinded and back-gating used to control for this

potential effor as best as possible. Clearly, the best approach to control for these issues is

to corroborate this data in prospective studies, or replicate these findings in other exposed

uninfected cohorts.

A number of logistical and unexpected challenges arose during the

implementation of our study protocols which may have also impacted the results. For

example, at the time a study participant visited the clinic for her resurvey assessment

which included collection of the epidemiological and clinical information as well as

blood drawing, some women refused genital tract sampling. Generally requests were

refused because they had had a sexual encounter immediately prior to coming to the
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clinic but would offer to return within the next few days. These samples were then taken

but do not correlate perfectly to the day the blood samples were drawn or analyzed. As

well, some women who did not douche prior to coming to the clinic did have semen

within their genital tract as observed by the physician. These CMC samples therefore

were contaminated by their previous sexual encounter and technically could not be

controlled for in this study. Finally, douching practices are highly variable within this

cohoft as described by the physicians and could also have influenced the results. For

example, while categorical information is collected on douching practices, reported use of

strong detergents such as bleach, laundry detergent or citrus fruits as cleansing agents

could not be ascertained. Further characterization of these behavioral practices is

recommended as certain detergents may degrade the mucosal barrier and lead to

increased risk of HIV transmission.

In summary, this study describes the characterization of T cells and cytokine

expression in the genital tract of HlV-resistant sex-workers. Resistant women

demonstrated elevated T cell numbers and RANTES in the genital mucosa not apparent

in systemic circulation. Importantly, these studies were performed on women

epidemiologically resistant to HIV infection, and while only associations, these

observations provide clues as to what may constitute protective mucosal immune

response to HIV-1. Unlike previous studies examining doomed HlV-specific responses

during infection, this study examines what likely represents effective immune responses

to HIV-1. Elevated RANTES levels in the HlV-resistant women may be an

immunological mechanism whereby resistance to infection could be conferred.
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Determining the basis of natural immunity to HIV will impact the development of HIV

vaccines necessary to combat this disease.

Future Directions:

It is imperative to determine if elevated mucosal Th cells of HlV-resistant

women represent effector or central memory cell phenotypes, as these are the initial

target cells infected by HIV [111]. Another, possible phenotype of the excess CD4+ cells

could be T regulatory cells (CD4+ CD25+) whose levels were highly increased in the

mucosa of HlV-infected individuals but reduced in a HlV-treated group [171].

Determining the identity of the elevated mucosal CD4+ T cells in the HlV-resistant

women would aide in formulation of a new hypothesis as to their role, if any, in

protection against infection. For now, this remains a correlate of HlV-resistance. As no

reliable marker for genital tract lymphocyte recruitment has been defined in humans, it is

difficult to determine if elevated T cells in resistant women are due to increased

recruitment from the systemic circulation or are the result of localized proliferation. The

mucosal marker CD103 (oEÊ7) has been used to identify genital mucosal derived

lymphocyte s 1162l however, it is not specific for genital tract cells as it has been found in

other mucosal surfaces 1172,I73).

The questions raised by the initial survey of the genital mucosa and

immunological milieu of vaginal fluids were addressed during the remainder of studies

discussed in this thesis. An attempt was made to split the questions into two parts, the

first was to follow-up on the immune cell phenotyping observations and fuither

characterize both the phenotype and HlV-specific functions of the cervical CD4+ T cells.
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The second part was to analyze the differences in the cervical lavage fluids collected

between HIV study groups on a larger scale using more sensitive and powerful

technologies. This latter part is discussed throughout the remainder of the thesis in Parts

II and IIL However, a discussion of the attempts made to characterizethe cervical CD4+

T cells is warranted.

Follow-up studies were initiated to perform long term-cultures on isolated CD4+

T cells from our HIV study groups. Previous attempts in the literature to accomplish this

are raÍe. One study by Musey et al isolated cervical T cells and immortalized them [152].

However, in the process of culturing these isolated cervical cells they are exposed to

HlV-antigens and then grown into sufficient quantity before immortalization. This

process would artificially enhance HlV-specific responses rather than accurately

determine the true breadth and intensity of a natural HIV response by the isolated

population of CMCs. Other studies have used tissue explant models which have only

been characterized for cell phenotype and expression markers with the exception of one

study which used exogenous IL-8 to show increased HIV transmissionlTa]. No study

of their ability to respond to an HIV antigen has been performed. Therefore, attempts

were made to culture CMC's isolated from individuals in the Pumwani cohort and culture

them with appropriate HlV-antigens to determine the type and strength of the immune

response generated by different study groups. Long-term culture of CMC's was

optimized using samples from women in Winnipeg prior to implementation of the study

inNairobi. Attempts to puriff the CD4+ T cell population from CMC's were made using

either a positive selection method (Stem Cell Easy Sep) or negative selection method
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(Miltenyi). Unfortunately, recovery of a pure CD4+ T cell population yielded too few

cells to be of use in specific immune assays.

A schemata of the intended studies is presented in Figure 9. Essentially, CMC's

were isolated and cultured in the presence of either a recall antigen (Candida), whole

inactivated HIV or gp160. Supernatants were collected for cytokine analysis as well as

screening using SELDI-TOF proteomics (discussed in Part II of thesis). The cells were

harvested for genomic isolation.
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CoIIect CMC + PBMC
(resistant, uninfected, infected,
uninfected NSW)

Stimulation with Ags
(Candida, HIV, gp 160)

Supernatant

Culture up to 5 days
in 96 well format

Repeat for
same patient DNA

RNA
Intracellular proteins

Expected results: HlV-resistant individuals will have different responses to HIV
than the HlV-uninfected and HlV-infected sex workers

Figure 9. Outline of the experimental approach we used to identify and characterize

HlV-specific responses in CMC's. Each patient would have both systemic and mucosal

re spons es char acterized.

Unfortunately, these studies in Nairobi met with unexpected and insurmountable

obstacles. Long-term culture of CMC's from the women of the Pumwani cohort resulted

in contamination in all cultures. Despite repeated efforts to change media antibiotics as

well as sterilize the laboratory and clinic materials, cultures inevitably became

contaminated within 48 hours (see figure 10). Attempts were made to identifr and

characferize the contaminating organisms, and resulted in the isolation of antibiotic

resistant (penicillin and streptomycin) bacteria such as Staphylococcus epidermidis or

CBA- cytokine/chemokine
Proteomics
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A.

fungus. It appeared that these women were colonizedby bacteria which were resistant to

commonly used antibiotics that were prescribed often in the Pumwani clinic. This

observation has since led to the creation of a new project within Dr. Plummer's

laboratory to characterize and understand the role of the microflora in the vaginal tract of

the sex workers in the Pumwani cohort and the potential correlation to HlV-resistance.

Figure 10. Example of contaminated plate of long-term cultured CMC's. A)

Representative 96 well plate with contaminated culture on day 2 after stimulation with

antigens. B) Microscopic view under 40X objective of the unstimulated well from the

contaminated culture.

B.
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The failure of the follow-up studies has yielded valuable information for future

attempts to answer the original question of the identity of the elevated CD4+ T cells and

their HIV specificity. Altemative methods should be considered however, including the

use of biopsy samples instead of isolated culturing of CMC's due to the issue of

antibiotic resistant bacteria. In addition, the use of 9 color flow cytometry would aide in

the phenotyping and cytokine production of these cells due to their limited quantity.
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Part II: A proteomics approach to HlV-resistance

Upon completion of the first part of this thesis it became evident that in order to

study the mucosal barrier of the HIV resistant women a more sensitive approach to

charccteÅze mucosal immune factors was needed. I hoped to find an approach that

would allow the utilization of small sample volumes, and study large scale populations

while increasing the sensitivity of current immune assays. Many technologies were

evaluated including new flow cytometry technologies such as cytometric bead assays

which would allow for the simultaneous measurement of cytokines in a small sample

volume. Cervical biopsies were considered however, it was concluded that such

procedures would not be suitable for implementation in the Pumwani clinic. A number of

proteomics platforms were also considered that would be used to analyze the proteome of

the cervical lavage fluid collected from our HIV study groups. A novel technology

platform from Ciphergen Biosystem's emerged as the best option. The next portion of

this thesis details our optimization, protocol establishment and large scale study of CVL

samples using surface enhanced laser desorption ionization time of flight (SELDI-TOF)

mass spectrometry.
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Chapter 5: Establishing SELDI-TOF proteomics in serum and cell cultures

Introduction: Understanding SELDI-TOF technology

The results of the first studies of the mucosal immune system of the HlV-resistant

women showed that intriguing differences were present within the genital mucosa at

basal levels (unchallenged) when compared to the other study groups. This differed from

previous observations which showed differences between the HlV-resistant women and

susceptible or infected control groups only when challenged with HlV-specific peptides.

This observation led to a refined hypothesis such that a characteristic genital mucosal

phenotypic profile of the HlV-resistant women is expected, whose normal mucosal

immune milieu are playing a role in protection from infection.

To address this hypothesis a novel proteomics approach called SELDI-TOF mass

spectrometry was employed. A proprietary technology platform from Ciphergen

Biosystems, this approach allowed for the analysis of the "proteome" or protein content

of a biological sample in a quantitative manner. In addition, this technology only

requires small sample volumes and is designed for high-throughput sample analysis such

that a large sample set could be analyzed and individual proteins within each sample

could be compared between the study groups. There are other mass spectrometry

proteomics platforms which could be used to study the proteome of biological samples.

Some examples include the Fluorescence 2-D Difference Gel Electrophoresis (DIGE)

system which analyses proteins by separation on gels based on the proteins size and

isoelectric point. While this approach has the ability to comprehensively identify all

proteins within a sample it is labor intensive, expensive and not suited to high throughput
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sample processing. Additional emerging technologies include protein affays (dependent

upon antibody interactions), laser capture microdissection (suitable for tissue samples)

and isotope-coded affinity tagging (ICAT). Each of these approaches has their

advantages and disadvantages however none compared to the high throughput capacity of

the SELDI-TOF approach.

SELDI-TOF MS is composed of two specific components that enable's the

capture and analysis of proteins. The f,rrst component is the "surface enhanced" aspect of

the technology. Here, a ProteinChip Anay is used to bind a biological sample and reduce

its complexity by selectively retaining proteins with certain characteristics (see figure 11).

For example, using a CMl0 or WXC2 chip array, enables the binding and selective

retention of only positively charged or cationic proteins. This is advantageous as many

biological samples contain large amounts of protein and would be too complex to study

by mass spectrometry if they were not pre-fractionated in some marìner. The

disadvantage to this, of course, is that when trying to analyze a biological sample, only

retained proteins of a particular subgroup are selected for and therefore, the sample does

not represent the complete proteome.
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ProteinGh ip Arrav Surface Ghemistries :

Protein profilinq:
CM10 Cationic
SAX2 Anionic
H50 . . Hydrophobic/Hydrophillic
IMAC Metal affinity

Protein interaction:
PS20 Antibody capture

Figure 11. ProteinChip anay surfaces are specially coated with specific resins to capture

proteins for profiling or for protein-protein interaction studies. Each chip contains 8

spots (for 8 samples) and is designed to capture only one of the listed types of protein

interactions.

The second component of the SELDI-TOF system is the "laser desorption

ionization-time of flight" mass spectrometry (see figure 12). Here, the proteinchip anay

is inserted into a mass spectrometer and the proteins that were bound to the chip are

ionized and acquired. The result is a spectral reading of the mass to charge ratio and

intensity for each sample of the proteins that had bound to the surface to the chip. The

Ciphergen Biomarker Wizard Software then allows for the compilation and analysis of all

spectra obtained for each sample in a study. As each sample comes from a particular

study group, the proteins can be arnlyzed by univariate analysis to compare each protein

individually and look for differences in protein expression between each group. The

differentially expressed proteins which are expressed in significantly different levels are

termed 'biomarkers' or proteins of interest and are associated with the study group.

89



+ProteinChip

...rtrr.......úu'..>

TOF-MS

Detector
Laser

I

I\AIZ

Gel View æ

Figure L2. Overview of the SELDI-TOF mass spectrometry system. Biological samples

retained on a protein chip are inserted into the mass spectrometer. Here, a laser is used to

ionize the sample and eject the proteins down a vacuum tube. The time it takes the

protein to fly down the tube and hit the detector is proportional to the size of the protein

whereby smaller proteins "fly" fastest and will be detected first. The result is a spectral

reading with each individual mlzpeakrepresenting one protein and the height of that

peak proportional to its relative abundance in the sample.
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There are a number of very important factors that must be accounted for both

before the experiment is performed and during analysis of the data. As this is an

exquisitely sensitive technology, differences in the collection and storage of the samples

can greatly affect the data collected. In designing the studies outlined in this thesis, a

protocol for standardized sample collection in Nairobi, storage and shipping of samples

and finally processing in Manitoba had to be established. For example, all samples were

collected at the Pumwani clinic and processed at the University of Nairobi laboratory

then stored at -70oC as soon as possible. The number of freeze-thaw cycles each sample

underwent was strictly regulated so that each sample was treated equally. In addition,

analysis of the samples was the most meticulous aspect of this experimental approach.

Each day an experiment is run, the machine is calibrated using a standardized set of

proteins and then applied to the data set to ensure that the mass/charge ratio of all

proteins acquired will align properly for analysis. In addition internal controls were

applied to the final data set where samples are 'normalized' to each other to account for

spot to spot and sample to sample variability (see figure 13). The data was then analyzed

and generally this is where the greatest effort was exerted to identiff and confirm

biomarkers of interest.
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Figure 13. Normalization of mass spectrometry data. To account for sample and spot

differences when the data is acquired the total ion current (the total area under the protein

spectra curve) in each sample was calculated. The average of each total ion current of all

samples in a study was then calculated and then applied as a standard measure against

each individual spectra. This allowed for the equalization of aberrant protein peaks and

helps to identi$ samples which contained either unusual amounts of protein or were not
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acquired properly. A) The raw data for two individuals in a sample set of over 500. Note

the intensities of the most dominant peaks. B) The same individuals after a normalization

equation has been applied. Here the dominant peaks have been reduced in intensity to f,rt

with the average for the data set.

Pilot studv of SELDI-TOF to asses the utilifv of Biomarker Discoverv

To examine this new technology and explore its potential application to the study of HIV-

resistance a small study of 15 individuals in 3 HIV status groups was performed.

Results:

Study population:

Serum samples from the Pumwani cohort were used to screen for biomarkers in serum

comparing HIV uninfected, HIV infected and HlV-resistant individuals (see table 5).

HlV-resistant individuals were selected based on the same criteria as previous studies.

Briefly, these individuals are active sex workers and have been followed in the cohort for

greater than 3 years while remaining HIV negative by RT-PCR and clinically show no

signs of the disease. All samples were from individuals who were free of concomitant

infections at the time the blood sample was taken.
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Table 5. Summary of the patient samples used for analysis in the serum study.

* note: After this study was completed, during a trip to Kenya I updated the sex-work

status of the HlV-resistant list and noted that a few individuals had stopped sex work. By

definition, these women no longer meet the criteria for HIV resistance.

ML

SAMPLE

HIV

STATUS

SAMPLE

DATE
AGE

DURATION

OF SW

CLIENTS

PER WEEK

ML T997 Uninfected 06-24-03 45 5 2l

ML 1961 Uninfected 06-06-03 30 I 21

ML 199r Uninfected 06-30-03 1ALA 4 2l

ML 2001 Uninfected 12-05-02 27 2 49

ML 1962 Uninfected 06-19-02 35 35

ML T625 Infected t2-03-02 39 T7 21

ML 2011 Infected rr-2t-02 aa
JJ 1 35

ML T982 Infected 06-10-03 42 13 35

ML 1999 Infected 06-30-03 24 + 21

ML 1859 Infected 06-t2-02 41 5 70

ML 1695 Resistant rt-12-02 29 7 21

ML 1376 Resistant 07-08-03 37 I2 None *

ML 1622 Resistant 01-10-03 50 20 None *

ML 889 Resistant 06-17-03 47 18

ML 320 Resistant 06-23-03 46 20 28
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SELDI-TOF analvsis of serum samples:

HlV-resistant individuals were compared to HlV-uninfected and infected study

groups using SELDI-TOF analysis. As described in the methods, each sample was f,rrst

fractionated using a Serum Fractionation Kit (Ciphergen Biosystems) and then spotted

onto a variety of chip surfaces. An individual serum sample when processed has 6

individual fractions based on the pH of the elution buffer and hence, the isoelectric point

of individual proteins. These fractions are spotted onto a chip surface (see figure 14).

Each fraction was analyzed for the individual samples in each of the HIV study groups on

3 protein array surfaces (figure 15).

9s



s0

..t,"7

50!
0

.qL*l
I0¡

Fraction I

Fraction 2

Fraction 3

Fraction 6

Figure 14. A representative example of subjecfML 1927 showing the individual

fractions acquired under low intensity for all proteins in the sample bound to a CMl0

cationic chip. Fractionating the sample enables reduction of the interference of dominant

proteins in a sample and increase the capture of lower abundant proteins (highlighted in

red circles).
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A.

H50 protein affay

IMAC3 protein array

Figure 15. Differential protein expression between study groups. A representative

spectra shown in gel view from each study group (ML1997, HlV-uninfected subject;

ML320, HlV-resistant subject; MLl859, HlV-infected subject) is shown. The pH eluted

fraction 4 is shown for each sample þrotein sizes 0-20 kDa) using the A) CMl0 weak

cationic exchange chip, B) H50 hydrophobic/hydrophilic chip and C) the IMAC3 metal

affrnity binding protein chip. Differences between individual protein expression between

study groups were readily seen and differs as well by protein chip arcay.
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Analysis of the study groups was performed using the biomarker V/izard software

to identify potential biomarkers of HlV-resistance in the serum samples. In the CMl0

(weak cationic exchange chips), a number of potential biomarkers of HlV-resistance were

found (see table 6). In particular a protein peak at 9203.4 Da in fraction 6 was shown to

be exclusively upregulated in the HlV-resistant study group when compared to the HIV-

uninfected (p<0.0i6 and HlV-infected (p<0.009) women (see figure 16).
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Table 6. Representative analysis table of potential biomarkers of HlV-resistance in

serum. Analysis of the 6 fractions of serum samples on the CMl0 chips for the low

energy spectra (0-20kDa proteins) is shown here. A large number of differentially

expressed proteins associated with each study group are seen (the top three differences

between comparisons are shown). Peaks which are exclusive to the HlV-resistant study

group (highlighted in yellow) are of particular interest.

Fraction Comparison of Study groups
Protein mass

(mtzl
p value

Resistant vs. Uninfected

10157.1 0.117185

8325.1 55 0.174525

13279.08 0.174525

Resistant vs. lnfected

12899.32 0.02828

8663.98 0.0758

12964.07 0.0758

Uninfected vs. lnfected

12964.07 0.016294

12759.71 0.174525

10062.97 0.250592

Resistant vs. Uninfected

1884.4 0.009023

1916.727 0.009023

1571.495 0.016294

Resistant vs. Infected

2313.819 0.009023

1833.283 0.016294

1866.182 0.047202

Uninfected vs. Infected
1705.302 0.047202

2011.495 0.047202
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2021.064 0.047202

Resistant vs. Uninfected

9031.294 0.117185

14420.5 0.117185

17274.95 0.117185

Resistant vs. lnfected

8402.14 0.047202

14186.51 0.047202

1 1578.03 0.0758

Uninfected vs. Infected

6004.971 0.117185

6270.001 0.117185

7900.658 0.117185

Resistant vs. Uninfected

17274.01 0.047202

4418.976 0.117185

6007.027 0.117185

Resistant vs. lnfected

14078.95 0.047202

13971.59 0.0758

17274.01 0.0758

Uninfected vs. Infected

13857.96 0.0758

1 756.1 95 0.117185

6546.63 0.117185

Resistant vs. Uninfected

3040.1 95 0.250592

3325.701 0.250592

4051.171 0.250592

Resistant vs. lnfected

2509.25 0.250592

2789 0.347208

13815.89 0.347208

Uninfected vs. Infected
2509.25 0.174525

2967.167 0.250592
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2604.325 0.347208

Resistant vs. Uninfected

9203,483 0,016294

2618.94 0.0758

6055.715 0.0758

Resistant vs. lnfected

9203.A83
ì r...ìr'1..

0,009023

9470.692 0.016294

2702.188 0.02828

Uninfected vs. lnfected

6263.918 0.047202

6010.749 0.0758

2633.787 0.117185
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Figure 16. Intensity plot of the 9203.4 kDa biomarker of HlV-resistance. HlV-resistant

samples are (shown in green) are elevated when compared to HlV-uninfected (in red) and

HlV-infected (in blue) samples.

Similar lists of potential biomarkers were generated during analysis of the serum

data for the H50 and IMAC3 chip surfaces as well as the high energy spectra (>20 kDa

proteins). Each significant difference must be manually confirmed without the software's

assistance to ensure that the biomarker peak is real. During this process, a number of

potential biomarkers were discarded. An example of the complexity of analyzing this

data is shown by the finding of 3 HlV-resistance biomarkers on fraction 4 of the CMl0

chip surface analysis for large proteins (figure 17). Markers at79 784.8,88 843.8 and94

029.3 Da were each shown to be highly associated with HlV-resistance þ<0.009) during

the initial analysis. However, as shown in figure 17b, the significance of these

biomarkers did not hold true when the peaks were evaluated manually. These proteins

were no lonser associated with resistance.
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Figure 17. Illustration of the analysis protocols and their impact on biomarker discovery.

A)Threepotentialbiomarkers at79784.8,88 843.8 and94029.3 Dawereelevatedinthe

HlV-resistant (green) group when compared to HlV-uninfected (red) and HlV-infected

(blue) individuals (p<0.009). B) Alteration of the baseline function in the Biomarker

Wizard software to further reduce background noise reduced the significance of these

biomarkers (seen best in the 88 843.8 protein highlighted in red circles).
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Determinine the utility of SELDI-TOF to detect cvtokines and chemokines:

Previous studies outlined in Part I of this thesis demonstrated the quantification of

cytokines and chemokines within CVL samples was possible, however, for a great

portion of the cytokines we wished to assay for, the assays were limited by the detection

sensitivity of the chemiluminescent ELISA. While the ELISA format enables detection

to the picomolar concentration, use of SELDI-TOF technology greatly increases the

detection capabilities to the femtomolar concentrations in a sample. Given the limited

amount of CVL sample as well as proposed experiments to assay the supematants of

cultured CMC's for cytokines and chemokines, the use of SELDI-TOF as a means to

quantiff these proteins was explored.

Results:

To determine if cytokines and chemokines could be detected using SELDI-TOF

MS a spiked cocktail of recombinant human forms of MIP-Iu, MIP-IB, TNFa, IL-2 and

IL-10 was used as representative proteins which were of interest in future studies of CVL

or culture supernatant experiments. As shown in figure 18, the chemokines MIP-Icr and

MIP-I8 were readily detected. However, the cytokines TNFc¿ and IL-l0 were not seen

and only afaint capture of IL-2 was detected. In addition, protein peaks were detected

for the most part in the lower molecular weight range (<5 kDa) which did not match the

molecular size of the chemokine or cytokine but were most likely breakdown products of

these proteins.
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Figure 18. Evaluation of a cytokine/chemokine cocktail spiked into PBS or cell culture

medium. A mixture of IL-2, TNFa, IL-10, MIP-1o and MIP-18 (each at 500ng/ml) was

spotted onto a variety of chip surfaces. Shown here on the CM10 chip surface, the

cytokine/chemokine cocktail was spiked into lX PBS used for CVL collection (top

spectra) and RPMI cell culture media (bottom panel). The chemokines MIP-1c¿ and MIP-

1B are readily seen at 7.8 and 7.2LcÐarespectively. However, cytokines were difficult to

detect with only IL-z (15 .4 kDa) detectable while TNFa Q7 .a kDa) and IL- 1 0 ( 1 8.6 kDa)

were not seen.

As cytokine detection proved to be difficult in a mixed cocktail of cytokines and

chemokines attempts were made to detect cytokines alone. Individual cytokines were

spiked into iX PBS at physiologically relevant levels to mimic a CVL sample and

detection was assessed. As shown in figure 19, the binding conditions tested were unable

to improve on the sensitivity of cytokine detection which would be comparable to an

ELISA format.
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Figure 19. Optimizing cytokine detection using SELDI-TOF. Attempts to increase the

sensitivity of detection for TNFc (I7.4kDa) were made by increasing the concentration

of TNFc¿ spotted onto a CM 1 0 chip from I0-7 5 ng total protein which is the lowest range

of detection by ELISA. No TNFcr protein peak was detected.

Despite the lack of cytokine detection in optimization studies there are numerous proteins

(known and unknown) which may be differentially expressed and secreted by immune

cells when stimulated. As a follow-up to studies outlined in Part I of this thesis, attempts

were made to ascertain the differential expression of proteins in stimulated PBMC's as a

means of optimizing the conditions required for future experiments where cultures of

cervical immune cells would be done. The culture supematants from PBMC's stimulated

with LPS or PHA are shown in figure 20. Using the SELDI-TOF MS approach we were

able to show that protein expression is clearly different in untreated versus treated cells

and that the protein profiles appeared to be agonist dependent as well.
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Figure 20. Culture supernatants from activated PBMC's show differences in protein

content. PBMC's \ /ere cultured in either RPMI alone (green), LPS (red) or PHA (blue)

for 72 hours. Supernatants were harvested and spotted on a NP20 chip to ascertain

protein content. Protein peak differences were seen in the PBMC culture supernatants

between the unstimulated and stimulated conditions.

Having established these protocols attempts were then made to isolate the CD4+

T cell population of immune cells from PBMC's and culture them in the presence of the

same agonists. Comparisons of the protein profiles of CD4+ T cells from HIV uninfected

and HIV infected individuals were made to see if there are differences which are related
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to the HIV status of the individual. As shown in figure 21, these differences were

pronounced as proteins expressed in similar treatment conditions differed based on the

HIV status of the individual. However, based on these experiments it was found that

variation between individual samples, regardless of HIV status or stimulation conditions,

demonstrated a great deal of diversity in the protein spectra and made results difficult to

interpret.
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HIV UNINFECTED

HIV INFECTED

Figure 21. Detection of protein differences in isolated CD4+ T cells from HIV-

uninfected and HlV-infected individuals. CD4+ T cells were isolated by negative

selection and culturedfor 24 hours with RPMI alone, PHA or LPS. Comparison between

unstimulated CD4+ T cell culture supernatants to PHA and LPS stimulated cells shows

variation in protein expression. Further, protein expression profiles change with HIV

status.
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Discussion:

The use of SELDI-TOF MS in the context of HIV studies, in particular mucosal

immunology had at the time never been tried before. This work is completely unique for

pioneering attempts to analyze a new biological material (cervical lavage samples) and

for its studies on HlV-resistance using a proteomics approach. While novel, a brief

discussion of the potential pitfalls to the proteomics approach used in this study is

necessary. SELDI-TOF MS has both significant advantages and drawbacks for these

studies. Simply put, this platform is designed for high-through put analysis of biological

samples but this comes at a cost. Because the spectrometer has a shorter time of flight

tube when compared to other mass spectrometers it is considered to have a lower

resolution capacity. As such, the level of protein resolution is not as refined as other

technological platforms available. However, this is by design as the capacity to do high

through put analysis of large sample sets would be too difficult to achieve had a more

powerful mass spectrometry approach been used. In addition, because proteins are pre-

selected for binding to proteinchip anay surface chemistries (and further are selectively

binding for proteins based on the pH or salt conditions used in our binding or wash

buffers) we are by no means getting a complete proteome of a biological sample. An

alternative approach which was considered briefly would have been to use a 2

dimensional gel approach. Here a greater in depth prof,rle of the proteome of a biological

sample is achievable however, gathering and analyzing the data for alatge crossectional

study is unfeasible.

Given the chosen approach to analyze the proteome of biological samples,

specif,rcally serum and culture supernatants, the results generated have led to some
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interesting and novel findings which certainly warrant fuither investigation. Namely, the

study of serum samples in the context of HlV-resistance and the search for biomarkers

resulted in one strong marker at9203.4 Da. This result needs to be confirmed with a

larger scale study using at minimum 30 individuals per study group. If the marker holds

true it is worth further purification and sequencing by tandem MS to identiff the protein.

Until this is done it is too early to speculate on its identity or possible implications for the

resistance hypothesis.

Another interesting study would be to scale up the search for biomarkers within

serum for HlV-infected individuals. Looking for markers of disease progression or

importantly, markers that may play arole in determining long-term non progressor status

(LTNPs) or long term survivor (LTS) status would be of great interest. A previous

attempt at such a study was performed by Zhang et al (2002) in which the identification

of cr defens in I , 2 and 3 by SELDI-TOF MS was associated with long term non

progression in HIV infected individuals. These proteins were isolated from cell culture

supematants of HIV challenged CD8+ T cells from LTNP patients and suggested to be

the identity of the mysterious CAF protein which inhibits HIV replication [175].

However, this paper was later retracted as it was determined that the cellular source of the

a defensins was not from the CD8+ T cells but from contaminating neutrophils used

during the challenge of the cells [176]. Looking at markers of disease progression or

importantly, the absence of progression in serum may lead to the discovery of factors

which play arole in preventing HIV infection progressing to AIDS.
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Studies on HIV challenged cell supematants resulted in mixed results with some

promise in detection of chemokines but not in the detection of cytokines. It is not known

why cytokines were not easily detected using this approach. Most cytokines are

positively charged and therefore would be expected to bind to the CMl0 protein chip

an.ay. One possibility is that structurally the protein could not bind to the chip surface

with suffìcient avidity to avoid being washed away. Alternatively, some proteins simply

do not "fly" in a mass spectrometer, a phenomenon which has yet to be adequately

explained. It is however interesting that the chemokines did easily bind to the chip arrays

and could 'fly' down the time of flight tube when ionized.

In summary, the use of SELDI-TOF MS as a valid tool for biomarker discovery in the

HlV-resistance hypothesis was established. While studies in serum did establish some

markers of HlV-resistance the studies were performed on a small scale and need to be

done with large sample sets before the markers could be trusted. This was not possible to

do using the samples that had been banked thus far due to improper storage conditions.

Studies to follow up this observation are currently underway. Further, the use of SELDI-

MS approach to assess cell culture supernatants and cytokine/chemokine detection was

explored. However, there was alarge amount of variability in each sample to encourage

the use of this approach to study cell culture supernatants. The primary focus of the

hypothesis was to evaluate potential mechanisms of HlV-resistance which could be

mediated at the site of initial infection, the genital tract. Therefore, we chose to focus the

use of the SELDI-TOF mass spectrometry on performing large scale comparisons of

cervical lavage samples in the HlV-resistant, susceptible and infected women.
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Future Directions:

The overall sensitivity of the SELDI-TOF approach for analyzing either supernatants

or CVL samples has not been established for detection of cytokines and chemokines

when compared to conventional ELISA techniques. Further technologies are now

available which have opened up new possibilities in achieving the goal of measuring

inflammatory cytokines. Cytometric Bead Arrays (CBA) system using flow cytometry to

measure multiple cytokines within a CVL sample was also tried. To date however, a

successful technique for the measurement of all important cytokines and chemokines

within a limited sample such as CVLs or CMC cell culture supernatants has not been

established. However, recently an IDM or Interaction Discovery Mapping platform from

Ciphergen Biosystems became available which enables the capture of antibodies for

measurement of antigen-antibody interactions. This technology could be used to quantiff

individual cytokines within a sample by first incubating the chip array with the relevant

antibody then with the biological sample. This technique may be worthwhile exploring

as a new means of analyzing the CVL or cell supernatant samples.
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CHAPTER 6: The proteome of cervical lavage samples in HlV-resistant women

Introduction:

The results of the previous studies charucterizing the genital mucosal immune

barrier of the female genital tract lead us to explore new technologies which could

overcome obstacles such as limited sensitivity of ìmmunological assays and limited

sample volumes. V/e hypothesized that these women have protective innate immune

factors in their genital mucosal tissue that would prevent HIV infection. Using the

SELDI-TOF mass spectrometry approach an optimal protocol for the study of cervical

lavage samples taken from the commercial sex workers of the Pumwani cohort was

developed. A large scale study was then performed to search for biomarkers of HIV-

resistance in the CVL samples.

Results:

Study Populations

HlV-resistant, HlV-uninfected and HlV-infected women were enrolled in this

study between2002 to 2004 during the biannual resurveys nested within ongoing studies

of the Pumwani cohort. HlV-uninfected individuals, like the resistant individuals, are

HlV-negative but do not currently meet the definition of resistance within the cohort

[141]. These women come from similar socioeconomic and genetic backgrounds.

Women were excluded from the study if they had a concomitant STI or were

menstruating.
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A total of 579 CVL samples were collected from32l individuals during the

course of this study. Multiple samples were collected from individuals over time as they

came in for each biannual resurvey. In addition, during the course of this study, some

individuals who were first enrolled as HlV-uninfected eventually went on to seroconvert

and become HlV-infected or became HlV-resistant by our study definition of 3 years of

active follow-up. These factors were taken into account in the subsequent analysis of the

biological data. Finally, CVLs were collected from a limited number of low risk HIV-

uninfected individuals however these were excluded from the biomarker discovery

analysis due to low sample numbers (n:9).

Optimizøtíon of the CVL collection and SELDI-TOF acquisition protocol:

A protocol for the collection of samples and analysis by SELDI-TOF MS was

developed and optimizedfor cervical lavage specimens. Briefly, a2mL wash of the

ectocervix using sterile lX phosphate buffered saline (PBS) was performed after samples

were taken for diagnostic purposes but prior to tissue scraping for collection of CMCs.

Lavages were collected from the posterior fomix and placed in 15 mL conical tubes for

transport to the laboratory on ice. Samples were aliquoted and frozen at -70 
0C for

shipment to the University of Manitoba. All samples were stored and treated equally for

fteezelthaw cycles. All samples were assayed for their protein concentration then

equalized for protein content and tested by SELDI-TOF.

Analyses of the CVL samples were optimized for both proteinchip array and

sample loading. As shown in figure 22the CVL samples under identical binding and

wash buffer conditions gave the largest number of protein peaks when bound to the

cationic exchange (CM10) protein arcay. Therefore, it was chosen to use this chip type
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for the remainder of the study. In addition, optimization for the amount of CVL sample

to add to each spot on a protein chip was determined. As shown in figure 23,the greatest

number of protein peaks resolved on the cationic protein chip array that was equivalent to

a super-saturated spot (at 5 ug total protein) occurred when 2 ug of total protein was

added to each spot. This represents the largest amount of protein that can bind to an

individual chip spot with the least amount of sample dilution.

Figure 22. CVL samples a¡e best acquired on cationic chip arrays. CVL samples from

subject MLl943 were evaluated on 4 proteinchip arrays, the CM10 (cationic), SAX

(anionic), H50 (hydrophobiclhydrophilic) and IMAC (metal affrnity). Under the same

binding and wash buffer pH conditions the greatest number of retained proteins on the

surface of the chip was on the CMl0 protein chip array.
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Figure 23. Optimization of protein sample concentration loading onto protein chip array.

CVL sample from subject ML 1440 was loaded onto a CMl0 protein chip at various

sample concentrations. The 2 ugtotal protein loading gave the optimal balance between

lowest protein concentration required to saturate the surface area of the chip.

Once the final protocol was established, the entire CVL sample set was spotted on

CMl0 chip arrays and acquired on the SELDI-TOF mass spectrometer. Data was

acquired under 2 energy settings, a low laser energy setting to examine proteins from 0-

20 kDa in size then a higher laser energy setting to examine proteins at20-175 kDa.

Biomarker miníng of tlrc CVL spectra døta:

A total of 579 CVL samples collected at multiple time points from 321

individuals were analyzedby SELDI-TOF MS. Analysis of both the high energy and low

energy sample set was performed, though most proteins were found in the 0-20 kDa
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protein range and these are presented in the remainder of this study. Spectral analysis

revealed a number of proteins that were differentially expressed in the HlV-resistant sex-

worker group compared to controls (see Table 7). The top HlV-resistance biomarker at

10566.62 Da could not be manually confirmed and was therefore discarded. The next

biomarker aT 6007.19 Da was over expressed in the genital tract secretions of the HIV-

resistant study group compared to HlV-uninfected (p<0.001) and HlV-infected

individuals (p<0.000005). Interestingly, the 6 kDa biomarker did not show a difference

between the HlV-uninfected and HlV-infected groups (p<0.12) and therefore was

associated exclusively with the HlV-resistant group (Figure 24).

Table 7. Univariate analysis of the sample set reveals alarge number of proteins

associated with HlV-resistance. Shown below are the top 5 most significant protein

peaks associated with the listed study group comparisons.

HlV-Resistant vs. HIV-

Uninfected

HlV-Resistant vs. HIV-

Infected

HlV-Uninfected vs. HIV-

Infected

Protein

(m/z)
p value

Protein

(mlz)
P value

Protein

(mlz)
p value

rjs66.62 0.000063676 6007.19* 0.00000s126 15885.2 0.000023609

6007.19* 0.001174159 9931.5ò 0.000891132 7586.4 0.0006s9099

6156.2 0.001600660 4146 0.001864111 r372.4 0.001403461

4230.5 0.003029891 3719.35 0.003458382 r1992.3 0.001759499

6236.8

,,".'.,,,...,,,...M,V

9931.5Ò

10.005t32s47l****
I o.os¿r

6025.8 0.003s49944

6007.t9* 0.121723832
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Figure 24. SELDI-TOF MS data analysis reveals a 6 kDa protein peak associated with

HlV-resistance. (A) Representative protein mass spectra of CVL samples from HIV-

uninfected (n:30), infected (n:161) and resistant QrI24) individuals. The 6.0 kDa
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protein of interest is highlighted. (B) Intensity plot of the average values for the 6.0 kDa

protein peak in each individual for samples collected over multiple time points. HIV-

resistant individuals showed a2.l fold increase in the 6 kDa peak compa¡ed to the HIV-

uninfected control group (p:0.0001) and a 1.3 fold increase compared to HlV-infected

(p:0.0007).

An analysis of the 6 kDa protein intensity values for each individual over multiple

time points was carried out to determine the consistency of the protein expression

between multiple sampling points. As seen in figure 25,the majority of individuals

exhibited relatively little variation in protein expression over time. The mean intensity of

the 6 kDa protein among all samples is2.69 and the average SD for the multiply sampled

individuals is 1.49. As this falls within +2 SD of the overall mean, variation amongst

samples over time is not statistically significant.
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Figure 25. Variation of the 6kDa protein levels in each individual over multiple

sampling time points. Of the 32I all samples taken, 16i individuals were sampled

multiply over time and CVL sample was acquired by SELDI-TOF MS. Shown here is a

graphical representation of the mean level of the 6kDa protein for all individuals (bars

represent the SD).

Tandem mass spectrometry identijïcøtion of the 6 kDa biomarker:

To identiff the 6 kDa biomarker of HlV-resistance we pooled the CVL samples of

5 ofthe highest expressers ofthe peak and eluted the protein by anion exchange

chromatography (flow-through) followed by reverse phase chromatography (30o/o

acetonitrile,0.lyo trifluoroacetic acid). The enriched preparation was reduced, alkylated

and resolved by SDS-PAGE. The gel-purified protein was digested with trypsin and
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unique fragments analyzed by tandem MS. Ions were fragmented by collision induced

dissociation (CID) and the MS/MS spectrum was submitted to Mascot search tool for

identification (http://www.matrix-science.com/). This 6 kDa protein was purified from

CVL samples and identified using tandem MS as the 6.0 kDa form of trappin-2, also

known as human elafin/SKALP (skin-derived anti-leukoproteinase) (Figure26).
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amino acids sequence

83-91 CAMLNPPNR + Carbamidomethyl (C)

83-91 CAMLNPPNR + Carbamidomethyl (C); + Oxidation (M)

67-82 GPVSTKPGSCPILIR + Carbamidomethyl (C)

6l-82 AQEPVKGPVSTKPGSCPIILIR + Carbamidomethyl (C)

Figure 26. Identification of the 6 kDa protein as trappin-z. A) The mlz ion of 2347 was

identified as a carbamidomethylated tryptic fragment of trappin-Z with probability based

Mowse score of 56 (score >26 indicates identity or extensive homology). B) C ID

spectrum of the 2347 m/2. C) An ion with mlz of 1072 was fragmented by CID and the

MS/MS spectrum was submitted to Mascot search tool for identif,rcation. The ion was

identified as a carbamidomethylated tryptic fragment of trappin-2 with probability based

Mowse score of 42 (score >16 indicates significant homology, score >21 indicates

identity or extensive homology). D) CID spectrum for the ion with mlz of 1072. E)

Amino acid sequence of the 6 kDa biomarker identified as trappin-2. Peptides directly

identif,red by MS/MS are underlined. The sequence highlighted in red corresponds to

trappin-2. The calculated MW of trappin-2 is 6007.20 Da. Considering four disulfide
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bridges in the polypeptide, the corrected MW is 5999.20 Da. The latter MW matched

experimentally observed mlz values with high accuracy (see Figure 1a). F) Four ions

were identified by MS/MS as tryptic fragments of trappin-2.

Confirming the over expression of trappin-2 by ELISA:

The eievated level of trappin-2 in the genital tract of HlV-resistant women using

an enzyme immunoassay for trappin-2 was confirmed. As no specific antibody to the 6.0

kDa form of the protein is available, an antibody specific for both the 6.0 and 9.9 kDa

forms of the protein was used in an in-house ELISA system while a commercially

available ELISA kit was used to measure the 9.9 kDa form of trappin-2. Over expression

of trappin-2 in the HlV-resistant study group (mean + sEM: 1.22 + 0.15 ug/ml)

compared to HlV-uninfected (0.47 + 0.1 ug/ml) and HlV-infected (0.68 + 0.11 ug/ml,)

individuals was confirmed (p: 0.01 and p:0.0004 respectively,Figxe2Ta).

Interestingly, the 9.9 kDa form of trappin-2 was elevated in the HlV-resistant population

compared to HlV-uninfected and HlV-infected individuals (p:0.002 and p:0.01

respectively, Figure 27b), although this has not been confirmed by mass spectrometry.

The MS intensity values of the 6 kDa trappin-2 peak correlated strongly with the values

obtained via the ELISA (Pearson's correlation 0.298,p:0.000001), but showed no

correlation with the 9.9 kDa ELISA data, illustrating the specificity of the MS approach.
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Figure 27. Trappin-2 is significantly over-expressed in the HlV-resistant study group as

determined by ELISA. CVL samples used in the MS studies were assessed for tappin-2
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levels by ELISA (HlV-uninfected (n:30), infected (n:161) and resistant (n:124)

individuals). A) As no specific antibody exists for the 6 kDa form of Trappin-2 we

assayed for detection of both the 6 kDa and 9.9 kDa form of trappin-2 by an in-house

ELISA. HlV-resistant individuals showed a2.6 fold increase in trappin-2 expression

compared to HlV-uninfected (p<0.01) and a 1.8 fold increase compared to HlV-infected

þ<0.0004) individuals. B) A commercially available ELISA kit was used to quantify the

9.9 kDa form of trappin-2. HlV-resistant individuals showed a 3.3 fold increase in

trappin-2levels compared to HlV-uninfected úl<0.002) and a 1.5 fold increase compared

to HlV-infected þ<0.01) individuals. There was no significant difference between the

HlV-uninfected and HlV-infected individuals. All bars represent the median value;

analysis was by Mann Whitney U test.

Trøppin-2 ønd potential confounding vøriøbles.

To rule out potential confounding epidemiologic variables we examined the

relationship between trappin-2levels and numerous factors presented in Table 8. The

HlV-uninfected individuals have a lower reported duration of prostitution when

compared to the HlV-infected and HlV-resistant individuals within the cohort as they

tend to be new enrollees. Further, the HlV-resistant group has a skewed mean of reported

days from menses as 6 individuals have reported no menses for over 3 months and are

likely post-menopausal. V/e therefore excluded these women from the data presented in

table 8. Analysis of the trappin-2levels including or excluding these 6 women did not

alter the significance of the association of trappin-2 to HlV-resistance. Multivariate
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regression analysis of trappin-2 levels showed no relationship between levels of this

protein with potential confounding variables such as menses, contraceptive use (reported

as none, oral contraceptive, intrauterine device, Depo-Provera, tubal ligation, condom use

or other) and douching practices (reported as daily, or postcoital; washed with water,

water and soap or other) (data not shown). As noted earlier, individuals were excluded

from enrolment if they had a concomitant infection or were having their period.

Table 8. Biographical and epidemiological data collected from study patients. All

numbers are means + the standard deviation.

* Averages listed for actively menstruating women

Study participants HIV Uninfected HIV Infected HIV Resistant

Number of patients 91 t62 68

Mean Age (years) 34.3 + 6.3 39.1+7 41.2r 8.3

Duration of prostitution (years) 8.6 + 6.5 lI.9 +7.3 1,2.2+8

Clients/day 4!1.9 3.9 + 1.9 { l-+-./ {

Regular clients 1.02 È 0.3 0.94 L 0.9 0.82 t 0.4

Condom use/week 28.6 + 17.8 26.5 + 15.3 23.9 t 16.5

Davs from last menses* 16.7 + 12.1 17.9 + 16. I 18.5 + 14.7
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Finally, the level of SLPI, a related protein to trappin-2 which has been shown to

inhibit HIV previously was assessed. As shown in figure 28, no differences in SLPI

levels in the CVL samples were detected between the HIV study groups. However, a

trend to significance did exist between the HIV uninfected and HIV infected study groups

@<0.0647).
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Figure 28. SLPI levels in CVL samples showed no association with HIV status. A

comparison of the SLPI levels assessed by * ELISA kit in the HIV resistant (n:78;
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Discussion:

Trappin-Z is a member of the antileukoproteinase superfamily (ALS) of protease

inhibitors. It has been largely studied in the context of lung disease, where its'

antiprotease activity is thought to play a role in maintaining tissue integrity ll77l.

Trappin-2 has been shown to have anti-bacterial effect against gram positive and gram

negative bacteria [178]. It has also been shown to downregulate proinflarnmatory

cytokines such as TNFcr in macrophages stimulated with LPS. The protein is produced at

mucosal surfaces by epithelial cells and possibly alveolar macrophages in th¡ee major

forms: a 12.3 kDa cell associated form, as well as two secreted forms, the 9.9 kDa pre-

trappin-2 and a 6 kDa active form. At the N-terminus is a transglutaminase domain

consisting of a repeat sequence VKGQ ll79l. The C-terminus contains a four disulphide

core Whey Acidic Protein (WAP) domain (see the 717 aafull length sequence in figure

26e).

The initial analysis of mass spectrometry datato identify biomarkers was

performed using the Ciphergen Biomarker V/izard Software v3.1 as part of the biomarker

discovery platform. Though a total of 579 CVL samples were assayed for, some samples

came from individuals over multiple time points during the 2 year course of sample

collection. Analysis of the consistency of trappin-2 levels within individuals showed that

the levels did not change significantly over different sample time points (see figure 25).

To avoid bias in the analysis because of the repeated sampling of some individuals , the

mass spectrometry data was analyzed in multiple ways during the biomarker discovery

phase. The MS data was analyzedby treating each CVL sample individually (shown in

figure 24), or by taking a single random sample from each individual at atime point and
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finally by using the aggregate mean intensity per individual. All statistical differences

between the study groups remained the same in each method of analysis. As noted in

figure 25,the repeated sampling of individuals (in general 3 times over the 2 year sample

collection perio d) showed relatively consi stent tr appin-2 levels.

The over-expression of the trappin-Z using a common approach to protein

quantifrcation was confirmed as mass spectrometry data collected by SELDI-TOF

technology is not considered very precise by current standards. For the ELISA

confirmation of trappin-2 levels, the data was analyzed by taking the mean level of

trappin-2 for all samples within each individual (the aggregafe values are presented in

figure 27). A comparison between the 6 kDa peak mass spectrometry intensity values

and ELISA data for trappin-2levels by Pearson's Correlation showed the levels of

trappin-2 correlated extremely well.

Attempts were made to quantifu trappin-2 in a precise manner as the in house ELISA

system which was developed was limited because it could only analyze both the 6 and 9.9

kDa forms of the protein. Using the SELDI-TOF MS antibody capture method, attempts

were made to quantify the 6 kDa trappin-2 protein independent of other forms of the

protein. The protocol was optimized and information captured as to the specificity of the

antibodies as well as the relative proportion 6 KDa form greatly exceeding the 9.9 kDa

form in each CVL sample. Unfortunately, samples sent to Ciphergen Biomarker

Headquarters to complete this study were held at the US border over a long period of

time and subsequently lost to protein degradation before they could be analyzed.

The information gleaned by this study leads to some important questions. How

trappin-2 is cleaved in vivo and what enzyme cleaves this protein as well as the origin of
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that enzyme is unknown. These questions are important in piecing together why trappin-

2 expression is elevated in the HlV-resistant women. The fact that HlV-resistance is

associated strongly with the 6 kDa form of the protein is interesting however the

remaining biomarkers of HlV-resistance have not been identified as of yet. Its interesting

to note that a peak at 9.9 kDa was associated with the HlV-resistant group (see Table 7)

but again the identity of this protein needs to be confirmed by tandem MS.

There are many potential confounding variables which must be accounted for

when analyzingthe MS data in which trappin-2 was discovered. Simply put the female

genital tract is not a sterile site and as such, alarge amount of protein derived from the

microflora is present. As well, the menstrual cycle in women causes significant

alterations in the vaginal and cervical tissue. Although the possible effect of menses was

accounted for as best as possible through regression analysis, a detailed study ofthe

levels of trappin-2 during repeated sampling within one menstrual cycle would be a more

accurate determination of trappin-2 levels and the influence of the hormonal cycle. For

example, SLPI is known to alter its levels during different phases of the cycle, peaking

right before ovulation and falling to its lowest levels 2 weeks later. The sources of

trappin-2 in the genital tract or the mechanisms of its processing into secreted forms

remain unknown, therefore a number of potential avenues exist where the menstrual cycle

can influence the 1rappin-Zlevels. Other potential confounding variables such as

concomitant infections (such as CMV which is not screened for in our cohort), cytokine

levels or douching practices may all influence the level of trappin-2 in HlV-resistant

women. Trappin-2 is associated clinically with psoriasis, though this was not observed

by the physician conducting this study.
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Trappin-2 shares approximately 35Yo homology with secretory leukocyte protease

inhibitor (SLPI), the other member of the ALS family, previously shown to inhibit the

infection of macrophages by HIV [125]. Trappin-2's relation to SLPI is postulated to

have formed through exon shuffling resulting in the recombination of SLPI and a

neighboring REST (rapidly evolving seminal vesicle transcribed) gene which colocalizes

to the same position on chromosome20ql2-13. The result is trappin-2, a protein

constructed of two major domains, a transglutaminase domain from the REST gene and

the WAP domain from the SLPI gene. However, despite the homology between trappin-

2 and SLPI, these two proteins exhibit significant structural and functional differences

U771. For example, while SLPI exhibits broad anti-protease activity against proteases

such as neutrophil elastase, cathepsin G, and trypsin, trappin-2 shows a restricted level of

activity only inhibiting the pig pancreatic elastase, human neutrophil elastase and

proteinase-3 11791. SLPI has also been shown to inhibit HIV infection by blocking the

annexin II co-receptor for HIV entry on macrophages |26]. A previous study of SLPI

levels taken from the female genital tract showed a correlation to reduced mother-to-child

HIV transmission during birth [180]. Due to the relationship between SLPI and trappin-2

and SLPI's known anti-HIV activity, the level of SLPI was assessed in our CVL samples

but no association was found with HlV-resistance, unlike the trappin-2.

Given trappin-2's correlation with HlV-resistance we stratified women who had

greater than the mean trappin-2levels + 1 SD found in the HlV-uninfected group.

Individuals who had trappin-Zlevels greater than this amount showed a significantly

reduced likelihood of being HIV infected, with a protective odds ratio (OR) of 5.9

(C195% L9 -24.4, p<0.006) towards the HlV-resistant group based on the MS data (only
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4/30 HlV-uninfected, or susceptible women had trappin-2 levels over this threshold,

compared to 651114 of the HlV-resistant women), or an OR of 4.5 (CI95% L24-24.7,

p<0.002) based upon the ELISA data(3126 susceptible vs.73l116 resistant). In addition,

though anecdotal as of yet, during the course of this study two HlV-uninfected

individuals seroconverted. Both these individuals had low trappin-Zlevels (1 SD below

the mean lrappin-Zlevel in the HlV-uninfected group). Clearly a prospective study of

seroconversion within this cohort is required to determine if trappin-2 levels are

predictive of HIV susceptibility. In addition, replication of this finding in similar HIV-

resistance cohorts around the world would solidifr this observation.

Future Directions:

Using the proteomics platform technology a number of other biomarker

candidates in the CVL samples were found which were signif,rcantly associated with

HIV- resistance. Purification and identification of these protein peaks will need to be

performed in the future. In addition, other biomarkers may be found using a variety of

protein chip surfaces or altering the binding conditions of the buffers reducing the

stringency of the binding conditions and allowing for greater protein capture.

Nevertheless, the strength of the trappin-2 association and its exclusive over-expression

in the HlV-resistant group when compared to both the uninfected and infected individuals

led to the pursuit of this marker exclusively. Questions remain as to the significance of

the resistance association to secreted vs. cell associated forms of trappin-2. This may

simply be a reflection of sample collection however, a study of genital tract biopsy

samples and immunohistochemical staining for trappin-2 would identify the source(s) of
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this protein in the female genital tract. Ultimately, of greatest importance is the relevance

of trappin-2 to the original hypothesis; is trappin-2 aprotective factor against HIV

acquisition and can it prevent HIV infection?
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Part III: Trappin-2 a novel inhibitor of HIV associated with natural immunity

Using a novel proteomics approach a protein, trappin-2, was identified that was

highly elevated in the genital tract of HlV-resistant commercial sex workers. A

comparison between the levels of trappin-2 in the resistant sex workers and susceptible or

infected controls showed a protective odds ratio of 5.9 (p<0.006) conferred to those with

higher expression. Following the confirmation of trappin-2 association with HIV-

resistance, a fundamental question remained. Can trappin-2 inhibit HIV infection? If so,

the discovery of a novel inhibitor of HIV that is associated with natural immunity to HIV

infection would have obvious importance to development of microbicides.
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Chapter 7: The anti-viral activiW of trappin-2

lntroduction:

The ability of trappin-2 to inhibit HIV infection was tested in in vitro culture

systems. Two HIV culture systems were employed, the first being a PBMC infection

model using laboratory adapted and primary Kenyan isolate strains of HIV. Concurrently,

a highly sensitive culture system commonly used to test anti-viral efficacy of novel drugs

was employed. This system uses a T cell line (MT4 cells) and a sensitive CXCR4 lab

adapted strain of virus, HIV HxCB2. Trappin-2 was tested at physiologically relevant

concentrations as well as pretreatment times which we imagined would be useful as a

microbicide (i.e. brief one time exposure prior to sexual intercourse).
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Results:

Trappin-2 inhibition of HIV in PBMC culture system-

Trappin-2's ability to inhibit HIV infection in a PBMC culture system was tested

using HIV-BAL (R5) and IIIB fia) lab adapted strains. Initially, it was not known

whether trappin-Z would inhibit HIV infection through direct action against the virus or if

it would act on target cells and prevent either infection or viral replication within the cell.

Therefore various concentrations of trappin-2 was tested under three pretreatment

conditions and followed the infection culture from days 6,9 artd 12 (see figure 29). Little

viral inhibition was seen at the first time point on Day 6 collection of supernatants. As

shown in figure 29c, fhe greatest level of HIV inhibition occurred after 9 days of culture

with a 1 pre-treatment of the PBMC's with trappin-2 (at 1-0.5 ug/ml) prior to the

addition of virus to the culture system. Interestingly, little inhibitory affect of trappin-2

treatment was demonstrated against the HIV BAL strain (figure 29bd and Ð. By Day 12,

the viral inhibition affect of trappin-2 began to diminish.
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Figure 29. Trappin-2 inhibits HIV in an unstimulated PBMC infection culture system.

PBMC's were cultured with either HIV IIIB (left panels) or HIV BAL (right panels)

r40

HIV lllB (X4 tropic): DAY 6

Trappin-2 (ug/mL)

HIV BAL (R5 tropic): DAY 6

HIV lllB (X4 tropic): DAY 9 HIV BAL (R5 tropic): DAY I

HIV lllB (X4 tropic): DAY 12 HIV BAL (R5 tropic): DAY 12



using three pre-conditions (PBMCs incubated with trappin-Z for I hour, virus incubated

with trappin-2 for t hour or virus, PBMCs and trappin-2 added simultaneously). A dose

curve of trappin-2 from 20 ug/ml to 0.1 ug/ml was tested and cultures were assayed for

p24 content on days 6,9 and 12 of the experiment.

The results in figure 29 optimized the time of supematant collection as well as the

trappin-2 concentration range to be tested. Of note, the trappin-2 dose response curve for

HIV inhibition against the IIIB strain of virus (figure 29c) did not titer out at the lower

end of the treatment spectrum. The experiment was then repeated under refined

conditions. For the second round of inhibition experiments the same tests were repeated

with two notable differences. The first is that PHA stimulated PBMCs were used to

increase the ability of the virus to replicate in activated cell populations. Secondly,

trappin-2 was tested against a Kenyan isolated virus from the Pumwani cohort (ML235).

As shown in figure 30, preincubation of trappin-2 with the stimulated PBMCs for one

hour prior to challenge with the virus gave the best level of inhibition. In figure 30a)

HIV BAL reached peak inhibition of virus production using 0.08 ug/ml of trappin-2.

Inhibition of ML235 Kenyan primary isolate virus peaked at a similar concentration

(figure 30c). No activity was detected against the primary isolate when the virus was

preincubated with llappin-2 (figure 30d) whereas some inhibition did occur under the

same conditions using the HIV IIIB strain (figure 30b).
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Figure 30. Trappin-2 inhibits HIV infection in a PHA stimulated PBMC culture system

against HIV IIIB and primary isolates. A) Trappin-2 was preincubated with PHA

stimulated PBMCs and added to HIV IIIB in a culture system or B) trappin-2 was

preincubated with HIV IIIB and then added to PHA stimulated PBMCs. C) Trappin-2

was preincubated with stimulated PBMCs and added to a Kenyan isolated HIV virus

from ML235 or D) trappin-2 was preincubated with ML235 HIV and then added to the

culture system. The highest levels of HIV inhibition by p24 assay was achieved by

preincubating trappin-2 with the PHA stimulated PBMCs and showed efficacy against

both a lab adapted strain of HIV as well as a primary isolate.
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Purity of trappin-2 usedfor inhibition studies.

A consistent phenomenon emerged through the experiments in the PBMC

inhibition system. A lack of a proper dose response curve to decreasing concentrations of

trappin-2 could not be seen (see figure 30c). Therefore the purity of the commercially

available trappin-Z that was used for the viral inhibition studies was checked. Shown in

figure 31, an aliquot of the recombinant human trappin-2 was analyzed by mass

spectrometry. No additional proteins were found in the sample ruling out contamination

of the trappin-2 product which is produced in an in vitro culture system and purified by

HPLC accordins to the manufacturer.

kDa

75

50

25

0

Figure 31. Mass spectrometry analysis of the recombinant human Trappin-2 used in the

viral inhibition studies. The rh Trappin-z (6tÐa) was run on an NP20 quality control

protein array chip to determine its purity. Only a 6 kDa protein was found in the

commercial product. A peak at I2l<Da in size was matched as the multiply charged 6

kDa peak (where the 6 kDa protein has acquired an addition H+ charge) but is the same

protein.
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Trappin-2 inltibition of HIV in a MT4 cell line.

To confirm the initial findings in the PBMC assay system trappin-2's ability to

inhibit HIV was evaluated in another in vitro culture system that is highly susceptible to

HIV infection. Using the HIV HxBc2 strain (a derivative of the HIV IIIB lab adapted

strain of virus) trappin-2 was tested at physiologically relevant concentrations in an MT4

cell line. As shown in figure 32a, the reverse transcriptase activity of a productive HIV

infection was reduced to half of normal (ICso) by a one hour pretreatment of cells with 5

ug/mL of trappin-2. Shown in figure 32b,the experiment was repeated, this time looking

at production of HIV virus by western blot detection of p24. To determine the affect of

long term treatment of trappin-2 the protein was added back into the MT4 cell system for

the remainder of culture. The last lane of the p24 westem blot shows that continuous

exposure of cells to trappin-2 subsequent to HIV infection further reduces HIV

replication when compared to a single pretreatment with trappin-2. This has implications

for how trappin-2 would act in vivo.
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Figure 32. Trappin-2 inhibits HIV viral replication in an in vitro system. A) HIV

HxBc2 was tested in an established viral replication model system and measured the

effect of pretreatment of recombinant human trappin-2 (6.0 kDa form) on cells in viral

infection. As shown above, the pretreatment of trappin-2 for t hour on MT4 cells greatly

reduced HIV viral replication in a dose dependent manner. Error bars are mean * SEM.
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B) The experiment was repeated with an additional assay of trappin-2 preincubated with

cells and subsequently supplemented into the culture media (lane 6). Supernatants were

harvested at Day 6 of infection and assayed for both RT activity (data not shown) and

westem blot analysis for HIV p24.

ConJirmøtion of trappin-2 inhíbition by Sourthern Reseørch Institute (SRI).

Our laboratory sought independent confirmation of the laboratory findings

through a collaboration with Sourthem Research Institute, a not-for-profit company

which commonly tests anti-viral compounds for pharmaceutical companies. Trappin-2

was tested against the lab adapted strains HIV BAL and IIIB as well as three African

primary isolates, the Ugandan 037 and 046 (both X4 strains) and Rwandan 009 (dual

tropic strain). A serial dilution of trappin-2 was performed from 25 uglmL to 0.003

ug/ml using a one hour preincubation of the protein on pooled PBMCs then washed

away and infected with one of the viruses. In addition, a control using the anti-HIV drug

AZT was done in direct comparison to determine the potency of trappin-2. As shown in

figure 33a,the greatest level of viral inhibition against the lab adapted strains occurred

against the HIV IIIB, achieving approximately 33% inhibition at 25 uglmL pre-treatment

of trappin-2. When compared to the primary isolates, trappin-2 pre-treatment at 0.08

ug/ml achieved approximately 40o/o inhibition against both the UGl92l037 and

P.Wl92l009 strains of virus. Notably however, no consistent dose response curve or an

IC56 was seen when testing against trappin-2 under serial dilutions confirming the

difficulties of the previous experiments (see f,rgure 29 and 30). In addition, the levels of

inhibition achieved by the SRI's testing of trappin-2 did not reach the same levels of
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inhibition seen in the PBMC system. By comparison, culture of HIV strains or isolates

with AZT showed a proper dose response curve and IC5s after 9 days of culture in the

assay system (see figure 33b).

In addition, SLP-I, a known natural R5 inhibitor of HIV, was tested against both

the HIV BAL strain and a primary isolate. As shown in figure 33c, SLP-I was able to

maximally inhibit HIV replication by 34Yo at0.79 uglmL against HIV BAL and 600/o at

2.5 uglmL against the primary isolate UG1921037. SLP-I was not tested against HIV IIIB

or against the other HIV primary isolates. Again, no consistent dose cutve was achieved

using SLP-I as an inhibitor similarly to the trappin-2 treatment.
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Figure 33. Trappin-2 inhibits HIV replication in a pooled PBMC culture inhibition

system. A) Confirmation studies performed by SRI tested a serial dilution of Trappin-2

(25 - 0.003 ug/ml) against HIV BAL,IIIB, UG/921037,UG1921046 and RW92/009. A

one hour preincubation with trappin-2 with PBMCs pooled from two donors was

performed then trappin-2 was washed away and the cells were infected with the

respective viral strain. HIV replication was assessed by RT activity after 9 days of

culture. B) As a control experiment, we tested viral inhibition using AZT (1000-0.1 nM)

incubated with the pooled PBMCs for 9 days of culture and then assessed for viral growth

by RT activity. C) A known R5 HIV inhibitor SLP-I (25-0.003 ug/ml,) was tested

against one HIV lab adapted strain and one primary isolate to determine the potency of

i.rappin-2 relative to a natural inhibitor.

Determining the mechønism of Trøppin-2 inhibition agøinst HIV ínfection:

The puzzling results showing consistent inhibition of HIV in various culture

systems, though with varying potency, lead us to try to delineate a mechanism for how

trappin-2 may be inhibiting HIV replication. Given the lack of a proper dose response

curve we hypothesized a variety of mechanisms may be at play simultaneously. Trappin-

2 pre-freatment was tested to determine if it induced an anti-viral cytokine response by

eliciting either IFNy or other anti-viral cytokines. Trappin-2 was added to cells for either

2 hours simulating the pre-treatment times used in the inhibition assays or for 24 hours

simulating a constant exposure to the protein which is found in vivo. Both PBMCs and

MT4 cells were stimulated as was used in the viral inhibition assays, as well as a cervical

epithelial cell line, HeLa cells. The results shown in figure 34 demonstrated that trappin-
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2 stimulation of any of the three cell populations did not induce cytokine or chemokine

responses. Stimulation with a positive control (LPS/SAC) did induce a proinflammatory

cytokine response upregulating TNFa production in the PBMCs (figure 34a and b)

indicating that the experimental system did work.
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incubation period the supernatants were collected and assayedforlL-2,IL-6, IL-10, IFNy,

TNFcr and RANTES by cytometric bead assay. PBMCs (A,B), MT4 cells (C,D) or HeLa

cells (E) were assayed.

A genetic microarray study was also initiated to determine which signaling

pathways are activated in response to trappin-2. As the receptor for trappin-2 is currently

unknown, the activation of particular pathways would enable the focus a search for a

trappin-Z receptor on potential target cells. An Af$rmetrix genetic microarray platform

was employed through a contract service with University Health Networks at the

University of Toronto. Purified RNA from trappin-2 stimulated MT4 cells and

unstimulated cells was sent to the core service for micro ar-ray analvsis as well as

bioinformatic interpretation of the results (see figure 35).
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Figure 35. Genetic microarray analysis of Trappin-2 stimulated MT4 cells reveal alarge

number of activated pathways. Three sets of MT4 cells were either unstimulated or
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stimulated with Trappin-Z (5 ug/ml) for 2 hours then harvested for RNA isolation. A)

RNA was analyzed using an Affymetrix microarray platform on a whole genome human

chip and data analyzed by hierarchical clustering. A preliminary comparison between the

unstimulated and trappin-2 stimulated cells generated a list of 681 genes that were

differentially expressed by greater than 2 fold (p<0.05). B) Using PathwayAssist,

analysis of the 681 genes revealed common nodes of association for both regulatory

pathways (left panel) and target pathways (right panel).

As shown in figure 35a, there were 681 genes either upregulated or

downregulated2 fold in the trappin-2 treated MT4 cells when compared to unstimulated

controls. Further analysis using the PathwayAssist analysis software showed that many

of these genes were associated and that common pathways could be delineated. For

example, the MAPK1 and EGF pathways were two coÍrmon regulatory pathways that

were significantly altered in the trappin-Z stimulated cells while the proliferation and

apoptotic pathways were common target pathways (see figure 35b). A summary of the

major similar pathways found in the 681 genes is shown in Table 9. In addition, a list of

the most significantly altered gene expression is shown in Table 10. Interestingly, a great

portion of the most altered genes are hypothetical or currently uncharacterized genes.
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Table 9. List of the similar pathways found in the 681 gene list generated by microarray

analysis of trappin-2 stimulated vs. unstimulated MT4 cells.

lL-2 signaling Erk-Pl3K in Collagen Binding

lL-3 signaling G-protein Coupled Receptor signaling

lL-6 signaling Antiapoptotic Pathways From IGF-1 R

I nhibition of Apoptosis
MAPK-ERK in Growth and

Differentiation

lnsulin pathway Mitochondrial control of Apoptosis

lnsulin Receptor Signaling NGF signaling

lntegrin Signaling p38 Signaling

Jak-Stat Pathway from lL6 Receptor PDGF signaling

MAPK signaling PKC in Myosine regulation

SAPK-JNK Signaling Apoptosis

Toll-Like Receptor pathway DR3 and DR4-5 pathways

CREB signaling EGF signaling

Death receptor signaling
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Table 10. The most significantly altered gene expression changes in Trappin-2

stimulated MT4 cells.

Upregulated Genes Downregulated Genes

Gene Title Gene
Svmbol

p value Gene Title Gene
Svmbol

p value

Homo sapiens, clone
IMAGE:5194896, mRNA

5.98E-06 Myosin lD MYOlD 6.92E-05

Vac14 homolog (S.
cerevisiae)

VAC,14 2.228-05
Chromosome 18
open reading
frame I

Cl Sorf8 7.46E-05

Hypothetical protein
LOC284215

4.07E-05

FERM, RhoGEF
(ARHGEF) and
pleckstrin domain
protein 1

(chondrocyte-
derived)

FARPl 8.72E-05

hypothetical gene
supported by 8C035399

LOC4006
20

6.48E-05

regenerating islet-
derived-like,
pancreatic stone
protein-like,
pancreatic thread
orotein-like lrat)

REGL 1.12E-04

Heat shock 70kDa protein
5 (glucose-regulated
protein, 78kDa) binding
orotein 1

HSPAsB
P1

6.55E-05
chemokine (C-C
motif) ligand 11

ccll 1 1.13E-04

Transcribed locus, weakly
similar to XP_371841.1
PREDICTED: similar to
hypothetical protein (L1H 3
reqion) - human

7.13E-05
Similar to
BC022651protein

1.33E-04

nuclear receptor subfamily
2, group F, member 6

NR2F6 8.54E-05
heparan sulfate 6-
O-sulfotransferase
¿

H56ST2 1.63E-04

coiled-coil domain
containing 12

ccDc12 1.38E-04
BCL2-like 11

(apoptosis
facilitator)

BCL2L1
I

2.27E-04

E7 -like factor 3 (ets
domain transcriotion
factor, epithelial-specific )

ELF3 1.728-04 hypothetical
orotein 8C001437

LOC144
305

2.308-04

5T6 (alpha-N-acetyl-
neuraminyl-2,3-beta-
galactosyl-1 ,3)-N-
acetylgalactosaminide
alpha-2, 6-sialyltransferase

5T6GAL
NACl

2.238-04
thioesterase
superfamily
member 4

THEM4 2.31E-04
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Discussion:

We sought to elucidate the potential of trappin-2 as aprotective factor against

HIV infection. Initial testing of trappin-2 in a PBMC system showed that trappin-2was

both a potent and effective inhibitor of HIV infection in vitro when used to pretreat cells

prior to infection. The lower effect or absence of inhibition when pretreating the virus

with trappin-2 suggests that trappin-2 exerts its anti-viral activity via a cellular

mechanism. However, the stage at which trappin-Z is inhibiting the viral replication

cycle has not been determined with the experiments performed thus far. There are a

number of possibilities where this protein may be inhibiting infection including viral

entry, integration and replication or finally exit from the cell. Recently SLPI, the related

ALS family member to trappin-2, was determined to inhibit HIV infection of

macrophages by competing for the annexin II receptor which was used as a viral entry

receptor on cell surfaces 1126l. However, a recent study also indicated that SLPI is

capable of internalizingin cells and inhibiting the activation of the NFkB pathway by

directly binding to the NFkB consensus site [181]. If trappin-2 is working in a similar

manner one could hypothesize that viral inhibition may occur at multiple points of either

viral entry or replication internally.

Interestingly, trappin-2 seemed to work best against the X4 type viruses, both lab

adapted as well as primary isolates. While other naturally expressed inhibitors of HIV

have been shown to be specific for the tropism of virus, such as SLPI and R5 viruses or

SDF-1 and X4 viruses, trappin-2's restricted activity is possible. However, to

definitively determine the breadth of anti-viral activity of trappin-2 a variety of lab

adapted and primary isolates will need to be tested. In addition, further testing is needed
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to test R5 viruses such as HIV BAL in a primary macrophage culture system. Based on

the results thus far however, it seems trappin-2's restricted activity against X4 virus's

offers an interesting conundrum when placed in context of HlV-resistance. The general

consensus on HIV transmission through a mucosal route is thought to be via

predominantly R5 type viruses. Yet here, the most significant biomarker of HIV-

resistance is an X4 inhibitor of HIV infection found at the mucosal surface. There are

two possibilities, either trappin-2 is not playing a significant role in HlV-resistance

directly by inhibiting viral entry into the host or alternatively, the current dogma on HIV

transmission is incorrect and a variety of HIV viruses are able to enter the body. This is

not entirely outside the realm of possibility as the true route of infection in humans is not

known. Though the evidence for R5 transmission of virus is strong, it is indirect

evidence. For example, the first virus amplified from a recently infected individual is of

the R5 tropism, however, this does not necessarily mean that an R5 virus was the first

infecting virus. It is simply a reflection of the most successfully replicating virus in the

systemic circulation and not indicative of what happens in the tissue when an infection

first takes hold.

The inhibition studies in PBMCs were confirmed in part by work performed by

SRI. Here inhibition by trappin-2was shown against both lab adapted and primary HIV

strains, however the level of inhibition achieved was maximally at 40o/o, far below the

results achieved earlier. There were however significant differences in the methodology

used by SRI when compared to our protocol for PBMC inhibition assays. First, while we

used viruses titred for specific donors such that optimal growth can be reached in vitro,

the SRI laboratories pooled blood donors to grow their viruses during the inhibition assay.
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This introduces the possibility that the virus may not grow at optimal conditions during

the assay. As well, alloresponses between blood donors may interfere with the assay.

Another difference in procedure was that we use only freshly isolated PBMCs stimulated

for 2 days prior to use in the inhibition assay. SRI collects and stimulates PBMCs in

culture for up to 2 weeks before use in an inhibition assay. This introduces possible

confounding factors as monocytes adhere to the bottom of the plate over time and would

be successively removed from the PBMC culture prior to use in an inhibition assay.

Removal of these monocytes may have adversely affected the evaluation of the potency

of trappin-2 in the inhibition assays performed by SRI. Aside from the difference in

trappin-2 potency however, trappin-2 did inhibit HIV infection primarily in X4 tropic

strains of virus. Again, as with our PBMC studies, no clear dose response curve was seen.

Finally, SRI performed cell toxicity stains on trappin-2 stimulated PBMCs using a

soluble tetrazolium-based dye MTS to determine cell viability and quantiff compound

toxicity. The mitochondrial enzymes of metabolically active cells metabolize MTS to

yield a soluble formazan product which can then be read using a spectrophotometer.

Results showed no toxicity of trappin-2 on the cells after 9 days of culture. This has

important implications for the potential use of trappin-2 as an anti-viral compound.

Trappin-2' s ability to inhibit HIV infection was tested against a derivative of the

HIV IIIB strain, HIV HxcB2 in a highly susceptible MT4 cell line. This allowed for the

control for the variation found within a PBMC assay in terms of virus growth which

varies from donor to donor. In this system 1rappin-Z effectively inhibited HIV replication

by preincubating the cells with the protein. In addition, constant exposure to trappin-2

showed an even greater level of inhibition. Consistent with the PBMC experiments, HIV
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replication was effectively diminished within a physiologically relevant concentration of

trappin-2. Based on the ELISA data, trappin-2 was present in individuals' samples

between 0.1 to 10 ug/ml while inhibitory concentrations were found between 1 to 5

ug/ml. These data suggest that even a 2-3 fold increase intrappin-2 concentration at

mucosal surfaces, such as that noted in the HlV-resistant sex workers, could potentially

have significant in vlvo effects. In the in vitro system a 5 fold increase in trappin-2

(Figure 32b)had significant effects on HIV replication. The true level of trappin-2 at the

tissue level may in fact be higher as the physiologic al runge was calculated based off of

cervical lavases which is a dilution from the microenvironment at the mucosal barrier.

It remains puzzling why there is a lack of a consistent dose curve for the

inhibition of HIV replication by trappin-2. Based on the PBMC data,it seemed that

trappin-2 was most effective at the lower range of concentrations but at high levels it

showed little or no activity. Though the trappin-2 reagent used for the experiments was

free of contaminants, the ultimate experiment to prove the direct effect of trappin-2 as an

antiviral would be to treat the cells with trappin-2 and then neutralize its anti-viral effect

using a neutralizing antibody to trappin-2. Cunently Dr. Plummer's laboratory is in the

process of developing such an antibody in collaboration with Dr. Jody Berry, but as of yet

this experiment is not possible to perform.

The inconsistent inhibition activity may be the result of a multifactorial response

to trappin-2 stimulation. Trappin-2 has previously been reported to have

immunomodulatory effects and thus its influence on immune regulation is of interest. To

determine if the HIV inhibitory effects of trappin-2 are the result of induction of anti-viral

cytokines such as IFN- y, cytokine responses of MT4 cells or PBMCs after treatment with
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frappin-Z were measured. No induction of cytokines (IL-z,IL-6, IL-10, IFN-y, TNF-c¿

and RANTES) was detected using a multiplexed cytometric bead assay system. In

collaboration with the scientists at the National Microbiology Laboratory trappin-2 was

tested against influenza but found no activity against this virus (data not shown).

Normally in cell culture, inhibition of the influenza virus is due to an anti-viral cytokine

response. The absence of activity against influenza by trappin-2 also suggested no anti-

viral cytokine response occurs. Alternatively, trappin-2 could also act to inhibit HIV

infection by out competing for a co-receptor for HIV infection of cells. Unfortunately

there is no known receptor for trappin-2 currently. Another possibility is that testing of a

mucosally derived protein that was isolated from an in vivo setting may not be

appropriately tested for anti-viral activity in an artificial in vitro culture system designed

to simulate HIV replication in the systemic circulation. Perhaps trappin-2 would be

better tested in a tissue explant model for HIV transmission. Regardless, as of yet, there

is no clear indication of the mechanism behind trappin-2's ability to inhibit HIV infection

other than it alters the target cells in some manner prior to exposure to the virus and

inhibits either viral entry or replication. Until a mechanism is found, it may be difficult

to delineate a proper dose response curve if there are multiple factors in which trappin-2

inhibits HIV.

Finally, in order to begin to find a receptor for trappin-2 as well as determine its

affects on cells, gene array studies on trappin-2 stimulated MT4 cells were initiated.

Though the data needs to be analyzedin much greater detail, a preliminary analysis

turned up some very interesting genes and cell signaling pathways which are possibly

altered in expression by trappin-2 exposwe. The downregulation of apoptotic genes such
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as BCL2 as well as innate immune factors such as CCLl1 (eotaxin) which is a

chemotactic factor for eosinophils as well as T cells has implications for disease

progression. Another interesting pathway which seemed to be highly integrated by

clustering of genes around the downregulation of the EGF pathway. Gene array studies

of HlV-resistant women by Paul Mclaren have currently turned up the EGF pathway as

candidate marker of HlV-resistance phenotype in response to HIV peptide stimulation

(unpublished observation). Further characterizationof the EGF pathway in HIV-

resistance is warranted. A previous study by Valiathan et al in 2004 showed that HIV

was able to downregulate EGF receptor effects [132].

Although other inhibitors of HIV have been found at the mucosal barrier such as

SLPI and the chemokine SDF-1, they have not been shown to correlate with natural

immunity to HIV 1125,1271. Recently, we described elevated levels of the B-chemokine

RANTES within the genital tract of HlV-resistant women tl831. Here a new inhibitor of

HIV has been identified within the genital tract of these women, using a powerful new

technology. It should be emphasizedthatthe screening of the proteome from CVLs was

by no means comprehensive, and that further biomarkers which may also play arole in

resistance remain to be characterized. In conjunction with other naturally expressed

inhibitors of HIV such as RANTES, trappin-2 may be forming an effective barrier within

the genital tract of the HlV-resistant women, preventing infection. Given the strong

correlation of trappin-2 with resistance, we believe that this protein plays an important

role in preventing HIV infection. A prospective study of seroconversion within this

cohort is underway to determine if trappin-2 levels are predictive of HIV infection.
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Admittedly, the viral inhibition studies performed were done in an artificial

system and are currently being expanded in multiple inhibition culture systems. Clearly,

further studies are needed to elucidate the anti-viral mechanism(s) by which tappin-2

inhibits HIV, and its ability to inhibit across a variety of HIV strains and clades.

However, the fact that resistant sex-workers demonstrate reduced susceptibility to

multiple HIV clades in Kenya, including A-D and recombinants, implies that, assuming it

is a mechanism mediating resistance, this protein has broad activity. Testing of this

protein in vivo, such as in a macaque model for HIV mucosal transmission, could also be

carried out. However, the results if negative would be diff,rcult to interpret as its

relevance in humans may not translate. Thus far, I00% protective mucosal vaccines

which prevent HIV infection in monkey models have been developed. However to date,

none of these vaccines have translated well to humans. Simply put, testing of this protein

in macaques may not be relevant to humans.

In humans, given the low transmission infection rate per sexual act [108], it may

be that elevated levels of natural inhibitors of HIV infection such as trappin-2 are

suff,rcient for the prevention of HIV infection. Mounting evidence suggests that these

HlV-resistant women have both humoral and cell mediated HlV-specif,rc responses to the

virus indicating that they likely have been exposed yet have cleared the infection.

Perhaps sufficient levels of trappin-2 are able to stay the initial stages of infection within

the local tissue site, and in conjunction with other immune responses, prevent the spread

of infection systemically. This finding illustrates the importance of innate immunity in

protection from HIV infection.
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In conclusion, we have identified an innate immune protein, trappin-Z, which is

significantly elevated in the genital tract of HlV-resistant sex-workers, and has potent

anti-HIV activity at physiologic concentrations. Trcppin-2 may be playing an important

role in mediating natural immunity to HIV infection. Most importantly however, should

this discovery hold true, it demonstrates that HIV infection can be prevented at the

mucosal barrier and therefore, possibly mimicked in a topical microbicide.

Future Directions:

The results of the CVL biomarker discovery study on mucosal samples from HIV-

resistant individuals has turned up an exciting and novel finding, the first natural inhibitor

of HIV infection that is associated with clinical and epidemiological immunity to the

disease. Consequently, many new avenues of research within the HlV-resistance cohort

has opened up as the ultimate goal of this discovery would be to translate this into a

potential treatment or preventative microbicide for HIV infection. Before this can occur,

a number of experiments have to be completed to fully characterize trappin-2's ability to

inhibit HIV. As mentioned previously, experiments are currently underway to test the

breadth and establish the potency of trappin-2's anti-HIV activity against a number of lab

adapted and primary strains of virus. In addition, it would be worthwhile testing the

proteins ability to inhibit HIV transmission in a tissue explant model over an intact cervix.

Finaliy, an essential experiment to confirm trappin-2's ability to inhibit HIV would be to

add trappin-2to anHIV inhibition experiment and neutralize its affect with an antibody.

There remain two fundamental questions that need to be elucidated in the coming

years for trappin-2 research. The first is to establish the mechanism by which trappin-2
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inhibits HIV. Along these lines it will need to be determined which cells produce

trappin-2 in the female genital tract, and determine how trappin-2 is cleaved. Identifying

a possible cell surface receptor and if trappin-2 exerts its affects intracellularly needs to

be examined. The second frrndamental question is how and why llappin-Z expression is

upregulated in the HlV-resistant group. An ongoing prospective study of the cohort

established by this study has thus far shown 2 individuals who have seroconverted to

become HIV infected, both of whom had low levels of trapin-2. Based on the trappin-2

levels determined during our ELISA studies a list of the highest and lowest expressers of

trappin-2 is shown in Table 11. Based on this list, over time these individuals are

predicted to become HIV-resistant (highest expressers) or HlV-infected (lowest

expressers) over the coming years. There are a number of possibilities for the

upregulation of trappin-2,the first is thata genetic polymorphism in the promoter region

may lead to higher expression. Altematively, this is an induced response to an as of yet

unknown trigger. Understanding whether trappin-2 is expressed at a cellular level

consistently but alternatively processed in the HlV-resistant individuals will also shed

some light on this question.
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Table 11. A predictive list of HlV-uninfected individuals who will become either HIV-

infected or HlV-resistant in the next few years based on their trappin-2levels obtained by

ELISA.

ML
Number

Mean Trappin-2 level
loslmL)

Number of replicates over
time

Predicted HIV
status

¿¿.7C 6809883 ,1 HIV-Resistant
2046 4753791 ¿ HIV-Resistant
2214 4600623 2 HIV-Resistant
2040 4580382 Î HIV-Resistant
2121 4354556 1 HIV-Resistant
2220 4130299 ? HIV-Resistant
2117 3528270 2 HIV-Resistant
2061 2699467 ? HIV-Resistant
¿voo 2481777 1 HIV-Resistant
2165 2416701 J HIV-Resistant
1948 2374494 2 HIV-Resistant
2034 2050078 z HIV-Resistant
1 969 1863725 2 HIV-Resistant
2053 1701581 1 HIV-Resistant
1 991 1471396 I HIV-Resistant
2213 I 378391 HIV-Resistant
2085 1294069 1 HIV-Resistant
2127 1285627 ¿ H V-Resistant
2083 1272550 I H V-Resistant
2039 1 1 89456 1 H V-Resistant
2106 72802.5 2 H V-Infected
2146 70533 2 H V-Infected
¿vvo 57473 4

I H V-Infected
1997 53236.5 z H V-Infected
2024 49114 1 H V-Infected
2138 43093.67 J IJ V-Infected
2057 40021 1 H V-Infected
2200 37374 ¿ H V-Infected
2107 36727.33 3 H V-Infected
2014 31227 1 H V-Infected
2017 23776 ¿ H V-Infected
2207 I vuoc 1 H V-Infected
2255 1 7065 1 H V-Infected
2211 9662.5 z H V-Infected
tYo/ 78 I H V-Infected
2079 78 1 H V-Infected
2118 7B ¿ H V-Infected
2140 78 1 H V-Infected
2177 78 3 H V-Infected
2251 78 4

I H V-Infected
2253 78 4

I H V-Infected
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A brief analysis of the gene microarray studies on trappin-2 stimulated MT4 cells

turned up a number of interesting candidate genes which are altered by the exposure to

the protein. A more rigorous analysis of the data set and further confirmatory studies of

individual genes should be done. This may prove helpful for determining a mechanism

by which trappin-2 is inhibiting HIV infection of cells. Of particular interest was the

downregulation of the EGF pathway, which showed a similar pattern of alteration in on-

going studies within the group characterizing blood samples and their responses to HIV

antigens in the HlV-resistant women. As of yet, it remains too early to formulate a

hypothesis based on these observations.

In a larger sense, as discussed before the proteomics approach employed was not

a comprehensive in capturing the entire proteome of the CVL samples and therefore other

markers of HIV resistance may exist. Further work remains to be done to identifu and

characteize other markers of HlV-resistance already discovered from the current data set.

Finally, the analysis performed to discover the trappin-2 peak's association with HIV-

resistance was performed by univariate analysis. While effective, this is a simplistic

approach. A multivariate pattems analysis of the data set would identify patterns in the

CVL profiles which are associated with HlV-resistance and enable us to create a

predictive algorithm based on a limited set of protein peaks. This would in all likelihood

enable us to increase both the sensitivity and specificity of our prediction of HIV-

resistance based on the proteins identified in this algorithm. In addition, these new

proteins may also play a direct role in HIV inhibition as trappin-2 does.
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The proteomics approach employed to analyzethe mucosal samples of HIV-

resistance has pushed the frontiers of immunology research in the HIV field. Biomarkers

of HIV disease progression such as understanding why some individuals go on to become

LTNPs or LTS while others rapidly progress and succumb to infection could be done. A

study of other sample types such as serum or tissue could be performed to address these

hypotheses. A follow-up of the serum study initiated earlier which turned up potential

markers of HlV-resistance should be expanded.

Lastly, the association of trappin-2fo HlV-resistance and its ability to inhibit HIV

infection makes it an ideal candidate for a component of a microbicide. Studies in animal

models need to be performed in conjunction with the in vitro testing of trappin-2's

antiviral activity to determine if there is a clinical application to this protein. Given that

this is a human protein and that it doesn't exhibit any cytotoxic effects it has a strong

potential to carry forward as an anti-viral compound. V/ith over 40 million people

currently infected with HIV and an ever increasing number of new infections

predominantly in women, an effective preventative tool that empowers women to control

their own health is desperately needed. With that, I truly hope this discovery makes a

difference.
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CHAPTER 8: CONCLUSIONS

The year this thesis is written marks the 25* anniversary of the HIV pandemic.

What began as a disease first recognized as a rare infection and cancers found in a group

of homosexual men in San Francisco to a plague that currently afflicts 40 million people

globally this pandemic will continue to rage on for years if not decades to come. This

anniversary also stands as a crossroads in the path with which the AIDS pandemic will

take. Mathematical modeling performed by the United Nations suggests that if we

rapidly scale up anti-retroviral delivery to those most afflicted, increase education and

prevention programs, develop an effective microbicide for wide spread use by women,

and foster understanding where discrimination and stigma still remain a challenge, we

will turn the tide on this epidemic. However, should things remain status quo, in sub-

Saharan Africa alone a projected 80 million people will have died from AIDS related

diseases and another 90 million will be infected by 2025. This is simply unacceptable.

The work presented in this dissertation represents a substantial step forward in the

understanding of protection against HIV infection in women. Prior to this work, studies

of the genital immune cells or secretions were rare in humans and did not adequately

characterize the factors associated with HIV transmission or infection in any population,

much less in HlV-resistant individuals. 'We 
have improved greatly upon the sampling

techniques used to harvest cells and genital secretions from human patients and further,

have developed new proteomics approaches overcoming the traditional obstacles such as

sensitivity in small sample volumes which hampered previous studies. We were the first

group to employ SELDI-TOF mass spectrometry to characteize the genital mucosal
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secretions in humans. The results of these studies have led to manv new questions and

investisations within the HIV field.

Our understandins of HlV-resistance within this cohort has also benefited from

this research. It is now understood that the genital tract is an import site of

immunological differences in the HlV-resistant women when compared to others and that

these differences are not accounted for by sexual exposrire levels or behavior. Further

studies to correlate the frndings of this thesis with work currently being performed either

in the genetic associations of resistance or functional immunology will be of great interest.

The identification of immunological correlates related to natural immunity to HIV

infection in the Pumwani commercial sex-worker cohort further increases our

understanding of the resistance phenotype and in conjunction with study results from

others within this collaborative group has begun to piece together a clearer picture of

what constitutes HIV resistance. The discovery of trappin-2 as a new inhibitor of HIV

that correlates highly with HIV resistance and is specif,rcally found at the mucosal barrier

where this protein could potentially protect an individual from infection is exciting and

potentially important. Further testing of this protein as well as continuing studies to

elucidate its mechanism of action may lead to the development of an effective

microbicide or new avenues towards treatment or vaccine approaches.
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At the end of the years I have spent as part of a group of dedicated individuals
who first identified and continue today to tease out the mystery of why øfew privileged
women are resistant to HIV/AIDS, I leave with the firm belief that the answer to this
plague lies within these women, ond the hope that it will one day be found. I only hope
that the work in this thesis contributes in some small way to the answer to whichwe all so
desperately seek. For that I leave it to minds far greater than my own to solve and hope
that the reader does not hold me atfaultþr anyfailures. I wilt continue to try even
harder. I have had the privilege and honor to have worked with such a phenomenal
group of people both here and in Kenya and could never truly express what a life
changing experience it has been. To me, they are family and I leave now with the
memory that for a time, I walked among Giants...
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Appendix:

A. Ethics approval for HIV studies

PARTICIPANT INFORMATION AND CONSENT FORM

Title of Study: Establishment of a new procedure for the collection of leukocytes from

the cervical mucosa of female senital tract.

Investigators:

Dr. Francis A. Plummer, University of Manitoba, Department of

Medical Microbiology, 1015 Arlington Street, Room T2440, Winnipeg,

MB.

Dr. Fernando Guijon, University of Manitoba, Department of

Obstetrics & Gynecology (Colposcopy Clinic), RS425 Respiratory

Building, 810 Sherbrook St. Winnipeg, MB.

Dr. Stuart J. Rosser, University of Manitoba, Department of Internal

Medicine (Section of Infectious Disease), C5I24 St. Boniface General

Hospital, 409 Tache Avenue, Winnipeg, MB.

Shehzad M. Iqbal, University of Manitoba, Department of Medical

Microbiology, 507 Basic Medical Sciences Building, 730 William

Avenue, V/innipeg, MB. phone: (204)789-3202 (* to whom questions

or concerns should be directed*)

Introduction:

You are being asked to participate in a study as a healthy volunteer which
involves the collection of human samples for research pu{poses. Please take your time in
reading the description of this study and do not hesitate to ask any questions if you do not
understand or are unclear about any aspect of the study. Should you decide to participate,
you are free to withdraw from the study at any time. The description of the study below
is designed to inform you of all uses of the samples we obtain.

Purpose of this study:
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Understanding the complex relationship between organisms that cause infections and

the immune system that evolved to eliminate them is important for developing better

treatments and vaccines for prevention of disease. The goal of this study is to

establish a new procedure for collecting samples from the cervix, one which will result

in a high recovery of immune cells. Our hope is that once the procedure is worked out,

we could apply this new method for studying various genital tract infections.

Study Procedure:

During your scheduled regular gynecological exam, your physician will obtain
cervical cell samples. This will be done using a Weck-cel sponge (about the size of an
eraser on the end of a pencil when fully expanded) which will be used to swab the surface
of the cervix and will then be placed into a culture tube containing cell media which will
keep the cells alive. The entire procedure should take no more than 2-3 minutes. The
samples will be labeled with a laboratory code and kept on ice for transport to the
laboratory. There the cells will be isolated from the Weck-cel and used for experiments
to determine their viability and responses to certain stimuli. Neither your name nor any
medical information will be linked to the laboratorv code.

Risks and discomfort:

This study is designed to be as non-invasive as possible and minimize potential

discomfort. We are collecting cells from the outside surface of the cervix and

therefore will only be swabbing the surface of the tissue. There may be a small

amount of discomfort associated with the procedure, however, this will be no more

uncomfortable than a regular pelvic exam.

Benefits:

By participating in this study you will be contributing to the establishment of a new

procedure that will lead to a better understanding of women's health issues. Though

there will not be any direct benefit to you from participating in this study, we hope the
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information learned from this study will benefit other people with HIV and lead to the

creation of a protective vaccine in the future.

Confidentiality:

This particular study is designed so that we do not need to gather any medical

information from you or your name. All samples are labeled with a laboratory code

(i.e. number) to prevent mixing of different patients specimens only. The results of

this study will not be published as its purpose is purely to establish this new method of

immune cell collection. As such we will not use any of your medical records,

however, the University of Manitoba Health Research Ethics Board may review

laboratory records related to the study for quality assurance purposes.

Voluntary Participation/Withdrawal from the Study:

Your decision to take part in this study is voluntary. You may refuse to
participate or you may withdraw from the study at any time. Your decision not to
participate or to withdraw from the study will not affect your care at this center. If the
study staff feels that it is in your best interest to withdraw you from the study, they will
remove you without your consent.

Medical Care for Injury Related to the Study:

In case of injury or illness resulting from this study, necessary medical treatment
will be available at no cost to vou.

Additional Comments:

Please remember that your participation in this study is completely voluntary and that

you may refuse to participate or withdraw at anytime. This will not affect any aspect

of your physicians' exam, assessment or further treatment.
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Questions:

Ifyou have any questions or concerns about this study please direct them to the

principal investigator, Shehzad Iqbal (204) 789-3202. You are also free to contact the

University of Manitoba Health Research Ethics Board at789-3389 with any concerns

you may have.
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Consent Form:

Please fill out the following form should you decide to participate in this study.

I, þlease print), have read or have had read to me,

the consent form for the above study and have discussed the study with

(name of physiciarVnurse). I have had my questions

answered by them in language I understand. The risks and benefits have been explained

to me. I understand that my participation in this study is voluntary and that I may choose

to withdraw at any time. I freely agree to participate in this research study. Finally, I

authorize any of my records that relate to this study by the University of Manitoba

Research Ethics Board for quality assurance purposes.

By signing this consent form, I have not waived any of the legal rights that I have as a

participant in a research study.

Signature: Date:

For Staff Only:

Name of Staff Member who exolained consent form:

(please print)
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