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Abstract 
 

There are currently more than 33 million people worldwide who are infected with 

HIV-1 despite development of novel treatments and knowledge of prevention strategies. 

Within the Pumwani area of Nairobi, Kenya there is a group of commercial sex workers 

who are highly exposed to HIV-1. A small subset of these women have been classified as 

resistant to HIV-1 infection as they remain HIV un-infected despite as many as 60 

unprotected sexual exposures to HIV each year. A better understanding of such a natural 

model of HIV resistance would be invaluable to inform the development of a protective 

HIV vaccine or microbicide. 

Globally, heterosexual transmission of HIV across mucosal surfaces is 

responsible for the bulk of new infections and thus it is important to examine both the 

macro and the micro environments of the vaginal mucosa in efforts to determine what  

enhances and what  thwarts HIV-infection. Previous studies have shown elevated levels 

of RANTES, a natural ligand for the dominant HIV co-receptor CCR5, in cervicovaginal 

secretions of HIV-resistant women. Additionally, a novel HIV-inhibitor, Trappin-2 was 

previously shown to be elevated in cervicovaginal secretions of HIV-resistant women. To 

test the hypothesis that RANTES and Trappin-2 in cervicovaginal fluid are important 

mediators of HIV resistance we will: 1) measure RANTES in a much larger group of 

women from the Pumwani cohort, and 2) measure Trappin-2 levels in samples taken at 

different time points, and 3) correlate Trappin-2 levels in cervicovaginal fluid with 

biological confounding variables, and 4) investigate whether SDF-1 plays a role in HIV-

disease progression in HIV-positive women. 
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The HIV Epidemic 
 

There are currently more than 33 million people in the world who are infected 

with the Human Immunodeficiency Virus, over 2 million of whom are children, and since 

the discovery of HIV in 1983, more than 25 million people have died of Acquired 

Immune Deficiency Syndrome [1]. Despite knowledge of prevention methods and 

exhaustive yet unsuccessful efforts to develop vaccines and other prophylactic measures, 

the epidemic continues to grow uncontrollably with an estimated 2.5 million new 

infections in 2007 alone [2]. Perhaps most devastating, greater than 68% of new HIV 

infections in 2007 occurred in sub-Saharan Africa where resources are limited, and it is 

estimated that only ¼ of all 4.8 million HIV infected people who are in need of anti-retro 

viral therapy have access [3]. Additionally, the face of HIV across the globe is rapidly 

changing. When initially discovered in 1983, HIV was considered an infection of young 

homosexual men, in 2007 more than 20 years later, the majority of new infections are 

occurring in young heterosexual women. This change in the demographic of the HIV 

infected population is important to consider when developing novel treatments and 

prevention strategies, given that in parts of the world most affected by HIV, women’s 

rights are lacking compared to those in developed nations.             
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        Reproduced with kind permission of UNAIDS (2007). 

Figure 1: A Map Illustrating Estimates of the Global Distribution of HIV Infection by 

Continent. The maximum estimate of the number of people living with HIV in North America 

surpasses 1 million as compared to estimates in sub-Saharan Africa where maximum estimates 

surpass 28 million. This figure estimates  the total number of people in the world living with HIV 

in 2007 to exceed 33 million.  
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The Discovery of HIV as the Causative Agent of AIDS 

In 1981, the Center for Disease Control (CDC) in Atlanta, known now as the 

Center for Disease Control and Prevention, identified an increase in the number of 

requests to use pentamidine as a drug to treat Pneumocystis carinii, which was being 

diagnosed in previously health patients, now suffering from multiple opportunistic 

infections and some from an aggressive form of Kaposi’s sarcoma [4, 5]. These 

opportunistic infections were the result of impaired immune function, determined from 

test results that revealed the specific depletion of CD4+ T cells[6]. This was first 

identified by Gottlieb et al., and published in the first AIDS related report in the June 5th 

1981 edition of Morbidity and Mortality. Since this immune system impairment was not 

caused by immunosuppressive therapy and was acquired rather than inherited, it was 

named Acquired Immune Deficiency Syndrome (AIDS) in 1982, and an internationally 

accepted definition of AIDS was soon created. It was also in 1982 that AIDS began to 

appear in non-homosexual populations including Haitians, hemophiliacs and IV drug 

users, suggesting that the causative agent of AIDS may be blood borne[5]. Following the 

observation of AIDS in these different groups the 4H risk groups were identified: 

Haitians, hemophiliacs, homosexuals, and heroin addicts[7]. 

It was in 1984 that joint efforts by Dr. Robert Gallo and Dr. Luc Montagnier led 

to the identification of a novel retrovirus HIV-1, as the causative agent of AIDS [7]. 

Following the primary cloning and sequencing of the HIV genome in 1985, it was found 

that HIV gains entry into CD4 positive T cells via the interaction of a large HIV surface 

glycoprotein with CD4, a T cell receptor. It was also in 1985 that the first commercially 

available blood test for HIV was developed and put into use. The testing of blood for 
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HIV-1 managed to decrease the transmission of HIV in the blood supply to nearly 0 in 

developed countries. Remarkably in 1987, just 2 years after it was determined that HIV 

was the causative agent of AIDS, the first anti-HIV drug AZT, which functions to block 

the activity of the HIV-1 reverse transcriptase was developed [7, 8]. 

 

AIDS in Africa 

It was in the late 1970s that HIV began to spread extensively through sub-Saharan 

Africa. The first observations of what we now call AIDS, were in people living along the 

shores of Lake Victoria in Uganda, and at that time the illness was dubbed “slim disease” 

because of the effects that AIDS had on the physical appearance of its victims [9-11].  

Following the introduction of public health interventions such as antibiotics, 

vaccines, clean drinking water and overall better hygiene practice, the life expectancy in 

most African nations began to rise with values reaching as high as 65 years of age in 

Botswana in the mid-1980s[12]. When AIDS reached epidemic proportions throughout 

Africa there was a profound decrease in the average life expectancy of African people, 

with the average life expectancy at birth of a child in Botswana falling to below 35 years 

of age in 2005[12, 13].  

It is clear that HIV has a great affect on adults between the ages of 20 and 50, 

essentially obliterating the working class populations in some countries. The devastating 

result of this trend is a significant impact on the economy of many of these countries and 

millions of orphaned children, in many cases left to fend for themselves[11, 13, 14]. 

There are a number of reasons that HIV has been able to spread so efficiently in 

sub-Saharan Africa in comparison to other continents. Some of these reasons include: 
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delayed government sponsored HIV prevention campaigns and a higher incidence of pre-

marital sex with multiple partners. Additional factors that allowed HIV to reach epidemic 

proportions so rapidly in sub-Saharan Africa include: the lower ranking position of 

women in society, circumcision status, rapid urbanization, war, and poverty[11, 13]. 

Today the exponential spread of HIV in Africa is fueled by a number of factors 

including: poverty, ignorance, the lack of women’s rights, sexual promiscuity, the cost of 

AIDS medications, and stigma[13, 15, 16]. One example is migrant workers and truck 

drivers who visit prostitutes while they are away to work. In some areas it is estimated 

that 90% of prostitutes are HIV positive and many men pay these women more money to 

avoid condom use[17-19]. The consequences of these activities often include the male 

acquiring HIV and bringing it home to his wife.  Reluctance to use condoms within a 

relationship is common because it is thought that condom use implies the unfaithfulness 

of one partner, therefore even if a women suspects that her husband may be promiscuous 

she is not in a position to protect herself by requesting that he wear a condom during 

sexual practices[20, 21]. A UN study highlighted the role of ignorance and lack of 

education in the spread of HIV, as it found that 30% of young African women believe 

that if a male looks healthy it is impossible that he have HIV[16]. 

Although the majority of the funding focus for HIV is on vaccine development it 

is very important to simultaneously focus on prevention methods such as: education on 

condom use and making known the truths about HIV acquisition. In addition, the 

Western world should also place resources into jobs, education, and the African 

economy. Focusing on the health of the people alone will provide little long-term relief 

for a continent that is falling down around its people.
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Reproduced with kind permission of UNAIDS (2006). 

Figure 2. The Impact of AIDS on Life Expectancy in five African Countries. 
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HIV Structure, Host-Cell Tropism and Replication Cycle 

HIV is a retrovirus belonging to the lentivirus genus. Retroviruses are defined by 

their RNA genome, replicated via a DNA intermediate by the enzyme reverse 

transcriptase. Owing to the fact that HIV encodes only 15 proteins, it relies heavily on 

host cell proteins to carry out its very complex lifecycle[22]. 

HIV gains entry into host cells via binding of the viral surface glycoprotein 

gp120, to the host cell surface receptor CD4, which is expressed on T helper cells, 

monocytes, macrophages, dendritic cells, adipose cells and likely many others[23-25]. 

Upon gp120/CD4 binding, gp120 undergoes a conformational change, exposing a co-

receptor binding site.   

It is well documented that HIV primarily uses two different co-receptors, CCR5 

and CXCR4 in addition to several others. There are three HIV phenotypes that describe 

co-receptor usage: R5, X4 and R5X4 or dual tropic HIV[26]. HIV that utilizes CCR5 is 

deemed M-tropic virus because it most often infects macrophages, although this is not 

exclusive, and it is this type of virus that is most transmissible. HIV that utilizes CXCR4 

is deemed T-tropic virus because it primarily infects T-lymphocytes. T-tropic virus is 

able to induce the formation of syncytia and is thought to be more cytopathic than R5 

virus because of its association with accelerated disease progression [26, 27]. HIV viruses 

capable of using both CCR5 and CXCR4 co-receptors are referred to R5X4 isolates and 

can infect both macrophages and T-lymphocytes.  

The majority of primary HIV infection occurs with a CCR5 tropic HIV strain and 

upon establishment of infection and subsequent disease progression the virus switches to 

a CXCR4 tropism, which is associated with rapid CD4 T cell decline[26-28]. There are a 
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number of hypotheses to suggest why R5 is preferentially transmitted including much 

higher levels of R5 expression on HIV-susceptible cells in the female genital tract than 

X4 expression. Additionally, the high viral loads present during acute HIV infection with 

R5 virus likely increase the probability of transmission at this stage of disease[26]. It is 

possible that there is no single reason for the selective transmission of R5 virus but rather 

that a number of different factors play a role[26]. This well described change in co-

receptor tropism must be considered when developing prophylactic co-receptor active 

agents such as microbicides, and therapeutic co-receptor active agents.  

The binding of gp120 to the host cell co-receptor triggers a number of complex 

changes in gp41 that ultimately lead to membrane fusion of the viral and host cell 

membranes[29]. Once the two membranes have fused, the core which includes the 

genetic material contained within the viral nucleocapsid, the viral capsid, integrase (INT), 

reverse transcriptase (RT), protease (PR), and a number of other viral accessory proteins 

are released into the host cell cytoplasm where uncoating and reverse transcription of the 

viral RNA occurs to create double stranded viral DNA. Once reverse transcription is 

complete, the newly formed viral DNA is transported into the host cell nucleus via 

microtubules through a nuclear pore. This complex process referred to as nuclear import 

is necessary to allow the virus to integrate into transcriptionally active sites of the host 

chromosome, a process that is catalyzed by the viral integrase protein. At this stage, the 

virus integrated into the host chromosome is referred to as provirus and is essentially 

indistinguishable from host DNA. 

 The transcription of provirus requires HIV tat protein, which binds to the trans-

activation response element (TAR) in proviral RNA promoting transcription. Newly 
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formed HIV transcripts of both spliced and unspliced nature, use the virally encoded rev 

protein to undergo nuclear export. Once in the cytoplasm, HIV packages all of its 

required components into virions and buds out of the host cell from the plasma 

membrane[22, 30]. The HIV provirus also requires host transcription factors such as IRF-

1 to aid in replication [31].  

 When HIV enters a mucosal site, it first comes into contact with intra-epithelial 

dendritic cells called Langerhans cells, as well as non-epithelium associated dendritic 

cells. These cells may either be infected with HIV in a CD4, CCR5-dependent manner, or 

alternatively HIV may attach to the DC-SIGN outer-membrane receptor, either entering 

the cell or remaining exterior to the cell attached to DC-SIGN, using the cell as a shuttle 

to the lymph node where there is a high proportion of HIV-susceptible cells. Following 

antigen exposure, Langerhans cells move to the nearest lymph node in order to prime the 

immune response against the antigen, and it is believed that this movement also acts to 

transport the small amount of HIV to the lymph node where there are a large number of 

HIV-susceptible cells. There is evidence to show that HIV preferentially infects 

activated, HIV-specific memory T cells that are present within the lymph node [32]. 

 Infected T cells are then led to the gut where the bulk of the bodies CD4+ T cells 

reside. Due to the antigenic nature of the material that commonly passes through the gut, 

the majority of CD4+ T cells there are of the memory sub-type and as a result, are highly 

susceptible to HIV infection[33, 34]. Simian studies have revealed that shortly after 

infection the bulk of these T cells become HIV-infected and many of the cells that remain 

uninfected undergo apoptosis for reasons that are still unknown[34, 35].  
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 Once HIV enters the lymph node and begins replicating, it gains access to the rest 

of the body via the amalgamation of the lymphatic system and the circulatory system. 

Once HIV enters the blood, systemic infection has occurred and the virus is able to gain 

access to all of the organ systems. 
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Figure 3. A Cartoon of the HIV Structure. Important for entry into host CD4+ T cells 

is the surface glycoprotein, gp120. The binding of gp120 to CD4 leads to a 

conformational change in gp120 that exposes a co-receptor binding site on gp120. 

Following co-receptor binding the HIV surface protein, gp41 begins to fuse with the host 

cell membrane. 
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HIV Transmission 

Globally, HIV is predominately transmitted via sexual intercourse, however it can 

also be transmitted: via intravenous drug use (IVD), from mother to child and through 

contact with infected blood and blood products [36]. 

 Mother to child transmission of HIV can occur at three distinct stages: in utero, 

during the birthing process, and post-natally from breast milk. In utero transmission of 

HIV occurs by virus transfer across the placenta and accounts for only a very small 

proportion mother to child transmission. The trophoblast cells that form the majority of 

the placenta are themselves not susceptible to HIV infection but are easily travelled 

through by the HIV virus and this transcytosis is enhanced by TNF-α [37]. The majority 

of mother to child transmission of HIV occurs during delivery and the risk of 

transmission is heavily dependent on the plasma viral load of the mother at the time of 

delivery [38]. Prolonged membrane rupture, medical complications such as 

chorioamnionitis and procedures such as an episiotomy increase the risk of transmission 

[38, 39]. If plasma viral loads are greater than 1000 copies/mL then delivery by caesarian 

section can cut the risk of transmission in half [39, 40]. 

Without intervention the overall risk of mother to child transmission of HIV is in 

between 15 and 30% and with prolonged breastfeeding transmission rates may be as high 

as 45% [2]. Anti-retroviral treatment administered to the mother near the time of delivery 

and the subsequent replacement of breastfeeding with formula can decrease mother to 

child transmission rates to below 2% [37].  

There are currently many problems surrounding formula feeding in sub-Saharan 

Africa due to both the unavailability of fresh water and the economic situation. HIV 
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positive mothers are recommended not to breast feed in efforts to decrease MTC 

transmission, but as a replacement they are making formula with unsanitary water that 

contains parasites and other diarrhea causing bacteria. As a result, the baby acquires 

severe diarrhea making the decision to formula feed over breastfeed very difficult. 

Additionally, in efforts to extend the formula stock, it is often prepared in very dilute 

form, leading to infant malnourishment[41].  

 Sexually, HIV can be transmitted in three ways, during: penile-vaginal 

intercourse, penile-anal intercourse, and oral sex. The sexual transmission of HIV is 

dependent on a number of factors including: concurrent infection, viral load, douching, as 

well as the general state of the physical mucosal barrier to infection [39, 42]. 

Statistically, HIV is least likely to be transmitted via oral sex although there are a 

few documented cases in which oral-penile sex has been cited as the transmission route 

of HIV infection even in the absence of ejaculation [36, 39, 43-45]. Oral-vaginal sex has 

also been documented as the cause of a small number of HIV infections. The intact oral 

cavity, which lacks any physical breaches, is a very unlikely site of HIV acquisition, 

however the fact that T cells and dendritic cells are present should not be trivialized. It is 

likely that the mouth is such a rare route of HIV transmission because of the presence of 

mucins which trap the virus as well as a number of anti-HIV factors such as Secretory 

Leukocyte Protease Inhibitor (SLPI) [46, 47]. In addition to direct anti-HIV factors, the 

mouth also serves as the site of preliminary carbohydrate breakdown via secretion of 

salivary amylase. Given the high level of glycosylation on HIV surface proteins, it is not 

unreasonable to assume that molecules such as gp120, which are essential for the virus’ 

ability to infect, may be disrupted in the oral cavity and thus deemed non-functional. One 
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study found that pre-treatment of HIV with saliva resulted in viral aggregates that had 

shed gp120 and were incapable of infecting host cells [48]. Although the findings of this 

study are interesting they raise the question, why is breastfeeding such an effective mode 

of HIV transmission?  

 Most sexual transmission in the US occurs via penile-anal intercourse among men 

who have sex with men (MSM) and most often results in the infection of the receptive 

partner [36].This method of transmission predominates due to the thin nature of the rectal 

mucosa, which is highly susceptible to tearing. Additionally, the mono-cell layer of the 

rectal mucosa is easily transcytosed by HIV in contrast to the multi-cell layer of the 

vaginal mucosa, which provides a better barrier to HIV transcytosis. 

 

HIV and the Female Genital Tract 

The bulk of HIV transmission worldwide occurs via heterosexual intercourse, 

therefore the ability to inhibit HIV transmission at the level of the vaginal mucosa would 

interfere with the occurrence of most new infections [49]. Although there are a number of 

ways that HIV can establish productive infection via the vaginal mucosa, it is important 

to emphasize the rarity of HIV transmission here. The HIV virus is highly susceptible to 

inactivation due to the low vaginal pH and bacterial byproducts such as hydrogen 

peroxide. Additionally, the thick mucous that protects the endocervical monolayer 

significantly hinders HIV infection at this area, which is arguably the most susceptible to 

HIV infection [21].  The volume of ejaculate deposited into the vaginal canal together 

with the concentration of HIV present, play a large role in determining whether or not 

infection will take place [50]. Taken together, the above factors in addition to an intact 
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vaginal epithelium yield HIV transmission rates of only 1 per 1000 sexual exposures to 

HIV, as identified in a study of monogamous discordant couples in Uganda [51]. 

Although the incidence of HIV transmission per sexual act is quite low, it can be 

dramatically increased in the presence of co-infection with other non-ulcerative STIs 

such as Chlamydia and ulcerative STIs such as HSV-2, chancroid and syphilis [21, 52]. 

The presence of other pathogenic organisms can indirectly create ulcerations and lesions 

in the epithelial barrier because of the host inflammatory response [49], which produces 

pro-inflammatory molecules that also function to activate immune cells which are HIV-

susceptible, providing prime substrate for the HIV virus. Furthermore, factors such as 

male circumcision and the magnitude of viraemia affect rates of HIV transmission [21]. 

There are a number of ways that HIV can establish productive infection once 

introduced into the lumen of the female genital tract. Most of the evidence for the 

mechanism of mucosal HIV transmission comes from studies of Rhesus macaques and 

Simian Immunodeficiency Virus (SIV) which together, closely mimic the mucosal 

transmission of HIV in humans [21, 49]. The mucosal epithelial layer provides the most 

important barrier against all infection and any breach in this barrier drastically increases 

the probability of acquiring HIV, as well as other infections given that it would provide a 

direct port of entry for the virus [21, 53, 54]. 

In addition to the physical barrier of protection, the low pH (4.5) of the vaginal 

lumen afforded by acid byproducts produced by normal vaginal flora provides an 

excellent defense mechanism, as few pathogens are able to tolerate an acidic environment 

[49]. This defense is offset when HIV presents to the vaginal mucosa by way of alkaline 
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semen, which highlights the need for a buffering component in prophylactic microbicides 

[55].  

Even when the mucosal barrier is intact, there are a number of ways that HIV can 

exploit the host defenses in order to facilitate infection. The mucosal epithelial cells that 

line the vaginal canal and form the ecto-cervical area can be directly transcytosed by the 

HIV virus. This transcytosis provides access to the lamina propria which contains a 

plethora of cells including: macrophages, dendritic cells and epithelial cells, which all 

express HIV-specific receptors such as CD4 and CCR5, and as a result are susceptible to 

HIV infection [56]. When these cells become infected with HIV, they serve as a viral 

reservoir actively producing large amounts of virus [53].  

A condition referred to as cervical ectopy, which is more common in young 

women, increases susceptibility to HIV infection. This condition is defined by a 

premature transition from the stratified squamous epithelium of the vagina and ectocervix 

to the simple columnar epithelium of the endocervix. Since this transition is premature, 

the mono-layer portion of the cervix is not protected by the thick mucous plug that blocks 

the cervical opening and it is the columnar mono-layer that is most easily transcytosed by 

HIV [21, 57].  

Dendritic cells, which are referred to as Langerhans cells in the vaginal 

epithelium, stick arm like projections into the vaginal lumen and pick up foreign 

pathogens, pulling them through to the interstitial space [21, 54]. This Langerhan cell 

activity is meant as a “prophylactic” defense mechanism, used to sample antigens within 

the vaginal lumen and present these antigens to other immune cells before the pathogen is 

able to breach the physical barrier, but in the case of HIV it can be detrimental.  
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HIV surface glycoprotein gp120 is capable of binding to the DC-SIGN receptor 

on the surface of the dendritic cell, referred to as a trans-HIV-receptor.  The dendritic cell 

then shuttles the bound HIV to the nearest lymph node which is rich in CD4 positive T 

cells, therefore enhancing HIV infection [53, 58]. The lymph node provides optimal 

conditions for large scale virus production and the immune activation that results from 

viral replication is not protective, but rather provides the virus with additional substrate 

[49]. In addition to acting as an HIV shuttle system, dendritic cells may also endocytose 

HIV when it binds to DC-SIGN or cell surface CD4 and CCR5, resulting in productive 

infection of the dendritic cell referred to as cis-infection[53]. This poses an even bigger 

problem than the trans-scenario described above because an infected dendritic cell will 

still migrate to the lymph node but it will also produce large amounts of virus, thus 

increasing the likelihood of the propagation of infection in the lymph node. 

CD4+ T cells that are present within the lumen of the female genital tract may also 

become infected with HIV and then travel through the mucosal epithelial layer. Any 

inflammatory process that increases the number of HIV target cells present within the 

genital tract, would obviously increase the susceptibility of the host to infection. As a 

result, any concurrent genital tract infection such as HSV-2 increases the amount of pro-

inflammatory cytokines present and creates an influx of CD4 positive T cells within the 

lumen. Thus co-infection with other sexually transmitted infections has been associated 

with increased susceptibility to HIV-infection. It is also thought that HIV-infected cells 

from a sexual partner that are deposited into the vaginal lumen are able to migrate across 

the epithelial barrier. These cells could act as an additional source of HIV and thus play a 

role in the establishment of infection. 
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All of the above factors taken together, emphasize the need for the development 

of some topical agent with anti-HIV activity such as a microbicide that could be applied 

directly to the luminal surface of the vaginal mucosa. 
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Figure Closely Modeled after Figure in [53] with Kind Permission from Dr. J.Balzarini Figure Closely Modeled after Figure in [53] with Kind Permission from Dr. J.Balzarini 

Figure 4. A Schematic Showing HIV Entry at the level of the Female Genital Tract. 

1) HIV can infect epithelial cells that line the ectocervix, 2) HIV can simply pass through 

epithelial cells without infecting them, 3) HIV infected cells from an HIV positive sexual 

partner may pass in between epithelial cells in order to gain access to the interstitial 

space, 4) Intra-epithelial Langerhans cells stick finger like projections into the vaginal 

lumen and can “grab” HIV and bring it into the interstitial space and then carry the virus 

to the nearest lymph node and present it to CD4 T cells, 5) Any break or lesion in the 

epithelial cell layer provides the virus with direct passage through to the interstitial 

environment. 

Figure 4. A Schematic Showing HIV Entry at the level of the Female Genital Tract. 

1) HIV can infect epithelial cells that line the ectocervix, 2) HIV can simply pass through 

epithelial cells without infecting them, 3) HIV infected cells from an HIV positive sexual 

partner may pass in between epithelial cells in order to gain access to the interstitial 

space, 4) Intra-epithelial Langerhans cells stick finger like projections into the vaginal 

lumen and can “grab” HIV and bring it into the interstitial space and then carry the virus 

to the nearest lymph node and present it to CD4 T cells, 5) Any break or lesion in the 

epithelial cell layer provides the virus with direct passage through to the interstitial 

environment. 
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HIV and the Innate Immune System 

The innate immune system provides a rapid, non-specific response against 

invading bacteria and viruses. This component of the immune system operates via both 

cellular and soluble mediators, primarily using pattern recognition receptors. The innate 

immune response also provides a critical bridge to the delayed and antigen specific 

adaptive immune response [59]. Various innate immune factors have been shown to both 

promote and inhibit HIV transmission. 

Pattern recognition receptors such as: Nod-Like Receptor proteins, Retanoic acid 

Inducible Gene-1, and Toll Like Receptors mediate the innate immune response and 

function to create the important bridge in between the innate and adaptive immune 

responses. TLRs were first discovered in the fruit fly Drosophila in the mid-80s. It wasn’t 

until ten years later that homologous toll proteins were first described in humans and 

were thought to be the critical link in between the innate and the adaptive immune 

response [60]. There are currently ten well-described TLRs that can be found on a variety 

of cell types most of which are innate immune cells.  

Cell types that have been found to express TLRs include: monocytes, natural 

killer cells, immature and mature dendritic cells, macrophages, epithelial cells, 

polymorphonuclear leukocytes, B cells and T cells [61]. TLRs recognize conserved 

sequences found on gram positive and gram negative bacteria, viruses, fungi and 

parasites [60]. As an example, TLR4 recognizes LPS found on the surface of gram 

negative organisms, whereas TLR3 recognizes dsRNA, which is found within viruses. 

Depending on the ligand that each TLR recognizes, the TLR will be located either on the 
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surface of the cell-type expressing it, for example TLR4, or within intracellular 

membranes, for example TLR3. 

Once a TLR has bound it’s respective ligand a signal transduction cascade is 

initiated that involves a number of phosphorylation and dimerization events incorporating 

a number of intermediate signaling molecules. Depending on the TLR involved, this 

cascade will ultimately lead to the activation of either IRF-3 or NF-κB, transcription 

factors that function to turn on a number of genes that are involved in the innate immune 

response, chemokines and cytokines in particular. 

Soluble mediators of the innate immune system can affect whether HIV infection 

is established and also play a substantial role in how HIV disease progresses. The 

production of chemokines and cytokines result from the interaction of HIV and innate 

immune cells, which function to recruit a variety of cells to the site of HIV entry, 

including cells susceptible to HIV infection (T cells, and Dendritic cells). Certain 

cytokines such as TNF-α, affect the rate of HIV replication once infection has been 

established. The amount of cytokine produced and the cytokine receptor density on host 

cell surfaces are key determinates as to how reactive the immune system will be to HIV 

[59]. The production of innate proteins such as RANTES, which by nature is pro-

inflammatory, functions to recruit and activate HIV susceptible cells, while at the same 

time binding to and blocking CCR5, a co-receptor which is in some cases vital for the 

establishment of HIV infection. 

There are a number of innate immune factors that have an inhibitory effect on the 

HIV virus: 
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Defensins are small cationic proteins with anti-HIV activity, secreted primarily by 

neutrophils. There are three main sorts of defensins: α, β, and θ,  all of which inhibit HIV 

in a different way. The α−defensins can inhibit HIV replication once HIV has entered the 

cell and they can also interact directly with HIV target cells to inhibit infection. The 

β−defensins can inhibit HIV indirectly by down-regulating necessary HIV co-receptors 

such as CXCR-4 [62]. Type I interferons α and β have potent anti-HIV activity in vivo 

and have been previously demonstrated to inhibit viral replication [63]. Unfortunately, 

this group of anti-HIV cytokines is unable to abolish HIV-infection because their 

production occurs too long after the initial infection takes place [64].   

RANTES, MIP1-α and MIP1-β are all natural ligands for the CCR5 co-receptor 

most commonly used by HIV-1 to establish and propagate HIV infection. As a result, 

these cytokines have been shown to inhibit HIV infection by sterically blocking the 

required co-receptor [65]. In spite of the fact that these cytokines are able to interfere 

with HIV-host cell interactions, they also activate the T cell when they bind to the CCR5 

receptor. This interaction between ligand and receptor turns on signal transduction 

pathways that ultimately lead to increased cytokine production, resulting in T cell 

proliferation and the induction of T cell chemotaxis. This proliferation provides an 

abundance of both virus and activated HIV-susceptible cells which can facilitate rather 

than inhibit infection.  

Secretory Leukocyte Protease Inhibitor (SLPI) is a proteinase inhibitor that has 

been shown to have potent anti-HIV activity. It is thought to be particularily important in 

preventing the oral transmission of HIV, as it has been isolated in large quantities from 

parotid secretions. SLPI is hypothesized to inhibit HIV infection at the point of viral 
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entry, via interaction not with the virus itself, but with the host cell. In addition, it is 

believed that the anti-HIV activity exhibited by SLPI is disconnected from its natural 

function as an anti-protease [66]. It is believed by many, that SLPI is the protein 

predominately responsible for the rarity of oral HIV transmission[67]. 

Interleukin-16 (IL-16) inhibits HIV-replication in HIV-infected cells by an 

unknown mechanism, although it is known that IL-16 is a natural ligand for CD4. Since 

the interaction of IL-16 with CD4 serves to activate signal transduction in the T cell, it is 

hypothesized that the inhibitory effects of IL-16 are via the inhibition of viral gene 

expression [68]. Interleukin-10 (IL-10) is an anti-inflammatory cytokine belonging to the 

Th2 groups of cytokines [69]. It has been shown to decrease the production of pro-

inflammatory cytokines and thus it is not surprising that it has also been shown to 

suppress HIV replication in macrophages and monocytes [70]. 

More recently a cellular enzyme coined APOBEC3G has been determined to have 

anti-HIV effects. This cellular enzyme is incorporated into newly formed viral particles 

and converts cytosine residues in viral RNA to uracil residues and in viral DNA it 

converts guanosine residues to adenosine residues thus inhibiting viral replication. This 

enzyme can only inhibit HIV in the absence of the viral vif gene. When the vif protein is 

present it targets the APOBEC3G enzyme for proteasomal degradation and thus the virus 

continues to replicate unhindered [71]. 

 Other cytokines that are produced during the innate immune response incidentally 

act to enhance HIV replication and further facilitate infection. These cytokines are 

generally pro-inflammatory in nature and their production increases with the progression 

of HIV disease. The principle cytokines involved in the enhancement of HIV infection 
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are tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and interleukin-1β (IL-

1β) [72]. 

The induction of TNF-α  production by the virus is vital for HIV replication, as is 

apparent by the observation of a proportional increase in viral replication with an increase 

in TNF-α.  As HIV disease progresses TNF-α production increases, which culminates in 

a proportional increase in plasma viral load and a decrease in CD4 T cell counts [72]. It 

remains unknown exactly how TNF-α acts to facilitate HIV replication, however there is 

evidence to suggest that TNF-α can induce the activation of NF-κB, which results in 

cellular transcriptional activation and thus HIV replication in cells which are infected 

[73]. Additionally, TNF-α has been shown to increase CXCR4 expression, and it is 

CXCR4 that is the pivotal co-receptor used during HIV disease progression [74].  

Infection with HIV induces the production of IL-1β, which works to increase viral 

replication. Evidence to support the catalyst effect of IL-1β on HIV-1 replication comes 

from studies involving IL-1β inhibitors, which reveal a decrease in viral pathogenesis and 

replication [72]. IL-1β also has been shown to increase apoptosis of T cells, which results 

in an accelerated decline in CD4 and CD8 positive cells [75]. During HIV infection an 

increase in IL-6 is also observed, which results in increased HIV replication in 

macrophages. It currently remains unknown how IL-6 fuels the replication of HIV in 

macrophages, however it is clear that IL-6 plays a large role in the loss of normal 

macrophage function, which has disastrous effects on host immune function [72].  

The complement arm of the innate immune system is ineffective at eliminating 

HIV infection mainly because the virus buds out of the host cell to complete its assembly 

process and in doing so takes host membrane proteins along with it. These proteins 
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function to limit complement deposition on the viral surface and circumvent viral lysis 

[76]. 

Chemokine and cytokine production by the innate immune system also informs 

the development of the adaptive immune response and is instrumental in instructing the 

development of different forms of immune response. 

 
Th2 

Well Described HIV-Inhibitory Innate Immune Factors 

RANTES 

RANTES (Regulated upon Activation, Normal T cell Expressed and Secreted) is 

pro-inflammatory, belonging to the CC family of chemokines. Chemokines are cytokines 

that specifically function to attract white blood cells and can be subdivided into two 

groups: CC chemokines and CXC chemokines[77]. CC chemokines are defined by the 

presence of two adjacent cysteine residues in comparison to CXC chemokines, which 

also contain two cysteine residues but are separated by one amino acid (X). Additionally, 

CC chemokines are characterized by their binding to a specific class of receptors and by 

their recruitment of specific cell types. RANTES is found in secretions primarily in 

dimerized form [78], however evidence suggests that it is the monomeric form of 

RANTES that interacts with the CCR5 receptor [79]. Hetro-dimers of CCR5 with other 

receptors are also thought to play a role in chemokine-receptor interactions although the 

exact details of these effects remain elusive. The CCR5 receptor is a member of the G 

protein-coupled receptor group and is defined by 7 transmembrane domains, which lead 

to complex chemokine-receptor interactions [78, 80]. 

Th2 
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RANTES is produced and secreted from T cells, endothelial cells, and platelets 

and is the ligand for three receptors, CCR1, CCR3, and most importantly CCR5. As 

previously mentioned, the natural affinity of RANTES for CCR5 is of particular interest 

because of the widespread use of CCR5 as an HIV co-receptor. 

As a chemo-attractant, the secretion of RANTES causes the infiltration of dendritic cells, 

T cells, monocytes, and natural killer cells to the infected tissues and results in 

inflammation and thus the full blown activation of T cells. MIP-1α and MIP1-β are the 

only other known natural ligands for the CCR5 receptor and have also been shown to be 

associated with inhibition of HIV infection [81](Figure 5a, 5b). When CCR5 was first 

identified as a major co-receptor used by HIV to gain entry into host cells, experiments 

began in order to decipher whether or not natural chemokines for CCR5 were able to 

inhibit HIV-infection.  

 Truncation studies have identified that the N-terminus of RANTES is essential for 

signal transduction following the binding of RANTES to the CCR5 receptor. This 

binding results in receptor internalization, dramatically decreasing the quantity of CCR5 

present on the T cell surface.  This binding of the chemokine to its receptor has been 

shown to effectively block HIV-infection. A very small truncation to the N-terminus of 

RANTES (amino acids 1 and 2) actually enhances the anti-HIV activity of the 

chemokine, however further N-terminal truncation (amino acids 1-8) leads to a complete 

loss of anti-HIV activity presumably because key amino acids involved in the RANTES-

CCR5 interaction reside somewhere within positions 3-8 [78]. Although the full length 

form of RANTES is capable of HIV-inhibition via receptor internalization, this form also 
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activates the CCR5 receptor, which in turn prompts T-cell activation and may be 

problematic as it leads to the presence of a high number of activated T cells.  

Further mutational analysis revealed that changing amino acids 1 and 5 from 

serine to cysteine still allowed inhibition of HIV infection by interfering with gp120-

CCR5 interaction but failed to activate the CCR5 receptor because of a disulfide bridge 

that forms in between the two novel cysteine residues [65, 78]. This non-activation of the 

CCR5 receptor is key because it does not run the risk of T cell activation while still 

inhibiting HIV-infection and thus it is currently being exploited in a number of novel 

prophylactic and therapeutic anti-HIV developments. 

Initial studies on a group of individuals who are resistant to HIV infection 

because they are homozygous for a 32 base pair CCR5 deletion revealed that they do not 

suffer from any immunological or biological deficiencies although a more recent study 

has revealed that this deletion makes individuals highly susceptible to West Nile Virus 

and a number of other bacterial and viral infections [82, 83]. As a result it has been 

hypothesized that using small molecule antagonists to block the CCR5 receptor while still 

allowing for RANTES-receptor interactions should not have any ill-effects on the 

function of the immune system.  

The structure of the CCR5 receptor offers multiple extra-cellular domains that 

serve as attractive targets for antagonists such as monoclonal antibodies [80]. A recent 

study by Ji et al identified 4 monoclonal antibodies that target CCR5 and have potent 

anti-HIV activity while lacking cytotoxicity even at very high concentrations. 

Additionally, these antibodies were effective against multiple HIV clades, their effects 

were donor-independent, and administration of two of the monoclonal antibodies 
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simultaneously resulted in strong synergistic effects. The monoclonal antibodies were not 

agonistic and did not execute their anti-HIV activities by causing receptor internalization. 

These results suggest monoclonal antibodies that target the CCR5 receptor are very 

promising candidates for anti-HIV therapies both prophylactic and therapeutic. 

Shortfalls that are associated with the use of the above described analogs and 

monoclonal antibodies are many, and the one that is most likely to hinder the clinical use 

of such agents is cost. Using these agents topically such as in a microbicide formulation, 

can be done either by including it in a gel mixture with other proven inhibitors or 

engineered into bacterial species such as Lactobacillus, which are components of normal 

vaginal flora [78] . Most importantly, a recent study revealed that PSC-RANTES (first 

amino acid removed), inhibited SHIV infection when applied vaginally in monkeys [78, 

84], suggesting that this approach although costly, has the potential to be efficacious in 

vivo. 
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Figure 5. The Effect of RANTES on HIV-Host Cell Interactions. (A) In the 

absence of high levels of RANTES, HIV binds to the CCR5 co-receptor and 

subsequently enters the host cell. (B) When higher RANTES levels are present there 

is a stoichiometric balance of ligand and receptor, which results in receptor 

saturation. Consequently, R5 tropic HIV is unable to gain access into the host cell. 
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Stromal Cell-Derived Factor-1 (SDF-1) 

 Since RANTES is an important inhibitor of early stage HIV infection it would be 

expected that SDF-1 would also play an important role in prevention of later stage HIV 

disease progression. SDF-1 is also commonly referred to as CXCL-12 and it is the only 

known natural ligand for the CXCR-4 co-receptor used by HIV in late stage disease. The 

SDF-1 gene is located on chromosome 10 and via alternative splicing it encodes for 

CXCL12α and CXCL12β isoforms which have a high degree of conservation between 

human and mouse [85, 86]. In stark contrast with CCR5, which is not vital for 

physiological processes, mice deficient in CXCR4 and SDF-1 have impaired neuronal, 

immune, and circulatory development and consequently die perinatally [85, 87, 88]. 

 Infection studies with HIV and SDF-1 have revealed that ligation of CXCR4 with 

SDF-1 results in endocytosis mediated receptor internalization and sizable down-

regulation of CXCR4 expression. These effects are dependent on the CXCR4 C-terminal 

cytoplasmic domain as deletion of this domain abolishes receptor down-regulation. When 

SDF-1 is removed, CXCR4 gene and surface expression is almost completely restored 

[87, 89]. SDF-1 polymorphisms have also been shown to be associated with altered 

susceptibility to HIV-1 infection [85]. 

 A particular polymorphism identified in 5 distinct cohorts was found to associate 

with delayed progression to AIDS in those who were homozygous. The SDF1-3’A 

polymorphism was found in the highly conserved sequence of the 3’ untranslated region 

of SDF-1 and functions to increase the amount of chemokine produced [90]. 

 Although viral entry is inhibited by SDF-1, it has the opposite effect on already 

infected cells. SDF-1 was experimentally shown to increase the transcription of HIV LTR 
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via tat, therefore enhancing viral replication. While SDF-1 inhibits X4 virus entry it 

simultaneously acts to increase the infectivity of R5 virus for CCR5 expressing cells via 

an unknown mechanism [87]. 
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Trappin-2 and Elafin 

Trappin-2, commonly referred to as Skin Derived Anti-Leukoproteinase 

(SKALP), is a serine protease inhibitor that is produced by a number of different 

epithelial cell types in addition to macrophages and neutrophils [91, 92]. Trappin-2 plays 

a number of different roles but it primarily functions to protect host tissues from non-

specific proteases that are secreted by the host during an inflammatory response [91, 93]. 

Expression of Trappin-2 is constitutive in all epithelial cells that are persistently 

exposed to inflammatory stimuli such as in the vaginal epithelial layer, but up-regulation 

is driven by physical trauma, chronic conditions such as psoriasis and pro-inflammatory 

cytokines such as IL-1 and TNF-α [91]. This protein was first identified from sputum of 

patients suffering from inflammatory lung disease as well as from scales of psoriatic 

patients [94]. 

Trappin-2 in its full form is a 12kDa protein consisting of a 22 amino acid 

presequence, indicating its secretion, and another 95 amino acids that encode two 

functionally distinct domains. At the gene level, Trappin-2 consists of three exons, a 

structure shared by all members of the Trappin gene family. The second exon encodes 

nearly all of the mature protein [91, 93-95]. The two domains that comprise the mature 

protein are the N terminal Transglutaminase domain and the C terminal WAP domain 

which together constitute a 9.9kDa mature protein generated intracellularly from the 

cleavage of the pre sequence in between residues ala22 and ala23 (Figure 6a), [94]. 

The N terminal transglutaminase domain consists of a hexapeptide repeat, GQDPVK 

that varies in repeat number between different species. In the presence of the 

transglutaminase enzyme, this residue can be cross-linked to extra-cellular matrix 
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proteins providing a physical barrier in order to prevent epithelial cell damage. Numerous 

studies have demonstrated that the lysine residue, K, serves as an acyl acceptor and the 

glutamine residue, Q, serves as an acyl donor in order to form this dipeptide bond to 

tissues. Once this 9.9kDa protein is bound to extra-cellular epithelial cell proteins it is 

further processed by an unknown proteinase in order to generate the 6kDa WAP domain, 

known as elafin [94]. 

 WAP is an acronym for Whey Acidic Protein, which constitutes the inhibitory 

domain of the protein. This portion of the protein consists of 8 cysteine residues that fold 

back on one another in order to form four disulfide bonds. The four-disulfide core is 

common to a number of anti-microbial compounds and functions as the active site for the 

anti-proteinase activity of the protein. It is currently unclear as to how the four disulfide 

core confers anti-microbial activity to proteins that it is found within, however it is 

believed that this activity is largely due to the cationic nature of the protein.  Elafin is a 

highly cationic protein with a pI of 9.7 [96]. 

During an inflammatory response there are many proteases secreted by 

neutrophils, and other innate immune cells which act indiscriminately on both foreign 

organisms and host tissues. These non-specific molecules can cause large amounts of 

tissue damage and as a result the body co-transcribes proteins like Trappin-2 which help 

to minimize this host tissue damage.  

Trappin-2 can be further characterized as an alarm anti-proteinase which indicates 

that it is produced local to the site of inflammation as compared to a systemic anti-

proteinase which is produced everywhere in the body[93]. 
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Figure 6. Structure and Differential Processing of Trappin-2. (A) The 22AA Signal Peptide 

is cleaved to allow for the secretion of the protein. The Transglutaminase Substrate Domain is 

the portion of the protein that is cross-linked to extra-cellular matrix proteins via the Q and K 

AA residues and the Inhibitor Domain is composed of the four-disulfide core and provides the 

protein with anti-proteinase activity. (B) Proteolytic processing of the full length form of 

Trappin-2. First the 22 amino acid signal peptide is cleaved to allow for secretion of the 

protein. Following secretion of the 9.9kDa form of Trappin-2 it is crossed linked to extra-

cellular proteins where it is then further cleaved to yield the 6kDa active form of the protein 

called elafin. 
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Adaptive Immune Response to HIV 

The adaptive immune system provides the host with the ability to mount a 

specific immune response tailored against foreign antigen. There are two broad arms that 

comprise the adaptive immune system: cell-mediated immunity and humoral immunity. 

These two types of immune responses have dramatically different utility against the HIV 

virus.  

The humoral immune response is executed by B lymphocytes, which are 

concerned with antibody production. There are two broad classes of anti-HIV antibodies: 

functional and non-functional antibodies. Functional antibodies, referred to as 

neutralizing antibodies, account for a very small proportion of anti-HIV antibodies, and 

act to inhibit HIV-infection of host cells. Functional antibodies can also be non-

neutralizing in the case of antibody dependent cellular cytotoxicity (ADCC). ADCC 

refers to the recognition and killing of virally infected host cells that display viral proteins 

on their cell surface. IgGb12 is the best known HIV-neutralizing monoclonal antibody, 

primarily targeting the CD4 binding site, interfering with CD4 binding. The majority of 

anti-HIV antibodies are non-functional or non-neutralizing antibodies. They are able to 

bind to the HIV virus but in doing so are unable to prevent infection from occurring [97]. 

HIV-specific antibodies are not able to completely eliminate HIV infection largely 

because they are usually only effective against extra-cellular virus and are generally futile 

against virus that is found intracellularly. In addition, selective pressure contributes to the 

exceedingly high mutation rate of the HIV virus, which allows for its continual escape 

from host antibodies [98].  
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The literature has recently cited a problematic role for HIV-neutralizing IgA 

present within the genital tract. These antibodies are able to bind to the HIV virus, 

forming antibody-virus complexes. The antibody-virus complex then binds to the 

dendritic cell surface Fc receptor via the Fc fragment of the antibody resulting in 

opsonization. The dendritic cell then phagocytoses the antibody-virus complex, and once 

inside the cell the complex dissociates, freeing the HIV virus. The virus will then be 

recycled to the cell surface once the dendritic cell is in close proximity with HIV-

susceptible CD4 T cells. This intracellular virus, which is now free, can also go on to 

productively infect the dendritic cell, which can then serve as a viral reservoir. This 

phenomenon emphasizes the ability of HIV to manipulate host defenses in order to 

promote its own replication and survival and also highlights the need to target dendritic 

cell receptors such as DC-SIGN in future vaccine and microbicide developments [99]. 

The cell mediated immune response consists of: T helper cells (CD4+ T cells), 

which function to prime the B cell response and activate the cytotoxic lymphocyte 

response (CTL), and cytotoxic T cells (CD8+ T cells) which kill infected host cells. T 

helper cells are the primary cellular target of HIV-1 and it is for this reason that their 

maturation and the process by which it occurs is very important to the understanding of 

HIV-infection. Activated T helper cells may develop into any one of four kinds of mature 

T helper cells: Th1 type cells, Th2 type cells, Th17 cells or T regulatory cells (Tregs). 

The cytokines present within the environment of the activated T helper cell are critical in 

determining which of the four types the cell will become. 

Th1 cells are associated with a cell-mediated immune response, are responsible 

for CTL development, and are characterized by IFN-γ  production. For an activated T 
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helper cell to develop into a Th1 type cell it generally requires IL-12 and the absence of 

IL-4. CTLs are the main protective correlate of HIV disease progression.  

Th2-type immune responses are commonly associated with allergy and atopy as 

they promote IgE production via the secretion of IL-4, 5, and 13. Activated T helper cells 

will differentiate into Th2 type cells in the presence of IL-4 and the absence of IFN-γ. Th-

2 type responses are also associated with IL-10 production, which is anti-inflammatory in 

nature. More relevant to HIV-infection, Th2 responses predominately stimulate the 

humoral immune response, and thus have been shown to be ineffective at combating HIV 

infection. During the asymptomatic stages of HIV infection the immune response is 

generally of the dominant Th1 cellular immunity phenotype, however as disease 

progresses there is a Th1/Th2 cytokine shift that takes place and is hallmarked by the 

progressive loss of cell mediated immunity and a gain in humoral anti-HIV immune 

responses. This change in cytokine production is also thought to promote T cell apoptosis 

and thus is hypothesized to be partly responsible for the accelerated T cell loss that is 

observed with HIV disease progression [100]. 

The role of regulatory T cells in HIV-infection has become increasingly 

understood over the last 5 years. The normal role of Tregs is to suppress other T 

lymphocytes, which are self-reactive in order to maintain peripheral tolerance. These 

cells are characterized by their co-expression of CD4, CD25 and foxp3 although there 

remains controversy surrounding this definition. Tregs constitute between 5 and 10 

percent of human thymocytes. There are thought to be two conflicting functions of Tregs 

with respect to HIV infection the first being immune suppression which results in a 

decreased amount of HIV-susceptible cells, hindering infection and disease progression 
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in HIV-infected individuals. The second known role of Tregs in HIV disease is that they 

suppress HIV-specific T cells robbing the immune system of its ability to cope with HIV-

infection [101].  

Cytotoxic T lymphocytes or CD8+ T cells are defined by their ability to 

selectively kill virally infected host cells by recognizing MHC class I that is displaying 

foreign antigen on the infected cell surface. Epitopes presented by a CD8+ T cell are in 

part influenced by a person’s HLA class I alleles and thus certain HLA alleles are 

associated with delayed progression to AIDS. The selective pressure that CD8+ T cells 

place on HIV is apparent given the presence of escape mutations found in some CTL 

epitopes such as gag. The rapid CD4+ T cell decline seen in HIV-infected individuals is 

due in part to CTL mediated killing of infected cells but is also contributed to by 

activation induced apoptosis and virally induced cytotoxicity. Although CD8+ T cells are 

absolutely necessary for the control of HIV infection they are not sufficient as is 

demonstrated by progression to AIDS and subsequent death in patients who have normal 

levels of CD8+ T cells [102]. 

Neither the humoral nor the cell-mediated immune response are capable of 

inducing sterilizing immunity against HIV infection. At best, it is understood that a 

successful immune response induced by vaccination must include both humoral and cell 

mediated components and further information will arise once we enhance our knowledge 

of natural models of protection. 
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predominately to a humoral immune response. (E) Th cells may also develop into T Reg 

cells which are immunosuppressive in nature. 

HIV Disease Progression 

 The majority of those infected with HIV will experience three general stages of 

clinical infection. The first stage is defined by a lack of detectable anti-HIV antibodies in 

serum and the appearance of general flu like symptoms, however each of these 

characteristics may or may not be present in every HIV-infected individual[103]. This 

first stage is referred to as primary infection and is always associated with acute viraemia, 

characterized by as many as 107 copies per mL of HIV RNA in plasma as well as a sharp 

decline in CD4+ T cells[104]. It is also during the acute phase that seroconversion takes 

place and is characterized by the start of the production of anti-HIV antibodies which are 

non-neutralizing[103]. It is also during this stage that HIV-specific CTL responses 

develop. 

The second stage of infection is referred to as clinical latency or the asymptomatic 

phase and can be characterized by a lack of symptoms as well as a recovery of CD4+ T 

cells which eventually go on to gradually decline throughout this phase. Within this phase 

there is also a steep drop in HIV viral load and the appearance of HIV neutralizing 

antibodies in serum[105]. The viral load drops off to a level referred to as the viral set-

point, which is a powerful indicator of HIV-disease progression. Those who have a high 

viral set-point progress to AIDS more rapidly than those who have a low viral set-

point[106]. This period varies in length but generally lasts 6-8 years and is followed by 

the third stage of clinical infection, AIDS.  
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AIDS is characterized by a further decline in CD4+ T cell counts to below 200 

cells/mm3, and the eventual loss of neutralizing antibody and CTL responses. 

Additionally, once a person is in the AIDS phase of HIV-disease there is a spike in HIV 

viral load, along with a drop in CD4 T cell counts, which leads to a plethora of 

opportunistic infections occurring because of the loss of a functional immune 

system[103]. Ultimately, an AIDS patient succumbs not to the HIV-infection itself but to 

opportunistic infections that the immune system is unable to eliminate or to malignancies 

[107].  

 Although the above described picture of HIV-disease progression is well 

documented, not every HIV patient will follow this course of infection. There are people 

who progress to AIDS within 2-5 years of the initial HIV-infection and are appropriately 

referred to as Rapid Progressors (RP). People who do not progress to AIDS after having 

been HIV-positive for at least 10 years are referred to as Long Term Non-Progressors 

(LTNP) and those who progress to AIDS but remain generally healthy for many years 

after progression are referred to as Long Term Survivors (LTS)[107]. It remains a 

mystery as to what decides a person’s course of HIV-infection, although it is believed to 

be an interplay of genetics, environment and lifestyle in addition to a number of other 

confounders. 

 

 

 41



 
 
Figure Reproduced with Kind Permission from Dr. Keith Fowke 
Based on the Journal Article from Alimonti, J., et al. Journal of General Virology 
 
Figure 8. The Three Stages of HIV Disease Progression: Acute Phase: This primary 

phase of HIV infection is characterized by a decrease in peripheral CD4 T cells and a 

spike in HIV specific CTL and plasma viral load. This phase is also marked by the lack 

of HIV neutralizing antibodies and the permanent decline in gut CD4 T cells. 

Asymptomatic Phase: This secondary phase displays plateaued low plasma viral load, 

high HIV specific CTL and neutralizing antibodies. During this phase there is also a 

gradual decline in peripheral CD4 T cells. This phase varies the most in length from 

person to person. AIDS: This is the third and final stage of HIV disease progression 

characterized by a spike in plasma viral load that coincides with a rapid decline in 

peripheral CD4 T cells and a more gradual decline in HIV specific CTLs. 
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Treatment 

The first drug introduced to treat people infected with the HIV virus was 

azidothymidine (AZT), which was first approved for use in 1987. AZT works to inhibit 

the virus’ reverse transcriptase enzyme and thus prevent the reverse transcription of RNA 

to DNA. This drug has fewer side effects than other anti-HIV medications because it 

selectively targets the viral reverse transcriptase however, it can also interfere with DNA 

polymerase and thus, it does not come without its fair share of side effects. HIV quickly 

develops resistance to AZT and as a result is most effective when it is used in a cocktail 

with other medications[108].  

In 1996 the treatment of HIV changed dramatically with the advent of 

combination therapy referred to as Highly Active Anti-retroviral Therapy (HAART). 

HAART is a cocktail of three anti-retrovirals from at least two drug classes. The three 

most common drug classes are nucleoside reverse transcriptase inhibitors (NRTIs), non-

nucleoside reverse transcriptase inhibitors (NNRTIs) and protease inhibitors (PIs)[109]. 

Baseline evaluation of a newly diagnosed HIV patient encompasses CD4+ T cell 

counts, plasma HIV RNA or viral load, genotypic drug resistance testing,  and testing for 

Tuberculosis, Cytomegalovirus, Hepatitis C, and other infections that may require 

treatment. Current criteria that are used to determine when to start anti-retroviral therapy 

for adults are when CD4 counts fall below 350 cells/mm3, although it has been common 

to use 200cells/ mm3 in the past and as a result CD4 counts should be measured every 3-6 

months[110]. In contrast, when an infant is diagnosed with HIV, treatment is initiated 

regardless of viral load and CD4 count, as it has been shown that if infants are treated 

immediately following diagnosis, their odds of dying are 76% less than those infants who 
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are HIV positive and do not receive treatment until disease progression has occurred 

[111]. 

 The primary goals of anti-retroviral treatment are to improve patient quality of 

life, prevent the vertical transmission of HIV, preserve the function of the immune 

system, prolong the lifespan of the patient, and to suppress viral load[112].  

 
 
 
Microbicides 
 

It is currently thought that development of a prophylactic microbicide would be 

the best hope to inhibit HIV-1 transmission.  A microbicide is a gel like formulation that 

could be applied either to the vaginal mucosa or the rectal mucosa as a method of 

prophylaxis to prevent HIV infection. Not only would a microbicide provide a physical 

barrier against infection but it would also contain a number of anti-viral factors, many of 

which could be natural innate immune factors.  

One of the most important qualities of a microbicide is that it places the control of 

infection prevention in the hands of the woman. In many incidences, women who 

exchange money for sex receive more compensation if they agree not to use a condom. 

Additionally, cultural differences often prevent women who live in sub-Saharan Africa 

from negotiating condom use with their husband when infidelity is suspected[21]. A 

microbicide would provide a woman with peace of mind that she is protected from 

disease while the man would likely not even notice that the microbicide has been 

applied[113]. 

There are many different classes of microbicides, which can be divided by their 

spectra of activity. Some microbicides are only active against HIV where as others are 
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active against HIV in addition to having contraceptive activity[53]. Ideally a microbicide 

would have activity against other sexually transmitted infections while leaving normal 

vaginal flora intact, in addition to being relatively easy to use and would be of low cost, 

as it would likely need to be applied before each sexual activity. 

The ideal microbicide would contain: 

- A buffer such as Lactobacillus culture, which would function to restore the acid 

pH of the vagina following neutralization that occurs because of alkaline 

ejaculate[21, 53]. The acid pH of the vagina is arguably one of the most important 

protective characteristics that it has. In addition, HIV is deactivated at pH values 

below 4.5 which further supports the utility of vaginal acidification[21]. 

- A broad spectrum antimicrobial, this would likely be an innate immune factor 

that is present in those resistant to HIV infection and that has been shown to 

inhibit HIV infection. The natural existence of such a factor in human vaginal 

secretions would ensure that it would not disrupt normal flora or host tissues as 

long as it is used at appropriate concentrations. An example of such a factor 

would be Trappin-2 or SLPI, host proteins that contain a broad spectrum anti-

microbial domain. 

- A host cell active viral inhibitor, this is something that binds to or sterically 

blocks either the CD4 receptor or the CCR5/CXCR4 co-receptors of the host 

cell[21, 53]. An example of such an agent would be an analog of the natural 

CCR5 ligand RANTES, which binds to the CCR5 co-receptor without activating 

the pro-inflammatory signal transduction pathways. 
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- A virally active viral inhibitor, this would be something that would bind to a 

viral protein such as gp120 in order to prevent its ability to bind to the CD4 

receptor. An example of such a compound would be the HIV neutralizing 

antibody IgGb12[21, 53]. 

- A protease inhibitor and an anti-retroviral, these would be included in case the 

other surface-active components fail and the virus is able to enter the host 

cell[21]. They would optimally function to prevent integration and if they fail 

then the ARV would prevent viral replication. Similar to what is seen in HIV 

positive patients who receive ARV therapy, the use of these compounds in a 

prophylactic microbicide may induce undesirable side effects, although the side 

effects would be less severe because the drugs are not being used systemically. 

Currently, there are a number of microbicides being tested in clinical trials but to 

date none of the trials that have made it to phase III have been successful. The detergent 

based microbicide nonoxynol was stopped in phase III of the clinical trial because it was 

found to increase the rate of HIV infection. Unfortunately, the same can be said for the 

once promising microbicides that were based on poly-anionic compounds 

In late 2006, a phase III trial of the nonoxynol (N-9) microbicide composed of 

detergents was halted because the treatment group was found to have a higher incidence 

of HIV infection than the placebo group [53]. Nonoxynol was initially developed as a 

contraceptive spermicide but was later found to have antimicrobial activity [114]. 

Investigation into the failure of nonoxynol to prevent HIV transmission revealed that it 

caused lesions in the vaginal mucosa creating a direct port of entry for the virus in 

addition to inducing inflammation and thus an influx of activated HIV-target cells [53, 
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114]. Detergents function to disrupt the phospholipid bilayer of HIV however because 

HIV buds out of the host cell, the viral membrane is identical to host cell membranes 

therefore the detergent causes non-specific tissue damage. Detergents have long been 

used to disrupt membranes and therefore should never have been used as a microbicide 

component because they would compromise the integrity of the mucosal layer.  

More recently in mid-2007, a phase III microbicide trial involving cellulose 

sulfate was brought to a premature close because it was found that there were higher rates 

of HIV-infection in the treatment group than in the placebo group[115]. Poly-anionic 

compounds were once thought to be promising microbicide candidates because of their 

abundant negative charge which resembles the host cell. When the positively charged 

HIV virus is introduced into the vagina it is thought that it will interact with the 

polyanionic compound rather than with the host cell[116].  

At this point there are not any good hypotheses as to why the polyanionic 

compound increased the rate of infection although it is likely that the compounds 

appeared efficacious in animals and subsequently enhanced infection in humans because 

of differences in vaginal pH.  The vaginal pH of a Rheusus macacque, the animal model 

used in the  phase II microbicide trial, is anywhere in between 7 and 8 [117]. At an 

alkaline pH most of the proteins present within the vaginal environment will either carry 

no net charge or will be negatively charged. In contrast, the vaginal pH of a human is 

approximately 4.5 and thus the vaginal environment is acidic. At a pH of 4.5 the majority 

of proteins present within the vaginal lumen will carry a positive charge. As a result, the 

addition of a polyanionic compound to the human vaginal environment prior to the 

introduction of HIV containing ejaculate, will render the compound ineffective since it 
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will bind to the plethora of positively charged proteins present. When positively charged 

HIV virus is introduced, there will likely be very little free polyanionic compound 

remaining. The enhancement of HIV infection that was seen in the phase III clinical trial 

was probably because the polyanionic compound bound to and thus deactivated proteins 

that have anti-HIV activity. These effects were not seen in the Rhesus macacque because 

the polyanionic compound did not bind to, and was likely repelled away from native 

proteins that were present within the vaginal environment. 

Natural host proteins such as Trappin-2 would be ideal microbicide components 

as they would likely be very well tolerated by the host, given that they are applied to 

mucosal surfaces at reasonable concentrations. In contrast, previous microbicide 

components including detergents and polyanionic compounds were foreign to the host 

and either induced massive host cell damage and consequent inflammation or upset 

normal host homeostasis at the vaginal level. 

 

Natural Resistance to Infection and HIV Resistance: 

Natural resistance to infection has been studied since the 18th century when 

Edward Jenner discovered that infection with cowpox conferred immunity to smallpox 

infection. It was this initial observation in 1796 that led to the development of the 

smallpox vaccine and subsequently, the eradication of the disease [118]. Based on this 

model, it is thought that a better understanding of natural resistance to other infections 

such as HIV, is essential for successful vaccine or microbicide development.  

Natural resistance to HIV has been well described within a group of individuals 

who are homozygous for a 32 base pair deletion in their CCR5 gene. This CCR5 allele 
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leads to a frame shift that results in premature termination of translation and a truncated 

form of the CCR5 protein. The CCR5 receptor produced by these individuals lacks 3 of 

the 7 transmembrane segments and as a result, is non-functional. Without production of a 

functional CCR5 receptor these individuals are resistant to HIV-infection by R5 tropic 

virus but they remain susceptible to infection by X4 and X4R5 tropic virus strains which 

are rarely responsible for primary HIV infection. In addition to homozygous individuals, 

it has also been found that heterozygous carriers of this mutant allele have delayed 

disease progression when they are infected with the virus [81]. The allelic frequency of 

this mutant CCR5 genotype is 10-20% among Caucasians of Northern European decent 

but has not been found in African populations. The frequency of individuals who are of 

Northern European decent who are homozygous for this allele is approximately 1%[81]. 

Studies to determine underlying health problems due to the absence of functional CCR5 

have found that individuals who are homozygous for this allele have no immune 

deficiencies and it is thought that other pro-inflammatory cytokines are sufficient to 

mount an effective immune response. It has been determined that this polymorphism is 

not present within the Pumwani cohort[119]. Promoter polymorphisms in the RANTES 

and CCR5 genes have been determined to affect HIV-susceptibility and the rate of HIV-

disease progression. Single nucleotide polymorphisms within the CCR5 gene promoter 

have been found to associate with faster progression to AIDS, where as two single 

nucleotide polymorphisms in the RANTES gene promoter have been found to preserve 

CD4+ T cell counts for a longer period of time [120]. 

Approximately 10% of all highly exposed commercial sex workers in the 

Pumwani cohort are resistant to HIV infection[121]. Although the entire picture of HIV 

 49



resistance has not yet been revealed for the Pumwani cohort, there are a number of 

resistance characteristics that are currently known, and these characteristics emphasize 

the biological and genetic distinction of HIV-Resistant women from HIV-susceptible 

women. 

Systemic levels of RANTES, MIP-1α,  and MIP-1β,  all of which are natural 

ligands for the CCR5 co-receptor, have been shown not to be associated with HIV 

Resistance. Additionally, the secretion of these chemokines in PBMC cell culture does 

not interfere with the ability of HIV to infect cells from these women [122]. 

Certain host class I and II MHC alleles are associated with protection against HIV 

infection, while other alleles correlate with susceptibility to HIV-infection. It is becoming 

increasingly clear that individuals who are heterozygous for MHC class I alleles are more 

likely to be protected than those who are homozygous [123]. A number of women who 

are HIV-resistant have been shown to have HIV-1 specific cytotoxic lymphocytes (CTL) 

in their blood, which confirms that these women have come into contact with the virus at 

some point and were most likely transiently infected with HIV but were somehow able to 

eliminate the infection[124]. The CTL responses generated by HIV-Resistant women are 

widely cross-reactive but exhibit decreased frequency and are weaker in magnitude than 

CTL responses found in HIV-infected individuals [125]. Since CTLs function to 

eliminate virally infected host cells, it is thought by some that the answer to HIV-

resistance may lie in effective CTL responses to epitopes that differ from those responses 

seen in HIV-infected individuals [126].  Additionally, elevated RANTES levels, CD4+ T 

cells, IgA, and Trappin-2 in the female genital tract have been shown to correlate with 

HIV-Resistance [127-129]. IRF-1 polymorphisms have also been shown to associate with 
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HIV-Resistance [31]. It is currently thought that HIV-resistance within the cohort may in 

part be due to an increase of regulatory T cells which function to suppress CD4+ T cells 

and drastically decrease the probability of HIV infection [101]. 

Perhaps one of the most interesting associations of HIV-resistance is the need to 

be actively engaged in sex work. Further analysis of increased HIV-seroconversion due 

to a break from sex work revealed that a sex break correlates with a decline in HIV-

specific CTL responses, which may explain the loss of protection[130], however innate 

factors may likely be involved. 

 

 

Rationale 

 The rationale for this Master’s project stems from previous work done in the 

group by Dr. Shehzad Iqbal, who demonstrated that there were elevated levels of 

RANTES in CVL from HIV-Resistant women. This study included only 10 women in 

each of the three study groups: HIV-Positive, HIV-Negative and HIV-Resistant, therefore 

an expansion of the study was needed in order to confirm the observed expression 

patterns. 

SDF-1 is a well documented inhibitor of HIV-infection as it is the natural ligand 

for CXCR4, however it has never yet been measured in samples from the Pumwani 

cohort to determine if systemic SDF-1 levels, much like CVL RANTES levels, may play 

a role in HIV disease progression or HIV Resistance. 

 Dr. Iqbal’s work also revealed the over-expression of the novel innate resistance 

factor, Trappin-2 in CVL samples from HIV-Resistant women. This finding led to 
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subsequent inhibition studies, which revealed that Trappin-2 is able to inhibit HIV-

infection in PBMC culture. This over-expression must be confirmed in a large data set 

and also must be further analyzed in order to rule out biological confounders that may be 

responsible for the apparent increased expression.  
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A) 

B) 

 

Reproduced with Permission from Shehzad M. Iqbal (2006) 

Figure 9. Preliminary Trappin-2 Data. (A) SELDI-TOF Mass Spectrometry reveals an 

abundance of a 6kDa protein in HIV-Resistant women as compared to HIV-Positive 

women and HIV-Negative women. (B) HIV-inhibition studies reveal that pre-treatment 

of cells with Trappin-2 inhibits HIV-infection in a dose dependent manner as shown by a 

p24 assay. 
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Hypothesis 

 The global hypothesis that I have proposed for this Master’s project is that 

soluable factors such as RANTES, SDF-1 and Trappin-2 play an important role in 

protection against HIV-1 infection, and an important role in HIV disease progression in 

HIV-infected women. More specifically: 

i. High levels of RANTES and Trappin-2 in CVL will correlate with HIV-1 

Resistance 

ii. High levels of Trappin-2 in serum will correlate with HIV-Resistance 

iii. Trappin-2 and SDF-1 levels in the serum of HIV-infected women will 

correlate with HIV disease progression with high levels of both 

associating with a delayed disease progression 

iv. Trappin-2 levels in serum will be an excellent predictor of seroconversion 

from HIV-Negative or HIV-Resistant to HIV-Positive status 

v. Increased levels of Trappin-2 seen in HIV-Resistant women can not be 

explained by biological confounders such as douching and age 

The data presented in this Master’s thesis will further support the idea that Trappin-2 and 

potentially RANTES or a RANTES analog are ideal microbicide candidates that should 

be included in future microbicide formulations to be tested in clinical trials. 
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Materials 

Cohort and Study Groups 
 
Pumwani Cohort: 
 

This cohort was established by Dr. Frank Plummer and colleagues in 1985 and 

consists of female commercial sex workers from the Pumwani District of Nairobi, Kenya. 

These women are at high risk for acquisition of HIV and they are divided into three 

groups based on their HIV status: HIV Positive, HIV Negative, or HIV Resistant. 

Approximately 90% of HIV negative women will go on to become HIV positive and the 

remaining 10% will eventually be classified as HIV resistant [121]. In order to clarify, 

HIV Resistant women are defined as women who have been enrolled in the cohort for at 

least three years, are actively engaged in sex work, remain both serology and PCR 

negative for HIV, and show no clinical signs of disease. These women are estimated to 

have as many as 60 unprotected sexual exposures to HIV each year, with men from a 

population with a 4.6% seroprevalence of HIV, but remain HIV-uninfected as far as can 

be demonstrated [131]. 

 

Study Population 

 
Study Subjects: 
 

For all of the protein measurement studies, the samples that were used were 

previously obtained from the women of the Pumwani cohort at the clinic in Nairobi and 

kept frozen at -800C in Winnipeg. For the purpose of quality control, it is assumed that all 

samples taken during the same resurvey have undergone a comparable number of freeze-

thaw cycles and thus, each sample should have a proportionate amount of viable protein.  
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All of these studies were performed on three study groups that have been classically used 

by our research group. The three groups are: 

HIV Positive Women: These women are all HIV positive, some of whom were 

positive when they enrolled in the cohort and others who have seroconverted from 

either HIV negative or HIV resistant status over the years. These women are also 

at various stages of HIV disease and some are AIDS patients. These women can 

be further divided into three groups: 

 

Rapid Progressors (RP): These are women who have progressed to 

AIDS within 5 years of  seroconversion. 

 

Long Term Non-Progressors (LTNP): These are women who have been 

HIV positive for at least 10 years and have not yet progressed to AIDS, 

meaning that their CD4 counts remain above 200 cells/mm3. 

 

Long Term Survivors: These are women who have fluctuating CD4+ T 

cell counts, which may dip below 200 cells/mm3 but remain generally 

healthy and have been HIV positive for greater than 10 years. 

 

HIV Negative Women: These women have been enrolled in the cohort for fewer 

than three years and remain HIV-uninfected. These women will eventually go on 

to seroconvert to HIV-Positive status or will be classified as HIV-Resistant. 
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HIV Resistant Women: To fall within this group, a women must be HIV-

negative for greater than 3 years, remain PCR and serology negative for HIV, 

show no signs of disease and be actively engaged in sex work. 

 

Collection of Cervico-Vaginal Lavage Samples 

 In order to measure chemokine and cytokine levels, a weck cell sponge was used 

to collect a 2mL lavage from the ectocervical area. Briefly, the contents of the sponge 

were obtained by incubating the sponge in PBS buffer and centrifuged to separate the 

contents from the sponge. A second rinse with buffer was performed and centrifuged 

immediately after the first wash. To optimize the collection procedure a dilution factor 

was calculated using a formula that took into account the weight of the dry sponge, the 

weight of the sponge after sample collection and the weight of the buffer, which was 

calculated using the buffer density.  The total protein concentration in each sample was 

then calculated using the determined dilution factor [132]. 
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List of Buffers Used: 

Phosphate Buffered Saline: 

9.55g of Dulbecco’s Phosphate Buffered Saline (Gibco cat# 21600-044, lot# 292974) 
into 1L of ddH2O 
 
Sodium Bicarbonate Coating Buffer: 
 
0.159g Na2CO3 (Sodium Carbonate MW=105.99)(BDH cat# BDH0284) 
0.293g NaHCO3  (Sodium Bicarbonate MW=84.01) (Mallinckrodt Baker cat# 7412) 
100mL of ddH2O 
 
Calibrated to a final pH of 9.6 
 
Blocking Buffer (0.17% Bovine Serum Albumin (BSA)): 
 
0.17g BSA (SIGMA cat# A-7906) 
100mL of PBS (prepared as listed above) 
 
Calibrated to a final pH of 7.4 
 
Wash Buffer 
 
250uL of Tween 20 (SIGMA cat# P-1379) 
500mL of PBS 
 
Calibrated to a final pH of 7.4 
 
Dilution Buffer (0.085% Bovine Serum Albumin (BSA): 
 
0.17g BSA (SIGMA cat# A-7906) 
100uL Tween20 (SIGMA cat# P-1379) 
200mL of PBS 
 
Calibrated to a final pH of 7.4 
 
Substrate Buffer [85]: 
 
101mg MgCl2-6H2O (MW=203.31) 
97mL C2H3(OH)2NH2 (MW=105.14) 
1L dd2HO 
 
Calibrated to a final pH of 9.8 & light sensitive, must be stored in appropriate container 
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RANTES ELISA Reagents 
 

• EIA/RIA 96 well opaque ELISA plates (Costar cat#3369) 
 
•    Monoclonal Anti-Human RANTES antibody (cat#500-M75) 

 
•    Recombinant Human RANTES (cat#300-06) 

 
•    Biotinylated anti-Human RANTES (cat#500-P36Bt) 

 
•    Streptavidin Peroxidase Ultra-sensitive (SIGMA cat#S 2438) 

 
•    Chemi-luminescent Peroxidase Substrate (SIGMA cat#CPS-1-60) 

 
**All antibodies and recombinant proteins used in this ELISA were           
purchased from Peprotech 

 
 
 
Trappin-2 ELISA Reagents 
 

•    Flat-bottomed, clear 96-well plates (NUNC cat#442404) 
 
• Polyclonal Anti-Human Trappin-2 (cat#AF1747) 

 
• Recombinant Human Trappin-2 (cat#1747-PI) 

 
• Biotinylated Anti-Human Trappin-2 (cat#BAF1747) 

 
• Streptavidin-Alakaline Phosphatase (SIGMA cat#S2890) 

 
• Phosphatase Substrate (SIGMA cat# S0942) 

 
** All antibodies and recombinant proteins used in this ELISA were 
purchased from R&D Systems. 
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SDF-1 ELISA Reagents 
 

•    Flat-bottomed, clear 96-well plates (NUNC cat#442404) 
 
• Monoclonal Anti-Human/mouse CXCL12/SDF-1 (cat#MAB350) 

 
• Recombinant Human/Rhesus Macaque/Feline 

CXCL12/SDF1α (cat#350-NS) 
 

• Biotinylated Anti-Human/mouse CXCL12/SDF-1 (cat#BAF310) 
 

• Streptavidin-Alakaline Phosphatase (SIGMA cat#S2890) 
 

• Phosphatase Substrate (SIGMA cat# S0942) 
 

** All antibodies and recombinant proteins used in this ELISA were 
purchased from R&D Systems. 
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RANTES Chemiluminescent ELISA: 
 

This assay was used to determine protein levels that are below the limit of 

detection with the traditional colorimetric assay [133]. This assay utilizes 96 well opaque 

plates to prevent the interference of signals from well to well. The plates were coated 

using anti-RANTES monoclonal antibody at a concentration of 2ug/mL. Dilutions of the 

stock antibody solution were made in coating buffer (described above) and 50uL of the 

diluted antibody was added to each of the 96 wells and the plate was incubated overnight 

at 4 degrees in a moisture box, prepared by placing moistened paper towels at the bottom 

of a small plastic box and sealing it with a lid. This apparatus provides equal conditions 

to each of the 96 wells and prevents evaporation of contents in wells located around the 

periphery of the plate. 

 The following day the plates were inverted to discard the coating antibody. Next, 

75uL of blocking buffer (prepared as described above) was added to all of the 96 wells. 

The plates were then incubated in a moisture box at 37 degrees for 2 hours. After the 

incubation the blocking buffer was discarded and 50uL of dilution buffer was added to all 

wells. Next 50uL of CVL sample was added to the first well and a serial 1:2 dilution was 

made half way down the plate for each sample. To prepare the standard, 1000pg/mL of 

Recombinant Human RANTES was added in duplicate and serially diluted down the 

plate resulting in a standard curve that started at 500 pg/mL and finished at 3.90 pg/mL. 

The plate was then incubated at 37 degrees for 1 hour in the moisture box. 

 Next, the plate was washed using wash buffer (prepared as described above) on 

the 10X wash cycle of the automated plate washing machine. Dilutions of the secondary 

polyclonal antibody, biotinylated anti-human RANTES were made to achieve a final 
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concentration of 0.60ug/mL. A 50uL volume of this antibody solution was added to each 

of the 96 wells and the plate was incubated in a moisture box at 37 degrees for 1 hour and 

then washed as previously described. To detect the biotinylated anti-RANTES antibody, 

streptavidin-peroxidase ultrasensitive was used. The streptavidin was diluted to a 

1:25,000 final concentration, and 50uL of this solution was added to each well. This 

mixture was incubated on the plate for one hour at 37 degrees. The plate was once again 

washed and treated with a chemiluminescent substrate in order to achieve signal 

production. Chemiluminescent peroxidase substrate (listed in reagents list) was prepared 

by mixing 1 part C 9107 with 2 parts C 9232 and adding 50uL of this mixture to each 

well. The plate was then covered with a foil in order to protect the substrate from light 

and incubated for 10 minutes at 37 degrees. 

 To determine luminescence, a luminometer which is designed to read 

chemiluminescence was used. From the output, appropriate calculations were performed 

in order to determine unknown protein concentrations. 
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Trappin-2 Colorimetric ELISA: 

 I developed and optimized this ELISA using standard ELISA optimization 

techniques in order to use reagent concentrations that gave amiable and reliable results. 

Trappin-2 is found in plasma and serum at easily detectable levels, which allowed the use 

of a colorimetric ELISA. Coating of 96 well, clear, flat bottom plates was accomplished 

by preparing a 2ug/mL dilution of stock polyclonal anti-human Trappin-2 in coating 

buffer. Finally, 50uL of this dilution was added to each well and then the plate was 

incubated overnight at 4 degrees in a moisture box. 

 The following day the plate was inverted and the coating buffer was discarded. 

Next, 75uL of blocking buffer was added to each well and the plate was incubated in a 

moisture box at 37 degrees for 2 hours. After 2 hours had passed the blocking buffer was 

discarded and each of the wells was filled with 50uL of dilution buffer. Next, 50uL of 

serum or CVL of unknown Trappin-2 concentration was added to the first well and 

serially diluted four times down the plate. In order to generate a standard curve, 

recombinant human Trappin-2 stock was diluted to achieve a concentration of 20 ng/mL. 

Once prepared, 50uL of this dilution was then added in duplicate and serially diluted 

resulting in a standard curve that began at 10 ng/mL and finished at 0.07 ng/mL. The 

plate containing the standard and the samples was incubated overnight at 4 degrees. 

 The following day the plate was washed and a dilution of biotinylated anti-human 

Trappin-2 was prepared to achieve a 0.25 ug/mL final concentration and 50uL of this 

diluted antibody was added to each well. The plate containing biotinylated Trappin-2 

antibody was then incubated in a moisture box overnight at 4 degrees. 
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 The next day the plate was washed and a 1:3000 dilution of streptavidin-alkaline 

phosphatase was prepared. Finally, 50uL of this preparation was added to each well and 

the plate was incubated in a moisture box at 37 degrees for 45 minutes. 

 To develop the plate it was first washed and then 1 tablet of the phosphatase 

substrate was added to 5mL of DEA buffer and dissolved. Finally, 50uL of this substrate 

is added to each well and the plate is incubated for 15 minutes at 37 degrees being 

cautious to avoid overdevelopment. Once color production was apparent, the plate was 

read on a spectrophotometer at 405nm. 
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SDF-1 Colorimetric ELISA: 

 This ELISA was developed as there was not a pre-existing in-house SDF-1 

ELISA protocol. I optimized the ELISA according to standardized ELISA optimization 

techniques for reasons described in the Trappin-2 ELISA section above. 

 SDF-1 is found in plasma at detectable levels, which allowed for the use of a 

colorimetric ELISA. Coating of the 96 well, clear, flat bottom plates was accomplished 

by preparing a 2ug/mL dilution of stock monoclonal anti-human/mouse CXCL12 in 

coating buffer. Finally, 50uL of this dilution was added to each well and then the plate 

containing coating antibody was incubated overnight at 4 degrees in a moisture box. The 

following day the plate was inverted and the coating antibody was discarded. The plate 

was then blocked by adding 75uL of blocking buffer to each well and incubated in a 

moisture box at 37 degrees for 2 hours and then the plate contents were discarded. 

 Each of the wells was then filled with 50uL of dilution buffer and 100uL of serum 

with unknown SDF-1 concentration was added to the first well and serially diluted down 

the plate for each sample. To prepare a standard protein dilution recombinant 

Human/Rhesus macaque/Feline CXCL12/SDF1α stock was diluted to achieve a 

concentration of 20ng/mL. Once prepared, 100uL of this dilution was then added in 

duplicate to and serially diluted to achieve a standard curve that began at 10ng/mL and 

finished at 0.07ng/mL. The plate containing standard and unknown SDF-1 was then 

incubated in a moisture box overnight at 4 degrees and washed the following day. 

 Next, a dilution of biotinylated anti-Human/mouse CXCL12/SDF-1 was prepared 

to achieve a 0.25ug/mL final concentration and 50uL of this diluted antibody was added 

to each well. The plate containing biotinylated CXCL12/SDF-1 antibody was then 
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incubated in a moisture box overnight at 4 degrees and then washed. A 1:3000 dilution of 

streptavidin-alkaline phosphatase was then prepared and 50uL of this preparation was 

added to each well and the plate was incubated in a moisture box at 37 degrees for 45 

minutes. 

 To develop the plate it was first washed and then 1 tablet of the phosphatase 

substrate was added to 5mL of DEA buffer and dissolved. Finally, 50uL of this substrate 

was added to each well and the plate was incubated for 15 minutes at 37 degrees being 

cautious to avoid overdevelopment. Once color production was apparent, the plate was 

read on a spectrophotometer at 405nm. 

 
 
 
Determination of HIV Status: 
 
 When women first enroll in the Pumwani cohort and for each subsequent resurvey 

they are tested in order to determine their HIV status. Since the HIV test looks for 

antibodies in serum, HIV can usually be diagnosed 2-3 weeks post-infection, although 

there is sometimes a window period that lasts 3-6 months during which the class 

switching of antibodies from IgM to IgG may not have occurred and the likelihood of 

receiving a false negative result is very high. For HIV testing in the Pumwani cohort an 

ELISA is done and if a positive result is obtained a confirmatory second ELISA is done 

to ensure the validity of the primary positive result. HIV-Resistant women are confirmed 

HIV negative with a PCR reaction, done using primers for the vif, nef and env genes used. 
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Statistical Methods 

 For data analysis that entailed the comparison of two study groups, non-

parametric t-tests were conducted. The non-parametric Mann-Whitney t-test was used 

because the data were not assumed to follow a Gaussian distribution. 

 When there were more than two groups being compared with each other non-

parametric ANOVA (Analysis of Variance) testing was used to test for differences in 

between the medians of each group. The non-parametric Kruskal-Wallis ANOVA was 

used for the same reason as stated above. To compare the medians of more than two 

groups ANOVA was used because comparing each group against the other groups 

separately results in a multiplicative increase in the chance of a type I error, increasing 

the likelihood that you have mistakenly rejected the null hypothesis that  no differences 

exist between your study groups. 

 All tests conducted to determine whether or not an association exists in between 

two variables were completed using a non-parametric Spearman correlation, which 

generated both p and R values.  
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Results 
 
The results section of this thesis is divided into three sections in order to facilitate 

organization. The sections are as follows: 

i. RANTES and SDF-1: Natural Ligands for HIV-1 Co-receptors 

- protein measurements  

ii. Trappin-2 levels in CVL 

- association of protein levels with disease progression  

- biological correlations 

iii. Trappin-2 levels in serum  

- association of protein levels with disease progression 

- results of the seroconversion study  

- biological correlations 
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Section I 

 
RANTES & SDF-1 

 

Natural Ligands for HIV-1Co-Receptors
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RANTES Protein Levels in CVL: 

In order to determine whether RANTES levels in CVL are associated with HIV-

Resistance in a large sample set, protein levels from 372 CVL samples obtained during 

the May 2005 resurvey were measured via chemi-luminescent ELISA (Figure 10). As can 

be seen in the figure, detectable RANTES levels were found in 132 samples and the 

remaining 240 samples had RANTES levels below the limit of detection of the assay. All 

samples that fell below the limit of detection were assigned a value of 5 pg/mL, the 

lowest concentration that the assay could reliably detect. Contrary to previous data 

collected in this group from 30 CVL samples, no significant differences were observed in 

between median RANTES levels from HIV-positive, HIV-negative and HIV-resistant 

women. These findings indicate that elevated RANTES levels are not present in HIV-

Resistant women as compared to HIV-Positive and HIV-Negative women, and thus are 

not likely a primary requirement for HIV-Resistance. 
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Figure 10. RANTES Levels in CVL. RANTES levels in CVL samples show no 

association with HIV status. Horizontal bars represent the median response for each study 

group. RANTES levels were measured in a total of 372 CVL samples. Comparison of 

RANTES levels in CVL by a chemi-luminescent ELISA. HIV Positive (n=184; mean + 

SEM= 28.58 + 6.996 pg/mL; median= 5.0 pg/mL), HIV Negative (n=130; mean + SEM= 

22.81 + 5.401 pg/mL; median= 5.0 pg/mL) and HIV Resistant (n=58; mean + 

SEM=17.27 + 3.252 pg/mL; median= 5.0 pg/mL) individuals.  
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SDF-1 Protein Levels in CVL:  
 

In order to determine whether SDF-1 levels in plasma associate with HIV disease 

progression in HIV-Positive subjects, protein levels in serum samples from 87 HIV-

positive women who attended the clinic for the fall 2005 resurvey were measured via a 

calorimetric ELISA (Figure 11). No significant differences were observed in between 

median SDF-1 levels from LTNP, LTS, RP or women who have an undefined disease 

progression status but have CD4 counts >400, <200 or between 200 and 400. LTNP are 

defined as women who have been HIV positive for greater than 10 years and have not yet 

progressed to AIDS. LTS are women who have been HIV positive for greater than 10 

years, have not progressed to AIDS but have fluctuating CD4 counts that may dip below 

200 cells/mm3 from time to time. RP are women who have progressed to AIDS within 5 

years of being diagnosed as HIV positive. HIV positive women who do not fit in the time 

definitions above are grouped according to CD4 counts: >400, <200 and between 200 

and 400. These findings indicate that SDF-1 levels in plasma are not associated with HIV 

disease progression in women who are HIV-positive. 
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Figure 11. Plasma SDF-1 and HIV Disease Progression. SDF-1 levels do not 

significantly differ in plasma from women who have different rates of HIV-disease 

progression. LTNP (n=24; mean + SEM= 2.26 + .61 ng/mL; median= 1.36 ng/mL), LTS 

(n= 9; mean + SEM= 2.06 + .41 ng/mL; median= 2.0 ng/mL), RP (n= 5; mean + SEM= 

2.37 + 0.53 ng/mL; median= 2.06 ng/mL), 200<CD4<400 (n=13; mean + SEM= 2.54 + 

0.75 ng/mL; median= 1.26 ng/mL), CD4<200 (n=18; mean + SEM= 4.33 + 1.34 ng/mL; 

median= 2.18 ng/mL), and CD4>400 (n=18; mean + SEM= 1.93 + 0.38 ng/mL; median= 

1.44 ng/mL). Horizontal lines indicate group medians. 
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Section II 
 

Trappin-2 in CVL 
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Assay Development: 

 To measure Trappin-2 levels in both serum and CVL I developed an in-house 

ELISA protocol that would be able to detect high levels of protein, as is usually found in 

CVL samples, as well as low levels of protein commonly found in serum, while also 

yielding very low background levels. Extensive optimization was carried out to achieve 

the appropriate reagent concentrations and experimental conditions, as described in the 

materials and methods section, that would provide a standard protein curve which would 

yield the range that was necessary for our purposes. This assay was developed using a 

monoclonal coating antibody and a polyclonal, biotinylated secondary antibody which 

was then detected with streptavidin conjugated to alkaline phosphatase. The assay was 

different from the previous  assay which used a polyclonal coating antibody and a 

monoclonal secondary antibody, detected with a third antibody conjugated to alkaline 

phosphatase. Additionally the new assay had each stage incubated overnight at 4oC in 

contrast to the initial assay, which had each stage incubating for 90 minutes at 37oC. 

 

Assay Comparison: 

 Following comparison of the assay that I developed with the assay previously 

used in the lab, it was determined that the novel assay achieved detection of the desired 

range of protein concentrations, while maintaining significantly low levels of background 

and most importantly, proving more consistent in repetition than the former assay. 
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Trappin-2 Protein Levels in CVL: 

To determine whether Trappin-2 levels continued to be over-expressed in HIV-

Resistant women over time Trappin-2 protein levels in CVL were measured in 368 

samples from the fall 2005 and spring 2006 resurveys using a colorimetric ELISA. Due 

to the unavailability of an antibody for elafin (6kDa) alone, antibodies that detect both the 

6kDa form of the protein as well as the 9kDa form of the protein were used. Over-

expression of Trappin-2 in fall 2005 samples from the HIV-Resistant study group (n=56; 

mean + SEM= 986 + 120.8 ng/mL) compared to HIV-Positive individuals (n= 181; mean 

+ SEM= 725.8 + 51.60 ng/mL) was detected (p= 0.01**, Figure 12a). There were no 

differences found in between the HIV-Positive and HIV-Negative groups (n=131; mean + 

SEM= 789.2 + 57.47 ng/mL) (p=0.12), nor was there a difference found in between the 

HIV-Negative and HIV-Resistant individuals (p=0.23).  

Trappin-2 protein levels measured in 267 samples taken from the spring 2006 

resurvey did not reveal over-expression in the HIV-Resistant study group when compared 

to the HIV-Negative study group (figure 12b). There was a slight difference in between 

Trappin-2 levels from the HIV-Positive study group (n=118, mean + SEM= 751 + 89 

ng/mL) and the HIV-Resistant study group (n=44, mean + SEM= 1042 + 172 ng/mL), 

although this difference was not statistically significant (p=0.07). 

Pooled Trappin-2 protein levels from 635 samples taken from the spring 2005 and 

the spring 2006 resurvey revealed protein over-expression in the HIV-Resistant study 

group (n=100, mean + SEM= 1011 + 101 ng/mL) when compared to the HIV-Negative 

study group (n= 236, mean + SEM= 823.4 + 60.8 ng/mL), (p=0.05), (figure 12c). 

Trappin-2 levels are also higher in HIV-Resistant women as compared to HIV-Positive 
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women (n=299, mean + SEM= 735.7 + 47 ng/mL), (p=0.004**). There are no observed 

differences in between the HIV-Positive and HIV-Negative groups (p=0.25). 

A graph of 438 mean Trappin-2 levels calculated for each patient from the 2005 

and 2006 Trappin-2 CVL values revealed differences, (Figure 12d). There were not any 

observed differences in median Trappin-2 levels between the HIV-Resistant group (n= 

65, mean + SEM= 966 + 112.5ng/mL) and the HIV-Positive group (n=199, mean + 

SEM= 774 + 59.74ng/mL), (p=0.10). Comparison of median Trappin-2 levels from the 

HIV-Negative group (n=174, mean + SEM= 765 + 57.56ng/mL) and the HIV-Positive 

group (p=0.95), and the HIV-Negative  and the HIV-Resistant group (p=0.11), revealed 

no difference. 
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Figure 12. Trappin-2 levels in CVL. (A) Trappin-2 protein levels are significantly over-

expressed HIV-Resistant individuals (n=56) as compared to HIV-Positive individuals 

(n=181), (p=0.01**). There were no statistically significant differences found in between 

HIV-Positive and HIV-Negative individuals nor was a difference observed in between 

HIV-Negative and HIV-Resistant individuals. Horizontal lines on the graph indicate 

group median values. (B) Trappin-2 CVL levels from 2006 do not differ in between the 

three study groups although there are slightly higher Trappin-2 levels in HIV-Resistant 

women (p=0.07). (C) Combined data from 2005 and 2006 reveals higher median 

Trappin-2 levels in the HIV-Resistant group then in the HIV-Positive group (p=0.004**). 

There are also higher Trappin-2 levels in the HIV-Resistant group when compared to the 

HIV-Negative group (p=0.05). (D) Mean Trappin-2 levels from each patient calculated 

from 2005 and 2006 Trappin-2 levels reveals the absence of any difference in between 

the three groups. 
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Trappin-2 Levels in CVL of HIV-Positive Subgroups:  

Analysis of Trappin-2 levels in CVL from HIV-Positive women was completed to 

determine whether Trappin-2 levels are associated with HIV-disease progression. If 

differences in Trappin-2 levels were observed in between HIV-Positive sub-groups, it is 

possible that the protein could be interfering with viral shedding. Separation of HIV-

Positive individuals into the previously described subgroups of RP- women who have 

progressed to AIDS within two years of being diagnosed with HIV, LTNP- women who 

have been HIV positive for greater than ten years and have not progressed to AIDS, LTS- 

women who have been HIV positive for greater than ten years and have not yet 

progressed to AIDS despite CD4 counts which periodically dip below 200 cells/mm3, and 

groups who are undefined because they haven’t been enrolled in the cohort long enough 

to fit one of the time definitions but can be grouped according to CD4 counts (Figure 13) 

only showed one significant difference with higher Trappin-2 levels in  LTS (n= 21; 

mean + SE= 788.3 + 116.7 ng/mL; Median= 695 ng/mL) than in  undefined individuals 

with CD4 >200 and <400 (n=28; mean + SE= 553.7 + 107.2 ng/mL; median= 366.5 

ng/mL)(p=0.02). All other groups had comparable CVL Trappin-2 levels, although it 

should be noted that individuals who are undefined with CD4 counts >400 (n=44; mean + 

SE= 911.4 + 140 ng/mL; median= 551 ng/mL) have slightly higher CVL Trappin-2 

levels than individuals who are undefined with CD4 counts >200 and <400 (n=28; mean 

+ SE= 553.7 + 107.2 ng/mL; median= 366.5 ng/mL), (p=0.08). These findings generally 

indicate that Trappin-2 levels in CVL do not associate with HIV disease progression in 

women who are HIV-positive and therefore Trappin-2 does not likely interfere with viral 

shedding. 
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Figure 13: Trappin-2 Levels in CVL of HIV-Positive Sub-groups. A breakdown of 

Trappin-2 levels in CVL from HIV-Positive subgroups shows significantly higher protein 

levels in LTS (n= 21; mean + SE= 788.3 + 116.7 ng/mL; Median= 695 ng/mL) than in 

CVL from undefined individuals with CD4 >200 and <400 (n=28; mean + SE= 553.7 + 

107.2 ng/mL; median= 366.5)(p=0.02).  All other group comparisons revealed no 

differences. Horizontal lines on the graph indicate group medians. 
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Association of Trappin-2 CVL Levels with Biological Confounders 

Many biological confounders are potentially responsible for changes in protein 

expression. As a result, it was necessary to examine whether confounders such as age, 

condom use, clients per day, concurrent infection, douching practices, menopausal status, 

and contraceptive use were responsible for the increased Trappin-2 levels seen in CVL 

samples from HIV-Resistant women. All associations were performed in two ways, first 

with all women pooled together and then with HIV-Resistant women alone to investigate 

whether these confounders were affecting resistant women only. 
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Trappin-2 Levels in CVL and Age: 

There is concrete evidence showing that age has a profound effect on protein 

expression, thus it was necessary to eliminate the possibility that higher Trappin-2 levels 

were a result of age alone. An association of age and Trappin-2 CVL levels from samples 

taken from 242 women in the cohort during the fall 2005 resurvey, (Figure 14a), revealed 

a slight trend toward higher Trappin-2 levels in women who were older. The age range of 

the women analyzed was 21-62 years old. This finding reveals that older women trend 

toward having higher Trappin-2 levels in CVL. Since Resistant women are older it was 

then necessary to determine whether Resistant women alone had higher CVL Trappin-2 

levels with increasing age. 

To rule out the possibility that increased Trappin-2 levels in CVL from HIV-

Resistant women was due to age, the relationship between Trappin-2 levels in CVL and 

age, was examined in Resistant women only. When Trappin-2 levels from 53 Resistant 

women only were plotted against age, the slight association disappears (Figure 14b). The 

age range of the Resistant women analyzed was from 31-62 years old. This apparent lack 

of association between Trappin-2 and age in HIV-Resistant women excludes the 

likelihood that age is responsible for the elevated Trappin-2 levels seen in CVL from 

Resistant women. 
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Figure 14. Trappin-2 levels in CVL and Age. (A) A plot of Trappin-2 CVL from all 

women vs. Age reveals a slight trend with older women having elevated Trappin-2 levels 

(p=0.09). (B) A plot of Trappin-2 from Resistant women vs. Age shows a disappearance 

of the trend seen with all women (p=0.50). 
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Trappin-2 Levels in CVL and Clients per Day: 

To determine whether women who have a higher number of clients per day also 

have higher Trappin-2 levels in their CVL, these two variables were compared. Trappin-2 

CVL levels from 237 women in the cohort were plotted against the number of clients per 

day, which ranged from 0-13, (Figure 15a), and revealed a complete lack of association 

in between the two variables (p= 0.62). As a result, elevated Trappin-2 levels found in 

CVL from women of the cohort cannot be explained by the number of clients per day. 

To eliminate the possibility that the number of clients per day could be affecting 

Trappin-2 levels in CVL of Resistant women only, the number of clients per day of 38 

HIV Resistant women were associated with Trappin-2 CVL levels. When Trappin-2 

levels in CVL from Resistant women are plotted against the number of clients per day, 

which ranged from 0-13, there remains no association between the two variables (p= 

0.79), (Figure 15b). This apparent lack of association between Trappin-2 CVL levels 

from HIV-Resistant women and the number of clients per day excludes the possibility 

that higher Trappin-2 levels found in HIV-Resistant women are due to a higher number 

of clients per day. 
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Figure 15. Trappin-2 levels in CVL and Clients per Day. (A) A plot of Trappin-2 in 

CVL from 237 women against the number of clients per day reveals a complete lack of 

association in between the two variables (p= 0.62). (B) A plot of Trappin-2 CVL from 38 

Resistant women against the number of clients per day reveals a further lack of 

association in between the two variables (p= 0.95). 
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Trappin-2 Levels in CVL and Concurrent Infection: 

Since the women of the cohort are exposed to a variety of sexually transmitted 

diseases which stimulate an inflammatory response, it was necessary to examine whether 

elevated Trappin-2 levels observed were due to concurrent infection or inflammation of 

the female genital tract. Concurrent inflammatory conditions and sexually transmitted 

infections included in the data analysis are: pelvic inflammatory disease, vaginal 

candidiasis, venereal warts, cervicitis, vaginitis, symptomatic HSV-2 infection, and 

bacterial vaginosis. Comparison of Trappin-2 CVL levels from 135 women in the cohort, 

40 of which had a concurrent infection, with 95 women who did not have a concurrent 

infection (Figure 16a), showed no difference in between the two groups (p= 0.25). The 

absence of a difference in between Trappin-2 levels of these two groups indicates that 

concurrent infection is likely not responsible for elevated Trappin-2 levels seen within the 

cohort. 

To confirm that the elevated Trappin-2 levels seen in the HIV-Resistant group are 

not due to concurrent infection, HIV-Resistant women were grouped into one of two 

groups; healthy or concurrently infected, and median Trappin-2 levels were compared. 

When Trappin-2 levels in Resistant women alone are compared in between the two 

groups a significant difference is found, revealing higher Trappin-2 levels in women who 

are healthy (n= 31; median + SE= 1159 + 194.5 ng/mL; Median= 788 ng/mL) than in 

those who have a concurrent infection (n= 17; mean + SE= 541 + 132.5 ng/mL; Median= 

486 ng/mL) (p=0.008**)(Figure 16b). This finding eliminates the possibility that 

inflammatory stimuli due to concurrent infection, is driving Trappin-2 over-expression in 

CVL of HIV-Resistant women. 
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Figure 16. Trappin-2 Levels in Healthy and Concurrently Infected Women.  (A) A 

comparison of Trappin-2 levels in CVL from 135 women in the cohort shows no 

difference in between the two groups (p=0.25). (B) A comparison of Trappin-2 levels 

from Resistant women in between the two groups unveils a significant difference with 

healthy women having higher Trappin-2 levels (n= 31; mean + SE= 1159 + 194.5 ng/mL; 

Median= 788 ng/mL) than concurrently infected women (n= 17; mean + SE= 541 + 

132.5 ng/mL; Median= 486 ng/mL), (p=0.008**). 
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Trappin-2 Levels in CVL and Self Reported Condom Use: 

To investigate whether Trappin-2 levels in CVL vary with self reported condom 

use, Trappin-2 CVL levels were compared in between two groups, women who never use 

condoms (n=28), and women who always use condoms (n=310).  Comparison of the 

median Trappin-2 CVL levels of these two groups (Figure 17a), revealed that they do not 

differ (p=0.89). This result confirms that higher Trappin-2 levels are not found in women 

who never use condoms. 

In efforts to eliminate the possibility that Trappin-2 levels vary with condom use 

in Resistant women only, median Trappin-2 levels from 53 HIV-Resistant women, 5 who 

never use condoms and 48 who always use condoms, were compared and there remains 

no difference in between these two groups.  

There is a slight trend toward higher Trappin-2 levels in women who never use condoms 

than in women who always use condoms (p=0.07), (Figure 17b). Although not 

conclusive, this suggests that the constant immunogenic stimuli of ejaculate in women 

who never use condoms may be driving Trappin-2 over-production in HIV-Resistant 

women only. 
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Figure 17. Trappin-2 Levels in CVL and Condom Use. (A) A comparison of median 

Trappin-2 levels in CVL from 338 women in the cohort shows no difference in between 

women who never use condoms and women who always use condoms. (B) A comparison 

of median Trappin-2 levels from HIV-Resistant women who never use condoms and 

women who always use condoms continues to show no difference although a slight trend 

toward higher Trappin-2 levels is observed in women who never use condoms (p=0.07). 
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Trappin-2 Levels in CVL and Contraceptive Use: 

Since many current forms of contraception modify hormonal cycles and affect 

biological activity it was necessary to examine the relationship between Trappin-2 levels 

in CVL and the form of contraception used by women in the cohort.  The forms of 

contraception that were analyzed include: oral hormonal contraceptives which interfere 

with normal hormonal cycles by keeping estrogen and progesterone at high levels which 

then inhibits leutinizing horomone (LH) and follicle stimulating hormone (FSH) and 

prevents ovulation, intrauterine contraceptive devices, which are composed of copper that 

is released into the intrauterine environment altering the mucoid composition and 

hindering the motility of sperm, the depoprovera shot which inhibits follicular 

maturation, ovulation and induces endometrial thinning, tubal-ligation, and condoms. 

Comparison of Trappin-2 CVL levels from 215 women in the cohort who use various 

forms of contraception  (Figure 18a) revealed a significant difference in median Trappin-

2 levels from women who do not use contraception (n= 119; mean + SE= 829 + 66 

ng/mL; Median= 685 ng/mL) and women who receive the depo shot as a form of 

contraception (n=36; mean + SE= 621 + 116 ng/mL; Median= 388 ng/mL) with higher 

Trappin-2 levels in CVL from women who do not use contraception (p=0.03**). There is 

also a trend toward higher Trappin-2 levels in women who take oral contraceptives than 

in women who are receiving depoprovera (p= 0.06) and a trend toward higher Trappin-2 

levels in women who have had a tubal-ligation (p= 0.06) than in women who have 

received depoprovera. No other differences were revealed when comparing the other 

groups. These results reveal that different forms of contraception may be affecting 

expression patterns of Trappin-2 in CVL.      
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To determine whether the form of contraception affects Trappin-2 levels in CVL 

from HIV-Resistant women, median Trappin-2 levels were compared in between women 

who do not use contraception and women who receive depoprovera (Figure 18b). There 

was no documentation of HIV-Resistant women using any other forms of contraception. 

There is no difference in between median Trappin-2 levels from women who use no form 

of contraception (n= 39) and women who receive depoprovera (n =5). These results 

likely indicate that the form of contraception is not responsible for increased Trappin-2 

levels found in CVL from HIV-Resistant women.   
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Figure 18. Trappin-2 Levels in CVL and Form of Contraception. (A) Median 

Trappin-2 levels are higher in women who do not use contraception (n= 119; mean + SE= 

829 + 66 ng/mL; Median= 685 ng/mL) than in women who have received depoprovera 

(n=36; mean + SE= 621 + 116 ng/mL; Median= 388 ng/mL), (p= 0.03**). Comparison of 

median Trappin-2 levels from the different groups revealed that women who take oral 

contraceptives and women who have had a tubal-ligation trend toward having higher 
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levels of Trappin-2 than women who receive depoprovera as a form of contraception (p= 

0.06). (B) Median Trappin-2 levels from HIV-Resistant women do not differ in between 

women who do not use contraception and women who receive depoprovera as a form of 

contraception (p=0.39). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 95



Trappin-2 Levels in CVL and Douching Practices: 

Since douching functions to flush out vaginal contents, the hypothesis that 

Trappin-2 levels in CVL differ according to douching frequency was tested. A 

comparison of Trappin-2 CVL levels from 224 women in the cohort, 138 who douche 

post-coitally or following each sexual experience and 86 women who douche daily, 

(Figure 19a), revealed that there is no difference in between these two groups (p=0.61). 

These results suggest that a higher douching frequency does not result in lower Trappin-2 

levels. 

To eliminate the possibility that altered Trappin-2 levels seen in CVL from HIV-

Resistant women are due to different douching frequencies, an analysis of 37 HIV-

Resistant women only, 21 of whom douche post-coitally and 16 who douche daily, 

confirmed that no differences in Trappin-2 CVL levels exist in between these two groups 

(p=0.50), (Figure 19b). These results exclude that possibility that altered Trappin-2 levels 

seen in CVL from HIV-Resistant women are due to different douching schedules. 
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Figure 19. Trappin-2 Levels in CVL and Douching Frequency. (A) Median Trappin-2 

levels do not differ in between 86 women who douche daily and 138 women who douche 

post-coitally (p=0.61). (B) When 37 HIV-Resistant women are compared according to 

their douching schedule, there is no difference in between median Trappin-2 levels from 

those who douche daily and those who douche post-coitally (p=0.50). 
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Trappin-2 Levels in CVL and Menopausal Status: 

Owing to the fact that there are a number of hormonal changes that take place 

during menopause, it was important to investigate whether Trappin-2 levels in CVL 

differed according to menopausal status. A comparison of median Trappin-2 CVL levels 

from 242 women in the cohort, 196 of whom were pre-menopausal and 46 who were 

post-menopausal, (Figure 20a), revealed no difference in between these two groups 

(p=0.81). Since there was no difference in between median Trappin-2 levels from pre-

menopausal and post-menopausal women, it is unlikely that important changes which 

take place during menopause affect Trappin-2 expression in CVL. 

To investigate the likelihood that menopausal changes affect Trappin-2 

expression in CVL from HIV-Resistant women only, a comparison of 42 HIV-Resistant 

women, 22 who were pre-menopausal and 20 who were post-menopausal, confirmed that 

there is no difference in median Trappin-2 levels between these two groups, (Figure 

120b) (p=0.57). This result shows that Trappin-2 levels in CVL from HIV-Resistant 

women are not affected by menopause. 
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Figure 20. Trappin-2 levels in CVL and Menopausal Status. (A) Median Trappin-2 

levels do not differ in between pre-menopausal and post-menopausal women (p=0.81). 

(B) A comparison of median Trappin-2 levels from 22 pre and 20 post-menopausal HIV-

Resistant women reveals no difference in between the two groups. 
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Trappin-2 Protein Levels in Serum: 

Trappin-2 levels in serum have not been previously studied in the Pumwani 

cohort although there is literature to support its presence in serum. To investigate 

Trappin-2 protein levels in serum from women of the cohort, I used a colorimetric ELISA 

to quantify the protein. Due to the unavailability of antibodies for elafin (6kDa) alone, 

antibodies that detect both the 6kDa form of the protein as well as the 6-9kDa form of the 

protein were used in the previously described in-house ELISA system. Over-expression 

of Trappin-2 in 2005 samples from the HIV-Resistant study group (n= 45; mean + SEM= 

63.79 + 4.76 ng/mL) compared to HIV-Negative individuals (n=65; mean + SEM= 48.01 

+ 5.51 ng/mL) was detected (p= 0.0003**), (Figure 21). A significant difference was also 

discovered in between the HIV-Resistant study group and the HIV-Positive study group 

(n=100, mean + SEM= 54.11 + 4.25 ng/mL) (p=0.02**). No difference was observed in 

between the HIV-Positive and HIV- Negative individuals (p=0.21). These results suggest 

that there is some factor operational in HIV-Resistant women that mediates Trappin-2 

over-expression in various physiological environments despite a high level of 

compartmentalization within the body. The higher levels of Trappin-2 in serum from 

HIV-Resistant women were noted as very interesting however, we did not continue to 

monitor serum Trappin-2 levels over time because we are more interested in the role that 

Trappin-2 plays in mediating HIV-Resistance at the level of the female genital tract. 
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Figure 21. Trappin-2 Protein Levels in Serum. Trappin-2 was found in serum from the 

women of the cohort. Median Trappin-2 levels in serum were higher in the HIV-Resistant 

study group (n=45; mean + SEM =63.79 + 4.76 ng/mL) as compared to the HIV-

Negative study group (n=65; mean + SEM = mean + SEM= 48.01 + 5.51 ng/mL), 

(p=0.0003**), and the HIV-Positive study group (n=100; mean + SEM =54.11 + 4.25 

ng/mL), (p=0.02**). No difference was observed in between the HIV-Positive and HIV-

Negative study groups. Horizontal lines represent group medians. 
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Trappin-2 Levels in Serum Pre and Post Seroconversion: 

I next wanted to examine whether there exists a pattern in serum Trappin-2 levels 

pre and post seroconversion. To do this, Trappin-2 levels in serum were measured at 

three time points prior to seroconversion corresponding to -3, -2, and -1 on the x axis. 

The 0 mark on the x axis represents the event of seroconversion and the three time points 

following seroconversion are labeled as 1, 2 and 3 on the x axis. A total of seven (n=7) 

patients who seroconverted from either HIV-Resistant or HIV-Negative to HIV-Positive 

status were studied. All samples used were collected consecutively but not at equal time 

points pre and post seroconversion (ie: -3 is not at the time from seroconversion in each 

of the patients). Analysis of the graph reveals that there is no indication that serum 

Trappin-2 levels can be used to predict seroconversion (Figure 22). 
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Figure 22. Trappin-2 Levels Pre and Post Seroconversion. A graph of serum Trappin-

2 levels from seven patients at three sampling points(-3, -2, -1) prior to seroconversion 

(timepoint 0), and three sampling points post-seroconversion (1, 2, 3). The graph reveals 

the absence of a pattern in serum Trappin-2 levels immediately prior to and following 

seroconversion, which would allow for the prediction of seroconversion based on serum 

Trappin-2 levels alone. 
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Trappin-2 Levels in Serum of HIV-Positive Subgroups:  

To determine whether serum Trappin-2 levels are associated with the rate of HIV-

disease progression, HIV-Positive individuals were separated into the previously 

described subgroups and median Trappin-2 levels were compared in between groups. 

Briefly to reiterate the sub-group definitions, Rapid Progressors are women who have 

progressed to AIDS within two years of diagnosis with HIV. Long Term Non-progressors 

are women who have been HIV-Positive for greater than ten years and have not yet 

progressed to AIDS. Long Term Survivors are women who have been HIV-Positive for 

greater than ten years and remain generally healthy despite fluctuating CD4 counts which 

may periodically dip below 200 cells/mm3. The three undefined groups include women 

who have not been enrolled in the cohort long enough to fit one of the above definitions 

and so are grouped according to CD4 counts; CD4<200, 200<CD4<400, and CD4>400. 

Comparison of median Trappin-2 levels from all six groups reveal that there are no 

differences in between any of the groups, (Figure 23). These results are critical as they 

show Trappin-2 not to be involved in HIV-disease progression, thus the protein is a 

marker of susceptibility only, rather than of susceptibility and  disease progression.  
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Figure 23. Trappin-2 Levels in Serum of HIV-Positive Sub-groups. A breakdown of 

Trappin-2 serum levels from HIV-Positive subgroups reveals that there are no differences 

in between any of the six groups. Horizontal lines on the graph indicate group medians. 
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Comparison of Trappin-2 Protein Levels in Serum and CVL: 

Following the collection of Trappin-2 protein data from serum and CVL, I wanted 

to analyze whether there was an association in between these two variables. For each 

sample, serum Trappin-2 levels were plotted against CVL Trappin-2 levels in order to 

investigate whether a linear trend would result. The mechanism of gene regulation in 

serum is different than that of the luminal environment of the vagina, which is apparent 

given the lack of a linear trend when serum Trappin-2 levels are plotted against CVL 

Trappin-2 levels (p=0.11), (Figure 24). 
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Figure 24. Trappin-2 Serum and CVL Comparison. A plot of serum Trappin-2 levels 

and CVL Trappin-2 levels. The lack of a linear trend indicates that the immune 

environment of the serum and the vaginal lumen are independent. 
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Association of Trappin-2 Serum Levels with Biological Confounders 

Biological confounders commonly affect immune function and protein expression 

which made it necessary to associate serum Trappin-2 levels with such factors including: 

age, form of contraception and menopausal status in order to ensure that variations in 

Trappin-2 protein levels are not simply due to biological factors. All correlations were 

performed in two ways, first with all women pooled together and then with HIV-

Resistant women alone in order to investigate whether biological factors are affecting 

Trappin-2 protein expression in HIV-Resistant women only.  

 

 

Trappin-2 Levels in Serum and Age: 

To rule out age as the root of Trappin-2 over-expression in serum, a plot of age 

which ranged from 21-62 years, and serum Trappin-2 levels from 158 women was 

constructed and the plot reveals that there is no correlation in between these two 

variables, (p=0.38, R=0.06), (Figure 25a). This results rules out the possibility that age is 

responsible for the higher levels of serum Trappin-2 seen within the cohort. 

To eliminate the possibility that age is responsible for the higher Trappin-2 levels 

seen in serum from HIV-Resistant women, a plot of age which ranged from 32 to 61 

years, and serum Trappin-2 levels from 31 Resistant women was created. Analysis of 

Figure 25b reveals that there is not a significant association in between the two variables, 

however there is a slight negative trend that shows older HIV-Resistant women to have 

lower Trappin-2 levels (p=0.10, R=-0.29). This result indicates that older HIV-Resistant 

women do not have higher Trappin-2 levels in serum. 
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Figure 25. Trappin-2 in Serum and Age. (A) A plot of serum Trappin-2 levels from all 

158 women and age reveals no association in between the two variables (p=0.38, 

R=0.06). (B) A plot of serum Trappin-2 levels from 31 HIV-Resistant women and age 

reveals lack of significant association between the two variables, however there is a slight 

negative association with older women having lower Trappin-2 levels (p=0.10, R=-0.29). 
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Trappin-2 Levels in Serum and Form of Contraception: 

To rule out the possibility that various forms of contraception are affecting 

Trappin-2 expression in serum a comparison of median Trappin-2 levels from women 

who use different forms of contraception was completed. To briefly reiterate, the groups 

of contraception include: oral hormonal contraceptives which interfere with normal 

hormonal cycles by keeping estrogen and progesterone at high levels which then inhibits 

leutinizing horomone (LH) and follicle stimulating hormone (FSH) and prevents 

ovulation, intrauterine contraceptive devices, which are composed of copper that is 

released into the intrauterine environment altering the mucoid composition and hindering 

the motility of sperm, depoprovera which inhibits follicular maturation, ovulation and 

induces endometrial thinning, tubal-ligation, and condoms. A comparison of Trappin-2 

levels in serum from women who use different forms of contraception revealed that there 

are significantly lower serum Trappin-2 levels in women who use a IUCD (n=5; mean + 

SE= 31.5 + 1.54 ng/mL; Median= 32 ng/mL) than in women who receive depoprovera 

(n=22; mean + SE= 71 + 10 ng/mL; Median= 62.5 ng/mL), (p=0.01**)(Figure 26a). 

There are also significantly lower serum Trappin-2 levels from women who use condoms 

as a form of contraception (n=17; mean + SE= 46 + 10.4 ng/mL; Median= 29 ng/mL) 

than women who receive depoprovera, (p=0.02**) and lower serum Trappin-2 levels in 

women who have had a tubal-ligation (n=7; mean + SE= 34 + 14 ng/mL; Median= 16 

ng/mL) than in women who receive depoprovera, (p=0.03**). These results indicate that 

various forms of contraception may have an affect on serum Trappin-2 expression. 

To test whether different forms of contraception have an affect on serum Trappin-

2 levels from HIV-Resistant women only, median Trappin-2 levels in serum from 33 
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HIV-Resistant women were compared between the different forms of contraception and 

no differences were observed (Figure 26b). These results rule out the possibility that 

different forms of contraception are affecting serum Trappin-2 levels from HIV-Resistant 

women only. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 112



Trappin-2 & Form of Contraceptive

5

15

30

60

125

250
p=0.02**

p=0.03**
p=0.01**

A.

 

Trappin-2 & Form of Contraceptive-
Resistant Only

None Oral Depo Condom

30

60

125

250

B.

 
Figure 26. Trappin-2 in Serum and Form of Contraception. (A) A comparison of 

median serum Trappin-2 levels from women who use different forms of contraceptive 

reveals higher median Trappin-2 levels in women who receive depoprovera (n=22; mean 

+ SE= 71 + 10 ng/mL; Median= 62.5 ng/mL), than in women who use an IUCD (n=5; 

mean + SE= 31.5 + 1.54 ng/mL; Median= 32 ng/mL), (p=0.01). Higher median serum 
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Trappin-2 levels were also observed in women who received depoprovera than in women 

who use condoms (n=17; mean + SE= 46 + 10.4 ng/mL; Median= 29 ng/mL), (p= 0.02), 

and in women who have had a tubal-ligation (n=7; mean + SE= 34 + 14 ng/mL; Median= 

16 ng/mL), (p= 0.03). (B) A comparison of median serum Trappin-2 levels from HIV-

Resistant women did not reveal any differences due to the use of different 

contraceptives. 
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Trappin-2 Levels in Serum and Menopausal Status: 

A comparison of Trappin-2 levels in serum from women who are pre-menopausal 

and women who are post-menopausal reveals a non-significant trend toward higher 

Trappin-2 levels in serum from pre-menopausal women (p=0.06) (Figure 27a).  

When Resistant women are removed and compared between the two groups a 

significant difference is revealed with higher Trappin-2 levels in serum from pre-

menopausal Resistant women (n=21; mean + SE= 75 + 6.6 ng/mL; Median= 78 ng/mL) 

than in post-menopausal Resistant women (n=20; mean + SE= 52.65 + 5.5 ng/mL; 

Median= 50.75 ng/mL), (p=0.01) (Figure 27b). 
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Figure 27. Trappin-2 in Serum and Menopausal Status. (A) A comparison of Trappin-

2 levels from pre and post-menopausal women shows a slight non-significant difference 

with pre-menopausal women having higher Trappin-2 levels (p=0.06). (B) Trappin-2 

levels are higher in the serum of pre-menopausal HIV-Resistant women (p=0.01) then in 

post-menopausal Resistant women. 
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Discussion 

 Within Nairobi, Kenya there exists a cohort of commercial sex workers many of 

who remain HIV uninfected despite multiple unprotected exposures to the HIV-1 virus. 

This clearly defies chance, as the risk of male to female HIV transmission per coital act is 

1:1000, and is dramatically increased in the presence of other STIs and elevated semen 

viral load, therefore these women may serve as a model of natural resistance to HIV-

infection [134, 135]. Research conducted within this group has shown a number of innate 

and adaptive immune factors to associate with HIV-resistance. Although resistance to 

HIV is rare, it is thought that there may be a variety of mechanisms that result in HIV 

resistance within the Pumwani cohort. By pinpointing the exact mechanisms responsible 

it may be possible to develop a protective vaccine against HIV in much the same way that 

Jenner used his knowledge of cowpox infection to develop a smallpox vaccine. 

 It is well known that both the micro and macro environments of the vaginal vault 

and surrounding areas such as the cervix play a critical role in determining whether HIV 

introduced into the vaginal environment will be able to establish productive infection. 

Various innate immune factors present within the luminal microenvironment either 

increase or decrease susceptibility to HIV-infection and it is likely that the role these 

proteins play in preventing infection is concentration dependent. Previous work 

conducted by the research group studying the commercial sex workers of the Pumwani 

cohort has led to two key hypotheses, both of which were tested in this thesis. RANTES, 

a natural ligand for the HIV co-receptor CCR5, was previously shown to be over-

expressed in HIV-resistant women as compared to HIV-negative women. This study 

provided important insight into the resistance phenotype as it makes sense that an HIV 
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resistant woman may have elevated levels of an HIV inhibitory protein. Unfortunately the 

sample size of the preliminary study was very small, n=30, making it difficult to draw 

firm conclusions about its role in the cohort as a whole. In this thesis, the RANTES study 

was expanded to include all samples available in order to yield results that would give a 

much better picture of the role RANTES plays in the cohort as a whole. 

 Trappin-2, an HIV-Resistance factor not previously described, which was also 

identified by the group studying the Pumwani commercial sex workers, to be elevated in 

the CVL of HIV-resistant women when compared to HIV-negative women was also 

investigated in this thesis but protein levels were measured on samples from different 

time points to determine whether or not levels associated with HIV-Resistance over time. 

Further, the study was expanded to investigate whether Trappin-2 levels are present in 

serum of HIV-resistant women at elevated levels, something that has never previously 

been investigated in our group. 

 To confirm the initial finding of RANTES over-expression in HIV-Resistant 

women of this cohort, RANTES levels were measured in CVL samples from the fall 

2005 resurvey. If elevated RANTES levels could be confirmed with a much larger 

sample size it would strengthen the likelihood that RANTES plays an important role in 

HIV resistance.  

When the RANTES study was expanded in order to look at levels in CVL from 

all samples available to us from the fall 2005 resurvey, 372 in total, it was noted that 

RANTES levels were not measurably higher in HIV-resistant women as compared to 

HIV-negative controls. 
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Considering the role of RANTES as a pro-inflammatory cytokine, it is unlikely 

that one would expect to find elevated levels of RANTES in CVL from HIV-Resistant 

women. When RANTES binds to CCR5 it functions to activate signal transduction 

pathways, which ultimately result in T cell activation and migration, leading to the influx 

of both dendritic cells and T helper cells [136]. This induction of T cell and DC cell 

activation may be counter-productive in the prevention of HIV-infection especially if 

stoichiometric levels of RANTES present are not closely matched with the levels of 

CCR5 receptor present. Thus, there must exist a balance in between the anti-HIV 

activities and the pro-inflammatory capabilities of RANTES for it to function as a 

primary HIV-Resistance factor. Previous research conducted in other groups has shown 

elevated RANTES levels in CVL from exposed and uninfected women but the common 

shortfall amongst many of these studies is small sample size[128, 137, 138]. A recent 

study by Kaul, et al. found that RANTES levels in CVL from HIV-uninfected women of 

the Pumwani cohort positively correlated with increased numbers of HIV-susceptible 

cells, increased pro-inflammatory cytokines such as TNF-α, and increased cellular 

expression of the HIV co-receptor CCR5[139]. 

 The lack of elevated RANTES levels in the CVL of HIV-resistant women negates 

the hypothesis that elevated levels of RANTES alone in CVL are a necessity for HIV-

resistance, however it doesn’t eliminate the possibility that RANTES may be involved in 

HIV-resistance via some other mechanism such as in synergy with other proteins found 

in CVL. 

It is important to discuss the limitations of the RANTES ELISA results presented 

in this thesis. Since RANTES levels in CVL are beyond the sensitivity of the colorimetric 
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ELISA, an ultra-sensitive chemi-luminescent ELISA was chosen but still many of the 

patient samples had RANTES levels far below the 5 pg/mL limit of detection. For these 

samples, I arbitrarily assigned a value of 5 pg/mL and then carefully considered whether 

it was worth measuring RANTES mRNA levels with an RT-PCR assay, operating under 

the assumption that mRNA levels are indicative of RANTES protein levels. Since CVL 

levels of RANTES below 5 pg/mL are very unlikely to be physiologically significant, it 

was decided to not do the mRNA measurements. It was important to consider this 

experiment as the measurement of non-cell associated RANTES levels only, reveals little 

about the amount of protein that is bound to cellular receptors. It is possible that a sample 

that has little free RANTES, may have a high quantity of RANTES bound to CCR5 

present on cells found within the vaginal and cervical environments. It can be assumed 

however, that the amount of non-cell associated RANTES is proportional to the total 

amount of RANTES present, both cell-associated and non-cell associated, thus as 

previously mentioned RANTES is not likely to be a CVL marker of HIV-Resistance. 

RANTES levels in CVL were not compared among HIV-Positive subgroups in 

this thesis because RANTES only interacts with the CCR5 HIV co-receptor, which is 

involved in HIV-1 entry during the initial infection process.  As a result, RANTES levels 

in the female genital tract are not important in systemic disease progression. RANTES is 

not involved in HIV disease progression because of the well described switch in viral 

tropism from CCR5 to CXCR4 which takes place as HIV-1 infection progresses. 

 Since SDF-1 is a well documented inhibitor of HIV-1 infection, it was important 

to investigate whether or not it plays a role in altered rates of HIV-disease progression 

within our cohort. Since HIV usually changes co-receptor tropism following disease 
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progression, CXCR4 tropic chemokines are likely to interfere with rates of HIV disease 

progression by either; blocking the necessary co-receptor and slowing disease 

progression or by binding to the co-receptor and activating signal transduction pathways, 

thus accelerating disease progression by providing an excess of infectable substrate. SDF-

1 therefore may play a similar role as RANTES only in a different stage of HIV-

infection. 

ELISA results from SDF-1 protein measurements revealed that SDF-1 does not 

play a significant role in HIV-1 disease progression, determined by the comparison of 

SDF-1 levels in groups of HIV-positive women with different disease progression 

profiles. Much like the preliminary RANTES study, it is possible that the small sample 

size available for this study, n=87, led to findings that may in fact be significant even 

though statistical analysis revealed that there are no existing differences between the six 

study groups. It is important to consider the sample size needed to provide accurate 

statistical comparisons, something which was highlighted by the initial finding of 

elevated RANTES CVL levels in a small study group which, when expanded washed 

away. 

 Similar to the RANTES situation discussed above, higher levels of an HIV-

inhibitory protein that also functions to activate HIV-susceptible cells may not make 

sense in women who have delayed progression to AIDS. For SDF-1 to effectively inhibit 

HIV disease progression via its natural tropism for the CXCR-4 co-receptor, there would 

need to exist an exact stoichiometric balance of SDF-1 and CXCR-4, leaving little or no 

co-receptor exposed and available to the HIV virus. 
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 If ever there were high levels of SDF-1 blocking HIV disease progression it 

would not be surprising to see HIV mutate in order to utilize another exposed portion of 

the co-receptor or a different co-receptor all together. This natural variability of HIV, 

mainly due to error prone replication, is a hallmark of the virus’ ability to adapt to 

changes in the host, which might otherwise control infection. 

 An initial study identified the novel HIV inhibitory protein Trappin-2 to be higher 

in CVL from HIV-Resistant women. This study was conducted on samples taken during 

the 2004 resurveys. Two times per year, the women of the Pumwani cohort are invited to 

return to the clinic for a physical exam, once in the spring and again in the fall. During 

these visits they provide blood and CVL samples. These clinic visits are referred to as the 

spring and the fall resurveys.  If Trappin-2 is truly important in the phenomenon of HIV-

Resistance, one would expect to find continuously elevated levels in CVL when followed 

over time, and it has previously been hypothesized that a drop in CVL Trappin-2 levels, 

for whatever reason, may result in a seroconversion from HIV-Resistant to HIV-Positive 

status [48]. To confirm Trappin-2 involvement in HIV-Resistance, it was important to 

investigate protein levels in CVL from resurveys that took place after 2004. From the 

beginning to the end of this Master’s project samples were available from the 2005 and 

2006 re-surveys. 

 As previously discussed in this thesis, Trappin-2 CVL measurements were 

conducted using the gold standard for protein measurements, ELISA, with an in house 

protocol that I developed. Due to the pattern of enzymatic processing (Figure 6) both the 

9.9kDa and the 6kDa active form of Trappin-2 share common epitopes. As a result, the 

polyclonal antibody available to target Trappin-2 binds to both the 6kDa form that we 
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want to measure and the 9.9kDa form. This is problematic as the values obtained from 

the Trappin-2 ELISA are not true amounts of the 6kDa form present within CVL. Under 

the assumption that the ratio of 6kDa to 9kDa forms of the protein were equal from 

person to person then the results obtained could only be criticized because of inflated 

6kDa levels however, very little is known as to why one form of Trappin-2 is produced 

over the other and the amount of each protein produced is also affected by the relative 

abundance of the enzymes required to cleave the protein at the alternative sites. As a 

consequence, the ELISA used to measure Trappin-2 levels yields values that include the 

9.9kDa and 6kDa forms of the protein and therefore serves as a measure of total Trappin-

2/elafin/pre-elafin protein and not just the 6kDa active form that was shown to be over-

expressed in previous studies. Unfortunately, this limitation has not yet been overcome 

despite multiple efforts to develop antibodies against the 6kDa form alone on the basis of 

protein folding patterns. 

 Measurement of Trappin-2 levels from 368 CVL samples taken during the 2005 

re-survey confirmed that Trappin-2 levels are higher in HIV-Resistant women when 

compared to HIV-Positive women, (p=0.01**). The affects of HIV on the host immune 

system are well characterized and as a result, comparison of HIV-Resistant women with 

HIV-Positive women affords very little information. The comparison that is most 

interesting is that of HIV-Resistant women with HIV-Negative women, as HIV-Negative 

women can be assumed to have a normally functioning immune system and serve as a 

negative control while still experiencing all of the stimuli of sex work and the harsh 

environment in which they live. A comparison of Trappin-2 levels in CVL of HIV-
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Resistant women and HIV-Negative women show that no significant difference exists 

(p=0.23). 

 The elevated levels of Trappin-2 seen in HIV-Resistant women during the 2005 

re-survey are not observed in samples from the 2006 re-survey. There are no observed 

differences in Trappin-2 levels from any of the three study groups in 2006. One possible 

explanation for the disappearance of elevated Trappin-2 in the HIV-Resistant group from 

2005 to 2006 is that each of the three study groups has patients with high Trappin-2 

levels and patients with low Trappin-2 levels. From the 2005 re-survey to the 2006 re-

survey there was not an abundance of returning patients and thus it could be that many 

HIV-Resistant patients with high Trappin-2 levels did not return to the clinic for the May 

2006 re-survey. Further longitudinal analysis of Trappin-2 CVL levels must be done in 

order to investigate whether elevated Trappin-2 levels in HIV-Resistant women will be 

seen at future time-points. 

 When all patient Trappin-2 levels from 2005 and 2006 are pooled and compared 

in between the three study groups, the HIV-Resistant group is found to have higher 

Trappin-2 levels than the HIV-Negative group (p=0.05), and the HIV-Positive group 

(p=0.004**). These findings strengthen the likelihood that Trappin-2 is a marker of HIV-

Resistance, primarily because the sizes of each of the three study groups are so great 

when all of the samples are pooled together, increasing the power of the Mann-Whitney 

test. 

 Mean patient Trappin-2 levels were calculated using levels from the 2005 and 

2006 re-surveys in order to give a more accurate representation of Trappin-2 levels in 

each patient over time. Comparison of median Trappin-2 values in between each of the 
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three study groups reveals that there is no difference in median Trappin-2 levels between 

the HIV-Resistant group and the HIV-Positive group,(p=0.10). Trappin-2 levels also did 

not differ in between the HIV-Negative group and the HIV-Positive group (p=0.95). The 

lack of difference in between the HIV-Resistant group and the HIV-Negative group 

(p=0.11) is disappointing as it was hypothesized that HIV-Resistant women would have 

higher mean Trappin-2 levels over time when compared to HIV-Negative women. To 

investigate whether differences truly do exist, a similar analysis should be conducted 

using a third time point in the mean calculation, as this would increase the accuracy of 

the true mean Trappin-2 level per patient. 

 Preliminary inhibition studies had revealed that Trappin-2 acts to inhibit the MT4 

strain of HIV, which is X4 tropic. Given what is known about HIV and co-receptor 

tropisms, the hypothesis was that Trappin-2 may also be involved in delayed HIV-disease 

progression of HIV-Positive women, especially if it acts alone. As a result, I chose to 

break the HIV-Positive women down into their respective categories of disease 

progression in order to test the hypothesis that Trappin-2 levels in CVL may play a role 

in viral shedding, which would then be important in terms of infectivity and overall 

health as decreased viral shedding is associated with a better disease prognosis and a 

delayed progression to AIDS. 

 This analysis revealed that Trappin-2 levels in the female genital tract do not 

correlate with HIV-disease progression in general, however higher levels of Trappin-2 

were found in women who are characterized as long term survivors than in women who 

are undefined with CD4 count in between 200 and 400 cells/mm3 (p= 0.02**). In addition 

a trend toward higher Trappin-2 levels was found in women who have CD4 counts 
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greater than 400 cells/mm3 than in women with CD4 counts in between 200 and 400 

cells/mm3 (p= 0.08). These results are difficult to explain as women who are termed long 

term survivors have fluctuating CD4 counts that periodically dip below 200 cells/mm3 

however, these women remain generally healthy and have been HIV-Positive for greater 

than ten years. Women who are classified as undefined have not been in the cohort long 

enough to fit one of the other definitions and some of these women who have CD4 counts 

in between 200 and 400 cells /mm3 could be progressing to AIDS while others could 

eventually become long term survivors. Since women who are long term survivors 

generally keep the HIV under control, it could follow that they have higher levels of an 

HIV-inhibitor. As for the trend toward higher Trappin-2 levels in women who are 

undefined and who have CD4 counts greater than 400 cells/mm3 than in women who are 

undefined with CD4 counts in between 200 and 400 cells/mm3, women in both of these 

groups have been HIV-Positive for comparable amounts of time and are divided based on 

CD4 counts, which are a measure of viral effects. It could be that women who have CD4 

counts greater than 400 cells/mm3 would have higher levels of an HIV inhibitor than in 

women who have been HIV-Positive for a comparable amount of time and have lower 

CD4 counts. Although this hypothesis may be correct, it is important to remember that 

Trappin-2 expression is increased along with an inflammatory response. In this scenario, 

higher Trappin-2 levels correlate with immune activation, which in turn correlates with 

enhanced HIV replication. 

 One explanation as to why higher Trappin-2 levels are not seen in LTNP and LTS 

and are seen in RPs is that RPs have progressed to AIDS and at this point HIV has had 

dramatic effects on the host immune system. These women possibly are suffering from 
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opportunistic infections and as a result have higher levels of Trappin-2 due to 

inflammatory responses. It is possible that these women had reduced basal levels of 

Trappin-2 at the point of initial infection, which rendered them incapable of controlling 

the virus. 

 Ideally a comparison of Trappin-2 levels in CVL from HIV-Positive women 

would occur when the women were at similar stages of disease. To do the measurements 

this way, the study would be further confounded by older samples having undergone a 

greater amount of natural protein degradation in addition to multiple freeze thaw cycles. 

As a result, the newest samples possible were used to control for confounders that are 

related to sample age, and thus the women within each of the groups were at various 

stages of disease progression. 

 As more Trappin-2 CVL measurements are taken over time, it will allow for a 

prospective analysis of levels pre and post seroconversion. This will provide our group 

with the best indication of how variations in CVL Trappin-2 levels affect HIV-

susceptibility, as there may be protein expression patterns that exist prior to, and 

following seroconversion. 

 Owing to the fact that there were patients with high and low Trappin-2 levels in 

each of the three main study groups, it was important to investigate whether elevated 

Trappin-2 levels in CVL were due to biological confounders rather than to resistance 

alone. It is very common to observe changes in protein expression with changes in age, or 

with the presence of concurrent infection. 

 Age is a potential confounder. Not only does the immune system become less 

capable with age but protein expression in general is altered with age [140]. Since 
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Trappin-2 is produced as a part of the immune response it should be expected that its 

expression patterns change with age in parallel with magnitude changes that are observed 

in the immune responses that are generated. 

 Since higher Trappin-2 levels were observed in CVL samples from HIV-Resistant 

women, it would then follow that higher Trappin-2 levels should be found in women who 

are older because HIV-Resistant women are not susceptible to the long term effects of 

HIV disease. A plot of Trappin-2 levels from women in all three study groups; HIV-

Positive, HIV-Negative, and HIV-Resistant (Figure 14a), analyzed by Spearman 

correlation revealed a trend toward higher Trappin-2 levels in women who are older 

(p=0.09). When HIV-Resistant women alone are removed and their Trappin-2 levels 

plotted against age (Figure 14b), this slight trend toward higher Trappin-2 levels with 

older age vanishes (p=0.50). These findings refute the idea that older women will have 

higher Trappin-2 levels in CVL because these women are most likely to be HIV-

Resistant. These findings were not originally expected because the higher protein levels 

observed in HIV-Resistant women were expected to correlate with increasing age. The 

fact that Resistant women are generally older as a group cannot mask the reality that 

some women are older and some are younger, as in any of the three study groups. When 

Resistant women are analyzed alone in this thesis, it is important to consider sample size 

as a potential confounder. It is possible that real trends are missed because there are too 

few Resistant women to allow for accurate statistical analysis. Although this may be 

occurring, there are still enough women included in the analysis to make this correlation 

worthwhile however, the sample size should be considered when interpreting the results 

of the comparison.  
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 Each un-protected coital act is capable of generating a mild inflammatory 

response which is in part, due to the physical activity itself but also due to the antigenic 

nature of spermatozoa [141-143]. Since most women in the cohort take part in 

unprotected coitus with a number of different clients per day, it should be expected that 

they have higher levels of inflammation-associated proteins in their CVL. In light of the 

fact that Trappin-2 expression is mediated by inflammatory processes one would expect 

to find higher Trappin-2 levels in women who have a higher number of clients per day.  

 All ML cohort members, HIV positive, HIV negative and HIV resistant, were 

pooled and Trappin-2 CVL levels were plotted against number of clients per day (Figure 

15a). A Spearman analysis was then conducted and failed to show an association in 

between the two variables (p=0.62). When the HIV-Resistant ML cohort members were 

removed from the pool and plotted against number of clients per day (Figure 15b), there 

continued to be a lack of association in between the two variables (p=0.79).  

 The complete lack of association in between these two variables suggests that the 

number of sexual partners a women has per day must not be having a significant effect on 

Trappin-2 levels in CVL. One possible explanation for the absence of a correlation, is 

that the inflammatory effects of coitus are maximal after only a handful of sexual acts per 

day. If this speculation is correct, than there will be no differences in Trappin-2 CVL 

levels observed in a women who has five sexual partners per day and a women that has 

twenty sexual partners per day. Regardless of the rationale this data eliminates the 

number of sexual partners per day as a biological confounder that effects Trappin-2 

protein expression. 
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 The presence of concurrent sexually transmitted infections such as Chlamydia and 

Gonorrhea can create a vaginal environment rich in inflammatory and anti-inflammatory 

proteins such as Trappin-2. It is fair then to hypothesize that higher Trappin-2 levels may 

be brought about by the presence of concurrent infection alone. 

 Members of the ML cohort were placed into one of two groups: healthy or 

concurrently infected, depending on their status at the time the sample was collected in 

2005. A Mann-Whitney comparison of Trappin-2 levels in between the two groups: 

healthy and concurrently infected (Figure 16a), failed to reveal any differences (p=0.25).  

When HIV-Resistant women were removed from the pool and placed into one of 

the two respective groups (Figure 16b), Mann-Whitney comparison of Trappin-2 levels 

revealed higher Trappin-2 levels in healthy HIV-Resistant women than in concurrently 

infected HIV-Resistant women (p=0.008**).  

 The absence of a difference in between Trappin-2 levels from healthy and 

concurrently infected women eliminates the possibility that higher Trappin-2 levels 

observed in all women of the cohort are due simply to the presence of a coincident 

infection. The higher Trappin-2 levels observed in healthy HIV-Resistant women, implies 

that higher Trappin-2 levels found in HIV-Resistant women are not created by concurrent 

infection and therefore must be increased due to some other factor or combination of 

factors or could be simply due to the uniqueness of HIV-Resistant women. 

 As previously mentioned, sexual intercourse is accompanied by a mild 

inflammatory response due in part to the nature of the activity itself and to the 

immunogenic character of semen. Since this is true is follows that women with multiple 

sexual partners per day who never use condoms should have higher levels of 
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inflammation-associated proteins in their CVL samples, attributed solely to the recurrent 

encounter with ejaculate. A Mann-Whitney comparison of Trappin-2 CVL levels from 

women of all three HIV-status’, grouped according to condom use (Figure 17a), failed to 

show a difference in between women who never use condoms and women who always 

use condoms (p=0.89). 

 To investigate whether condom use was affecting Trappin-2 levels in CVL from 

HIV-Resistant women alone, these women were pulled from the pooled analysis and 

grouped according to condom use. A Mann-Whitney comparison of HIV-Resistant 

women who never use condoms and HIV-Resistant women who always use condoms 

(Figure 17b), revealed a trend toward higher Trappin-2 levels in Resistant women who 

never use condoms (p=0.07). 

 The lack of difference in between pooled women who always use condoms and 

women who never use condoms, refutes the hypothesis that the continual exposure to 

semen of women who never use condoms, drives the expression of higher Trappin-2 

levels. There must be another factor responsible for increased Trappin-2 levels observed 

in all women of the cohort, particularly in HIV-Resistant women. The slight difference in 

between HIV-Resistant women who never use condoms and women who always use 

condoms suggests that the continual semen exposure may be affecting Trappin-2 protein 

production in HIV-Resistant women only. It is difficult to draw definitive conclusions 

from this data because there are only a small number of samples from HIV-Resistant 

women who never use condoms (n=5), however this finding is interesting and warrants 

further investigation, particularly to determine whether condom use in HIV-Resistant 
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women is affecting Trappin-2 protein expression in conjunction with other biological 

confounders. 

 Various forms of contraception, depending on their mechanism, have different 

effects on the immune system and protein expression within the female genital tract. 

Condoms shield the vaginal and cervical environments from semen, which is mildly 

immunogenic. Following a high number of clients per day it should be expected that 

women who use condoms as a method of contraception should have lower levels of 

inflammation-associated proteins in their CVL samples. Oral contraceptives have been 

shown to have potent effects on the immune system [144]. Gonadotropin releasing 

hormone (GnRH) stimulates estrogen release and is inhibited in a feedback loop by high 

estrogen levels. GnRH has been shown to have potent immuno-stimulatory effects and 

GnRH as well as GnRH receptors are present on immune cell subsets. There are also 

estrogen receptors on the surface of a variety of immune cells [145]. For these reasons, it 

can be hypothesized that high serum estrogen levels created by oral contraceptives may 

have an immuno-stimulatory effect and could potentially increase levels of inflammation-

associated proteins, although these effects would likely be more pronounced in the serum 

than in CVL. Depoprovera has previously been shown to be immunosuppressive and in 

one study it inhibited the development of key anti-HSV-2 responses mucosally [146]. 

The anti-inflammatory, immunosuppressive nature of depoprovera leads to the hypothesis 

that women who receive this shot will have lower Trappin-2 levels than women who are 

using alternate forms of contraception.  

 Comparison of Trappin-2 CVL levels from all women pooled together between 

contraceptive groups revealed some interesting differences (Figure 18a). The major 
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difference observed was higher Trappin-2 CVL levels from women who do not use 

contraception than in women who receive depoprovera (p=0.03**), when tested with a 

Mann-Whitney comparison. The other two interesting differences observed were: higher 

Trappin-2 levels in women who take oral contraceptives and women who have had a 

tubal-ligation (TL) than in women who receive depoprovera, (p=0.06) and (p=0.06) 

respectively. When Resistant women were removed from the pooled analysis and 

compared based on their contraceptive use, it was found that there was only data to 

support Resistant women using no form of contraception and women who received 

depoprovera. A Mann-Whitney comparison of Trappin-2 CVL levels in between these 

two groups (Figure 18b), revealed that there is no difference (p=0.39). 

 These results reinforce the hypothesis that women who receive depoprovera will 

have lower CVL levels of Trappin-2. The fact that women who are contraceptive naïve 

have higher Trappin-2 levels than women who receive depoprovera, is key to the 

confirmation of this hypothesis and could potentially act as an indirect confirmation of 

previous findings suggesting that depoprovera is anti-inflammatory, although further 

investigation is certainly warranted. Higher Trappin-2 levels observed in women who 

take oral contraceptives than in women who receive depoprovera support the hypothesis 

of higher Trappin-2 levels among women who take oral contraceptives although the lack 

of a difference in between this group and the contraceptive naïve group is disappointing 

as it hurts the hypothesis.  

 The lack of difference between contraceptive naïve HIV-Resistant women and 

those who receive depoprovera is unexpected, however attention must be paid to the 

sample size (n=4), of Resistant women who receive depoprovera. Such a small sample 
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size complicates the ability to draw accurate conclusions from the results. To investigate 

the raw effects of contraceptives on Trappin-2 expression, analysis of contraceptive use 

and serum Trappin-2 levels would be ideal and is discussed later on in this thesis. 

 The majority of women within the ML cohort practice douching and can be 

differentiated according to their douching frequency, either daily or post-coitally. There 

are a number of previous studies that have outlined the negative effects of douching on 

the vaginal environment. The primary concern associated with douching is the much 

higher incidence of bacterial vaginosis in women who douche frequently. The occurrence 

of bacterial vaginosis leads to an overgrowth of non-benign anaerobes such as 

Bacteroides and Gardnerella, which can then activate the immune microenvironment of 

the upper reproductive tract [147, 148]. Since the immune system does not tolerate high 

numbers of these pathogenic organisms in the same way that it tolerates normal flora, an 

inflammatory response will usually take place. Based on the literature, it can be 

hypothesized that women who douche more frequently, such as those who douche post-

coitally, will have higher levels of inflammation-associated proteins than those who 

douche less frequently. It is also possible that women who douche more frequently will 

have lower levels of inflammation-associated proteins, because they are constantly 

flushing them out faster than they can be replenished. 

 A comparison of Trappin-2 CVL levels from pooled samples of women from all 

three HIV-status’, grouped according to douching frequency: post-coitally or once daily 

(Figure 19a), revealed that there is no difference in between these two groups (p=0.61). 

When HIV-Resistant women alone are grouped according to douching frequency, either 

post-coitally or once daily, and a Mann-Whitney comparison of CVL Trappin-2 levels is 
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done (Figure 19b), there continues to be no difference in between these two groups 

(p=0.50). 

 These results refute the idea that a higher douching frequency leads to lower 

Trappin-2 protein levels in CVL. The results also discredit the theory that higher 

douching frequencies lead to higher Trappin-2 levels created by the increased presence of 

inflammatory stimuli. One possible explanation for the absence of any differences in 

between these groups, is that douching daily and douching post-coitally have the same 

overall effect on the vaginal environment. To discover any observable differences in 

Trappin-2 levels, the difference in douching frequencies between the two groups would 

likely need to be greater. For example, a comparison of Trappin-2 levels in CVL from 

women who douche daily and women who douche bi-weekly. 

 Since estrogens are immuno-stimulatory in nature and a hallmark of menopause is 

a decrease in estrogen production it can be hypothesized that women who are pre-

menopausal should have higher basal levels of Trappin-2 than women who have 

completed menopause and have lower levels of circulating estrogen. A Mann-Whitney 

comparison of CVL Trappin-2 levels from all women: HIV-Positive, Negative and 

Resistant, who are either pre or post-menopausal (Figure 20a), unveiled that there are not 

any differences in between these two groups (p=0.81). Performing a separate Mann-

Whitney comparison of median CVL Trappin-2 levels from HIV-Resistant women who 

are either pre or post-menopausal (Figure 20b), revealed that there is no difference in 

Trappin-2 levels between these two groups (p=0.57). 

 These results refute the hypothesis that pre-menopausal women have higher 

Trappin-2 levels based on the premise that they have higher circulating estrogen levels. It 
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is likely that the greatest effects of estrogen would be detected in serum where the sex 

steroid is present at the highest levels, thus investigation of serum Trappin-2 levels and 

menopausal status is warranted. This could also explain why there are no differences 

observed in Trappin-2 CVL levels although a measurement of CVL estrogen is necessary 

to determine whether CVL levels vary according to menopausal status. 

 Although Trappin-2 was found to be significantly higher in CVL from HIV-

Resistant women in the ML cohort, levels were never before investigated in serum. Since 

Trappin-2 is characterized as an alarm anti-protease, it is produced and secreted not 

systemically, but locally to the site of inflammation [93]. As a result, one would not 

expect to find profuse amounts of Trappin-2 in serum, because whatever is present in 

serum should simply be overflow from mucosal environments and other tissues that are 

commonly exposed to inflammatory stimuli. 

 Prior to the measurement of Trappin-2 in serum, it was hypothesized that 

Trappin-2 would be detectable in serum but in addition, similar to the findings in CVL, it 

was hypothesized that it would be found in greater amounts in serum from HIV-Resistant 

women. 

When Trappin-2 levels were measured in serum from women of the ML cohort, 

the protein was detectable and as expected from previous literature reports, it was present 

in considerably lower amounts than those found in the mucosal environment of the 

vagina. The mean amount of Trappin-2 that was detected in CVL samples from HIV-

Resistant women in 2005 was 986ng/mL, much higher than the mean value of 64ng/mL 

that was detected in serum samples.  
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Comparison of Trappin-2 serum levels in between each of the three groups 

revealed some intriguing differences. A Mann-Whitney comparison of Trappin-2 levels 

from the serum of HIV-Resistant women and the serum of HIV-Negative women (Figure 

21), revealed that HIV-Resistant women have higher levels of Trappin-2 in serum 

(p=0.0003**). A similar comparison of serum levels from HIV-Resistant and HIV-

Positive women (Figure 21), also revealed higher levels in HIV-Resistant women 

(p=0.02**). There was no observable difference in serum Trappin-2 levels from HIV-

Positive and HIV-Negative women (p=0.21). 

The identification of higher Trappin-2 levels in serum from HIV-Resistant women 

indicates that Trappin-2 may be more of a universal marker of Resistance than was 

initially suspected and it also raised a number of questions regarding its role as an HIV-

inhibitor systemically. Given that Trappin-2 is a known HIV-inhibitor and has been 

located in serum, it was necessary to investigate whether it could serve as an indicator of 

seroconversion and whether it played any role in HIV-disease progression. This finding 

also created some speculation as to whether the same factor or factors were driving the 

up-regulation of Trappin-2 in the serum as in the CVL.  

 Since Trappin-2 has been previously shown to inhibit HIV-infection and work in 

this thesis has revealed the presence of higher Trappin-2 levels in serum from HIV-

Resistant women, it seemed reasonable to assume that serum Trappin-2 levels may be 

able to predict seroconversion. For example, if some event had led to the sudden drop in 

serum Trappin-2 levels, it may have led to the occurrence of seroconversion.  The 

measurement of serum Trappin-2 levels in seven patients both immediately prior to and 

immediately following seroconversion (Figure 22), revealed that there is not a pattern in 
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Trappin-2 levels which correlates with seroconversion, although definitive conclusions 

are not possible because of the small sample size. 

 These results indicate that serological Trappin-2 is likely not necessary to prevent 

seroconversion and they are also consistent with the lack of association in between serum 

Trappin-2 levels and HIV-disease progression. Taken together, the disease progression 

results and the seroconversion result suggest that Trappin-2 in serum is not as critical 

with respect to HIV infection as Trappin-2 in CVL is. Trappin-2 is quite possibly found 

in different forms in the serum and the vaginal environment. These differences can be 

attributed to differences in pH and other environmental factors in between the serum and 

the vaginal lumen and further investigation is warranted to determine whether Trappin-2 

acts in synergy with other proteins found in vaginal secretions, which may either be 

absent in serum or present serologically but in different forms. Answering this key 

question could provide insight as to why serological Trappin-2 levels are not a marker of 

seroconversion or HIV disease progression.  

 As the mechanism by which Trappin-2 inhibits HIV-infection is unknown, it was 

reasonable to hypothesize that it may play an important role in hindering HIV-disease 

progression, provided that it is not a co-receptor active inhibitory agent. If Trappin-2 is a 

co-receptor active agent, it would be unlikely that the protein functions both: to promote 

HIV-Resistance via the CCR5 co-receptor, and to inhibit disease progression via the 

CXCR4 co-receptor. 

 Mann-Whitney comparisons of Trappin-2 levels amongst the various HIV-

Positive sub-groups including: rapid progressors, long term non-progressors, long term 

survivors, and those who did not fit into one of these groups but could be defined solely 
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on the basis of CD4 counts; CD4<200, CD4>400, 200<CD4<400 (Figure 22), revealed 

that there are no differences. 

 The absence of any difference in serum Trappin-2 levels amongst HIV-Positive 

sub-groups lessens the likelihood that the protein is involved in HIV disease progression, 

although it does not eliminate the possibility. If it did play a vital role in slowing HIV 

disease progression, one would expect to find higher serum Trappin-2 levels in long term 

non-progressors and long term survivors then in rapid progressors. The results do lessen 

the likelihood that the protein is alone, capable of inhibiting HIV infection . It is possible 

that the protein is only capable of HIV inhibition in the mucosal environment, potentially 

because it requires other mucosal proteins to gain inhibitory activity or because it 

functions to inhibit HIV only when it reaches a critical concentration, which could 

emphasize the importance of concentration differences observed between serum and 

CVL. Further studies are needed in order to confirm the mechanism by which Trappin-2 

inhibits HIV infection, before a role in HIV-disease progression can be assessed more 

fully. 

 Since Trappin-2 was found to over-expressed in both the serum and the CVL of 

HIV-Resistant women as a group, it was worthwhile to compare the protein levels in the 

two compartments in order to determine whether increased levels in CVL were indicative 

of increased levels in serum and vice versa. 

 A comparison of Trappin-2 levels in CVL and Trappin-2 levels in serum (Figure 

24), analyzed via Spearman correlation, failed to show an association in between the two 

variables (p=0.11). The lack of association between serum and CVL Trappin-2 levels 

emphasizes the compartmentalization of the immune system. Each of the immune 
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environments, whether it be the mouth, the vagina or the gut, is distinct and what is 

happening in one compartment does not serve as an indication to what is happening in 

another compartment [149]. These distinct compartments are mainly due to the presence 

or absence antigenic stimuli that are necessary to initiate a particular immune response 

but are also protective in the sense that generating a systemic immune response in order 

to combat a vaginal infection would be harmful to the host. As high levels of Trappin-2 

in serum and CVL are not indicative of one another, the question as to what is 

responsible for the up-regulation remains, however it can be concluded from this data that 

different factors are responsible for the up-regulation in each individual. 

 Because there were patients with high and low Trappin-2 levels in each of the 

three main study groups, it was important to investigate whether elevated Trappin-2 

levels in serum were due to biological confounders rather than to resistance alone, much 

the same way that this analysis was done with Trappin-2 CVL levels.  

 Since higher Trappin-2 levels were observed in serum samples from HIV-

Resistant women, it would then follow that higher Trappin-2 levels should be found in 

women who are older because HIV-Resistant women are not susceptible to the long term 

effects of HIV disease. 

 A plot of Trappin-2 levels from women in all three study groups; HIV-Positive, 

HIV-Negative, and HIV-Resistant (Figure 25a), analyzed by Spearman correlation 

revealed no association in between Trappin-2 levels and age (p=0.38). When HIV-

Resistant women alone are removed and their Trappin-2 levels plotted against age 

(Figure 25b), there continues to be no association in between the two variables although 
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the direction of the association in between the two variables changes and becomes 

negative (p=0.10). 

 These findings refute the idea that older women have higher Trappin-2 levels in 

serum because these women are most likely to be HIV-Resistant. These findings were not 

originally expected because the higher protein levels observed in HIV-Resistant women 

were expected to correlate with increasing age. The fact that Resistant women are 

generally older as a group cannot mask the reality that some women are older and some 

are younger, as in any of the three study groups. In addition, HIV-Resistant women as a 

group have higher Trappin-2 levels in serum but some women are in this group have 

levels far below the median and some far above the median value (Figure 25). When the 

results are analyzed in this way, it becomes less surprising that older women and in 

particular HIV-Resistant women, do not have increasing Trappin-2 levels with increasing 

age. The change in the direction of association between serum Trappin-2 levels of HIV-

Resistant women and age is not significant but is worthy of mention as it is interesting 

and has the potential to indicate that as Resistant women age, they produce less Trappin-2 

in serum. Since the p value is 0.10 for this analysis it should probably be repeated on 

another sample set at a different time point. 

 Comparison of Trappin-2 serum levels between contraceptive groups revealed 

some unexpected differences (Figure 26a). The most significant difference observed was 

that: higher Trappin-2 serum levels were found in women who receive depoprovera in 

comparison to women who use an intra-uterine contraceptive device (IUCD), (p=0.01**). 

Other important differences that were observed are: lower Trappin-2 levels in women 

who use condoms and women who have had a tubal-ligation (TL) than in women who 
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receive depoprovera, (p=0.02**) and (p=0.03**) respectively. When HIV-Resistant 

women were analyzed separately and compared based on their contraceptive use, it was 

found that there was only data to support Resistant women using: no form of 

contraception, depoprovera, oral contraceptives and condoms. A Mann-Whitney 

comparison of Trappin-2 serum levels in between these four groups (Figure 26b), 

revealed that there are not any differences. 

 The differences observed in between these groups oppose the hypothesis that 

women who receive depoprovera will have lower serum Trappin-2 levels because of the 

immuno-suppressive effects of the progesterone therapy. These differences are also very 

different than those observed when Trappin-2 CVL levels were compared amongst the 

different contraceptive groups. These results are very difficult to explain however it 

should be noted that no differences were observed in between the group of women who 

received depoprovera and the women who were naïve for contraception. The lack of 

observable differences in Trappin-2 serum levels from HIV-Resistant women of the four 

previously mentioned contraceptive groups must be interpreted with caution because the 

number of subjects in the oral (n=2), depo (n=3), and condom (n=1) groups are too small 

to be able to draw accurate conclusions. 

 Since estrogens are immunostimulatory in nature and a hallmark of menopause is 

a decrease in estrogen production it can be hypothesized that women who are pre-

menopausal should have higher levels of Trappin-2 than women who have completed 

menopause and have lower levels of circulating estrogen. The hypothesis is especially 

likely in the serum where levels of estrogen are highest and thus are most likely to have 

immunomodulatory effects. 
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 A comparison of serum Trappin-2 levels from all women: HIV-Positive, Negative 

and Resistant, who are either pre or post-menopausal (Figure 27a), unveiled that pre-

menopausal women tend to have higher Trappin-2 CVL levels than post-menopausal 

women (p=0.06). Performing a separate Mann-Whitney comparison of median serum 

Trappin-2 levels from HIV-Resistant women who are either pre or post-menopausal 

(Figure 27b), revealed that there continues to be higher Trappin-2 levels in serum from 

pre-menopausal women (p=0.01**). These findings argue that there is something more 

important than age, which is driving the increased Trappin-2 levels seen in HIV-Resistant 

women. 

 These results validate the hypothesis that pre-menopausal women will have higher 

Trappin-2 levels based on the premise that they have higher circulating estrogen levels 

and estrogen is documented as an immunostimulatory agent. It is highly likely that the 

greatest effects of estrogen would be noticed in the serum where the sex steroid is present 

at the highest levels.  
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Conclusions and Future Directions 

The work completed in this thesis has discredited RANTES as a correlate of 

protection against HIV-1 infection however further investigation is necessary in order to 

determine whether RANTES is able to act in conjunction with other innate proteins to 

inhibit infection with HIV-1. 

Efforts to associate SDF-1, a known inhibitor of X4 tropic HIV, with HIV-disease 

progression were also unsuccessful. At some point studies should be performed in order 

to determine whether RANTES and SDF-1 are not associated with HIV-Resistance and 

HIV-disease progression because their activating effects overpower their steric inhibitory 

effects. 

 The most contributory results to the understanding of HIV-Resistance presented 

within this thesis are those that confirm the correlation of Trappin-2 with HIV-

Resistance. Elevated serum and CVL levels of Trappin-2 potentially reaffirm previous 

findings that had suggested Trappin-2 to be a key player in HIV-Resistance. The next 

step is to characterize the role of Trappin-2 as an HIV-inhibitor, hopefully leading to a 

mechanism of inhibition which can then be applied to vaccine and microbicide design. 

The multi-factorial nature of HIV-Resistance emphasizes the importance of 

blending all of the Resistance characteristics that have been found and performing 

multivariate analysis in efforts to determine the exact combination of traits that are 

necessary for HIV-Resistance. It is very likely that there exists more than one variant of 

the HIV-Resistance profile, however there are guaranteed to be certain traits that are 

critical for the maintenance of HIV-Resistance and others that are less important. The 

sooner that these important questions are answered the sooner that these and other 
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findings can be applied to the design of novel prophylactic and therapeutic vaccines and 

microbicides. 
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