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Abstract

Objective: Serpins are serine protease inhibitors that are involved in a wide variety of
biological functions in nature. They are known to regulate inflammation processes as well
as provide host defense against microorganisms. Recent evidence has associated many
types of mucosal serpins with a protective phenotype against HIV infection in women.
Our hypothesis is that serpins with known antiviral activity against HIV-1 are correlated
with protection in a group of HIV exposed seronegative individuals (HIV-resistant) from
the Pumwani sex worker cohort. Study design: Cervico-vaginal lavage (CVL) fluid was
collected from 66 HIV-positive, 82 HIV-negative and 84 HIV-resistant sex workers from
the cohort. Clinical and epidemiological information was recorded at the time of sample
collection. CVL protein levels were determined by BCA assay and serpin (Al and A3)
concentrations by a commercially available ELISA kit. Mucosal serpin concentrations
were compared against clinical and epidemiological factors as well as sexual practices.
Results: Serpin Al was significantly higher in the HIV-resistant group compared to the
HIV-negative controls (Anova: p=0.0470%*). Total concentration of serpin A3 did not
reach statistical significance between groups. Serpins did not correlate with age, sexual
practices, contraceptive use or number of pregnancies. Serpins were differentially
abundant during different stages of the menstrual cycle whereas serpin Al was elevated
during the proliferation phase but not in secretory phase (p=0.0275%).

Conclusion: Serpin Al was correlated with HIV-protection in this group of HESN
women. This work will contribute to a more complete understanding of mechanisms of

resistance and susceptibility to HIV infection.
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1. Introduction

The Human immunodeficiency virus (HIV) pandemic has infected over 33.3
million people resulting in 1.8 million AIDS related deaths by the end of 2009 (1).
Despite improvements in treatment using highly active antiretroviral therapy (HAART),
large scale use of intervention strategies like condom use, and male circumcision, every
year more than two million people are infected with HIV. In the worst affected region,
Sub-Saharan Africa, approximately 22.5 million people are living with HIV-1 and
women account for 76% of all HIV-1 infected individuals (1). The exponential spread of
HIV in Africa has been occurring due to poverty, sex with multiple partners, ignorance,
war, stigma and lower position of women in society (2-3). Young women aged 15-24
years are eight times more likely to get HIV-1 infection than men in Sub-Saharan
Africa(1). Women are considered to be the most vulnerable as they are not protected by
the law following sexual abuse, cannot refuse sex or request condom use even if the
husband is infected with HIV-1, because of their culture (2, 4). However, men are also at
risk for HIV infection. The significant risk factors associated with HIV infection for men
are older age, alcohol consumption and circumcision status, whereas for women, the
factors associated with increased risk are younger age, prostitution, co-infection with
classic sexually transmitted infections (STIs) such as HSV-2 and/or syphilis, being
married, and a high number of sex partners (5). As women in this region are more
vulnerable than men to HIV-1 infection, there is an urgent need to develop a successful
vaccine or female controlled microbicide (a product that can be used in the vagina or

rectum to prevent STIs including HIV-1).



It is known that heterosexual intercourse is one of the modes of transmission of
HIV-1, but only 1% of genital exposure to HIV-1 results in an infection, implying that
not all individuals who are exposed to HIV-1 become infected or that the female genital
tract (FGT) is capable of stopping HIV-1 (6). Evidence suggests that the micro and macro
environments of the FGT play an important role as doorkeeper and thus determines
whether HIV introduced to the vaginal environment after sexual exposure will be able to
establish a productive infection. Indeed, mucosal secretions like SLPI, defensin,
elafin/trappin2, lysozyme and lactoferrin present within the FGT, either increase or
decrease susceptibility to HIV-infection and it is likely that their antimicrobial activity
depends on their physiological concentrations (7). In view of the fact that all individuals
exposed to HIV do not become infected, it is necessary to comprehend the factors
mediating HIV protection.

Clues to potential protective mechanisms in women may come from studying
highly HIV-1 exposed seronegative (HESN) individuals who can be epidemiologically
defined as HIV-resistant in the Pumwani sex worker cohort. This small subset of women
has been identified as HIV-resistant as they remain uninfected despite having been
exposed to HIV during sex and remains HIV-negative during follow up of this cohort for
more than 7 years (8). Research conducted within this group has given us a unique
opportunity to study the natural resistance to HIV infection. These women have novel
innate and adaptive immune responses against HIV-1 in the cervicovaginal compartment
that includes HIV specific cellular CD4 and CD8 immune responses (9), expression of
anti-HIV factors like RANTES (10), CC-chemokines SLPI (11), Elafin/trappin-2 (12)

and MIP-o/B (13). Previous studies by our group have shown these women have



differences in protein expression of other innate factors at the mucosal level.
Antiproteases that play important roles in regulating inflammation and in defence
mechanism against pathogens were found to be over expressed in HIV-resistant women.
These include many proteins from serpin family, cystatins, elafin, and other protease
inhibitor like A2ML1 (14). Therefore, exploring the mucosal immune correlates of
natural protection against HIV epidemic is one of the important ways to develop

preventive strategies, topical microbicides, and an HIV-1 vaccine.

2. HIV Virus

HIV is a Lentivirus belonging to the family Retroviridae. It is the virus that is
responsible for Acquired Immune Deficiency Syndrome (AIDS) by causing the
functional impairment of the immune system mainly in CD4+ T cells. Being a retrovirus,
it has two copies of a single-stranded RNA genome and upon entry into the target cell,
the viral RNA genome is converted into double-stranded DNA by the enzyme reverse
transcriptase. The resulting viral DNA is then integrated into the host's genome by a
virally encoded integrase and host co-factors. As HIV encodes only 15 proteins, it mainly
depends on host cell proteins for successful infection (15-16). The diseases caused by
lentivirus genus viruses are characterized by having a long incubation period. Indeed the
HIV-linfected patient may remain asymptomatic for 2 to 10 years by maintaining stable

viral loads with the CD4 counts generally more than 500/ul (17).


http://en.wikipedia.org/wiki/Reverse_transcriptase
http://en.wikipedia.org/wiki/Reverse_transcriptase
http://en.wikipedia.org/wiki/Integrase

2.1. HIV classification

There are two types of HIV virus: HIV-1 and HIV-2. HIV-1 is the most virulent
and infectious and it is responsible for the majority of worldwide HIV infections. So,
HIV-1 will be the focus of this thesis. HIV-2 is less infective compared to HIV -1 and is
mainly confined to West Africa (18).

Phylogenic analysis of HIV shows there are three groups of HIV-1 namely M
(major), N (new) and O (outer). M-group consists of nine clades: A, B, C, D, F, G, H, J
and K and varied number of 48 circulating recombinant form (CRF) derived from these
pure subtypes. M is primarily responsible for the global HIV epidemic and the diverse
distribution of clades has been seen around the world. Clades A and D predominate in
Kenya while in Canada, the majority of the HIV-1 is clade B (19-20). However,
approximately 56% of all cases of worldwide HIVV/AIDS are due to HIV clade C (HIV-C)
and in sub-Saharan Africa, India and China, the majority of them are found as B/C
recombinant virus (21). Clade B infection is seen mainly among white men who have sex
with men and injection drug users. Due to many structural and functional differences, the
HIV-1 subtype may influence HIV transmission, cellular tropism, virus replication, anti-

retroviral (ARV) susceptibility, organ involvement, and disease progression (22).

2.2. HIV genome

The HIV-1 genome encodes some important structural and non-structural
(accessory) proteins which are unique for HIV-1. The proteins are separated into three
groups: Structural proteins (Env, Gag, and Pol), the regulatory proteins (Tat and Rev) and

the accessory proteins, (Vpu, Vpr, Vif, and Nef) (23).
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Env (Envelope) protein is synthesized as a polyprotein precursor “gpl160” which
is cleaved by the host protein furin to form Env glycoprotein gp120 and the glycoprotein
gp41l. The gag (group-specific antigen) and pol (polymerase) are encoded by the gag-pol
gene and are synthesized as a gag-pol polyprotein precursor which is cleaved by the viral
protease (PR). Gag generates the mature Gag proteins matrix (also known as MA or p17),
capsid (CA or p24), nucleocapsid (NC or p7), and p6 which comprise the viral core. The
pol-encoded enzymes PR, reverse transcriptase (RT), and integrase (IN), are important
for host cell infection (24).

Tat (transcriptional transactivator) gene encodes two proteins that bind with a
RNA element, known as the transactivation response region and enhances the
transcriptional activity from the HIV LTR. The Rev (regulator of virion) gene encodes a
protein that helps to export un-spliced mRNA from the nucleus to the cell cytoplasm by
binding with the rev-response element (RRE) (24).

Vif (virion infectivity factor) protein interferes with host antiviral protein
apolipoprotein B mRNA editing enzyme catalytic polypeptide like 3G (APOBEC3G) and
enhances HIV-1 infectivity (25). Proteins encoded by Vpr (viral protein r) gene accelerate
HIV-1 protein production and by mimicking the importin-f, cause nuclear import of the
viral pre-integration complex (PIC). Expressing Vpr has also been shown to stop cells in
the G2 phase of the cell cycle, to impair the dendritic cell (DC) maturation, deregulate co-
stimulatory molecules and cytokine production in T cells (26). Some evidences also
suggest that Vpr in infected DC cells down regulates CD8+ T cell proliferation and
induces apoptosis by producing tumor necrosis factor alpha (TNF-a) (26). The Vpu (viral

protein u) encoded protein causes virus particles assembly and helps budding out of the



cell (27). Nef (negative replication factor) gene encodes a protein that is found to down
regulate CD4 and Major histocompatibility class I (MHC class 1) molecules from the cell
surface. This action may enhance cell survival as the ability of cytotoxic T lymphocytes
(CTLs) to detect and eliminate virus-expressing cells is impaired (28). The functions of

these proteins will be discussed more in detail in the HIV life cycle.

2.3. H1V life cycle

After gaining entry into the host cell through interaction of the viral envelope
glycoprotein gp120 with the CD4 molecule, dendritic cells (DC) that express the CD4
molecule on their surface, and langerhans cells (LC) are the main targets for HIV-1
infection (29-30). Binding of gp120 and CD4 molecules also causes gp120 to undergo a
structural change and expose a co-receptor binding site, the "V3 loop region™ that allows
them to bind with a 7-transmembrane-domain chemokine receptor such as CCR5 or
CXCRA4. 1t has been shown that the HIV-1 co-receptor usage is determined by the viral
envelope, primarily the V1, V2 and V3 regions of the external HIV-1 envelope
glycoprotein, gp120 (31-32).

There are several chemokine receptors utilized by HIV-1 in in vitro studies but
CCR5 and CXCR4 are the primary HIV-1 co-receptors utilized in addition to the CD4
receptor (33). Based on the ability to bind with these co-receptors, there are three HIV-1
variants: CXCR4-tropic (X4), CCR5-tropic (R5), or dual-mixed tropic (X4-R5) (34).
CXCRA4 tropic HIV-1 is considered T-tropic virus because it primarily infects naive and
memory CD4+ T cells and it is more cytopathic than R5 virus as it is associated with

accelerated disease progression and decreased CD4 T-cell count. CCR5 tropic HIV is


http://en.wikipedia.org/wiki/CD4

called M-tropic virus because it mainly infects monocyte/macrophages and memory
CD4+ T cells and it is more infectious than CXCR4 tropic virus. The dual tropic virus
infects both macrophages and T-lymphocytes (35-38). R5 tropic virus is predominant in
initial and chronic phase of HIV-1 infection and after establishment of infection and
subsequent disease progression; R5 tropic virus switches to CXCR4 tropism and causes
rapid CD4 T cell depletion and a rapid progression to AIDS. However, R5- tropic HIV
viral mutations can increase their pathogenicity in the course of HIV disease without
switching to a CXCR4 tropic variant (39-40).

The role of CCRS5 in initiation and persistence of HIV infection is evidenced by
subjects with a CCR5A32 allele polymorphism that are resistant to HIV-1 infection (41).
A numbers of studies have suggested a higher prevalence of R5 HIV-1 variants in the
acute phase of infection of genital mucosa because of higher expression of R5 on
macrophage, DC cell and langerhans cell (LC) than the CXCR4 variant. Additionally it
was found that CXCR4-using virus are trapped and inactivated by mucin and innate
antiviral proteins in the genital mucosa (42-43).

The binding of CD4 bound gpl20 with the co-receptor also triggers a
conformational change that exposes the N-terminus of the transmembrane glycoprotein of
Env, gp41l, and facilitates the fusion of viral and hosts cell membrane (39). Once HIV
binds to the host cell, the core which includes HIV RNA, viral capsid, reverse
transcriptase (RT), integrase (INT), ribonuclease, and protease (PR), and a number of
other viral accessory proteins is injected into the cell cytoplasm. Following this, the
reverse transcriptase causes uncoating and reverse transcription of the single-stranded

RNA genome into a double stranded (ds) viral DNA. The double stranded viral DNA is


http://en.wikipedia.org/wiki/RNA

then transported to the host cell nucleus via microtubules through a nuclear pore and the
integration of the ds viral DNA into transcriptionally active sites of the host chromosome
is carried out by another viral enzyme called integrase (44). At this stage the integrated
viral DNA is referred to as a provirus and may remain dormant in the latent stage of HIV
infection. Certain cellular transcription factors mainly NF-xB which is up regulated
during T-cell activation are required to produce active virus (45).

During viral replication, initiation of transcription of provirus to mRNA occurs at
the HIV-1 Long terminal repeats (LTR) site and is modulated by a small HIV-1 encoded
RNA-binding protein Tat. It is well documented that RNA synthesis is increased two log
fold when Tat binds with the RNA element, known as the transactivation response region
(TAR) (46). Transcription of the provirus leads to the generation of three major classes of
mMRNA: 1) unspliced mRNAs, which function as Gag and GagPol polyprotein precursors,
2) partially spliced mRNAs, which encode the Env, Vif, Vpu, and Vpr proteins, and 3)
multiple spliced mRNAs, which are translated into Rev, Tat, and Nef. mRNA transport
out of the nucleus to the cytoplasm is mediated through a novel viral protein, Rev and
Rev responsive element (RRE) (47).

Once in the cytoplasm the assembly process begins and Gag precursor
polyprotein, Pr55Gag acts as the major player in virus assembly. This protein binds to the
membrane, promotes Gag-Gag interactions, encapsulates the viral RNA genome, and
stimulates budding out of the host cell (16, 24). After virus release from the plasma
membrane, the viral Gag and GagPol polyprotein precursors are cleaved by viral PR

protein to generate the mature Gag and Pol proteins and initiates a series of structural


http://en.wikipedia.org/wiki/Integrase
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rearrangements that ultimately leads to virion maturation (24). This mature virus is then
able to infect another cell.

When the mature virus comes in contact with the mucosal surface it invades the
epithelium by transcytosis or binding with DC cells or through breached epithelium (48).
By binding with DC cells on epithelial surface called langerhans cell (LC) and
submucosal DC, it is transported to the lymph node where it gain access to CD4 T cells
and infects them (49-50). Once HIV reaches the lymph node and begins replicating, it

spreads throughout the body and organ system via the lymphatic and circulatory system.

3. HIV transmission

Globally, sexual intercourse is the predominate route of HIV transmission but it
can be transmitted by intravenous drug use (IVVD), through infected blood transfusion and
from mother to child during child birth or breast feeding (51).

HIV-1 transmission through the sexual route occurs in three ways: penile-
vaginal intercourse, penile-anal intercourse and oral-genital sex. HIV-1 transmission
through penile-vaginal or heterosexual coitus depends on the viral load in the female and
male genital tracts, the presence of other sexually transmitted diseases as well as the
number and types of target cells utilized by HIV-1 (52). The vagina and ecto-cervix, both
with a multi-layered, stratified, squamous epithelium have a marked physical barrier and
can resist viral mucosal transmission. However, a recent study by Nazli A. et al showed
that TNF-a which is released after interaction of HIV-1 Env protein with genital
epithelial cells, can reduce the epithelial integrity measured by trans-epithelial resistance

(TER) mechanism, and causes breaching of the epithelial barrier thus increasing HIV-1



transmission (53). The male genital tract is also found to be infected during primary HIV-
1 infection and viral load in semen correlates with plasma viral load (54). The penile fore
skin (inner and outer) is shown to have HIV-1 target cells like LC and T-cells that
expresses CD4, and CCR5. Seminal fluid contains prostatic acidic phosphatase (PAP)
which forms amyloid fibril can capture HIV particles and increase HIV-1 transmission
(52, 55). However, some randomized clinical trail in Africa concluded that there is 60%
reduction in HIV-1 transmission from infected women to men due to circumcision (55).

Penile-rectal HIV-1 transmission can be seen everywhere in the world and
mainly among men who have sex with men (MSM) (56). Unprotected anal intercourse is
found to be 10-20 times riskier than unprotected vaginal intercourse per act for risk of
HIV acquisition (57). This may be due to the fact that the epithelial lining of rectal
mucosa is a thin simple columnar epithelium which can be easily transcytosed by HIV-
1(58). Also using saliva as a lubricant in an insertive and/or receptive anal sexual practice
increases HIV-1 acquisition (59).

The risk of HIV-1 transmission via oral sex is relatively lower than for vaginal
or anal sex. Oro-genital sex is mainly practised by HIV+ discordant heterosexual couples
who believe it safer than anal and vaginal sex. The thick intact epithelial layers, presence
of mucins which trap the virus, the low CD4+ target cells and anti-HIV peptides like
Secretory Leukocyte Protease Inhibitor (SLPI) make this site unavailable to HIV-
transmission (60-61). But oral or genital ulcer, gingivitis, periodontitis, and gum bleeding
are some factors that may increase the risk of transmission (62). Also Chen et al
suggested that alcohol can increase HIV transmission in the oral cavity by altering the

compartmentalization of CCR4 in epithelial keratinocytes of the oral cavity (63).
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Vertical transmission from mother to child occurs in gestation, during labor and
delivery and during postpartum breast-feeding. According to Pisani E. et al, 90% of the
world’s HIV infected children got their virus through vertical transmission from a HIV-
infected mother and live in Sub-Saharan Africa (64). In utero HIV transmission depends
on maternal immune status, placental membrane and placental villous inflammation (65).
The trophoblast cells that form the placenta are not susceptible to HIV but by transcytosis
HIV can travel through these cells and TNF-a is an inducer of this process (66). The
majority of vertical transmission occurs during vaginal child- birth and the risk of
transmission depends on maternal plasma viral load, chorioamnionitis, prolonged rupture
of membranes and increased bleeding due to episiotomy, perineal laceration, and
intrapartum hemorrhage. Different meta-analysis showed that an elective caesarean
section delivery can cut the risk of HIV-1 transmission in half (64, 67).

Without any anti-retro viral treatment, the rate of mother to child infection
through breast milk is about 16% and it increases with prolonged breast-feeding. One of
the recent studies in Nairobi found a significant association of maternal plasma virus
load, lower CD4" cell counts and rate of HIV-1 DNA in genital secretions with higher
breast milk HIV-1 RNA levels (68). HIV-1 can replicate in ductal and alveolar mammary
cells and is found in both cell-associated and cell-free components of breast milk. It may
transmit through breaches of mucosal surfaces, transport via M cells, or directly infect the
enterocytes. It can be aggravated by breast pathologies such as clinical and subclinical
mastitis, nipple bleeding, and abscesses common in both the general and HIV-infected

population (64, 69).
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Although transmission of HIV-1 is attributed to four different routes, sexual
intercourse is considered the major player in HIV-1 transmission evidenced by many
ecological observations and modeling studies that are published in the annual report of

World Health Organization (WHO) and UNAIDS (70).

4. Innate immune system against HIV

Innate immunity is the first line of defence against invading pathogens and it
provides rapid, non-specific immune response to limit microbial replication and
dissemination. Innate immune system comprises ‘cellular constituents’ and ‘soluble
factors’. LCs, DCs, and natural killer cells (NKs) are the examples of some innate
immune cells that function at early phase of HIV-1 infection and later induce adaptive

immunity.

4.1. Cellular components of the innate immune system

Cellular components against HIV-1 can also be divided into three groups: 1)
cellular types consist of LCs, DCs, NKs, macrophage and y6 T cells and also Pattern
recognition receptors (PRRs) such as Nod-like receptor, Retinoic acid inducible Gene-1,
and Toll- like receptors (TLRs), 2) extra cellular responses consists of complement and
cytokines and 3) intra cellular mechanism such as APOBEC3G, tetherin/BST-2 and
TRIMS5a. Cellular innate immunity provides protection against HIV-1 infection at
different sites by using different cells. DC and LC provide protection in vaginal and
penile epithelium, macrophage, DC, and NK cells are found in the submucosal layer
whereas yo cells are present in vaginal and rectal mucosa (71). Although the main

12



function of these innate immune factors is to fight HIV-1 infection, sometimes they have
been shown to advance the infection by facilitating transmission or replication of virus.

DC cells are the sentinels of the immune system and the first subset of cell that
come in contact with invading pathogens. Being a potent antigen presenting cell (APC),
they capture pathogens and present them to T cells to trigger innate and adaptive
responses. There are two kinds of DC cells in humans: CD11c+ myeloid dendritic cells
(cDCs) and plasmacytoid dendritic cells (pDC). Langerhans cells (LCs) and dermal
dendritic cells are examples of cDCs and they are located in skin, genital/gut mucosa and
in blood. pDCs are found in blood, mucosa and lymph nodes, and may first come across
HIV during early local viral replication/spread (72). Activation of DCs by HIV is mainly
thought to involve conserved Pattern recognition receptors (PRRs) such as Nod-like
receptor, RIG-1 like receptor, and Toll- like receptors (TLRs). They recognize pathogen-
associated molecular patterns (PAMPSs) and trigger signalling pathways to activate host
innate immunity and function to create a bridge between innate and adaptive immunity
(72). TLRs were first discovered in the fruit fly Drosophila (73) and are the best
characterized receptors that recognize PAMPS. Currently there are ten well- described
TLRs that can be found in epithelial cells, monocytes, macrophage, mature and immature
DC, NK cells, and human genital tract cells express all ten major TLRs (74). cDCs
express TLRs, 2-9, so they can respond to a wide range of pathogens, whereas pDCs
express TLR7 and TLR9 and they recognize ssRNA viruses via TLR7 or CpG ODN
motifs via TLR9 (72).

Generally, DC cells are resistant to HIV-1 infection but in vivo studies showed

that freshly isolated DCs can be infected by the macrophage tropic HIV-1 and transport
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HIV to CD4 T cells by forming conjugates with T cells (75). However, when HIV-1
binds with C-type lectin receptor ‘langerin’ which is expressed by Langerhans cells,
langerin can internalised the HIV virus to birbeck granules, where the virus is rapidly
degraded. However, this function is abrogated at high viral concentrations (76). A
functional inhibition of cDC and pDC is also found during acute HIV-1 infection with the
highest viral load. The same study also revealed that the decline of antigen-presenting
property of c¢DC is transient and reversible during primary HIV-1 infection whereas
inhibition of IFN-a secretion in pDCs is observed during acute infection but continuously
persists during the subsequent disease progression (77). In rectal mucosa DC-SIGN+ DC
cells have been shown to bind with HIV and transfer those to peripheral blood CD4+ T
cell (78).

vo T cells are a small subset of T cells that are located in genital and rectal
mucosa and they are another important innate immune component that act against HIV-1.
They prevent HIV transmission by generating antiviral suppressor factors MIP-1a (CC-L-
3), MIP-1pB (CCL-4), and RANTES (CCL-5), which can suppress cell surface expression
of CCR5 co-receptors (79). NKs are innate immune cells that interact with DC and T
cells to differentiate the adaptive immune system. NK cell’s anti HIV action is supported
by an elevated level of NK cell number and function in HIV exposed seronegative
individuals (80). In the early phase of acute HIV infection, NK cell numbers are found to
be inversely correlated with virus-specific CD8" T cell responses indicating that NK cells
are affective against HIV in early phases of infection whereas CD8+T cells respond at the
progressive stage (81). NK cells can control HIV-1 infection through recognition of

virally infected cells by both activating and inhibitory killer immunoglobulin-like
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receptors (KIRs) (82). An epidemiological study showed that the (KIR) 3DS1 and (KIR)
3DL1 (the activating KIR allele) in conjunction with human leukocyte antigen (HLA)-B
Bw4-801 was associated with slower disease progression (83). NK cells can also kill
HIV-1 infected CD4+ T cells in which HLA-A and -B molecules are down regulated
(84). This suggests that NK cells have an important role in mediating resistance to HIV
but the mechanism of inhibition is still poorly understood.

The extra cellular components of innate immune cells consist of cytokines and
chemokines that are secreted by cDCs and pDCs. The immuno regulatory cytokines are
essential for lymphocyte activation, humoral and CTL response. 1L-12, and IL-15 are
secreted by cDC and IL-12 is necessary to induce T helper 1 (Th1) cell responses, which
leads to cytotoxic T lymphocyte (CTL) activation and killing of viral infected cells. IL-15
is also necessary for maintenance of memory CD8" T-cell responses (85). In vitro studies
showed pDC up regulates the expression of MHC class 1 and co-stimulatory molecules,
and by producing high levels of type 1 IFNs (IFN-a and IFN-B) and other cytokines, it
blocks HIV replication in CD4+ T cells and macrophages at multiple stages in the viral
life-cycle. IFN- o also maintains the activated T cell population by preventing apoptosis
(71, 86). A study of cytokine responses of PBMC from HIV infected individuals shown
that, some of them act to enhance HIV replication by increasing the inflammation and
tissue damage. The same study also revealed no significant difference of spontaneous and
LPS-induced TNF-o, IL-1, and IL-6 secretion between HIV uninfected and AIDS
patients (87).

TNF- o is produced by NK cells, macrophage and T cells and is found to

enhance HIV-1 activation by inducing NFxB which results in transcriptional activation
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and HIV replication (88). The IL-1 cytokine which is produced by activated macrophages
and fibroblasts enhances HIV replication by inducing NFkB activity in T cells whereas
IL-2 is thought to stimulate HIV replication via indirect induction of TNF- o and IL-6
production. IL-6 is an acute phase protein and evidence has shown that IL-6 induces HIV
activation and replication in monocyte derived macrophages but not in T cells. It induces
posttranscriptional HIV expression, apparently by enhancing viral protein translation
(89). Stromal cell-derived factor-1 (SDF-1) is a chemokine that is a natural ligand for
CXCR4 co-receptor which is used by HIV at later stage of disease progression (90).
Although over-activation of cytokines and chemokines of the innate immune system
leads to cell and tissue damage, they are still important for the primary defence against
invading pathogens and they induces activation of signals that inform the adaptive
immune system to respond.

The intra cellular part of the innate immune mechanism against HIV-1 is
mediated by APOBEC3G (apolipoprotein B mRNA-editing, enzymecatalytic polypeptide
like-3G). It is found in human T lymphocytes, monocytes, and macrophages and is
regulated by IL-2 and IL-15, and IFNa and IFNy (71). APOBEC3G has shown anti-HIV
activity by inhibiting the viral replication. This cellular enzyme is packed in the newly
formed virion and converts the viral cytidine to uridine in viral RNA making them non-
functional (91). However, in the presence of Vif APOBEC3G can not integrate into
virions and Vif causes ubiquitination and proteasomal degradation of this enzyme (92).

Recently tetherin/BST-2 and TRIMS5a were identified as a retroviral restriction
factors (93-94). Tetherin, also known as bone marrow stromal cell antigen-2 (BST-2) or

CD317, is an interferon inducible transmembrane protein that causes retention of virions
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on the cell surface or within the cells that produce them and limits the spread of
enveloped virus. Studies using an artificial ‘tetherin’ showed that tetherin is incorporated
into HIV-1 particles as a parallel homodimer using either of its two membrane anchors:
putative glycophosphatidylinositol (GPI1) modified C-terminus or the transmembrane
domain and prevent the virion budding through the plasma membrane. The functions of
tetherin are antagonized by HIV-1 encoded accessory protein, Vpu (95).

The host cellular restriction factor TRIMS5a is @ member of the tripartite motif
(TRIM) family of proteins. It contains RING domains, B-boxes, coiled coil domains and
a B30.2 (SPRY) domain. It is effective in inhibition of human immunodeficiency virus
(HIV-1) in rhesus monkeys, whereas in human, TRIM5a only modestly blocks HIV-1
infection but efficiently restricts N-tropic murine leukemia virus (N-MLV). In rhesus
monkeys, TRIMS5a disrupts viral cDNA synthesis directly or indirectly and prevents
HIV-1 infection before or during early reverse transcription by causing premature un-
coating of the retroviral capsid (94). It also blocks HIV-1 production through rapid
degradation of HIV-1 Gag polyproteins (96). Javanbakht et al showed that trimerization
by the coiled-coil domain and B30.2 domain (SPRY) domain is necessary for TRIMS5a to
bind HIV-1 capsid complexes and control viral infection (97).

In brief, all these cellular components can recognize a wide array of pathogens
including HIV by TLRs and the production of cytokines and chemokines provide a first
line of defence and attracts other immune cells to the site of inflammation to initiate

adaptive immune responses.
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4.2. Soluble factors of the innate immune system

The low efficiency of heterosexual HIV transmission is not only due to the
presence of cellular factors but also the fact that the intact vaginal epithelium acts as a
physical barrier to HIV and the environment of the vaginal lumen (mucus, low pH,
increased H,0O,) does not provide the optimal milieu for viral replication. In addition,
there are numerous secreted soluble proteins, previously described as anti-HIV factors
that are found in cervicovaginal compartment of the FGT. Some examples are Secretory
Leukocyte Protease Inhibitor (SLPI), lactoferrin, antimicrobial peptide defensins and
trappin-2/elafin (11).

SLPI and trappin-2/elafin are protease inhibitors and members of the Whey
acidic proteins. SLPI is present not only in vaginal mucosa but also in oral mucosa where
it is isolated in large quantities from parotid secretions. It is thought that the presence of
SLPI decreases the risk of oral HIV transmission (61). The anti-HIV function of SLPI is
mediated by binding with annexin Il and promotes HIV entry by stabilising virus fusion.
SLPI impairs annexin Il mediated viral fusion (11).

Trappin-2/elafin is a serine protease inhibitor produced by epithelial cells,
macrophages and neutrophils. Its primary function is to protect host tissue from non-
specific protease secreted by the host during inflammation. Trappin-2/elafin was found to
be elevated in HIV exposed resistant women (12). Lactoferrin is an iron-binding
glycoprotein secreted from serous cells in submucosal glands and is also found in milk,
tears, saliva. It is released by neutrophils during infection. Previous studies showed that
presence of lactoferrin in mothers milk decrease the vertical HIV transmission from

HIV+ mother to their children (98). Lactoferrin can inhibit HIV-1 replication in T cells
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by preventing adsorption and penetration of the virus. Groot et al showed that native
lactoferrin can inhibit the binding of the DC-SIGN receptor of DC cells with gp120 and
block DC mediated HIV transmission to T cells (99).

Defensins are small antimicrobial cationic peptides secreted primarily by
neutrophil but also expressed by epithelial cells. There are three subtypes of defensin: a-
defensins, B-defensins, and 0-defensins. o, -defensins have diverse anti-HIV mechanism.
a-defensins can inactivate the HIV virion directly or inhibit HIV-1 replication through
alteration of protein kinase C (PKC) activity, whereas [-defensins down regulate the
expression of co-receptor CXCR4 (100-101).

Recent studies also showed anti-proteases like lysozymes, cystatin and serpins
are elevated in the cervico-vaginal compartment of HIV-1 resistant women (14, 102). All
these antimicrobial peptides work together to create an environment in the FGT that is

unsuitable for HIV-1 viral transmission and subsequent infection.

5. Adaptive immune system against HIV

The adaptive immune system provides the more specific immune response
tailored against foreign antigen. It can distinguish non-self antigen from self- antigen.
This immune system is MHC restricted and has a memory component that triggers a
greater and faster immune response if the same pathogen infects again. During HIV-1
infection, dendritic cells (DCs) are the major cells that come in contact with the virus and
link the innate immune system to the adaptive immune system (103). Pro-inflammatory
cytokines like IL-1B, TNFa, and type 1 IFNs stimulate immature DC cells to produce

cytokines and chemokines and later, mature DCs migrate to the lymph node, with
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different antigens coupled to a MHC receptor to prime naive T cells. As well, activated
DCs also express co-stimulatory molecules such as CD80, CD86 and a number of
molecules of the TNF super family which activate the adaptive immune system (103).
Experimental evidence shows that a second signal from these costimulatory molecules,
cytokines IL-12, I1L-18, and IL-15 and also some chemokines are required to boost a
proper activation of CD4+ Th cell and CD8+ CTL responses (104). The antigens from
bacteria or parasites are usually presented on the MHC Class Il molecules and activates
CD4+ T cells while viral antigen is MHC class | restricted and usually activate CD8+ T
cell (105). The adaptive immune system comprises two broad arms: humoral immunity

and cell-mediated immunity.

5.1. The humoral immune response in HIV-1 infection

In the acute phase of HIV infection, antibody production by B cells against Env,
Gag, Pol protein, and p24 protein can be used to monitor and determine the phases of
HIV disease progression (106). The first B cell response against HIV can be noticed in
plasma as virion antibody immune complex eight days after detection of viral RNA. IgM
antibodies to gp4l are identified after 5 days (107). Most of the protective roles of
antibody are demonstrated in a macaque SIV model and systemic or intravaginally
administered HIV-1 specific monoclonal neutralizing IgG antibodies showed that there is
a protective effect in the vagina of the monkey (108). IgA antibodies induced by mucosal
immunization with HIV-1 gp4l envelope protein showed blocking of transcytosis of
HIV-1 in mice (109). Furthermore, HIV specific IgA was found to neutralize the cross

clade HIV antigen in the HIV-1 resistant women and also to block the transcytosis across
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a human cervical epithelium model (110-111). However a recent study by Mestecky et al
demonstrated that in plasma and cervicovaginal secretions of HIV-1 resistant sex workers
there are no detectable IgG and IgA levels but in HIV-infected individual there is
increased activation of 1gG antibody without any detectable or low IgA. They concluded
that HIV-1 resistant women do not have a detectable mucosal or systemic humoral
immune response to HIV (112).

To prevent HIV infection, broadly neutralizing antibodies are needed. Several of
these antibodies have been isolated from the B cells of HIV positive patients (113). These
neutralizing antibodies (NAb) develop slowly, appearing 8-12 weeks after HIV infection
and have reactivity against Env and other viral proteins (114). Recently two new NAb
have been isolated from a patient infected by a clade A virus that bind the native form of
gp160 at a relatively low titre and can neutralize 120 viral variants (115). A non-human-
primates (NHP) model showed infection with chimeric SIV can be prevented by
transferring passively broadly neutralizing anti-HIVV-1 mAb before or at the time of
challenge (116). Therefore, if a vaccine can be developed that is capable of eliciting a
high titre of Nab to viral particles, then those antibodies will be effective in preventing
HIV transmission.

Although neutralizing antibodies can protect cells from susceptible pathogens
they often do not have any effect on already infected cells. Therefore, antibody-
dependent cell-mediated cytotoxicity (ADCC) and antibody-dependent cell-mediated
viral inhibition (ADCVI) antibodies can work together with innate factors and destroy

virus infected cells. The infected cell binds with specific antibody binding site of ADCC
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or ADCIV antibodies and Fc receptor of these antibodies bind with receptors on NK

cells, monocyte and neutrophil enabling them to kill the virus infected cells (117).

5.2. The cell mediated adaptive immune system in HIV-1 infection

Cell-mediated immunity is mediated by T helper cells (CD4+ T cells) and
cytotoxic T cells (CD8+ T cells). The functions of T helper cells (Th) are to prime B cell
responses and activate cytotoxic T lymphocytes (CTL). Activation of T helper cells
starts when APCs present peptides through MHC class I and II and activate these cells.
Following this, cytokines released by Th cells promote differentiation of Th cells into
Thl, Th2, Thl7 and T regulatory cells (Treg) types. Without proper co-stimulatory
signals the Th cell may experience programmed cell death (apoptosis) or may go into an
anergy or non-responsive state (118).

T helper cells differentiation into Thl cells is mediated by INF-y which is
mainly produced by activated NK cells (119). The development of Thl cells from
activated Th cells is regulated by IL-12 and the presence of IL-4 can inhibit this process.
Th1 cells produce interleukin-2 (IL-2), IFN- y and TNF a and B and these are necessary
for cell mediate immune response and development of CTL (118). HIV specific CTL
responses are noticed in GIT and the reproductive tract (RT) after establishment of viral
infection. In the rhesus macaque model, vaginal infection following SIVmac exposure
showed that a detectable CTL response was low and observed in the reproductive tract
after several days and in the GIT after 20 days post-infection. The investigators termed
this CTL response as “too little and too late" (120). In contrast, Kaul et al., found an

increased CTL response in HIV-resistant sex worker and suggested this response has a
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protective role in the cervical mucosa (9). In the gastrointestinal tract, HIV infects and
proliferates most rapidly in the memory CD4+ T cells as majority of CD4+ T-cells are
memory sub-type. It has been demonstrated that after HAART therapy, memory CD4+ T
cell counts become normal in PBMC but not in Gl mucosa (121).

When IFN- y production is limited then IL-4 induces Th2 production. Th2 cells
produce IL-4, IL-5, IL-10, and IL-13 and steer the humoral arm of the immune response.
These cells also promote production of IgE by B cells via the secretion of IL-4 and
activation of eosinophils by IL-5 and mast cells via IL-3, IL-4, and 1L-10 (118). During
the initial stage of HIV infection, the CTL response is predominant but gradually this
response declines and as the disease progresses Th2 cells take control by producing IgE.
Increased IgE levels are found in HIV-infected children and it correlates with disease
progression and its may be due to the shift from Thl to Th2 cytokine production (122).
The cause of Thl to Th2 shift is induction of CXCR4 HIV co-receptor synthesis in T
cells by IL-4 (123) or may be the stimulation of basophil by HIV gp120 to produce IL-4
(124), which is a key inducer of Th2 type immunity.

Th 17 cells are an effector T cell subset and characterized by IL-17 production.
By releasing inflammatory cytokines and chemokines and also by recruiting neutrophils,
Th 17 cells can promote inflammation. Although Th17 cells provide protection against a
variety of bacterial and fungal pathogens in mucosa and skin, an in vitro study showed
Th17 cells can be infected with SIV and HIV as these cells express the HIV co-receptor
CCRS5 and produce very low levels of CCR5 ligands MIP-1a and MIP-1b (125). On the
other hand Th 17 has shown a protective role against HIV by inducing innate immune

response via increase expression of antimicrobial peptides (126). The role of these cells
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either in promoting or in suppressing HIV replication in target CD4+T cells is still not
fully characterized.

There are two types of Treg cells, natural Treg cells which are produced in the
thymus and induced T reg cells that are produced peripherally by CD4+ T cells after
antigenic stimulation. The function of Treg cells is to limit inappropriate or excessive
responses of T cells to pathogens (127). These cells are characterized by the expression of
the forkhead family transcription factor (FOXP3) and interleukin-2 (IL-2) receptor o
chain (CD25). In chronic HIV infection T regs are thought to suppress HIV-induced
immune hyper activation, which results in a reduced availability of target cells for HIV
replication. However, T regs are found to susceptible to HIV infection as these cells also
express CXCR4 and CCR5 (128).

The role of cytotoxic T lymphocytes or CD8+ T cells in HIV infection is well
established. It is already proven that in HIV positive individuals, CD8+ T cells can inhibit
HIV replication in CD4+ T cells. In addition, removal of CD8+ T cells from PBMCs of
HIV-negative individuals results in increased HIV infection (129-130). The control of
viral replication by CD8+ T cells is mediated by an antigen specific cytolytic pathway or
by soluble antiviral factors. The cytolytic mediated killing by CD8+ T cells occur via the
recognition of MHC class | bound viral antigen on the cell surface and the direct killing
of the infected host cells by antigen-specific CTL (131). On the other hand, non-cytolytic
killing by CD8+ T cells soluble factor is mediated by induction of STAT1 activation and
IRF-1 gene expression that may lead to inhibition of the HIV-1 LTR mediated RNA

transcription (132).
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Although CD8+ T cells are critically important for the control of HIV infection,
some studies showed that HIV can infect these cells and that CD8+ T cells harbour large
number of provirus (131). HIV can infect the CD8+ T cells via both CD4 dependent and
independent pathways and the thymus is a source of CD4 dependent CD8+ T cell
infection. As such, infection of CD4+ T cells by HIV virus and loss of CD4+ T cell
helper function may lead to impaired clonal expansion and function of CD8+ T
lymphocytes. Furthermore, destruction of the thymus by chronic HIV infection has been
suggested as a cause of decreasing number of circulatory naive and memory CD8+ T

cells observed in disease progression (131).

6. HIV-1 transmission in the female genital tract (FGT)

Globally HIV-transmission mainly occurs via heterosexual intercourse from
male to female. While, the infection rate of only 1 per 1000 sexual acts in the study of
monogamous discordant couples from the Rakai cohort suggests that the 99% protection
is likely due to natural and innate factors in the FGT (6). The normal flora such as
Lactobacillus maintains a low vaginal pH and secretes molecule like hydrogen peroxide
(H20,) that inhibits HIV infection (133). Also, the lining epitheliums of the FGT and
mucus rich luminal secretions that trap bacteria and virus and promote ciliary cleaning
make the FGT relatively protected against HIV transmission.

Even though there are several protective features present in the FGT, there is an
immense amount of HIV-transmission across the epithelial barrier, infection of lymphatic
cells, mucosal and systemic dissemination (7). The polarized single layer columnar

epithelium of endocervix influences HIV-1 entry by transcytosis, whereas the leakiness
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of multilayered non-keratinized squamous epithelium of the ectocervix and vagina due to
micro trauma occurring during intercourse or due to inflammation enhances HIV-1
transmission by making the CD4+ T calls and DC cells available for the virus (134). In
addition, the squamo-columner junction of the ecto and endocervix known as the
“Transformation zone” or T- zone is found to be filled with an abundance of lymphocytes
and antigen presenting cells (APCs) that make this site susceptible to HIV-1 transmission
(135).

In vitro studies demonstrated that HIV can invade the intact epithelium through
the binding of gp120 to genital epithelial cells which leads to TNF-a production and then
this can cause breaching of intact epithelial barrier thus enhances HIV-1 transmission
(53). Moreover, the presence of sexually transmitted diseases (ulcerative STIs like Herpes
simplex virus type-2 (HSV-2) or non-ulcerative STI like Chlamydia) in the FGT can
affect commensal micro flora and decrease the vaginal pH making it a hospitable milieu
for HIV infection or increasing the susceptibility of CD4+T cells and DCs to HIV-1
infection (136-137). In fact HSV-2 is found to be a synergistic co-pathogen for HIV and
enhances HIV-1 transmission by causing ulcerative lesions or recruitment of HIV-1 target
cells at the mucosal site (138-139).

HIV transmission in the FGT also depends on HIV infectivity and viral load of
male genital fluid (140). HIV infected cells from a sexual partner can be deposited into
the vaginal lumen and semen itself makes the environment susceptible to HIV-1 by
neutralizing the acidic pH and inactivating H,O, (141). Minch et al. showed that human
semen contains amyloid fibrils formed from prostatic acid phosphatase (PAP), termed

“semen-derived enhancer of virus infection” (SEVI), which can enhance HIV infection

26



even in the acidic pH of the vagina. SEVI can enhance virion—cell attachment and fusion
by decreasing the electrostatic repulsion between the negatively charged surface of the
virion and the target cell and also by enhancing receptor-mediated viral entry (52, 142).
HIV can establish productive infection after coming in contact with vaginal
mucosa. Most of the evidence comes from mechanistic studies in Rhesus macaques and
Simian Immunodeficiency virus (SIV) as they reasonably mimic the anatomy, target-cell
populations and immunology of a human host (143). Following genital mucosal exposure
to HIV, there is no detectable viral MRNA in the circulation for ten days as the virus uses
this period to produce new mature virions which further infect susceptible target cells at
the portal of entry (144). When the population of infected cells is increased, free and cell
bound HIV crosses the epithelial barriers by a number of pathways including direct
passage through epithelial breaches, transcytosis, and binding and / or uptake by mucosal
dendritic cells (48). Within the epithelium HIV first comes in contact with the intra-
epithelium dendritic cells called Langerhans cell (LC) which express CD1a and the C-
type lectin receptor langerin (CD207), CD4 and CCRS5, but not CXCR4 or DC-SIGN.
The sub-epithelial DC expresses DC-specific ICAM-3-grabbing nonintegrin
(DC-SIGN), CD4 and CCR5 (145). It has been shown that HIV-1 binds with
subepithelial DC and monocyte derived DC by DC-SIGN and other C-type lectins but
binding with LC occurs in a CD4, CCR5- dependent manner. Following HIV antigen
exposure, LCs migrate to the nearest lymph node via afferent lymphatics to prime the
immune response against the antigen which may also facilitate the transportation of
protected intracellular HIV to subepithelial DC and CD4 lymphocytes. Binding with DC-

SIGN+ DC in the sub mucosa also promotes capture and uptake of virus. By using this
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DC cell as a shuttle to the lymph node, HIV-1 subsequently transfers to CD4+ T cells and
macrophages where it replicates (49-50).

To increase the founder population of infected cells, in addition to DC and LC
cells, CD4+ T cells are also infected by HIV-1 at the entry to the vaginal mucosa. Resting
and activated memory CD4+ T cells are immune cells that can be seen at the front line of
the mucosal surface to guard it from invading pathogens. Activated CD4+ T cells are
potent host cells in which HIV-1 can replicate. Recent studies with SIV showed that
resting CD4+ T cells have some CCR5 co-receptor expression and can be infected with
HIV. Although virion production in resting CD4+ T cells is low, they are in higher
abundance than DCs and activated CD4+ T cells. Therefore, any inflammatory process or
presence of STI can activate these resting cells and increase the additional target cells for
HIV (143).

While many methods can increase the susceptibility of HIV-1 infection in the
female genital tract, the need for the development of a vaccine or some topical
microbicides with anti-HIV activity that could be applied directly to the vaginal surface

are crucial.

7. HIV vaccine status

Since HIV-1 was discovered, the development of vaccine to halt the spread of
disease has been a major goal. An ideal vaccine against HIV-1 should be safe,
affordable, long lasting and should induce a general immune response by producing
antibodies or cytotoxic T cells (CTL) to fight various strain of virus at the site of

infection. A vaccine would be successful when it will have a prophylactic effect to
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prevent infection and a therapeutic effect to slow down the disease progression and
maintain the viral load and CD4 count in a post-infected cases (106). There are three
kinds of vaccines that have been studied to prevent HIV infection: 1) A subunit/protein
vaccine contains parts of the virus produced in the laboratory by genetic engineering
technique and can elicit an anti-HIV immune response 2) A recombinant vector vaccine
in which attenuated viruses like ALVAC (a canarypox virus), MVA (a type of cowpox
virus), VEE (a virus that normally infects horses), and adenovirus-5 are used as vectors or
carriers to deliver copies of HIV genes into cells, which produce HIV protein which in
turn generate a strong anti-HIV immune response and 3) A DNA plasmid vaccine that
delivers genes encoding HIV epitopes. In some clinical trials, two or more types of
vaccines are used in combination and referred to as a ‘Prime-boost strategy’ to get a
synergistic effect (113). Currently, 163 HIV vaccines are in different phases of clinical
trials: 3 in phase 111, 31 in phase Il and the rest are in phase | (106).

The RV144 vaccine study that had reached phase Il trial was performed in
Thailand and evaluated the prime-boost strategy of the gpl20 subunit vaccine and
ALVAC (a canarypox virus) vector vaccine. The result revealed a 31.2% reduction in
HIV-1 infection in the modified intention-to-treat analysis. However, the vaccine did not
show any efficacy against viral load or CD4+ T cell counts in individuals with HIV-1
infection (106). Another vaccine candidate was a recombinant adenovirus serotypes 5
(rAd5) vectors encoding the HIV proteins Gag, Pol and Nef. Also known as the Step and
Phambili Studies, these were not found to be effective against HIV-1 acquisition or
reducing the viral load after HIV infection in uncircumcised Ad5 sero-positive MSM

(146).
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A DNAJ/AdJS vaccine trial known as HVTN505 is now in phase Il trial and
currently is in progress in the USA. Multiple DNA priming and an Ad5 vector with Gag,
Pol, Env and Nef boost regimens showed an effective CD8+ T cell mediated anti-viral
activity against different HIV strain in phase | and Il. Indeed, the DNA/Ad5 prime-boost
regimen can perk up HIV-Env specific T cell response seven times more than the Ad5
recombinant vaccine alone. This study used men having sex with men (MSM) who were

circumcised and did not have any pre-existing antibodies against Ad5 (146).

8. HIV microbicide status

Microbicides are self-administered reagents, topically applied to the mucosal
surface of the vagina or rectum as a pre-prophylaxis to prevent HIV infection. The high
risk of HIV infection in women due to biological and socio-economical causes indicates
the urgency to develop these female control microbicides. Vulnerable women,
particularly sex workers who get more money by agreeing not to use condoms or married
women who cannot ask their husband to use condoms even he is HIV infected, will be
protected from infection by using these microbicides.

A microbicide can come in different forms: gel form, oral form or as a vaginal
ring. An ideal microbicide should be active against HIV and other sexually transmitted
diseases but not disturb the normal vaginal flora; additionally it needs to be simple to use
and the cost should be low, as it would be applied before each sexual act. Currently about
fifty candidates are being used to develop active microbicides (147). There are different

classes of microbicides that are divided according to their mechanism of action.
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Non- HIV-specific microbicides: these are also called surfactants and they
mainly work by disrupting the microbial lipid membrane. Nonoxynol-9 (N-9) was the
first microbicide used for a HIV trail and it was an effective and inexpensive spermicide.
However, the trial was stopped when it became evident that N-9 was toxic and caused
abrasion of the vaginal mucosa which increased susceptibility to HIV infection (148).
Trials of C31G or Savvy and Sodium lauryl sulfate (SLS), two other non-HIV specific

microbicides were also halted because of the higher risk of contracting HIV-1 (149).

Vaginal environment protectors: Maintaining the normal vaginal
environment can be an effective means to prevent HIV transmission. Lactobacilli, which
are normal flora of the vagina, create an inhospitable environment for HIV by secreting
H,0, and reducing vaginal pH. Therefore, in theory, microbicides from this category
would maintain and restore the vaginal pH in the presence of semen, which is alkaline. In
clinical trails it did not show efficacy to women during vaginal intercourse (150).
Acidform is an acid-buffering system that is a well tolerated gel but caused irritation in

some studies and showed little effectiveness (150).

Poly anionic entry inhibitors: This negatively charged microbicide binds
with the positively charged viral envelop and disrupts the attachment of gp120 protein to
CD4+ T cells (151). PRO2000 is a sulfonated polyanionic compound that also interferes
with the viral transmission in the vaginal epithelium. The trial was halted as there were
higher rates of HIV infections in treatment group than in the placebo group (152). 3%

SPL7013 Gel (VivaGel), is a Dendrimer compound that also has a highly charged surface
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and binds with gp120 on HIV envelop surface and prevents binding of HIV with host
cells. In in vitro studies and in an animal model, this microbicide inhibits not only HIV
but also HSV-2 and Human Papilloma virus (HPV). Currently it is in a phase 1
randomized trial (153).

Entry inhibitory microbicides: Blocking of the CCR5 or CXCR4 co-
receptors can decrease HIV transmission. 5P12-RANTES is one of the promising
microbicides that can bind with CCR5 co-receptor without activating pro-inflammatory
signal transduction pathways. In Rhesus macaques it showed 100% protection after SHIV
challenge (154). Currently only two HIV-1 entry inhibitors are approved for clinical use.
Maraviroc (Celsentri), blocks infection by R5-tropic HIV-1 strains by binding to the
HIV-1 co-receptor CCR5. The second inhibitor T-20 enfuvirtide (Fuzeon), is derived
from the HIV-1 glycoprotein transmembrane (gp41). It prevents the fusion of viral and
target cell membranes by inhibiting the formation of the six-helix bundle between gp41

N-terminal and C-terminal heptad repeat regions (155).

Reverse transcriptase inhibitors: The Centre for the AIDS Program of
Research in South Africa (CAPRISA) 004 trial, a double-blind, randomized controlled
trial, assessed effectiveness and safety of Tenofovir, a 1% nucleotide reverse transcriptase
inhibitor (NRT]I) gel based compound, for the prevention of HIV acquisition in women. It
is the first vaginal microbicides proven to be safe and protect women by blocking HIV-1
transmission. This study revealed that Tenofovir gel can cause a 39% reduction in HIV-1
infection and that the rate increases to 54% in high adherers. Gel adherence was

estimated by dividing in half the number of returned used applicators each month by the
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number of reported sex acts that month. This gel also gives about 50% protection against
HSV-2 which is beneficial for women as HSV-2 increase the risk of HIV transmission
(156).

Protease inhibitors (PI): Pls work by preventing the post-integration step of
HIV replication cycle which means these microbicides can be used if surface-active
components fail. Lopinavir, ritonavir and darunavir are example of some Pls that show
promising efficacy (157).

As the female control barrier method is not as effective as expected (158), using
prophylactic microbicides along with ART may increase the synergistic effect against
primary HIV-1 infection and prevent systemic dissemination. There are some promising
candidates for HIV microbicides but none of them have shown complete success at
preventing HIV infection. This is primarily due to our lack of understanding of mucosal

immunity and what protects against HIV infection.

9. HIV resistance and correlates of protection

There are individuals around the world that despite being exposed to HIV do not
become infected, or if they do become infected do not progress to AIDS. One of the best
characterized HESN group are a subset of women from the Pumani sex worker cohort
where approximately 10% of commercial sex workers are found to be resistant to HIV
infection (8). This phenomenon is also documented in MSM (159), injection drug users
(160), and discordant couples (one partner is HIV infected) (161). Within HIV-1-infected

individuals some are able to maintain high CD4 counts (above 400) for over 10 years and
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are termed long-term non-progressors (LTNP) (162). The rate of disease progression is
very slow in this group and shows a natural resistance to HIV (162).

Some infected people are able to maintain an undetectable viral load in plasma
(even though RNA is detected) and are known as elite controllers (163). These elite
controllers sometimes share immunological features with the HIV resistant group. The
only validated mechanism of HIV-1 resistance is found in those who are homozygous for
a deletion of 32 base pair in their CCR5 gene. This group has a non-functional CCR5
receptor and is resistant to R5 tropic HIV infection but remains susceptible to X4 tropic
HIV. Heterozygous carriers of this mutant allele also have slower diseases progression
after HIV infection (164). By unrevealing the mechanisms of natural resistance in these
groups we may gain a better understanding of how to design a successful vaccine and/or
preventative treatment.

The HIV-resistant individuals from the Pumwani sex worker cohort have
provided a plethora of information of natural correlates of protection against HIV. HIV
resistance has been associated with different HLA alleles where the super type A2/6802
and HLA DRB1*01 is found to be associated with a reduced risk of infection (165).
Genetic correlates of protection have included a polymorphism in the Interferon
regulatory factor-1 (IRF-1) gene. Lower levels of IRF-1 protein expression are thought to
limit HIV infection during early infection events (166). Resistant women also express
high level of HIV-1-gag specific T-helper and CTL responses in blood (167). Systemic
levels of MIP-1a, MIP- 1B and RANTES, which are ligands for the CCR5 co-receptor
and inhibitors for HIV, have not been associated with HIV-1 resistance (13). McLaren et

al demonstrated a dormant immune phenotype in the peripheral blood mononuclear cells
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(PBMCs) of these individuals which correlated with lower levels of IL-1p, IL-6, and
TNF. Lower levels of these cytokines are associated with decrease viral replication and
have also been shown to reduce the number of susceptible cells in vivo. There is also
lower gene expression of the T cell receptor (TCR) which leads to less T cell activation
and decrease HIV infection (168). Lower expression of CD69 and higher levels of
CD4+CD25+FOXP3+ regulatory T cells are also observed in resistant women suggesting
lower immune activation in peripheral blood against HIV infection (169).

The HIV resistant group also demonstrated a fascinating immune regulation by
maintaining an active innate and adaptive response at the genital mucosa which is the
primary site of infection in heterosexual intercourse. Different soluble factors/
antimicrobial peptides and immune cells in the FGT work together to fight the early HIV-
infection and to keep a lower immune activation at the systemic level. By doing so, the
FGT makes fewer cells available for further infection. In the HESN population, the
genital mucosa showed higher level of HIV-specific neutralizing IgA and a higher
frequency CTL response than did blood (9, 110). Furthermore, increased HIV-specific
CD8+ T cells have been observed in both systemic and genital mucosa which correlates
with HIV-resistance, but elevated CD4+ T cells is only observed in the genital tract of
HIV resistant individuals. This study also showed elevated RANTES expression in the
genital mucosa of HIV resistant women (10).

The elevated levels of antimicrobial peptides in the female genital tract have
been found to be correlated with HIV-1 resistance. Antimicrobials and antiproteases like
SLPI, elafin/trapin2, serpins, and cystatins are found to be increased in the cervicovaginal

compartment of HIV-resistant women (7, 12, 14). Furthermore, proteomic studies of

35



cervico-vaginal secretions of sex workers from the Pumwani sex worker cohort revealed
that HIV-resistant women over expressed anti-proteases (14). In this pilot study, using a
gel-based approach, 2 dimensional- difference gel electrophoresis (2D-DIGE), many
differentially expressed proteins were identified in HIV-resistant women in comparison
to other groups. These included serpin B1, serpin B3, serpin B4, alpha2 macroglobulin-
like 1protein, cystatin A and many more (14). Additionally in-depth analysis on a larger
number of individuals using a mass spectrometry approach (2-D-LC-FTMS and SELDI-
TOF MS) of CVL samples from 532 women (128 HIV-resistant (HIV-R), 220 HIV-
uninfected (HIV-U) and 184 HIV-infected (HIV-1) sex workers) found that 50% of the
over expressed proteins were anti-proteases. The majority of these antiproteases were
serpins, including serpin Al, A3, B1, B3, B4, B13 and C1. This data demonstrated that
HIV-R sex workers over expressed anti-proteases mainly from the serpin family and that
these serpins may be playing a role in a resistance mechanism in the cervical mucosa of
the FGT.

All together these studies showed that the HIV resistant group has a unique
innate and adaptive immune response and that this information may be useful for

vaccine/microbicide design.

10. Serine Protease Inhibitors or Serpins and HIV infection

Serpins or serine protease inhibitors are members of the largest and most diverse
super family of protease inhibitors. More than 1000 serpins have been identified in plants,
viruses and fungii and to this point 36 of them are found in human. There are 9 clades of

serpins (A-1) based on shared phylogeny. Among them 8 clades are extra-cellular and
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only clade B has intracellular proteins. These are medium sized molecules containing
about 330-500 amino acids and consist of eight well-defined helices (A-H), three 3 sheets
(A-C) and a reactive central loop that is mobile, exposed and causes the proteolysis by an
irreversible “bait- and- trap” mechanism (170). Serpins not only inhibit serine proteases
but also caspases and papain-like cystine proteases. Additionally, they function as non-
inhibitory hormone transporters for corticosteroid and thyroxin binding globulin and
tumor suppressor gene. Serpins are synthesized in hepatic cells and can be found in
epithelial cells, endothelial cells and immune cells (171).

Serine proteases secreted by neutrophil and CTLs are known to play an
important role in the immune system by killing the invading pathogens, by remodeling
tissue and also by activating pro inflammatory cytokines and receptors (172). But a
balance between proteases and anti-proteases is essential, because excessive or prolonged
action of these proteases leads to severe inflammation, premature cell death and tissue
damage and serpins are the known regulators of these proteases. Indeed they are potent
immune regulator by inhibiting complement activation, apoptosis, and the secretion of
inflammatory mediators (173-176). Benarafa C et al. in their knock-out mice study
showed that serpins are important effectors of the mucosal immune system against
protease mediated inflammatory damage during bacterial infection (177).

Some serpins inhibit elastase and cathepsin G and this can have many adverse
effects if not controlled. In lung emphysema and cystic fibrosis, severe pulmonary
impairment is associated with an elastase-antielastase imbalance. It is now a well
established fact that excess elastase level due to deficiency of serpin Al leads to this

imbalance that results in extensive lung alveolar damage and patient developed
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pulmonary symptoms (178). Elastase also impairs the wound healing procedure by
degrading the elastin and fibronectin. Serpin Al and B1 have shown to counteract this
process (179). Serpin C1 is very important for regulation of the coagulation pathway and
fibrinolytic pathway (180). Also, serpin C1 interferes with signal transduction that leads
to NF-kB activation in monocytes and endothelial cells (181). A recent study has shown
that serpin C1 can inhibit HIV replication by activating the prostaglandin synthetase-2
that impairs the NFkB pathway (182).

The prospects of serpins as an anti-HIV factor arose when Hattori et al first
discovered that an extracellular membrane bound protease on the T cell surface mediated
HIV-1 infection and trypstatin a protease inhibitor inhibited the syncytium formation
(183). Later it was revealed that the V3 domain of gp120 contains aspartic acid protein
like, trypsin and chymotrypsin like cleavage sites and that membrane proteases bind with
HIV-1 via gp120 ligand. Further experiments showed that cathepsin G is the membrane
proteinase for U-937 cells and serine protease TL2 is for T4 lymphocytes; both facilitate
HIV-1 infection (184). Elastase was found as an membrane bound protein in phagocytes
and positively correlated with HIV infection (185). It also serves as a secondary receptor
for HIV and destroys the chemokine SDF-1, a natural ligand for HIV CXCR4 co-
receptor. Elastase has been shown to increase HIV-1 gp 120 binding with CD4 and the
CXCR4 co-receptor in murine cell line (184). Thrombin, another serine protease,
propagates HIV infection in brain by changing the blood-brain permeability (186).

Serine proteases mediate increased HIV-1 infection, and as serrpins are the
regulators of these proteins, it can be summarized that serpins are playing a novel role in

inhibiting HIV-1 infection. Recently several studies have been focusing on these serpins
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and most of these in vitro studies revealed that several serpins (serpin Al, A3, C1) have
multiple mechanisms to inhibit HIV directly or by making the environment unsuitable for

HIV infection.

10.1. Serpin A1l or al-antitrypsin (a1-AT) is an acute phase protein and
potent inhibitor of nutrophil elastase, proteinase 3, kallikreins 7 and intracellular and cell
surface proteases. This is a 394 amino acid, 52kDa plasma glycorotein mainly
synthesized by liver but also produced by monocyte, macrophages and lung alveolar cells
and intestinal eithelium. In liver, IL-6 and oncostatin M are potent inducers for Al
synthesis, whereas in monocytes IL-1p and TNF-a and LPS are the inducers. The plasma
concentration of serpin Al is 0.9-1.75 g/L and the half life is 3-5 days. But the
concentration may rise to 3-5 fold during inflammation or infection in response to
inflammatory cytokines. Oral contraception and pregnancy also increase the plasma
concentration of serpin Al (178, 184).

Serpin Al mainly inhibits protease mediated inflammation but it has several
immunoregulatory properties independent of protease inhibition. It induces the release of
IL-1 receptor antagonist (187), inhibits LPS/endotoxin induced TNF-a expression and
enhances IL-10 expression in monocytes, neutralizes LPS mediated over-activation of
monocytes via regulation of CD14 expression (188), inhibits pro-inflammatory cytokines
IL-8, IL-6, IL-1p and TNF-a production in whole blood (189), and also inhibits IL-8 and
soluble immune complex receptor—-mediated nutrophil chemotaxis (190).

Serpin Al seems to have several potential mechanisms of HIV inhibition from

viral entry to the replication cycle of HIV-1. The C- terminal fragment of serpin Al
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interacts with the gp41fusion peptide and blocks different strains of HIV-1 entry as well
as ART resistant HIV-1 entry (191). It also blocks the host cellular protein furin that
cleaves gp160 into gp120 and gp41(192). The C-terminal 26-residue of serpinAl also
inhibits HIV LTR driven transcription (193). HIV protein PR (an aspartyl protease) that
is necessary for gag-pol polyprotein processing is inhibited by serpinA1(192). In PBMCs
and monocytic cells, serpin Al decrease HIV replication by decreasing NFkB activity
(194). A recent study by Zhou et al suggested that serpin Al also inhibits NF«B activity
in follicular DCs. The nuclear translocation of NFkB factor from cytoplasm to nucleus is
necessary for HIV transcription that occurs after degration of IkBa protein in cytoplasm.
Serpin Al is able to block this IkBa degradation by altered polyubiquitination and
prevent NFkB translocation (195).

Breaches of the surface epithelium increase HIV transmission and in this case a
rapid wound healing process is desirable. While, elastase impairs wound healing by
degrading fibronectin, serpin Al can inhibits this action (179). A recent cross-sectional
study confirmed the significantly lower serum serpin Al level in HIV infected patients
compared to healthy individuals and that the levels were lower when the CD4 count is
below 200 cells/uL (196).

Taken all together it is clear that serpin Al has a potential role in the inhibition

of protease mediated HIV-1 infection.

10.2. Serpin A3 or al antichymotrypsin (ACT) also belongs to the serpin
superfamily. It is present in blood and contains 423 amino acids and has a molecular

mass of 55-66kDa. It acts as an inhibitor of cathepsin G, mast cell chymase, pancreatic
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chymotrypsin, and Kallikrein 2,3. It is also an acute phase protein and ACT gene
expression in hepatic cells is modulated by IL-1, IL-6 and in astrocytes by oncostatin M.
The plasma level of SerpinA3 is 220+40ug/ml and half life is 4-5 days (197).

Cathepsin G is present in neutrophil granules and is found strongly associated
with serpin A3. Cathepsin G is also present in cervical secretion. At the site of
inflammation, it is released by neutrophils and kills the pathogen and activates
proinflammatory cytokines IL-13 and TNF-o. If it is not controlled by serpins it may lead
to tissue damage (173). Cathepsin G also acts as a chemo attractant for neutrophils and
stimulates T-cells, which are targets for HIV-1-infection (198). In addition, cathepsins
can enhance HIV-1 infection by cleaving anti-viral factors such as RANTES, and MIP-
3a (199). Inhibition of this cathepsin G by serpin A3 is one vital mode to inhibit HIV-1

infection.

41



11. Rationale for this project

Recent evidence has shown that HIV-resistant women over-express specific
serpin antiproteases in their cervical mucosa. Due to the known antiviral function of both
serpin A1, and serpin A3 against HIV-1 infection, and their known roles in inflammation,
an in-depth examination (quantification of serpins, relationship with plasma serpin levels,
association of serpins with biological/epidemiological confounders) of these proteins in

HIV-R women was conducted.
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12. Hypothesis

The global hypothesis of my Master's project is that the levels of clade A serpins are
elevated in the cervical mucosa of highly HIV-1 exposed seronegative (HESN) women and
that these levels correlate to HIV-1 resistance. These mucosal serpins also correlate to
systemic levels and their expression levels in the mucosal compartment vary due to
epidemiological confounders like sexual practices, contraceptive use, menstrual cycle or
concurrent infections.

To test this hypothesis, this thesis attempts to fulfill three specific objectives:
Objective 1: To measure the serpin Al and A3 levels in CVL fluid from HIV-1-
resistant/HESN and susceptible individuals and determine if there is any statistical difference

between the groups.

Objective 2: To determine if mucosal serpin expression is correlated to systemic serpin

expression.

Objective 3: To determine the impact of epidemiological and clinical factors upon mucosal

serpin expression.
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13. Materials and methods

13.1. Study population

The Pumwani Sex Worker Cohort was established in 1985 in the Pumwani district
of Nairobi to study the immunobiology and epidemiology of STIs including HIV. This is an
open cohort that currently comprises more than 3000 commercial sex workers (CSW), of
which approximately 1100 individuals are in active follow-up. In addition to research, this
cohort is provided with free medical care, STI and HIV prevention services like counseling
on safe sex, condom use and anti-retroviral treatment for infected individuals. The enrollees
in this cohort are recalled biannually to participate in a resurvey to collect biological samples
such as blood, cervico vaginal lavage (CVL) fluid, cervical mononuclear cells (CMC) for
HIV research and STI testing. A resurvey form is filled out which gives the information
about patient’s detailed medical background, gestational and menstrual history and also
provides the chronicles of sexual practices of these women. The women in this cohort are
divided into three study groups based on their HIV status and follow-up period by this
cohort.

HIV-1 Resistant women (HIV-R): these women have been followed for more than
7 years, continuing sex work and remain HIV negative by both serology and Reverse
transcription polymerase chain reaction (RT-PCR). Currently 150 such individuals are
identified in this cohort.

HIV-1 Susceptible Non-resistant/ HIV-negative Sex Workers (HIV-N): this
group is the HIV uninfected individuals who recently enrolled in this cohort and have not

been followed for a long enough period to be considered resistant. We expect that the
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majority of these women are susceptible to HIV-1 as 85% will eventually seroconverted in 7
years.

HIV-Positive women (HIV-P): These women are all HIV-positive, some of them
were positive when enrolled in this cohort and some seroconverted either from HIV-R or
HIV-N status over the year. They are at various stages of HIV disease and some of them

have already progressed to AIDS.

13.2. Study subjects for this project

For this project, CVL samples were collected from 84 resistant/HIV-1 highly
exposed seronegative (HESN), 66 HIV-1 positive and 82 HIV-1 negative sex workers from
the Pumwani cohort. The negative group was further divided into two groups. According to
definition, HIV-negative individual are those who have been in the cohort for less than 7
years. However, some sex workers were found in the cohort for less than 7 years but their
exposure time to HIV-1 due to sex work was more than 7 years. So this HIV-N group is
categorized as:

1) In the cohort <7 years and engaged in sex work <7 years=52 sex workers

2) In the cohort <7 years but engaged in sex work >7years=30 sex workers

Plasma samples were collected for the 2™ part of the project. A total of 27 plasma
samples were collected from the following groups: 9 plasma samples from HIV-R, 7 from
HIV-P, 8 from HIV-N<7 years exposure and 3 from the HIV-N>7 years exposure group. The
number of plasma samples was low because to see the correlation of mucosal and systemic

serpin levels, it was necessary to find plasma samples that were collected at the same time as
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the CVL samples. As it is a large cohort, blood and CVL collections from every individual at
the same time were not possible and 27 samples were found to be collected along with CVL

samples for this study.

13.3. Collection of cervico-vaginal lavage (CVL) samples

Consent was obtained from each participant and the physician or nurse explained
the procedure to her before collecting the samples. Women who were menstruating at that
time were asked to return at a later date for the examination and sample collection. CVL
samples were collected by washing the ectocervix with 2ml of sterile 1x phosphate buffered
saline (PBS) and the lavage was collected from the posterior fornix by the syringe. Samples
were placed into a 15ml conical tube, centrifuged to remove cellular debris, and the

supernatant was stored at -80°C until shipment back to Winnipeg in liquid nitrogen. Samples

were frozen at -80°C until further analysis.

13.4. BCA protein assay (bicinchoninic acid)

Protein concentration of each sample was measured by BCA protein assay
(catalog no. 71285, Cedar lane) according to the manufacturer’s protocol. In brief, BSA
was prepared over the range of 0-1000 ug/mL in sterile eppendorf tubes. The working
reagent was prepared by combining 200 ul of BCA solution with 4 ul of 4% cupric
sulfate per sample.

Twenty-five pl of diluted samples (1:2) and standard were transferred in
duplicate to an ELISA plate. Two hundred pl of working reagent was added to each

sample, shaken briefly on a rocker (Bellco: Rocker Platform 7740-10010) and incubated
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at 37°C for 30 minutes. After incubation, samples and standards were read at 562 nm on a

microplate reader (Molecular Devices 02500: SPECTRA max PLUS 384).

13.5. Silver stain

Silver staining of each sample was done by using the SilverQuest staining kit
(catalogue number LC6070, Invitrogen) according to manufacturer’s protocol. In brief, one
ug of each protein sample was loaded onto a 4-12 % NuPAGE® SDS-PAGE gradient gel
and electrophoresed at 200 V for approximately 40 minutes using a gel electrophoresis unit
(XCell4 SureLock™ Midi-Cell Runner oe: Invitrogen). After electrophoresis, the
polyacrylamide gel was rinsed with ultra pure water and fixed with 100 ml of fixative for 20
minutes with gentle rotation. Then the gel was washed with 30% ethanol for 10 minutes and
incubated with 100 ml of Sensitizing solution for another 10 minutes. Following the wash of
gel again with 30% ethanol and then ultra pure water, the gel was incubated in 100 ml of
staining solution. After washing the gel again, the Developer was added to the gel for 4-8
minutes and once the appropriate staining intensity was achieved, 10 ml of Stopper solution
was added directly to the gel while still immersed in developing solution. Then finally the gel

was washed with ultra pure water and the image was taken.

13.6. Serpin A1 ELISA reagents and protocol

Serpin Al ELISA was performed using a commercially available human A1AT
ELISA kit (Immunology Consultants Laboratory, Inc. Newberg, OR), according to the
manufacturers’ protocol. The serpin Al ELISA kit consisted of a flat-bottomed 96 wells

plate coated with anti-Alpha 1-Antitrypsin antibody, diluent concentrate/running buffer,
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wash solution, enzyme- antibody conjugate-Human Alpha 1-Antitrypsin antibody
conjugated with horseradish peroxidase in a stabilizing buffer, Chromogen-substrate
solution-3, 3°, 5, 5’-Tetramethybenzidine (TMB) and hydrogen peroxide in citric acid
buffer, Stop solution containing 0.3 M sulfuric acid and Lyophilized Human Alpha 1-
Antitrypsin calibrator for standard.

This is a double antibody sandwich ELISA. The anti-Alphal-Antitrypsin
antibodies were adsorbed to the surface of polystyrene 96— microtitre wells. To prepare
the standard, 3ul of Human Alpha-1 Antitrypsin Calibrator was mixed with 932ul of 1X
Diluent concentrate in sterile eppendorf tubes and then added in duplicate and serially
diluted from 500ng/ml to 7.81ng/ml to the ELISA plate. Next, 100ul of each CVL
samples were added in duplicate and in a 1:2 dilution into the pre designated well and
incubated at 37°C for 60 min. Following incubation, plates were washed for four times
with diluted wash solution to remove unbound proteins and 100ul of Anti-A1AT-HRP
Conjugate was added and then incubated for 30 minutes in the dark. Following another
washing step, 100ul of Chromogenic substrate TMB was added into each well and after
10 minutes incubation, 100ul of Stop Solution was added and the plates was read on an
ELISA plate reader (SpectraMax 190; Molecular Devices, Sunnyvale, CA, USA) at 450
nm. The quantity of serpin Al was measured based on the standard curve and all samples
were run blinded.

After obtaining total (ng/ml) serpin Al levels, they were normalized to the total
ug of protein (ng/pg) measured by the BCA assay. Only total levels of serpin A1 were

determined in plasma samples and normalized by volume.
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13.7. Serpin A3 ELISA protocol

Serpin A3 ELISA was done by Alpha 1-Antichymotrypsin ELISA Kit
((lmmunology Consultants Laboratory, Inc. Newberg, OR), following the same protocol
as serpin Al. The 96 wells plate was coated with anti Human Alpha-1 Antichymotrypsin
antibodies. To prepare the standard, 80ul of Human Alpha-1 Antichymotrypsin
Calibrator was mixed with 592ul of 1X Diluent concentrate in sterile eppendorf tubes and
added in duplicate and serially diluted from 400ng/ml to 6.25ng/ml to the ELISA plate.
Next, 100ul of each CVL samples were added in duplicate and in a 1:2 dilution into the
pre designated well and incubated at 37°C for 60 min. Following incubation, plates were
washed for four times with diluted wash solution to remove unbound proteins and 100pul
of Anti-A1AT-HRP Conjugate was added and then incubated for 15 minutes covered in
dark. Following another washing step, 100ul Chromogenic substrate TMB was added
into each well and after 5 minutes 100ul of Stop Solution was added and the plates was
read on an ELISA plate reader (SpectraMax 190; Molecular Devices, Sunnyvale, CA,
USA) at 450 nm. The quantity of serpin A3 was measured based on the standard curve
and all samples were run blinded.

Total (ng/ml) serpin A3 levels were normalized to the total pg of protein (ng/ng)
measured by the BCA assay. Also, total levels of serpin A3 were determined in plasma

samples and normalized by volume.

13.8. Western Immunoblot

One pg of protein from each sample was loaded onto a 4-12 % NuPAGE® SDS-

PAGE gel and electrophoresed at 200 V for approximately 40 minutes using a gel
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electrophoresis unit (XCell4 SureLock™ Midi-Cell Runner oe: Invitrogen). The gel was
rinsed with ddH20O, and proteins were transferred onto a nitrocellulose membrane using
the Invitrogen iBlot® gel transfer device according to the manufacturer’s instructions.
The blots were blocked with 5% non-fat milk for 1 hour at room temperature, incubated
overnight at 4°C with the appropriate dilution (1:1000) of primary antibody. The blots
were then washed 3-times with TBST, and incubated with the appropriate horseradish
peroxidase (HRP-) conjugated secondary antibody (1:5000 dilution). The bands were
developed with Immobilon detection reagent (Millipore). The primary antibodies used
and catalogue numbers were as follows: serpin Al (alpha 1 antitrypsin) (Abnova:

PAB11182); serpin A3 (alpha 1 antichymotrypsin) (Abcam: ab54693).

13.9. Statistical analysis

Statistical analysis was performed using Prism Statistical software (version 5).
The ELISA data show the mean and standard error of aggregate values. Across group
variations for protein expression data, clinical information was calculated by non-
parametric Kruskal-Wallis statistical test (1-way Anova) and inter-group variations were
analyzed using unpaired two-tailed Mann-Whitney t- tests. These non-parametric tests
were used because the data were not assumed to follow a normal/Gaussian distribution.
Significant differences were those that had p values of <0.05.

Associations between protein expression information and clinical data sets were
calculated using nonparametric Spearman correlation tests (at 95% confidence intervals),

which generated both p and R values, where p values <0.05 were deemed significant.
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14. Results

The results section of this thesis is divided into four sections:
14.1. Section I: Protein assays of CVL samples

14.1.1. Analysis of protein levels in CVL samples by BCA assay

14.1.2. Silver staining gels were used to confirm results in selected CVL
samples

14.2. Section II: Measurement of serpin Al and serpin A3 levels in CVLs of
commercial sex workers from Kenya

14.2.1. Total serpin A1 measurement (ng/ml) by ELISA kit and normalized
them per pg of sample protein concentration (ng/ug)

14.2.2. Total serpin A3 measurement (ng/ml) by ELISA kit and normalized
them per pg of sample protein concentration (ng/ug)

14.2.3. Western blots to confirm the ELISA result

14.2.4. Correlation of CVL serpin Al and A3

14.3. Section III: Measurement and characterization of serpin A1 and serpin
A3 levels in Plasma samples of commercial sex workers from Kenya

14.3.1. Correlation of CVL and plasma concentration of serpin Al and A3

14.3.2. Correlation of plasma serpin A1 and A3

14.4. Section IV: Association of serpin Al and serpin A3 with
Epidemiological Variables
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Section |

Protein assays of
cervico-vaginal lavage samples
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14.1.1. Analysis of protein levels in CVL samples by BCA assay:

Protein concentrations of 232 cervico-vaginal lavage (CVL) samples collected
from women of the Pumwani sex worker cohort were measured by the BCA protein assay
before performing the ELISA. The result did not show any significant difference between
four groups (p=0.4083): 84 HIV-resistant (meant SEM=371.2+27.70ug/ml), 66 HIV-
positive (meant SEM=355.0 £29.12 ug/ml), 30 HIV-negative and >7years exposure
(HIV-N>7years) (meant SEM=455.0£51.79 ng/ml) and 52 HIV-negative and <7 years

exposure (HIV-N<7 years) (meant SEM=396.1+37.95 pg/ml) (Figure 1).
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Figurel: Protein expression in CVL samples. Total protein concentrations of 232
CVL samples (HIV-R=84, HIV-P=66, HIV-N<7 years exposure=52 and HIV-N>7years
exposure=30) were measured by BCA protein assay. Horizontal bars represent the mean
+/- the standard error of the mean. Both Kruskal-Wallis (1-way Anova) and unpaired
two-tailed Mann-Whitney statistical tests were performed to assess expression differences

between groups (95% confidence level, or p < 0.05).
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14.1.2. Silver staining of selected CVL samples to confirm the
results of protein assay:

After measuring the protein concentration of all CVL samples by BCA protein
assay, silver staining was performed to observe protein band variation and confirm the
BCA protein assay. Five CVL samples with high protein concentration (400-1000ug/ml)
and four CVL samples with low protein concentration (<400ug/ml) measured by BCA
assay were selected for silver stain. For positive control, BSA protein at different
concentration (1ul, 2ul and 4ul) was established and loaded onto the 4-12% SDS-PAGE
gradient gel (lane 10-12). The lane-13 was used for the molecular weight marker. Based
on figure 2, the silver stained SDS polyacrylamide gels showed high protein concentrated
CVL samples with strong visible bands ranging from 10-110kDa (lane 5-9), whereas
band intensity was not so strong for CVL samples with low protein concentration (lane 1-
4). These results confirmed the BCA assay results by showing a greater number of bands
and intensity in high protein samples.

Serpin Al and serpin A3 have known molecular weights of 55-65 kDa and the
main reason of doing this silver stain was to confirm the presence of proteins in this
molecular weight range. This result is consistent with the study by Burgener et al. that

also found different molecular weight proteins in CVL fluid (14).
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Figure 2: Silver staining of SDS-PAGE separated CVL proteins. Patient samples
determined to be low (lane 1-4) or high (lane 5-9) protein concentration samples by the
BCA assay were subjected to SDS-PAGE and silver staining. ML-xxxx corresponds to
patient sample codes. Lane 10 tol2, positive control (BSA protein, 4ul, 2ul and 1uL

respectively) and lane 13, molecular size marker.
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Section I1
Measurement of serpin Al and serpin

A3 levels in cervico-vaginal lavage of
commercial sex workers from Kenya
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14.2.1. Characterization of serpin A1 levels in CVL samples:

In order to determine the level of serpin Al in CVL samples and their
association with HIV resistance, total serpin protein levels for 232 CVL samples
collected from 2008-2010 resurveys were measured by a commercially available human
A1AT ELISA Kkit. As seen in figure 3(a), detectable levels of total serpin A1 were found
in 84 HIV resistant (HIV-R; mean £SEM=3.0£0.065 ng/ml, median=3.0 ng/ml), 66 HIV
positive (HIV-P; meant SEM=2.9+0.071ng/ml; median=2.90 ng/ml), 30 HIV negative
and exposed to HIV >7years (HIV-N>7years exposure; meant SEM=2.9+0.149ng/ml,;
median=3.0 ng/ml) and 52 HIV-negative and exposed to HIV<7 years (HIV-N<7 years
exposure; meant SEM=2.8+0.083ng/ml, median=2.9 ng/ml) samples. There was no
significant increase in total (not normalized) serpin Al level in HIV R women as
compared to the other three groups.

Serpin Al levels were then normalized to protein content. Here a significant
difference was found between HIV- resistant (HIV-R; meant SEM=0.48+0.05ng/ug,
median=0.44 ng/ug) and HIV-N<7 years exposure group (meant SEM=0.29+0.07ng/ug,
median=0.31ng/ug) (p value= 0.0470*) (figure 3b). The normalized serpin Al level/total
protein concentration was also found to be different between HIV-positive (meanz
SEM=0.44+0.05ng/ug, median=0.50ng/ug) and HIV-N<7 years exposure group but did
not reach the significance level (p value=0.0526). There was no difference of normalized
serpin Al level between HIV resistant and HIV-N >7years groups (meanz

SEM=0.33+0.10ng/ug, median=0.41ng/ug).

58



4 LY}
v
gog* . n Y
oc...' ..l-. "v v
sgees L R Tev
P .' I. L ‘A
20 o T

SerpinA1 (ng/ml), log (y) transform

. ]
:.:8 .::=- A“‘:‘A
.
e2282 " “
n Aaa
L] u L]
2 ®seg . ‘a ':
b L ah vy
* Ll A v
[ ]
1 .
C L] L) T L)
& K ﬂ $
i & & &
5% o ¢ :
& & o >
< eﬂ? o

Figure 3a: Serpin Al per volume of CVL samples measured by ELISA. Serpin Al
levels were measured in 232 CVL samples (HIV-R=84; HIV-P=66; HIV-Negative<7
years exposure=52; and HIV-N>7years exposure=30) by using a commercially available
human AL1AT ELISA kit. This figure shows total (ng/ml) concentration of serpin Al
level. Both Kruskal-Wallis (1-way Anova) and unpaired two-tailed Mann-Whitney
statistical tests were performed to assess expression differences between groups (95%
confidence level, or p < 0.05). Horizontal bars represent the mean +/- the standard error

of the mean.
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Figure 3b: Normalized serpin Al level in CVL samples. This figure shows normalized
serpin Al levels to the total protein concentration (ng/ug of protein) of CVL samples. the
CVL samples were grouped based on HIV-status: HIV-R,n=84; HIV-P, n=66; HIV-
N<7years exposure, n=52 and HIV-N>7years exposure, n=30. Horizontal bars represent
mean levels +/- the standard error of the mean. All samples were run in duplicate. Both
Kruskal-Wallis (1-way Anova) and unpaired two-tailed Mann-Whitney statistical tests
were performed to assess expression differences between groups (95% confidence level,

or p <0.05).
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14.2.2. Measurement of serpin A3 levels in cervico-vaginal lavage
(CVL) samples:

In order to determine serpin A3 levels in CVL and their association with HIV
resistance, serpin A3 protein levels were measured using the same 232 CVL samples
collected from 2008-2010 resurveys by a commercially available human Alpha 1-
Antichymotrypsin ELISA Kits. As seen in figure 4a, detectable levels of total serpin A3
were found in HIV-R (n=84; meant SEM=1.99+0.07ng/ml, median=2.10 ng/ml), HIV-P
(n=66; meant SEM=1.89+0.06ng/ml, median=1.94ng/ml), HIV-N>7years exposure
(n=30; mean £SEM=2.02+0.14ng/ml, median=2.11ng/ml) and HIV-N<7 years exposure
(n=52; mean +*SEM=2.02+0.08ng/ml, median=2.14ng/ml) individuals. There was no
significant difference in the serpin A3 levels in HIV R women as compared to other three
groups.

Additionally, normalized serpin A3 levels to the total protein concentration in
four groups did not show any significant difference (figure 4b): HIV Resistant (meant
SEM=-0.47+0.05ng/ug, = median=-0.40ng/ug), HIV  positive (meant SEM=-
0.55+0.05ng/ug, median=-0.54ng/ug), HIV Negative<7 years exposure (meant SEM=-
0.49+0.07ng/ug, median=-0.36ng/ug) and HIV negative>7years exposure (mean+ SEM=-

0.58+0.12ng/ug, median=-0.45ng/ug).
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Figure 4a: ELISA of serpin A3 in the CVL samples of commercial sex workers.
Serpin A3 levels per volume of CVL samples (ng/ml) were measured in duplicate by
Alpha 1-Antichymotrypsin ELISA kit. The CVL samples were grouped based on HIV-
status: HIV-R,n=84; HIV-P, n=66; HIV-N<7years exposure, n=52 and HIV-N>7years
exposure, n=30. Both the Kruskal-Wallis (1-way Anova) and unpaired two-tailed Mann-
Whitney statistical tests were performed to assess expression differences between groups
(95% confidence level, or p < 0.05). Horizontal bars represent mean levels +/- the

standard error of the mean.
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Figure 4b: Normalized serpin A3 level to the total protein concentration in CVL
samples. Serpin A3 levels measured by ELISA were normalized to the total protein
concentration (ng/ug) of CVL samples of 84 HIV-R; 66 HIV-P; 52 HIV-N<7years
exposure, and 30 HIV-N>7years exposure individuals. Both the Kruskal-Wallis (1-way
Anova) and unpaired two-tailed Mann-Whitney statistical tests were performed to assess
expression differences between groups (95% confidence level, or p < 0.05). Horizontal

bars represent mean levels +/- the standard error of the mean.
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14.2.3. Confirmation of ELISA Kit results by Western blot:

Western blots were performed to confirm the specificity and accuracy of the
serpin Al and A3 ELISA Kits. Six individuals (HIV-R, ML-1978, 2001; HIV-P, ML-
2269, 1941; HIV-N, ML-2296, 2171) with high (3000 ng/ml -10,000 ng/ml) and six
individuals (HIV-R, ML-881, 1668; HIV-P, ML-1862, 1248, HIV-N, ML-2104, 2357)
with low (1ng/ml-50ng/ml) serpin Al levels were chosen to confirm serpin A1 ELISA
result. 1 pg of serpin Al from each sample was resolved by 4-12% Bis-tris SDS-PAGE
gradient gel, transferred to nitrocellulose membranes (lanes 2-13). Lyophilized Human
Alpha 1-Antitrypsin calibrator from serpin A1 ELISA Kit, used as a positive control
(lane-14). Molecular weight marker (MWM) was loaded in lane 1. The blots were
blocked with 5% non-fat milk for 1 hour at room temperature, incubated overnight at 4°C
with the appropriate dilution (1:1000) of rabbit polyclonal antibody raised against native
serpin Al (Abnova; PAB11182). The blots were then washed 3-times with TBST, and
incubated with the appropriate horseradish peroxidase (HRP-) conjugated secondary
antibody (1:5000 dilution). After following rest of the procedure, the result showed a
number of visible bands ranging from 40-70 kDa (lanes 2-7) but there were no visible
bands in lanes 8-13 (Figure 5a) and confirmed the expression of serpin Al in CVLs.

For serpin A3, six individuals (HIV-R, ML-1954, 1978; HIV-P, ML-2227, 2169;
HIV-N, ML- 2459, 2330) with high (400 ng/ml -1700 ng/ml) and six individuals (HIV-R,
ML-2012, 881; HIV-P, ML-1947, 1805; HIV-N, ML- 2171, 2380) with low (2ng/ml-
75ng/ml) serpin A3 were chosen to confirm serpin A3 ELISA result. For this experiment,
two separate 4-12% Bis-tris SDS-PAGE gradient gels were used. In one gel, 1ug of

protein from each samples with high serpin A3 level was loaded (lanes 3-8) along with
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Human Alpha-1 Antichymotrypsin Calibrator from serpin A3 ELISA kit as a positive
control (lane-2). MWM was loaded in lane-1. 1ug of protein from samples with low sepin
A3 level was loaded onto a separate gel (lanes 9-14). Lane 15 was used for positive
control (Human Alpha-1 Antichymotrypsin Calibrator) and lane-16 for MWM. Following
the same procedure as serpin Al, the blots were incubated overnight at 4°C with the
appropriate dilution (1:1000) of mouse monoclonal antibody raised against native serpin
A3 (Abcam: ab54693). After washing the blots 3-times with TBST, they were incubated
with the appropriate horseradish peroxidase (HRP-) conjugated secondary antibody
(1:5000 dilution). Based on figure 5b, proteins from samples with high serpin A3 levels
illustrated appropriate bands ranging from 35kDa to 60kDa markers (lanes 3-8), but we
did not observe any expression of proteins with low serpin A3 levels (lanes 9-14).

To confirm the concentration of serpins obtained by ELISA, volumetric analysis
was performed to quantify the band intensities for serpin Al and A3 immunoblots. The
relative intensity patterns of the immunoblots did not correlate with the ELISA results of
serpin Al (p=0.1874) and A3 (p=0.4075). However, one caveat of the WB and the
ELISA was that they used different antibodies (1 antibody for WB; 2 different antibodies
for ELISA capture and detection) and there was a possibility that each assay might be
measuring different/specific isoforms or cleaved forms of serpins. Additionally, with only
12 samples (6 per group), we might not have statistical power to prove it. More works
need to be done to be able to generate reagents or antibodies for WB and ELISA, or
assays to more precisely detect serpin A1/A3 and all their potential isoforms found in
CVL samples. Overall, these results validate the serpin expressions obtained by using

commercial ELISA kit.
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Figure 5a: Immunoblot analysis of serpin Al levels: lug of protein from six
individuals with high serpin Al levels (lanes 2-7) and six individuals with low serpin Al
levels (lanes 8-13) was resolved by a 4-12% SDS-PAGE gradient gel, probed by specific
antibody and immunoblotted for detection of serpin Al. Positive control shown in lane 14
illustrating appropriate antibody was able to detect proteins of interest. Molecular weight

marker was in lane-1.
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Figure 5b: Immunoblot analysis to confirm serpin A3 levels determined by ELISA.
Lanes 3-8 were used for CVL protein (1ug) from six individuals with high serpin A3
levels and lanes 9-14 were for six individuals with low serpin A3 levels. All samples
were subjected to reducing on a 4-12% SDS-PAGE gradient gel and immunoblotted for
detection of serpin A3 by using mouse monoclonal antibody raised against native serpin
A3. Positive control shown in lanes 2 and 15 illustrating appropriate antibody was able to

detect proteins of interest. Lanes 1 and 16 were used for molecular weight marker.
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14.2.4. Correlation of serpin A1 and A3 levels in cervical lavage
samples:

Serpin Al and A3 plasma levels increase during infection or inflammation and
can increase three to four fold during acute phase events (200). It is unknown if they have
any correlation with levels in the mucosal compartment of the female genital tract. To
answer this question, serpin Al and A3 levels normalized to volume (figure 6a) and to
the total protein concentration (figure 6b) of CVL samples from all the four groups
(n=232) were used and the nonparametric Spearman correlation test (at 95% confidence
intervals) was performed, where p values <0.05 were deemed significant. Figure 6a and
6b showed that serpin Al and serpin A3 levels normalized to volume or to the total
protein concentration were tightly correlated (p=0.0001***). When the correlation of
serpin Al and A3 levels was performed in different groups (HIV-R, HIV-P and HIV-N),

the results showed that serpin Al and A3 levels were positively correlated.
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Figure 6: Correlation of serpin Al and serpin A3 levels in CVL. Both normalized to
volume (ng/ml) (a) or to total protein concentration (ng/ug) (b), serpin Al and A3 levels
were compared in CVL fluid of commercial sex workers and showed a strong correlation.
Nonparametric Spearman correlation tests (at 95% confidence intervals) were performed,

where p values <0.05 were deemed significant.
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Section III
Comparison of serpin A1 and serpin A3

levels in mucosal and systemic
compartments
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14.3.1. Comparison of plasma and mucosal levels of serpins

To determine if mucosal serpin levels correlated to systemic levels, plasma
samples from selected individuals (total=27, HIV-R=9, HIV-P=7, and HIV-N=11) were
chosen and plasma serpin Al and A3 levels normalized to volume were determined by
ELISA and compared to mucosal serpin levels. To see the correlation, it was necessary to
select the plasma samples that were collected simultaneously with CVL samples. Only 27
plasma samples selected for this study were obtained at the same time as the CVL
samples. Nonparametric Spearman correlation tests (at 95% confidence intervals) were
performed, where p values <0.05 were deemed significant. Figure 7a and 7b showed no
correlation of CVL serpin Al levels (p=0.30) and serpin A3 levels (p=0.76) with plasma

serpin Al or A3 levels.
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Figure 7: Correlation of serpin Al and A3 levels in CVL and plasma. Serpin Al and

A3 levels were determined in 27 plasma samples (HIV-R=9, HIV-P=7, and HIV-N=11)

by ELISA and compared with CVL serpin Al and A3 levels. Correlation of plasma and

CVL serpin Al levels (a) or A3 levels (b) normalized to volume was measured by

Nonparametric Spearman correlation test (at 95% confidence intervals), where p values

<0.05 were deemed significant.
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14.3.2. Comparison of plasma serpin A1 and A3 levels

Serpin Al and A3 expression correlated mucosally, but it is unclear if this trend
is evident in the plasma compartment. As these are acute phase proteins our hypothesis
was serpin Al and A3 levels would be similar in this compartment. SerpinAl levels from
the same 27 plasma samples were compared against serpin A3 levels and nonparametric
Spearman correlation test (at 95% confidence intervals) was performed, where p values
<0.05 were deemed significant. Figure 8 revealed no association between the two serpins

in plasma (p=0.7607).
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Figure 8: Correlation of serpin Al and A3 in plasma. Serpin Al and A3 levels (per
volume) were measured in 27 plasma samples (HIV-R=9, HIV-P=7 and HIV-N=11) by
using ELISA kits and compared by Nonparametric Spearman correlation test (at 95%

confidence intervals), where p values <0.05 were deemed significant.
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Section IV

Association of serpin A1 and serpin A3
levels with epidemiological variables
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14.4. Correlation of serpin A1 and A3 levels with biological
confounders

Many behavioral and biological factors contribute to changes in protein
expression like pregnancy, nutrition status, and contraceptive use (200). Therefore, it was
necessary to determine if epidemiological variables like age, duration of sex work, client
numbers, condom use, contraceptive use, menstrual cycle, concurrent infection, and
menopausal status play any role in serpin expression in CVL samples from HIV-resistant
and susceptible women. All correlations were performed on 232 women pooled together
and then with 84 HIV-resistant women alone to investigate if these confounders were

affecting resistant women only.

14.4.1. Relationship of serpin expression levels with age

The mean age of the HIV-resistant group was significantly higher than other
groups (p<0.05), since by definition the resistant group was enrolled in the sex worker
cohort for at least 7 years of follow-up and engaged in sex work for > 7 years. To
determine whether age had any role behind the higher level of serpins, serpin Al and
serpin A3 expression levels were compared against age and a nonparametric Spearman
correlation test (at 95% confidence intervals) was used, where p values <0.05 were
deemed significant. In figure 9a, serpin Al (p=0.7829) and serpin A3 (p=0.5258)
expression levels were found to be not associated with age. Resistant women also showed
lack of association of serpin expression levels with their age (Serpin Al p=0.71, A3

p=0.39) (Figure 9b).
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Figure 9: Correlation of serpin expression levels with age in a) HIV-R, HIV-P and
HIV-N groups and b) HIV- resistant group. Association of serpin Al and A3 levels
(normalized to total protein concentration) in a) 232 CVL samples (HIV-R=84, HIV-
P=66 and HIV-N=82) and b) 84 CVL samples from HIV-1 resistant individuals with age
was calculated using a nonparametric Spearman correlation test (at 95% confidence

intervals), where p values <0.05 were deemed significant.
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14.4.2. Relationship of serpin expression level and repeated
immune stimuli in the FGT

Longer duration of sex work may account for changes in the immune system and
protein expression of the FGT as evidence suggests that sexual intercourse has an impact
on FGT immunology (162). To determine whether exposure to HIV for different time
periods had any effect on serpin expression levels, duration of their sex work was
compared against serpin levels in all HIV groups (HIV-R=84, HIVV-P=66 and HIV-N=82)
and only in the 84 HIV-R group by using a non-parametric Spearman correlation test.
Figure 10a revealed that there is no association of serpin expression levels with duration
of sex works in 232 women (serpin Al: p=0.5746 and A3: p=0.1409). In the HIV-
resistant group serpin Al (p=0.6153) and A3 (p=0.2490) expression levels showed lack

of association with duration of sex work (Figure 10b).
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Figure 10: Correlation of serpin expression levels with duration of sex works in a)
all HIV groups and b) HIV-resistant group. A comparison of serpin Al and A3
expression levels in CVLs from a) 232 individuals (84 HIV-R, 66 HIV-P and 82 HIV-N)
and b) 84 HIV-R commercial sex workers with duration of sex work was conducted
using a nonparametric Spearman correlation test (at 95% confidence intervals), where p

values <0.05 were deemed significant.
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14.4.3. Relationship of serpin expression with number of clients

To find out whether women who had a higher number of clients/day and
clients/week also had higher serpin Al and A3 levels in CVL, serpin Al and A3
expression levels were compared with the number of clients/day and clients /week and a
non-parametric Spearman correlation test was applied. Figure 11a revealed that serpin Al
(p=0.9251) and A3 (p=0.3713) expression levels did not have any association with client
number per day in 232 individuals. When they were measured in the HIV-resistant
women only, they revealed no association in between the variables (Figure 11b) (Al
p=0.9674, A3 p=0.8131). When serpins were compared with client numbers per week,
figure 12a showed no association of serpin Al (p=0.6033) and A3 (p=0.5915) expression
levels with clients/week in all groups. In HIV-resistant women, serpin Al and A3
expression levels also did not show any association (Al p=0.6292, A3 p=0.8131) (figure

12b).
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Figure 12: Correlation of serpin expression levels and client/week in a) all HIV
groups and b) HIV-resistant group. A comparison of serpin Al levels and A3 levels in
CVL of a) 232 women (HIV-R=84, HIV-P=66 and HIV-N=82) and b) 84 HIV-R group
with the number of client per week was conducted using a nonparametric Spearman
correlation test (at 95% confidence intervals), where p values <0.05 were deemed

significant.
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14.4.4. Relationship of serpin expression levels and condom use

Proper use of condoms can prevent sexually transmitted diseases (HIV, Syphilis,
gonorrhea) and unwanted pregnancy. Seminal fluid contains many protein factors and can
impact the mucosal environment of the female genital tract (201). For these reasons it is
possible that seminal exposure may impact mucosal serpin expression levels. Therefore
the reported frequency of condom usage was used as a measure of cumulative seminal
exposure and compared to serpin levels. Serpin Al and A3 expression levels were
compared with number of condom use per week first in all groups (irrespective of HIV
status) and then in HIV-resistant group only. Figure 13a showed that serpin Al and A3
expression levels in the total group did not associate with condom usage (p=0.2798,
0.5491 respectively). Serpin Al and A3 expression levels versus condom usage in HIV-
resistant women also revealed a lack of association (Al p=0.2496 and A3 p=0.1744)

(Figurel3b).
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Figure13: Correlation of serpin expression levels and condoms/week in a) all HIV
groups and b) HIV-resistant group. Association of serpin Al and A3 expression levels
in CVL from a) 232 commercial sex workers and b) 84 HIV-resistant women with self
reported condom use per week was calculated by a nonparametric Spearman correlation

test (at 95% confidence intervals), where p values <0.05 were deemed significant.
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14.4.5. Relationship of serpin expression levels and breaks from
sex work

Sex workers from the Pumwani cohort sometimes take temporary breaks like 2
weeks to 6 months due to various reasons (illness, moving from one place to another,
starting a business). Some stopped sex work due to age or to get married. We also found
some women who did not take any breaks in the year preceding this study. For this part
of the study we focused only on previous year’s data from the date of sample taken. To
investigate whether serpin levels vary with a change in sexual activity, women from this
cohort were divided into three groups: i) 106 women who did not take any break in a
year, ii) 100 women who took a short break (2 weeks to 6 months) and iii) 26 women
who stopped sex work. Figure 14a showed no significant difference between all HIV
groups (Al; p=0.67, A3; p=0.99). In the HIV-resistant group the breakdown was: i) 30
women did not take any break in a year, ii) 38 women took a short break and iii) 16
women who stopped sex work. Figure 14b also showed a lack of difference of serpin
levels in HIV-resistant individuals (serpin Al, p= 0.67; A3 p=0.54) and therefore, sex
breaks did not have any effects on serpin levels. Horizontal bars represent mean levels +/-

the standard error of the mean.
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Figure14: Correlation of serpins expression levels and sex break in a) all groups
and b) HIV-Resistant group. a) Serpin Al and A3 levels in 232 CVLs were categorized
into three groups to determine the impact of sex break on serpin expression levels: Never
been on a sex break (n=106), had a sex break (n=100) and stopped sex work (n=26). b) In
figure b, serpins from 84 HIV-R women were also divided into: Never been on a sex

break (n=30), had a sex break (n=38) and stopped sex work (n=16). Both Kruskal-Wallis
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(1-way Anova) and unpaired two-tailed Mann-Whitney statistical tests were performed to

assess expression levels between groups (95% confidence level, or p < 0.05).

14.4.6. Relationship of serpin expression levels and concurrent
infections in CVLs

In view of the fact that the women from this cohort are sex workers and exposed
to countless STIs and non-STIs that may alter their inflammatory response, it was
necessary to examine concurrent infection and inflammation of the FGT had any
influence on serpinAl and A3 levels. STlIs that were selected for this study included: any
symptomatic HSV-2 infections and non-STls included: pelvic inflammatory disease
(PID), vulvovaginitis, bacterial vaginosis, cervicitis, or candidiasis. The women with
urinary tract infection (UTI) were also added to this study to find out if serpin had any
role with UTI. Comparison of serpins levels in CVL from 232 women divided into i) 184
women with no history of infections at the time of sample collection, ii) 25 women with
STIs and non-STls and iii) 23 women with UTI in figure 15a showed no difference in
between groups and indicated that the concurrent infections in the female genital tract
were not likely to have affects on serpin levels (Al p=0.4031, A3 p=0.1244). When
compared in the HIV-resistant group (i) 68 women with no history of infections at the
time of sample collection, ii) 8 women with STIs and non-STIs and iii) 8 women with
UTI), further lack of association was noticed in figure 15b (Serpin Al p=0.2720, A3
p=0.2275). Both Kruskal-Wallis (1-way Anova) and unpaired two-tailed Mann-Whitney
statistical tests were performed to assess expression differences between groups (95%
confidence level, or p < 0.05). Horizontal bars represent mean levels +/- the standard

error of the mean.
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infections on serpin expression levels. b) In HIV-R group, serpins expression levels from
68 women with no history of infections at the time of sample collection, 8 women with
STIs and non-STIs and 8 women with UTI serpin levels were compared by Kruskal-
Wallis (1-way Anova) and unpaired two-tailed Mann-Whitney statistical tests (95%
confidence level, or p < 0.05). Horizontal bars represent mean levels +/- the standard

error of the mean.
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14.4.7. Relationship of serpin expression levels and number of
pregnancies

During pregnancy, numerous changes occur to protect the uterus and prevent
infections and it seems that pregnancy results in a pre-inflammatory or anti-inflammatory
state depending on the period of gestation (7). Therefore, it is possible for an alteration to
the FGT with an increased number of pregnancies. To investigate whether the number of
pregnancies had any effect on serpin Al and A3 levels, 232 women were grouped into
three groups: i) women with no history of pregnancy or with 1 or 2 pregnancies (n=89),
i) women who were pregnant for 3-4 times (n=93), and iii) women with 5 or more
pregnancies (n=50). Here the number of pregnancies applied only to how many times
they got pregnant but not on the outcome of the pregnancy (some turned into full term
pregnancy, some into still birth, abortion). Figure 16a showed no difference in serpin Al
(p=0.9722) and A3 levels (p=0.8912) in these groups and excludes the possibility of
elevated level of serpins due to number of pregnancy. We also looked at HIV-resistant
group only, where i) 26 women with no history of pregnancy or with 1 or 2 pregnancies,
i) 34 women who got pregnant 3-4 times and iii) 24 women with 5 or more pregnancies
were included for this study. Serpin Al (p=0.6896) and A3 (p=0.3228) revealed a lack of
association (Figure 16b). Horizontal bars represent mean levels +/- the standard error of

the mean.
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Figure 16: Correlation of serpin expression levels and number of pregnancies in a)
all groups and b) HIV-resistant group. Comparison of serpin Al and A3 levels a) in
232 CVL samples divided into: women with no history of pregnancy or with 1 or 2
pregnancies (n=89), women who were pregnant for 3-4 times (n=93), and women with 5

or more pregnancies (n=50) and b) in 84 HIV-resistant women divided into: 26 women
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with no history of pregnancy or with 1 or 2 pregnancies, 34 women who got pregnant 3-4
times and 24 women with 5 or more pregnancies was conducted to find out the effects of
number of pregnancies on serpin levels. Both the Kruskal-Wallis (1-way Anova) and
unpaired two-tailed Mann-Whitney statistical tests were performed to assess expression

differences between the groups (95% confidence level, or p < 0.05).

92



14.4.8. Relationship of serpins levels and last year of pregnancy

To investigate further whether the changes of uterus, cervix and vagina after the
pregnancy were related to elevated serpin Al and A3 levels, 232 women from the cohort
were divided into six groups according to the number of their last year of pregnancy. The
groups included: 1) women who were currently pregnant or had a baby 1 year earlier
(n=27), ii) women who were pregnant 2-5 years earlier (n=49), iii) women who had their
pregnancy 6-10 years earlier (n=35), iv) women who were pregnant 10-20 years earlier
(n=92), v) women who got pregnant 20 years earlier (n=21) and vi) those who never got
pregnant (n=8). Figure 17a showed no significant difference in the serpin Al (p= 0.6264)
and A3 levels (p=0.3103) in these groups. In HIV-resistant group, everybody had a
history of getting pregnant. So we divided them into five groups instead of six. We found
i) 8 women from the resistant group who were pregnant at the time of sample collection
or had a baby 1 year earlier, ii) 20 women who were pregnant 2-5 years earlier, iii) 12
women who had their pregnancy 6-10 years earlier, iv) 28 women who had their
pregnancy 10-20 years earlier and v) 11 women who got pregnant 20 years earlier. The
serpin Al (p=0.6602) and A3 levels (p=0.5515) in the HIV-resistant group did not show
any significant difference between groups. Horizontal bars represent mean levels +/- the

standard error of the mean.
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Figure 17: Correlation of serpins expression levels and last year of pregnancy

in a) all HIV- groups and b) HIV- resistant group. a) Serpin Al and A3 levels from

84 HIV-R, 66 HIV-P and 82 HIV-N individuals were divided into six groups based on

the last year of pregnancy to assess the effects on serpin expression levels by using the

Kruskal-Wallis (1-way Anova) and unpaired two-tailed Mann-Whitney statistical tests

(95% confidence level, or p < 0.05). b) 84 women from HIV-R group were divided into
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five groups and serpin Al and A3 levels were compared to see the effects on serpin

expression levels by the changes of FGT after last pregnancy.

14.4.9. Relationship of serpins levels and contraception

Women use many forms of contraception that modify hormonal cycles and alter
many constituents of the genital immune system (202). Therefore, the relationship
between serpin levels in CVL and different forms of contraceptives used by the women
of the cohort was evaluated. The types of contraception that were considered for this
study included: i) 21 women were on oral contraceptive pill (OCP) that comes in a
combined form containing estrogen and progesterone or a progesterone only pill. Their
main function is to suppress ovulation by keeping these hormones above normal baseline
level and inhibit luteinizing hormone (LH) and follicle stimulating hormone (FSH), ii) 37
women were on depovera which is an injection form of progesterone hormone that
inhibits follicular maturation, and thinning of cervical mucosa and uterine lining, iii) 101
women were found to use condoms which is the barrier method that influences genital
flora and immune system, iv) other methods like tubal ligation, intrauterine devices
(IUD), and herbal methods were placed under the “other” group (n=18). v) 55 women
were found who did not use any type of contraception. Figure 18a revealed no difference
in serpins levels (Al p=0.8514, A3 p=0.7426) because of different forms of
contraceptives. In HIV-resistant women, there was no significant difference of serpin

levels in five groups (Al p=0.4443, A3 p=0.0969) (Figure 18b).
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Figure 18: Correlation of serpins expression levels and contraception in a) all HIV-
groups and b) in HIV-resistant group. a) Comparison of serpin Al and A3 levels from
232 women divided into five groups based on contraceptive use (no contraception user
(n=55); OCP user (n= 21); depovera user (n=37); condom user (n=101), and other

contraceptive user (n=18)) was conducted by using the Kruskal-Wallis (1-way Anova)
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and unpaired two-tailed Mann-Whitney statistical tests (95% confidence level), where p
values <0.05 were deemed significant. b) Serpin levels from 84 HIV-resistant women
were also grouped into: 20 women who did not use any contraception, 7 women were on
oral contraceptive pill, 14 women used depovera, 35 women used condoms and 8 women
used other methods like tubal ligation, intrauterine devices (IUD), and herbal methods
and the Kruskal-Wallis (1-way Anova) and unpaired two-tailed Mann-Whitney statistical
tests were performed to see if contraception use had any effects on serpin expression

levels. Horizontal bars represent mean levels +/- the standard error of the mean.
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14.4.10. Relationship of serpin expression levels and menopause

There are systemic and local hormonal changes that take place during
menopause (7). Owing to the fact that estrogen levels decrease and that there are changes
in the genital immune functions due to these hormonal changes, it was necessary to
investigate whether serpin Al and A3 levels in the CVL differed due to menopausal
status. Unpaired two-tailed Mann-Whitney statistical test was performed to assess
expression differences between the groups (95% confidence level, or p < 0.05). A
comparison of serpin Al (p=0.1124) and A3 levels (p=0.0879) in premenopausal (n=202)
and menopausal women (n=30) from 232 women in the cohort reveals no significant
difference (figure 19a). When we investigated the serpin levels in resistant women only
we found 66 premenopausal and 18 menopausal women. Serpin Al (p=0.1177) and A3

levels (p=0.1311) showed no significant differences between the two groups (figure 19b).
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Figure 19: Correlation of serpin expression levels and menopause a) in all HIV
groups and b) in HIV-resistant group. Unpaired two-tailed Mann-Whitney statistical
test was performed to assess expression differences of serpin A and A3 between a) 202
pre-menopausal and 30 post-menopausal women from HIV-R, HIV-P and HIV-N groups

and b) 66 premenopausal and 18 postmenopausal women from the HIV-R group.
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14.4.11. Relationship of serpin expression levels and the menstrual
cycle:

Different phases of the menstrual cycle are regulated by different sex hormones
and many immunologic changes occur in the genital mucosa due to these hormonal
changes. Cervico- vaginal secretion analysis reveals that antimicrobials including SLPI,
human p-defensin-2, lactoferrin, chemokine and cytokine (IL-6 and IL-8) drop
significantly at the day 13 (beginning of secretory phase) and remain low for 7-10 days
and then rise at the proliferative phase starting from menstruation (7, 203). To investigate
whether these hormonal changes during the menstrual cycle had any effect on serpin
levels, 214 women were divided into four groups: i) 27 women were on oral
contraceptive pills (OCP) and were not having any menstruation, ii) 74 women were on
proliferative phase, iii) 85 women were on secretory phase and iv) 28 women were
menopausal. Both Kruskal-Wallis (1-way Anova) and unpaired two-tailed Mann-Whitney
statistical tests were performed to assess expression differences between groups (95%
confidence level, or p < 0.05). Figure 20(a) showed that serpin Al levels were
significantly high in the proliferative phase when compared with women who were on
OCP and not having any menstruation (p=0.0229*), women in secretory phase
(p=0.0275*) and women who were menopausal (p=0.0135*). There was no significant
difference between the other groups. On the other hand, serpin A3 level in proliferative
phase was higher than the menopausal women (p= 0.0490%). Serpin A3 level was also
tended to be higher in proliferative phase (p=0.0546) and in secretory phase (p=0.0878)
than women who were on OCP and not having any menstruation. The levels were also

tended to be high in secretory phase when compared with the menopausal women (p=
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0.0809). There was no significant difference in the serpin A3 level between proliferative
and secretory phases of menstrual cycle.

In the HIV-resistant group, 11 women were on oral contraceptive pills (OCP)
and were not having any menstruation, 25 women were on proliferative phase, 30 women
were on secretory phase and 17 women were menopausal. In figure 20b, serpin Al levels
tended to be higher in the proliferative phase when compared with the secretory phase
(p= 0.0832), but reached the significance level when compared with menopausal group
(0.0211%*). Serpin A3 levels were increased significantly in the proliferative phase when
compared t with those who were on OCP and not having any regular menses (p=0.0214%*)

and the menopausal group (p=0.0258%).
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Figure 20: Correlation of serpin expression levels in CVL and menstrual cycle in a)
all HIV groups and b) HIV-resistant group: To assess the impact of menstrual cycles
on serpin expression levels, serpin Al and A3 levels from all HIV groups were divided

into four classes based on menstrual cycle: women were on oral contraceptive pills (OCP)
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and were not having any menstruation (n=27), women were on proliferative phase
(n=74), women were on secretory phase (n=85) and menopausal women (n=28) (figure
20a). In figure 20b, 84 women from HIV-resistant group were divided into: 11 women
were on oral contraceptive pills (OCP) and were not having any menstruation, 25 women
were on proliferative phase, 30 women were on secretory phase and 17 women were
menopausal and compared to evaluate whether the variation of serpin expressions was
due to the menstrual cycle. Both the Kruskal-Wallis (1-way Anova) and unpaired two-
tailed Mann-Whitney statistical tests were performed to assess expression differences

between groups (95% confidence level, or p < 0.05).
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15. Discussion

The global HIV/AIDS epidemic has to date accounted for approximately 25
million deaths (7). Therefore, it is an urgent need to develop new strategies to prevent
HIV-1 infection. Owing to the fact that only 1 in 1000 per coital act results in male to
female HIV transmission, there is hope for HIV prevention by identifying factors that
protect against HIV-1 infection via mucosal surfaces.

The global hypothesis for this thesis “the levels of clade A serpins are elevated
in the cervical mucosa of highly HIV-1 exposed seronegative (HESN) women and that
these levels correlate to HIV-1 resistance” was validated after examination of serpin
expression levels in the cervical secretions of HIV-resistant sex workers. Serpin Al
expression levels were significantly higher in the HIV-resistant group than HIV-N<7
years HIV exposure group (p=0.0470*) but did not differ with HIV-positive and HIV-
N>7 years HIV exposure group. However, our hypothesis was not validated with respect
to serpin A3. Serpin A3 levels were at the ranges from 2-4 pg/ml and were not
significantly different between the resistant and control groups. However, as serpin A3
has known inhibitory functions against HIV-1 it does not eliminate the possibility that it
might be synergistically involved with other antivirals found in CVL. We have
determined the serpin Al level in HIV-resistant women to be in the 20-200 pg/ml range
which falls within the range that is physiologically relevant against HIV-1 infection. For
serpin Al 10% inhibition was observed at 50 pg/ml and 50% at 500 pg/ml in both
primary T-cell and dendritic cells (195). The levels of serpin A1 we found is in the
concentration range capable of affecting HIV-1 replication partially based on in vitro

studies. This supports a role for Serpin Al in host defense against HIV infection.

104



Serpins or serine protease inhibitors are one of the key mediators of immune
activation. They are relatively large molecule found in many cells types including
epithelial/endothelial cells and a wide variety of immune cells. Their main function is to
regulate the function of serine (elastage, cathepsin G, granzymes) and cysteine (caspase
and papain) proteases (171). The serine proteases are released from neutrophils and
cytotoxic T lymphocytes following bacterial invasion and protect the body by activating
immune functions including complement activation, enhancement of endothelial-
leukocyte interactions, and the secretion of inflammatory mediators, to propagate this
process (173, 204). But the function of these proteases must be balanced because an
imbalance can lead to severe consequences like severe inflammation, tissue damage and
disease like emphysema and cystic fibrosis (171, 197). Serpin Al inhibits elastase and
chymotrypsin like proteases and prevents elastase-induced lung tissue damage. Knock out
mice studies have shown that serpins are important immune regulators during bacterial
infection by abrogating protease mediated tissue damage (174). Serpin A1 (og-antitrypsin)
is also essential for regulation of hemostasis and fibrinolysis which are the biological
processes necessary for proper blood flow (180).

In vitro studies of serpin Al revealed that it can inhibit HIV transmission by
inhibiting the proteases that are necessary for receptor binding (192), and the HIV LTR
driven transcription process (193). The C terminal 26-residue of serpin Al were found to
increase STAT1 phosphorylation and reduce viral expression in an HIV -1 infectected
monocytic cell line (193). NFkB is a major activator of HIV transcription and serpin Al
can inhibit NFkB activation through altered ubiquitination (195). Serpin Al inhibits pro-

inflammatory cytokines and increases anti-inflammatory cytokines and acts as an

105



important inflammatory modifier (174). A recent cross-sectional study confirmed the
significantly lower serum serpin Al levels in HIV infected patients compared to healthy
individuals (196). Serpin Al also has immunoregulatory properties that are independent
of protease inhibition. It can inhibit LPS/endotoxin induced TNF-o expression and
enhances IL-10 expression in monocytes, and neutralizes LPS mediated over-activation
of monocytes via regulation of CD14 expression (188).

Inhibition of proteases may be one mechanism of protective effects against HIV-
infection in the genital tract. With respect to HIV-1, proteases such as cathepsins and
elastase can enhance infectivity by acting as chemo attractants for neutrophils and
macrophages that are HIV-target cells (198). They can also cleave/inactivate anti-viral
factors (RANTES, MIP-3p3, and SLPI) (199), enhance infection of target cells (CD4+ T
cells and macrophages) (205), promote pro-inflammatory cytokine expression (such as
TNF-a and IL-1p), and impair wound healing (179). Many of the serpins are inhibitors of
these proteases, and can abrogate these processes, such as serpin Al, A3, B1, B4 and B13
(174, 190, 192, 206) and they were found overabundant in HIV-resistant women (14,
102). Overall, these serpins may work synergistically by reducing effects mediated by
excess proteases, such as inhibiting antiviral responses, degrading of the epithelial
barrier, or stimulating inflammatory pathways that could contribute to reduced HIV
transmission. Reduced immune activation in the female genital tract has been found to
protect from HIV-infection in animal models and higher level of these serpins may be
performing this role by preventing inflammation events (207).

In tissues and biological fluids, serpins adopt variant conformations: native

inhibitory, non-inhibitor forms such as cleaved, polymerised and oxidised and inactivated
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or latent forms due to the physical properties, chemical reactivity, and molecular structure
of serpins (208). In our Western blot (WB) analysis of serpins, we found several bands
with different intensities that may be representing the cleaved/isoform variation of
serpins. As we performed this WB to validate the expression of serpin concentration
measured by ELISA, it was expected that ELISA assay might quantify all of these native
and isoforms/cleaved forms of serpins. However, the volumetric analysis of band
intensities did not match the serpin levels measured by ELISA. One of the possibilities
was that WB antibodies might bind with more/different cleaved/isoforms of serpins than
the two ELISA antibodies. Additionally, another caveat was the sample size that might
not give the actual result. More works need to be done to be able to generate reagents, or
assays to more precisely detect serpin A1/A3 and all their potential isoforms found in
CVL samples.

We determined that serpin Al and A3 levels were strongly correlated in CVL
suggesting a common regulator of expression. However, we found serpin A1/A3
expression was compartment-specific, and we did not find any correlation between
mucosal and plasma levels. This indicated that the mechanism of regulation of serpins in
cervical mucosa might be different from the systemic compartment. This was further
evidenced by a cytokine/chemokines study by Lajoie et al where cytokine/chemokine
expression in the systemic compartment did not correlate with the mucosal compartment
(209).

It is known that the immune system and protein expression weaken with age
(210-211). In our study, women in HIV-resistant group were statistically older than the

other groups (p=0.0001***). The negative groups had the youngest women as they were
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new enrolees into the Pumwani cohort. However, we did not find any significant
association of serpin levels with age. This result is consistent with the study by Igbal et
al, which showed that age does not have any effect on the levels of elafin/trappin2 (12).
Therefore expression of these innate factors may be independent of age and consistently
expressed over time.

While each normal coital act can cause micro ulceration and breaking of vaginal
mucosa (212), it was predicted that higher levels of inflammation-associated proteins
would be observed in the CVL as they encounter unprotected sex. As serpins are acute
phase proteins and increase during inflammation in plasma, one would expect to find
higher serpin levels in women who are involve in sex work for a long period of time.
Statistical analysis did not reveal any correlations between serpin levels and duration of
prostitution, clients/day, clients/week, and condom usage per week. Also, sex workers
who reported to be on a ‘sex break’ (a 2 weeks-6 months break from sex work) did not
have statistically altered levels of serpin to those that were not on a sex break and those
that completely stopped sex work, suggesting that these factors may be at constitutively
higher levels prior to engaging in sex work, and therefore prior to HIV-1 exposure.
However, some women from the group who stopped sex work were found to be having
sex with their husband or boyfriend and therefore, could not discount the possibility that
the women on sex break were engaged in sexual activity with other partners. Further
follow-up with sex workers on prolonged sex-breaks may shed light on this issue.

The sex workers from this cohort are not only exposed to HIV virus but also
Herpes simplex virus (HSV-2), Human papilloma virus (HPV), Neisseria gonorrhea,

Chlamydia trachomatis, and many more through sexual intercourse. The presence of
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these STIs can enhance the epithelial-secreted mediators that have antimicrobial and anti-
inflammatory effects (7). We asked whether elevated level of serpins in CVL was due to
the presence of concurrent infections. For this study, we also looked at other non-STls
like bacterial vaginosis, candidiasis as some studies showed that these infections
contribute significantly to heterosexual HIV-transmission (213). Women who had any
complaint of vulval itching, vaginal discharge, pelvic inflammatory disease (PID),
vulvovaginitis, vaginosis or cervicitis, or candidiasis or UTI’s revealed no difference in
serpin levels. This eliminated the prospect that higher level of serpins observed in HIV
resistant women were due to presence of STIs, non-STIs or UTI. This is contradictory to
what we expected as serpins are acute phase proteins. One of the reasons why we may not
have observed an increase in serpin levels is that the samples might have been collected
when women were already on antibiotics and in recovery. Another reason could be that
most of the infections reported here was vulvovaginitis with vulval itching or vaginal
discharge. Vulvovaginis is a state of inflammation of vulva and vagina and presents with
redness and itchiness of these areas as well as, in the form of vaginal discharge. The
causative agents for this inflammation are Candida infection, substance like laundry soap,
vaginal contraceptives, and poor hygiene (214). We are not sure whether the
vulvovaginitis reported here was due to poor hygiene or douching practice (in these cases
there would be no increase level of serpins) or was due to the presence of Candida
infection in which case one would expect to see higher levels of serpins. Further
investigation of CVL samples of women with known causative agent of STI (bacteria,
virus or fungus) and who are not on antibiotics may help to determine the relationship of

serpins and concurrent infections.
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As mentioned earlier, antimicrobials in the FGT are regulated by sex hormones:
estrogen and progesterone (203). The ovary produces estrogen and progesterone in a
cyclical manner over the course of the menstrual cycle. Besides antimicrobials, the
migration of immune cells (T lymphocytes, B lymphocytes, dendritic cells (DC) and
macrophages/monocytes), cytokines and chemokines, and CTL activity are controlled by
these sex hormones (203). Overall these hormones prepare the reproductive tract for
fertilization and implantation by regulating the immune system in the uterus, fallopian
tubes, cervix and vagina (215). Although pregnancy is considered a state of immune
suppression and increases the risk of HIV acquisition (216), data from recent studies have
proven otherwise. The protection of fetus and prevention of infection are the main
priorities during the pregnancy and the trophoblast (the cellular component of the
placenta) acts as an immune regulator by producing cytokines, chemokines and
antimicrobials. Both a and  defensins are found in amniotic fluid, chorion, placenta and
also in the mucous plug. SLPI and elafin levels are also elevated during pregnancy but
SLPI is detected in deciduas, amniotic epithelium and in the cervical mucosal plugs
whereas elafin is found in fetal membrane and placenta. Both SLPI and elafin are
increased in pregnant CVLs but decrease in the presence of bacterial vaginosis and SLPI
is found to be down-regulated in HIV infected pregnant women (7). In this cohort, CVL
samples from pregnant women were not collected as only three women were pregnant at
the time of collection. So it was not possible to measure serpin levels during pregnancy.
However, we examined the effect of the number of past pregnancies upon serpin levels.
Since other antimicrobials change during pregnancy, we hypothesized that multiple

pregnancies may cause more physiological changes in the genital tract. We found no
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significant difference in serpin levels with number of past pregnancies, or duration since
last pregnancy, and excluded the possibility that these influence levels of serpins.
However, we could not discount the possibility that they vary during active pregnancy.
The women in the Pumwani cohort take different types of contraceptives. The
most common contraceptives are condoms, oral combined pill, depovera, whereas
intrauterine device (IUD), tubal ligation and herbal medicine are uncommonly used.
Some women do not use any kind of contraceptives due to menopause or cessation of sex
work. Various contraceptives have different effects on the immune system and protein
expression within the FGT depending on their preparation. Oral combined pills (OCP)
contain both estrogen and progesterone whereas some oral pills only consist of
progesterone. Oral hormonal pills mainly cease the menstrual cycle by suppressing the
hypothalamus pituitary axis and ovulation. Progesterone only pills and depovera, which
IS an injection form of progesterone hormone, inhibit follicular maturation, and cause
thinning of cervical mucosa and uterine lining. Condoms, which are a barrier method, can
protect the vaginal and cervical environment from the immunogenic effect of semen and
STls (217). Condom usage is also linked to reduced immune activation (characterized by
lower CD38 on CD4 T cells) when compared with healthy control subjects (218). Many
of these contraceptives not only function to prevent pregnancy but also regulate body’s
immune system. Several in vitro and in vivo studies have shown that OCPs containing
estrogen and progesterone have both pro- and anti-inflammatory effects. An increased
level of estrogen can suppress the synthesis of TNF-a and IL-1pB, up-regulate regulatory
T-cell function and increases the levels of the anti-inflammatory cytokines IL-10 and IL-

1ra and also IL-10-dependent total immunoglobulin production. On the other hand, in
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low and high doses, progesterone decreases both pro- and anti-inflammatory cytokine
productions (202). Progesterone based pills also increase cervico-vaginal HIV viral
shedding and the number of inflammatory cells in the CVL (219). After reviewing all
these facts, the effect of contraceptives on serpin levels was measured. No alteration of
serpin levels were found in those who used different kinds of contraceptives and those
who used none. We expected to see higher level of serpins in women who were taking
hormonal contraceptives in the form of depovera or in oral form as these contraceptives
can heighten STI risks and alter the vaginal microenvironment by decreasing the H,0,
producing lactobacillus (220). However, these hormonal contraceptives mainly contain
progesterone to prevent pregnancies. Progesterone inhibits both pro and anti-
inflammatory cytokines, which may decrease serpin levels as TNF-o, IL-1B, are the
potent inducers of serpin in monocytes. Furthermore, monocytes are not only source and
epithelial cells are also large producers of serpins, so inflammation may not be the only
factor in regulating serpin levels. Our data corresponds with the elafin/trappin-2 study
which also showed no relationship for this protein with contraceptives (12).

We also looked at pre-menopausal and post-menopausal women that reflect a
hormonal effect on the female genital tract to assess the relationship to serpin expression.
Menopause means permanent cessation of menstruation so there is no sex hormone
production by ovaries and as a result there may be vaginal atrophy, vaginal itchiness or
discharge and increased risk of candidiasis or urinary tract infection. The loss of estrogen
due to menopause results in decreased TLR mediated function, low vaginal pH due to
decreased lactobacilli, and loss of secretory antimicrobials (7). As a high estrogen level is

immune stimulatory, we hypothesized that those women who were post-menopausal may
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have lower level of serpin than women who were pre-menopausal. However, there was
no statistical difference in the serpin Al and A3 expression in menopausal women.
Perhaps we did not observe differences between pre-menopausal and menopausal women
because the estrogen levels were not significantly different. However, when we divided
the groups according to menstrual cycle and examined those in the proliferative phase
(high estrogen level) we saw differences of this phase with menopause. This may be due
to selecting women who had high estrogen levels from the groups who were at secretory
phase or menopausal or on oral pill and had low estrogen levels.

Every woman goes through the process of the menstrual cycle for reproduction
that starts from age 8-16 and the cycle is under the control of endocrine system. The cycle
is a 28 days cycle that is measured from the first day of menstruation and divided into
three phases: menstruation (1-5 days), proliferative phase (5-14 days) and secretory phase
(14-28 days). The proliferative phase is mainly regulated by estrogen whereas
progesterone regulates the secretory phase. Many immune cells, cytokines, chemokines
and antimicrobials are controlled by different phases of the menstrual cycle depending on
the location of the genital tract. In culture media, estrogen has been shown to have
stimulatory effects on antimicrobial (SLPI, elafin, human p-defensin) secretion by uterine
epithelial cells but inhibits their secretion in vaginal squamous epithelium (203). On the
other hand estrogen suppresses the cytokine and chemokine responses to TLR agonist
and IL-1B in both uterine and vaginal epithelium (203). Cervico- vaginal secretion
analysis revealed that antimicrobials including SLPI, human B-defensin-2, lactoferrin,
chemokine and cytokine (IL-6 and IL-8) dropped significantly at the day 13 (beginning of

secretory phase) and remain low for 7-10 days and then rise at proliferative phase starting
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from menstruation (7, 203). In our study it was essential to determine how the menstrual
cycle regulated serpin levels in the FGT. Serpin Al level was found to be significantly
higher in the proliferative phase than secretory phase whereas serpin A3 did not vary
between menstrual phases. Both serpin levels were higher in the proliferative phase in
non-menopausal compared to menopausal women implying that serpin levels might be
regulated by estrogen. OCP can change the immune response in the genital tract and also
causes cessation or irregular menstruation and comparison of serpin levels of this group
with those who had normal menstrual cycle revealed serpin Al levels to be higher for
women in the proliferative phase in comparison to those who were OCP users. We also
investigated the relationship of serpins with the menstrual cycle in resistant women. Here
we found serpin Al levels tended to be higher (but not significantly) in the proliferative
phase over the secretory phase and reached the significant level when compared them
with menopausal group. Serpin A3 levels were increased significantly in the proliferative
phase when compared them with those who were on OCP and not having any regular
menses and the menopausal group. These results indicate that serpin Al levels but not A3
levels are increased during the proliferative phase possibly due to estrogen stimulation.
These results suggested that protection against HIV-1 infection at times during
the menstrual cycle might vary as serpin Al level increases during the proliferative phase
but not during the secretory phase. Also postmenopausal women are more susceptible to
HIV-1 infection as they have decreased levels of serpins. Not only serpins, but also,
SLPI, Human B defensin 2, lactoferrin, chemokine and cytokine levels (IL-6 and IL-8)
are also found to decrease significantly at mid-cycle and secretory phase and become

high at proliferative phase (203). On the other hand, increased level of elafin is detected
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in the human endometrium at the late secretory and menstrual phases of the menstrual
cycle (221). This result also validated our hypothesis that serpin Al is an important

player in FGT immunity.
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16. Conclusions and future directions

We believe that resistance to HIV is multi-factorial. It has been correlated with
polymorphism of the IRF -1 gene (166), HIV specific IgA (110) and HIV specific cellular
CD4 and CD8 immune responses (9). Anti-HIV factors like RANTES (10), CC-
chemokines SLPI (11), Elafin/trappin-2 (12) and MIP-o/p (13) are also found to be
elevated in HIV resistant women. By exploring all the correlates of protection and the
exact mechanism how this relates to immune activation at the mucosal compartment
responsible for the resistance; it might be possible to develop preventive strategies or
vaccines against HIV.

Overall, the works completed in this thesis support the hypothesis that serpin
Al was correlated with HIV-resistance but that serpin A3 was not. Mucosal serpins were
independent of clinical factors such as infections or number of pregnancy. Serpin levels
were also not affected by sexual practices such as duration of sex work, client number,
condom usage, or sex break in commercial sex workers. However, serpin expression was
associated with the menstrual cycle and was elevated during the proliferative phase of
menstrual cycle, suggesting that mucosal serpins may be regulated by hormones such as
estrogen.

Elevated serpin Al levels in HIV-resistant women may have a critical role at
the front lines of defence during HIV-1 exposure by controlling inflammatory events and
at the same time providing a more potent antiviral environment at mucosal surfaces. The
implication of this is that it may reduce the risk of spreading infected founder populations
in the sub-mucosa to the systemic compartment and allow time for adaptive responses to
take control.
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There remains a large gap in our understanding of how serpins would impact
inflammation in genital tract tissue. Examining their impact in biologically relevant tissue
models would help to evaluate serpin function upon inflammation in the genital tract.
Both serpins Al and A3 demonstrated anti-HIV activity in cell types that are present in
female genital tract; therefore the logical next step would be to evaluate how these
serpins affect HIV-1 replication in cervical tissue model. Future studies may also include
measuring other serpins like B1, B4, B13, C and their association with HIV resistance. It
may be useful to determine isoform expression differences of these serpins as cleavage
products of serpin Al (193) and C1 (222) are shown to have the most potent activity in
HIV infection.

In this study, the multi- factorial nature of HIV-resistance highlights the
important resistant factors that have been identified by multivariate analysis. Examining
the complex interplay of each of these factors and how this balance contributes to HIV-
resistance will increase our understanding of mucosal immunity. The hope is that this
information will be useful to help design a female controlled prevention technology

against HIV-infection.
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