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Abstract

HIV is an infection affecting approximately 33 million people worldwide especially in
Sub-Saharan Africa and Southeastern Asia. HIV infection is marked by the loss of CD4+ T-cells
and is the causative agent of AIDS. Host genetic factors have been shown to influence the
progression and outcome of HIV infection, but the genes identified thus far account for
approximately 15% of the variance observed in viral load and progression, suggesting
involvement of additional genes in HIV pathogenesis. FcyRIla and FcyRIlIla genotypes have
been shown to be influential in the transmission, control, and progression of HIV. These
receptors contain polymorphisms that influence binding affinity for their ligand, the Fc region of
IgG. The Fc region is also highly polymorphic and could potentially contribute to the
differences seen in control and progression. Yet, these polymorphisms, known as GM allotypes,
have not been investigated. Determinants expressed on Fc (GM) and FcyR are probably some of
the most likely ligand-receptor candidate pairs for gene-gene interactions in the human genome.
Thus, the aim of this investigation was to determine whether particular GM and FcyRIla,
genotypes were individually or epistatically associated with the host control of HIV replication
and progression of HIV to a low CD4+ T-cell count. This study suggests that while no GM
allotype is influential by itself, particular combinations of FcyR-GM are influential in the control

of HIV replication as well as the progression of HIV to a low CD4+ T-cell count.



Chapter 1: Introduction

Section 1: History

Human immunodeficiency virus (HIV), the causative agent of acquired
immunodeficiency syndrome (AIDS), was first transferred to humans when HIV-1 jumped from
simian immunodeficiency virus (SIV) infected chimpanzees [1,2] to humans between 1884 and
1924 [3] in southern Cameroon [4]. SIV is thought to have infected primates at least 32,000
years ago [5], and the most plausible explanation for the transmission from chimpanzees to
humans is that hunters in Africa most likely killed and ate infected chimpanzees or that infected
blood from butchered chimpanzees got into open wounds or cuts on the hunter [6]. From that
point, HIV then spread through Africa and was then likely introduced to Haiti around 1966
which then spread to the United States around 1969 [7].

Before HIV was known to be the cause of AIDS, the disease first appeared in early 1981
in San Francisco [8] when unusual numbers of gay men and injection drug users presented
symptoms of a rare opportunistic infection, Pneumocystis carinii pneumonia. A rare skin cancer
mainly seen in the elderly, Kaposi’s sarcoma (KS), was additionally reported in young gay men
in New York [9]. Numerous theories were presented as to the possible cause of the opportunistic
infections [10-12]. Initially, the condition seemed to be contained to homosexual males and was
referred to as the “gay cancer” or gay-related immune deficiency [13,14]. However, this disease
was also occurring in non-homosexual populations [15,16] and the name of the disease was
officially set as AIDS by the CDC in 1982 [17]. Prior to the discovery of HIV, several modes of
transmission were observed including blood transfusions, mother-to-child transmission, and

heterosexual contact which was clear evidence that AIDS was caused by an unknown infectious



agent [18-20]. In 1983, both Robert Gallo and Luc Montagier isolated HIV that was later
identified as the causative agent of AIDS [21,22] which led to the development and
implementation of a commercial blood test for HIV in 1985 [23].

From the time when AIDS was first recognized in 1981, HIV has resulted in over 60
million infections and 25 million deaths [24]. HIV is mainly concentrated in Africa, especially
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20% decrease from the previous 10 years. Other supporting evidence to this fact is that there
were also 1.8 million AIDS-related deaths in 2009 as compared to 2.1 million in 2004 [24].

HAART remains the most viable option for treatment of HIV infection as this entails
numerous classes of drugs in combination that can slow HIV progression. However, there are
several complications that go along with HAART. HAART can be exceedingly expensive and
can cause severe physiological and psychological side effects [27-29]. Another glaring concern
with HAART is that HIV can eventually become resistant to the medication and eventually
progress to AIDS regardless of treatment.

In response to the mounting multitudes of infected, many past and present efforts have
been undertaken to develop an effective vaccine. So far, all vaccines developed have proven
ineffective in preventing HIV infection and in one particular instance showed an increase in
infection [30]. The most promising trial to date, known as RV 144, was undertaken in Thailand
from 2003 to 2006. Volunteers who received the vaccine showed a 31% lower infection rate
than volunteers who received placebo injections [31]. The vaccine was a combination of a
canarypox virus expressing three HIV proteins (pol, env, and gag) and a former vaccine
candidate, AIDSVAX, which is a genetically engineered HIV protein, gp120. This showing of

modest protection has renewed interest in gp120 as a vaccine target.

Section 2: Human Immunodeficiency Virus

HIV belongs to the virus family Retroviridae in the lentivirus genus. Viruses in this
family are effectively known as retroviruses and are characterized by their enveloped
nucleocapsid and their ability to reverse transcribe their diploid RNA genome into DNA, which

is then inserted into the host genome [32].



There are two main types of HIV: HIV-1 and HIV-2. As noted earlier, HIV-1 is thought
to have come from chimpanzees [1,2], but HIV-2 is thought to have come from sooty
mangabeys, and is far less pathogenic than HIV-1. HIV-2 is mostly reserved to west Africa
while HIV-1 has spread throughout the world [33]. HIV-1 can be broken down into 4 major
groups: M, N, O, and P. Of these, group M is the most diverse and widespread consisting of
nine subtypes, commonly known as clades, and circulating recombinant forms (CRFs) that have
combined genetic information from
different clades [34]. Clades tend to fall
along geographical lines [35] (Figure 3),

and are known to have different levels of

pathogenecity [36,37]. The importance

of the genetic diversity resulting in clades mep

e B
o Othsers

W 0-3% EEES-10% [TN-5% [ ]0.5-1% [ ]<0.5%

has important implications for drug il

treatment as some clades may be more Figure 3. Geographic distribution of HIV clades
apt for becoming resistant to HAART
medications than others [35]. It also has significant implications for vaccine design as it is
unknown if the incredible diversity of HIV would allow a vaccine designed for one clade to be
effective against all other clades or CRFs [38].

Although there are several diverse clades and strains throughout the world, the overall
morphology, structure, and function of HIV remain relatively the same. The outer structure of
HIV is comprised of a lipid envelope taken from the host cell interspersed with its viral receptor

[39]. Inside the membrane is a viral protein matrix that stabilizes the structure [40]. Within the

matrix is a conical capsid that protects and contains the viral genome and several important



enzymes [41]. Inside the capsid lies a diploid single-stranded RNA genome as well as several
important enzymes and proteins such as reverse transcriptase, integrase, and proteases which

ensure that the RNA is transcribed to DNA, the DNA is integrated into the host genome, and

viral gene products are cleaved to make all o

necessary proteins, respectively [42]. A brief

HIV anatomy pictorial can be found in Figure 4.

RNA -~

Although HIV contains 19 proteins, its  Reversec
1 uanscﬁpFnse
genome only consists of 9 genes [43]. The gag

protein is cleaved into four smaller proteins,

pl7, p24, p7, and p6, which are responsible for

the structural integrity of the virus [44]. Pol, in
Figure 4. HIV anatomical overview.

conjunction with gag, produces the reverse
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RNAse [45]. Env produces the viral glycoproteins gp120 and gp41 which make up the viral
receptor, and are responsible for cell invasion [46]. Tat is one of two vital regulatory proteins
and is a transactivator of HIV gene expression [47,48]. Rev is the second of the regulatory
proteins and promotes nuclear export, stabilization, and utilization of viral mRNAs [48]. Vif
sabotages a host antiviral protein APOBEC-3G which mutates viral nucleic acids [48]. Vpr
regulates the importation of the viral pre-integration complex (PIC), a nucleoprotein complex
containing the viral genome and associated viral and host proteins [49]. Vpu degrades host

receptor CD4 production and enhances viral release [50]. Nef promotes T-cell activation and

downregulates the major histocompatibility complex (MHC) proteins [51].



HIV utilizes gp120 to invade the host cell. gp120 first docks with the host via the
membrane bound cellular CD4 receptor [46]. This attachment of gp120 to CD4 allows for a
conformational shift of gp120 that exposes critical residues of gp120 to a chemokine coreceptor,
CCR5 or CXCR4, on the host’s membrane which initiates binding of gp120 to the coreceptor
[52-54]. This then allows gp41 to penetrate the host membrane and subsequently break down
into a hair loop structure which brings the host and viral membranes into close proximity
[55,56]. This ultimately fuses the membranes together releasing the PIC inside the host [57,58].

After invasion, the PIC is transported down a system of microtubules via the host protein
dynein to the nucleus [59,60]. During transport, reverse transcriptase begins to transcribe its
single-stranded viral RNA into double-stranded DNA. Once at the nucleus, nuclear import
signals contained within the PIC allow for infiltration into the nucleus. Subsequently, the viral
protein integrase inserts the viral DNA into the host genome [61].

After integration, viral genomic RNA and mRNA are transcribed. The mRNAs are then
translated into proteins, which then undergo numerous modifications (i.e. cleavage,
glycosylation) and assemble with the genomic RNA at the host cell plasma membrane [62].
Once assembly has taken place, the virus buds from the cell and incorporates the host cell plasma
membrane into its structure. After budding, the virion matures when the proteases cleave the
polyproteins into functional proteins and enzymes. An overview of the HIV lifecycle can be
found in Figure 5.

HIV’s rapid mutability is due to the highly error-prone nature of reverse transcriptase.
Reverse transcriptase has no proofreading ability which leads to base substitution errors at a
frequency of 1 in 2000 to 1 in 4000 [63]. Mutation can also be caused by recombination of viral

strains through viral superinfection [64,65]. These mutations can lead to
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drug resistance of HIV [35]. HAART medications are used to suppress viral loads, but
approximately 10% of infected individuals are resistant to at least one antiretroviral medication
[66], and up to half of patients report therapeutic failure after two to three years [67]. HIV
cannot be eliminated completely, even though HAART can suppress HIV to incredibly low
levels. This is because cell reservoirs such as peripheral-blood mononuclear cells continue to
produce HIV despite antiretroviral treatment [68].

In the absence of antiretroviral treatment, the mean time to the development of AIDS is
7.7-11 years depending on age [69]. But, there is tremendous inter-individual difference in
susceptibility, progression, and outcome of HIV. Several categories have arisen to describe these
individuals. Rapid progressors are those individuals that acquire HIV and progress to AIDS
fairly rapidly. Research has shown that these individuals progress to AIDS in approximately
three years after HIV infection [70]. On the opposite end of the spectrum are long-term
nonprogressors (LTNPs). Even in the absence of antiretroviral medication, these individuals
remain clinically and immunologically stable and progress much more slowly to AIDS than
other infected individuals [71,72]. There is also a very rare set of individuals known as HIV
controllers [73]. These individuals can suppress HIV to low (<2,000 RNA copies/mL) and even
undetectable (<50-75 RNA copies/mL) levels without any antiretroviral medications. Highly
exposed, persistently seronegative individuals are continuously exposed to HIV, yet remain
uninfected [74]. There are even highly rare individuals that are immune to HIV. These people
have a 32 base pair deletion in their CCRS co-receptor gene that codes for a defective CCRS co-
receptor and prevents HIV from initially infecting cells [75]. The identification of these different
groups suggests that host genetic factors influence HIV susceptibility, progression, and outcome.

Several gene variants have been associated with susceptibility, progression, and outcome



including HLA and CCRS [76], but the variants identified thus far only account for
approximately 15% of the variance observed in viral load and progression [77]. Thus, there are

more genes that contribute to the variance that have yet to be identified.

Section 3: HIV and the Immune System

The immune system consists of numerous types of cells working together to fight against
pathogens, but HIV is a complex Trojan horse that targets and destroys our immune system for
its own propagation. HIV can target several cell types including monocytes/macrophages,
microglial cells, and dendritic cells [78-80]. However, it is HIV’s targeting and destruction of
CD4+ T-cells that leads to the severe loss in immune function and eventually to the development
of AIDS [21,22].

During the early stages of HIV infection, viral replication is already quite widespread in
the lymphatic tissue [81,82]. During the initial infection, there is a large increase in viremia with
several million virions per milliliter of blood [83] as well as a steep decline in the number of
CD4+ T-cells [84]. This is followed by a strong HIV-1 specific activation of cytotoxic CD8 T-
lymphocytes (CTL) and a suppression of viremia [84,85]. Virions are trapped in the lymphoid
tissue by a follicular dendritic cell (FDC) network which allows for infection of macrophages
and CD4+ T-cells and the establishment for permanent viral reservoirs [86,87]. The lymphoid
tissue acts as the viral reservoir and principle site of HIV replication during the course of
infection with HIV expression considerably higher in the lymphoid tissue compared to peripheral
blood [87].

After viral invasion and reverse transcription in quiescent CD4+ T-cells, the viral DNA

remains unintegrated into the host genome [88] and requires activation of the cell for integration



as well as for production of new virions [89]. This makes the lymphoid tissue an extremely
favorable place for activation for several reasons. There is very close cell to cell contact between
CD4+ T-cells and antigen-presenting cells (APC), virions on the surface of FDCs [86,87], and an
abundance of proinflammatory cytokines such as IL-1, IL-6, and TNF-a which promotes
activation and subsequent production of viral replication [90]. Activation and replication leads
to infection of surrounding CD4+ T-cells and spreading throughout the lymphoid tissue. From
this point, HIV is able to spread throughout the body from its viral reservoir. As HIV
progresses, the immune system breaks down, and the host becomes more susceptible to
opportunistic infections and eventually leads to the death of the host.

Although the immune system provides several layers of protection against invading
pathogens, HIV is able to circumvent these mechanisms in various ways to ensure its survival.
This not only has devastating effects on the CD4+ T-cell population but also has serious
consequences for other immune cells. While HIV employs its own immune evasion strategies,
host genetic and immunological variations have their own tactics to combat the infection and
slow HIV progression.

Dendritic cells (DCs) are a major source of APCs and are primarily the first type of cell
to encounter HIV [91]. DCs can capture HIV on their surfaces, and when DCs and CD4+ T-cells
interact during antigen-specific stimulation, DCs can then transmit the virus from their surfaces
to the CD4+ T-cell [92]. Early in infection DC numbers drop significantly and have impaired
function [93].

Macrophages are another source of APCs and are a main target for HIV infection.
Macrophages can serve as long lasting reservoirs for HIV replication [94]. Within these cells,

viral replication can take place at the plasma membrane as well as within intracytoplasmic
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vacuoles [95,96], with replication in the vacuoles being the preferred method in chronically
infected macrophages. In HIV-infected individuals, macrophages display several deficiencies
that include decreased chemotaxis, Fc receptor function, and oxidative burst response [97,98].

The generation of an HIV-specific immune response is dependent upon antigen
presentation by the human leukocyte antigen (HLA) molecule to other immune cells. HLA class
I molecules are present on all nucleated cells and present antigens to CTLs. HLA class II
molecules are present APCs and present antigens to CD4+ T-cells. HLA on APCs could
potentially present antigens differentially and therefore activate CTLs in a favorable or
unfavorable manner and affect the progression of HIV. Several studies have shown that
particular HLA alleles are predictive of slower HIV progression and HIV control [99,100] but
particular alleles have also been shown to be disadvantageous to the host and associated with
rapid progression of HIV [101]. Specifically, HLA-B57 variants, predominantly B5701 and
B5703, are strongly associated with the control of HIV-1 infection [102,103] while B35-Px is
associated with accelerated disease progression due to its decreased function in binding HIV-1
peptides and activating a CTL response [104].

CTLs are able to identify and kill HIV-infected cells [84,85]. Blood, lung, and
cerebrospinal fluid have all been shown to harbor HIV-specific CTL responses [105] and these
responses have been shown to be against both structural and regulatory proteins of HIV
[106,107]. The CTL response is most likely responsible for the suppression of HIV in initial
infection [84,85]. While the HIV-specific CTL response is constant, it does diminish over time
[108]. CTLs can be activated from a memory state or from a naive state, however activation
requires CD4+ T-cells to secrete cytokines to activate CTLs from their naive state [109]. HIV

can avoid the cytotoxic effects of CTLs in several ways. In a process termed fugetaxis, HIV
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gp120-CXCR4 binding actively induces the release of proteins that repel CTLs [110], and can
downregulate MHC molecules in infected cells [S1]. HIV can also infect CTLs if they express
CD4 [111].

While the HIV-specific CTL response is thought to be a dominant factor in HIV
progression and control, this remains a point of debate as the mechanism of protection remains
unknown. For example, there is no known association between control and the number of HIV-
specific CTLs [112,113]. CTL protection may have more to do with quality rather than
quantity. HIV controllers have a much greater ability to produce numerous cytokines and
perforin [114,115] that enhance the immune response and killing of HIV-infected cells.
Likewise, the ability of CTLs to proliferate upon HIV antigen stimulation has been linked to HIV
nonprogressors [116]. The increase in performance of HIV-specific CTLs is possibly due to
optimal presentation of preferential HLA alleles that can present a larger number of HIV
peptides, create a larger CTL response, and target highly conserved proteins [117-119].

B cells are a major part of the humoral arm of the immune system and produce anti-HIV
antibodies in response to HIV infection. B cells start to produce anti-HIV antibodies when
stimulated by CD4+ T-cells [120], and a humoral response can be usually be detected within two
weeks [121] but can take up to six months [122]. During HIV infection, B cells become
negatively impacted despite not being an infectable target for HIV. B cells undergo
hyperactivation [123], increased spontaneous Ig secretion [124], and increased susceptibility to
apoptosis [125].

Broadly acting neutralizing antibodies are quite rare among HIV-1 infected individuals
and could be due to the fact that the predominant target epitopes of Env and Gag are poorly

immunogenic [126]. Neutralizing antibody levels tend to peak towards the end of HIV infection
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in LTNPs, whereas regular progressors lose their neutralizing antibody response over the course
of their infection [127,128]. A groundbreaking study recently identified a very powerful
neutralizing antibody that is able to neutralize approximately 90% of the HIV isolates tested
[129].

Natural killer (NK) cells represent part of our innate immune system. Nomenclature was
based upon observations of a cell population that was naturally reactive and able to lyse tumor
cells without sensitization to them [130]. These cells are highly cytotoxic and can be activated
through various cytokines and through their Fc receptors binding of antibodies. Soon after HIV
infection, NK cell numbers increase, but then fall back to baseline levels soon after. While NK
cells have the potential to kill HIV infected cells, they experience severe dysfunction even in the
early stages of infection [131]. The drop in cytotoxic activity is likely due to decreased perforin
expression [132].

NK cells in LTNPs tend to produce higher levels of interferon gamma than do regular
progressors [133]. A polymorphic receptor on NK cells known as the killer-cell
immunoglobulin-like receptor (KIR) in combination with HLA-B alleles appear to have
beneficial protective effects in HIV progression [134]. In particular a KIR variant KIR3DLI in
combination with HLA-B57 is thought to facilitate a strong cytotoxic response by activating
developing NK cells [134].

Another imperative component to the innate immune system are neutrophils. These cells
have short life spans but have very potent anti-pathogenic qualities. Neutrophils have the ability
to phagocytize microbes and other particles and release powerful enzymes through a process
known as degranulation, which destroys infected cells or other microorganisms. As with other

immune cells, HIV has a negative impact on neutrophils. Even though neutrophils are not
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infected by HIV, they still display defects in chemotaxis, bacterial killing, and phagocytosis in
HIV-infected individuals [135].

CD4+ T-cells are a critical component in adaptive immunity. These cells regulate other
immune cells in the fight against disease. They are the main target of HIV and their destruction
is the primary cause of AIDS. HIV can cause cell death of CD4+ T-cells in several ways, both
direct and indirect. CTLs can destroy HIV-infected cells [84,85], but direct infection by HIV can
cause cell death through several other distinct mechanisms. After infection, continuous viral
budding can disrupt the integrity of the cell membrane causing cell death [136]. An infected cell
can fuse together with other non-infected CD4+ T-cells to form large multinucleated cell
complexes known as syncytium that allows for HIV to deplete many cells from a single cell
infection [137]. Direct infection of HIV can also induce apoptosis as it can inhibit anti-apoptotic
protein Bcl-2 and activate pro-apoptotic protein caspase 8 [138,139]. Indirect killing of cells is
caused by a few known mechanisms. Various free-floating HIV proteins can interact with
cellular proteins and receptors which induce apoptosis [140,141]. HIV can also cause CD4+ T-
cells to be indirectly depleted by activation-induced cell death [142] which is a mechanism by
which CD4+ T-cells self-terminate to avoid prolonged immune activation.

CD4+ T-cells have shown conflicting results as far as their variability in relation to
progression and control of HIV. For instance, a strong polyclonal Gag-specific response by
CD4+ T-cells which is maintained at high levels throughout the duration of infection is
correlated with some LTNPs [143]. On the other hand, some LTNPs show reduced CD4+ T-cell
activation [144] which effectively reduces the number of cells that are at risk of infection to HIV
thus slowing the progression of the disease. LTNPs have shown to have a high elevation in IL-7

and the IL-7 receptor on CD4+ T-cells and maintain phenotypically naive CD4+ T-cells [145].
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As illustrated, HIV has potent mechanisms to avoid and disrupt the immune system that
allows for extensive replication and propagation of the virus. But, variations in host genetics
have been shown to slow and control the progression of HIV. These variations are very
important as they elucidate ways in which the body can fight HIV and may lead to novel
therapeutics and vaccine opportunities in the future. However, the genetic variants identified to
date only accounts for 15% of the variance seen in viral load and progression [77]. This means
that there are other genes that play a role in progression that need to be investigated and

accounted for.

Section 4: FcyRs and GM Allotypes

The main purpose of the immune system is to identify and eradicate invading pathogens.
The immune system fights off these pathogens through two distinct and interconnected systems:
innate and adaptive immunity. Innate immunity is the first line of defense and provides
immediate protection to the host. It supplies a quick and general response to pathogens through
innate immune cell activation, inflammation, and complement. Since the innate immune system
largely does not retain a memory capability, this response does not provide long-term protection
against particular antigens. Adaptive immunity on the other hand does have the ability to
remember and recognize antigens which it then uses to generate specific attacks against the
invading pathogen. The adaptive response can be activated by APCs from the innate immune
response or by other infected cells presenting foreign antigens. These responses are primarily
mediated through the various classes of T-cells as well as B cells. The humoral arm of adaptive
immunity is composed of circulating immunoglobulins secreted by terminally differentiated B

cells also known as plasma cells. These antibodies contain a variable region that are specific for
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a particular antigen and are capable of binding this antigen once it is encountered. Antibodies
also contain a constant region which can be a significant source of interaction with effector cells
or complement. The majority of innate immune cells contain receptors that are capable of
binding the Fc portion of the constant region of antibodies. Receptors that bind the Fc portion of
IgG are known as Fc gamma receptors (FcyRs). Upon binding, several possible immune
responses can take place including phagocytosis and antibody-dependent cell-mediated
cytotoxicity (ADCC). Thus, antibodies provide a bridge between the innate and adaptive
immune responses.

There are six known FcyRs in humans: FcyRI, FcyRlIla, FeyRIIb, FeyRlIle, FeyRIIla, and
FcyRIIIb. These are all encoded by genes on chromosome 1. These genes are thought to have
come about by gene duplication and subsequent gene mutation as they contain a high degree of
homology [146,147]. The cytoplasmic domains of the FcyRs show a high degree of variability
whereas variability in the extracellular domain tends to be minimized with the exception of
FcyRI which contains an extra immunoglobulin domain.

These variations give rise to the unique signaling and binding characteristics that are
observed for each of the FcyRs. For instance, of the FcyRs, FcyRIIb is inhibitory and is used to
counterbalance the activatory response of the other receptors through its immunoreceptor
tyrosine-based inhibitory motif in the cytoplasmic domain [148]. In contrast, FcyRIla and
FcyRIlc activate immune response through their immunoreceptor tyrosine-based activatory
motifs [148]. As for binding, FcyRI is the only high affinity receptor of the FcyRs and contains
an extra immunoglobulin domain in its extracellular domain [148,149]. The other receptors
contain only two immunoglobulin domains and are considered low affinity receptors [148].

While all of the FcyRs can avidly bind to complexed IgG, only FcyRI (and FcyRlIlIla to a lesser
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extent) can bind to monomeric IgG [150]. Individual FcyRs also show a high specificity and
affinity for particular IgG subclasses [150]. There are also functional polymorphisms among
particular FcyRs that give rise to differential binding affinities between alleles for the various
IgG subclasses [150].

FcyRlla is located on numerous effector cells including monocytes, macrophages,
neutrophils, dendritic cells, and platelets. FcyRIla is polymorphic at position 131 which codes
for either histidine (H) or arginine (R) due to an A to G nucleotide substitution [151]. This
amino acid change causes a minor differential in binding affinity for IgG1 [150], but a much
larger differential for IgG2 [150-152] with histidine being the higher affinity allele. The
differential in binding between the two alleles could affect the degree of the immunological
response as lower affinity binding would lead to a loss in immunological activation of the
effector cell while enhanced binding would lead to a rise in activation. These alleles are
associated in a variety of diseases including lymphoma [153], malaria [154], and systemic lupus
erythematosus [155]. FcyRlIla alleles have also been shown to be influential in the progression
of HIV as those individuals who are FcyRIla-131R/R progress faster to a low CD4+ T-cell count
[156].

FcyRlIIla has been found on several effector cells but is primarily contained on NK cells.
FcyRlIlla is allelic at position 158 which codes for either a valine (V) or a phenylalanine (F) due
to a G to T nucleotide substitution [157]. This amino acid change causes a differential in binding
affinity for all of the IgG subclasses [150] with valine being the higher affinity allele. The
differential in binding between the two alleles could affect the activation and immunological
response by NK cells as they there would be poorer binding and activation caused by the

phenylalanine allele but higher binding and activation caused by the valine allele. These alleles
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have been associated in a variety of diseases including inflammatory bowel disease [158] and
rheumatoid arthritis [159]. But, FcyRIIla alleles have shown conflicting results with regards to
its influence on HIV progression [156,160].

This conflict could arise from the fact that other immunological factors have not been
taken into account. FcyRs do not independently and spuriously activate an immune response in
the presence of an antigen. An immunological response, such as ADCC, is induced upon FcyR
binding to the Fc region of an antigen-bound IgG molecule. All of the FcyRs including their
polymorphisms have shown a differential in binding to the various IgG subclasses [150]. What
has not been considered is that the constant regions of the IgG subclasses are highly polymorphic
and could potentially influence FcyR-Fc binding affinity and thus influence the strength of the
immunological response.

IgG molecules are heterodimers that consist of four polypeptide chains: two heavy
chains and two light chains which are linked by disulfide bridges. Structurally, IgG can be
broken down into three domains: the Fab, the hinge, and the Fc. The Fab domain is responsible
for antigen binding which takes place in the variable region. The hinge region is the amino acid
sequence between the Fab and Fc domains. It contains considerable variability between IgG
subclasses and determines the flexibility of the IgG molecule. The Fc region is responsible for
FcyR and complement binding for the induction of an immune response.

IgG heavy and light chains can also be broken down into its variable and constant
regions. The structure of the variable region determines its ability to bind specific antigens. The
constant region of the heavy chain is distinctive to each subclass and exclusively comprises the
hinge and Fc regions while contributing a section to the Fab domain as well. The heavy chain

constant region is highly polymorphic among the IgG subclasses which gives rise to several
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antigenic determinants known as GM. GM allotypes are inherited in a Mendelian fashion and
are expressed as autosomal codominant genes [161]. These genes (y1, y2, and y3 corresponding
to the heavy chains of IgG1, 2, and 3) are closely linked on chromosome 14 and have a linkage
disequilibrium that is fairly absolute with recombination events happening on an evolutionary
scale. These markers are transmitted in defined groups known as haplotypes and are race
specific. Currently there are 18 known allotypes contained within the IgG subclasses with 4
being on IgG1, 1 on IgG2, 13 on IgG3, and none being discovered so far on IgG4.

GM allotypes have been associated with several diseases and pathogens including
autoimmune diseases [162-164], multiple sclerosis [165], bacterial infections [166], and hepatitis
C virus [167]. However, GM allotypes have not been investigated for their influence on HIV
progression. Nearly all of the GM allotypes are contained within the Fc portion of IgG, and
since attachment of the Fc receptor to the Fc region of the antibody is essential to eliciting an
immune response, GM allotypes could influence Fc-FcyR binding. As it has been shown that
FcyRlIla and FcyRIIla variants have differential binding affinities for the various IgG subclasses
[150], and that these variants influence HIV progression [156,160], it would be of great interest
to investigate how GM allotypes, individually or epistatically with FcyRIla and FcyRIIla
variants, influence HIV progression. Determination of common genotypes in differentially
progressing groups could lead to new avenues of viewing and fighting HIV infection.

As mentioned previously, vaccine trials to date have shown a myriad of results ranging
from potentially harmful [30] to modestly protective [31]. In one failed vaccine trial
(AIDSVAX), participants were vaccinated with recombinant gp120 (rgp120). Even though the
vaccine failed to reduce the HIV infection rate of participants, it did elicit a variety of immune

responses. These responses, in particular to gp120, have gained renewed interest due to the
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modest protection afforded in the Thai trial in which a combination of AIDSVAX and a
recombinant canarypox vaccine (ALVAC) expressing several HIV proteins were used. One
recent genome-wide study examined genetic factors that were associated with AIDSVAX-
induced gp120-specific IgG2 response among the vaccine recipients. The study concluded that
GM23 was significantly associated (p = 8.5 x 10"”) with gp120-specific IgG2 titers [168].
Efficient IgG2 responses to polysaccharides [166,169] and IgG2 levels have been associated
with GM23 [170], and since HIV gp120 is highly glycosylated with carbohydrates, GM23 could
influence HIV outcome and progression. HIV-1 Env and Gag specific IgG2 antibodies have
been correlated with control of HIV [171,172], but the mechanism of protection remains
unknown. Although IgG2 is thought to induce ADCC weakly, it has clearly been shown that
anti-gp41 IgG2 antibodies can induce an ADCC response against HIV [173]. Thus, GM23 may
be able to influence IgG2-mediated ADCC of HIV and at least in part explain the protection and

control afforded by IgG2 antibodies.

Significance

Presently, there is no vaccine available for HIV. While the Thai trial provided a modest
protection against HIV, there appears to be no vaccine on the horizon. As there are no
medications approved for preventive maintenance against HIV, current therapies for mitigating
HIV infection rates include education and safe sex practices. Those that do acquire HIV have
little recourse in their choices against the virus. HAART, while effective, is expensive and only
delays the progression of HIV while at the same time potentially causing serious side effects in
some. Yet, HIV controllers and LTNPs have shown remarkable resilience against HIV even in

the absence of HAART. This suggests that host genes play a role in the outcome and
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progression of the disease. Thus, it is vital to explore the genes and mechanisms that are
responsible for the control and slower progression of the disease. Studies have implicated
FcyRlIla and FcyRIIla genotypes in HIV progression. While these receptors’ genotypic variation
has been taken into consideration, the variance found in the receptors’ ligand, the Fc of 1gG, has
not. It begs the question then that if variance found in the receptor can influence progression,
why not its ligand? GM markers remain uninvestigated in control and progression of HIV.
Studies into these allotypes in combination with FcyRIla and FcyRIIla genes could further shed
light on the genetic influence of immune responses that could potentially contribute to the
control and progression of HIV. Results from these studies could be used to improve potential

therapeutics and vaccine designs against HIV.
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Hypothesis
I hypothesize that GM alleles, individually or epistatically with particular FcyRIla and
FcyRlIlla alleles, contribute to the control and rate of progression of HIV infection, and that the

underlying mechanisms include anti-gp120 mediated ADCC of HIV infected cells.

Specific Aims

Specific Aim 1: Determine if GM allotypes, individually or together with FcyRIla or FcyRIIla
variants are associated with control and progression of HIV infection.

Specific Aim 2: Determine if anti-gp120 mediated ADCC of HIV infected cells is influenced by

GM23 and FcyRIla variants.
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Chapter 2: FcyRlIla, FcyRIIla, GM, and KM in the Control of HIV

Replication

Introduction

HIV infection affects approximately 33.3 million people worldwide and is characterized
by severe loss of CD4+ T-cells over several years leading AIDS. Without HAART, the mean
time to the development of AIDS for an infected individual is 7.7-11 years after initial
seroconversion depending on age [69]. Yet, there are remarkable differences in progression and
outcome of the infection for some individuals. For instance, some highly exposed, persistently
seronegative individuals remain uninfected even after repeated exposures to HIV [74], whereas
rapid progressors develop AIDS within 4 years after seroconversion [70]. Other very rare
individuals are able to suppress HIV to low and sometimes undetectable levels [73]. This
suggests that host genetic factors influence the outcome of HIV infection. Several gene variants
have been associated with susceptibility, progression, and outcome, including HLA and CCRS5
[76], but they account for approximately only 15% of the variance observed in viral load and
progression [77]. This suggests that there might be additional genes that contribute to this
variance that have yet to be identified.

ADCC is a prominent mechanism underlying the protection provided by anti-HIV
antibodies [174,175]. ADCC is triggered upon ligation of FcyR to the Fc of IgG molecules. It
follows that genetic variation in FcyR and Fc—where the majority of the GM determinants are
located—could contribute to the interindividual differences in ADCC, resulting in differential
host control of HIV replication. Loci encoding GM and FcyR markers are located on

chromosomes 14 and 1, respectively. FcyRIla and FcyRIlIla genotypes have been shown to
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influence HIV susceptibility and disease progression [156,160,176], but the role of GM
determinants in HIV virologic control has not been investigated. Similarly, the role of KM
allotypes (encoded by a gene on chromosome 2), which are associated with susceptibility to
many infectious diseases [167,177-179], in the outcome of HIV infection has not been
investigated.

Genes do not act in isolation: there is growing body of evidence that epistasis—
modification of the action of a gene by one or more other genes—plays a significant role in
determining the rate of progression to AIDS [180]. Determinants expressed on Fc (GM) and
FcyR are probably some of the most likely ligand-receptor candidate pairs for gene-gene
interactions in the human genome. Thus, the aim of this investigation was to determine whether
particular GM, KM, FcyRlla, and FcyRIlIla genotypes were individually or epistatically

associated with the host control of HIV replication.

Materials and Methods

Study patients

Informed consent was obtained from study subjects enrolled in the Study of the
Consequences of Protease Inhibitor Era (SCOPE) cohort at the University of California, San
Francisco. The study protocol was approved by the Institutional Review Board for human
research at respective institutions. Blood was collected from a total of 73 HIV-infected
controllers (40 Caucasian Americans, 33 African Americans) and 100 HIV-infected non-
controllers (74 Caucasian Americans, 26 African Americans). Controllers were classified as
those individuals that were chronically infected for more than one year, naive to antiretroviral

therapy, and had three documented plasma HIV RNA levels < 2,000 copies/mL over at least a
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12-month period (http://cfar.ucsf.edu/pdf/cores/scope-criteria-11-08-2010.pdf). Non-controllers
were classified as those individuals that were chronically infected for more than one year, had no
antiretroviral therapy for one year preceding sample collection, and had HIV RNA levels >

10,000 copies/mL.

GM, KM, and FcyR Genotyping

DNA was isolated from non-viable PBMC pellets using Qiagen’s Blood Core Kit per
manufacturer’s protocol.

IgG1 allelic markers GM3 and GM 17 (arginine to lysine substitution, a G> A transition
in the CH1 region of the y1 gene) were determined by direct DNA sequencing. PCR was used to
amplify the CHI region of the y1 gene using the following primers: 5'-
CCCCTGGCACCCTCCTCCAA-3' and 5'-GCCCTGGACTGGGGCTGCAT-3'[181]. The
double-stranded 364 bp DNA product was then purified and sequenced on an ABI Prism 377.

[gG2 allelic marker GM23 (valine-to-methionine substitution, a G—> A transition in the
CH2 region of the y2 gene) was determined using a nested PCR-RFLP method. A 915 bp
fragment that includes the polymorphic site was amplified using the following primers: 5'-
AAATGTTGTGTCGAGTGCCC-3" and 5'-GGCTTGCCGGCCGTGGCAC-3'[182]. A 197 bp
fragment was then amplified from the 915 bp fragment using the following primers: 5'-
GCACCACCTGTGGCAGGACC-3'and 5'-TTGAACTGCTCCTCCCGTGG-3". The 197 bp
product was digested by the restriction enzyme NIalll. This resulted in the following product
sizes for each genotype: GM23(+/+), 90 bp, 63 bp, and 44 bp; GM23(-/-), 134 bp and 63 bp; and

GM23(+/-), 134 bp, 90 bp, 63 bp, and 44 bp.
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IgG3 hetero-allelic markers GMS5 (asparagine-to-serine substitution, a AT->GC transition
in the CH3 region of the y3 gene) and GM21 (proline-to-leucine substitution, a C=>T transition
in the CH2 region of the y3 gene) were determined using a PCR-RFLP method. A 765 bp
fragment that includes the polymorphic sites was amplified using the following primers: 5°-
CTGAACTCCTGGCAGGACCGT-3’ and 5’-GCTTGCCGGCTATCGCACTC-3". A 685 bp
fragment was then amplified from the 765 bp fragment using the following primers: 5'-
GCACCACCTGTGGCAGGACC-3'and 5'-TTGAACTGCTCCTCCCGTGG-3' [183]. The 685
bp product was digested by the restriction enzyme MspAll. This resulted in the following
product sizes for each genotype: GM5/5, 171 bp, 158 bp, and 156 bp, 137 bp, and 63 bp;
GM21/21, 327 bp, 295 bp, and 63 bp; and GM5/21, 327 bp, 295 bp, 171 bp, and 158 bp, 156 bp,
137 bp, and 63 bp.

The k-chain is triallelic—KM 1, KM 1,2, and KM3 alleles. KM1 allele is rare; 98% of
the individuals positive for KM1 are also positive for KM2. Thus, positivity for KM1 includes
both KM1 and KM 1,2 alleles. The KM alleles were determined by a previously described PCR-
RFLP method [184].

A change in the nucleotide at position 497 of FcyRIla gene from A to G results in change
of amino acid histidine to arginine (H/R131). A 366 bp fragment amplified using the following
primers: 5-GGAAAATCCCAGAAATTCTCGC-3'and 5'-
CAACAGCCTGACTACCTATTACGCGGG -3'[185]. The 366 bp product was digested by the
restriction enzyme BstU1. This resulted in the following product sizes for each genotype:
FcyRIla H/H: 343 bp and 23 bp; FcyRIla R/R: 322 bp, 23 bp, and 21 bp; FcyRIla H/R: 343 bp,

322 bp, 23 bp, and 21 bp.
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A change in the nucleotide at position 559 of the FcyRIIIa gene from T to G results in
phenylalanine to valine substitution (F/V158) in the membrane proximal IgG like domain of
FcyRIlIla. The FcyRlIlIla alleles were determined by the TagMan® SNP Genotyping Assays
supplied by Applied Biosystems, following manufacturer’s protocols.

Due to technical reasons, certain samples were not typed for certain genotypes causing

slight variations in the sample number for each genotype.

Statistical Analysis

Fisher’s exact tests were used to determine the significance of the genotype frequency
differences between controllers and non-controllers. Dominant and recessive tests of the genetic
effects were constructed; however, due to low minor allele frequencies some models were not
explored. All interaction effects were tested in logistic regression models that also allowed for
main effects of the genes. Interaction tests were constructed as 1 degree of freedom tests,
assuming either recessive or dominant genetic effects of each genetic marker. All tests were
two-tailed with an a = 0.05 level. Due to varying genotype frequencies across European ancestry
and African ancestry populations, tests of differences in genotype frequencies and gene-gene
interactions were conducted separately for Caucasian and African American subjects in the
cohort. In total main effects of six loci and eight possible interactions between the four GM/KM
loci and two FcyR loci were explored. The p values for the associations were not adjusted by
Bonferroni’s method. Such adjustment is controversial and we believe that, instead of
performing such adjustment in this work, the best approach would be to test in an independent

sample.
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Results

The distribution of GM, KM, and FcyR genotypes in HIV controllers and non-controllers
is given in Table 1. None of the genotype frequencies by itself differed significantly between the
two groups. However, certain combinations of FcyR and GM genotypes were differentially
distributed between the two groups of Caucasian Americans (Table 2). Among FcyRIla R non-
carriers (i.e. H/H homozygotes), GM21 non-carriers (i.e. GM5 homozygotes) had over seven-
fold greater odds of being controllers than the carriers of this allele (OR = 7.47; p =0.0214).
Testing epistasis between FcyRIla and GM21 in a logistic regression model, the interaction was
statistically significant (p = 0.0255). These GM determinants also interacted with FcyRIIla
alleles. Among the carriers of the FcyRIlla V allele, GM21 non-carriers had over three-fold
greater odds of being controllers than the carriers of this allele (OR = 3.26; p = 0.0495). Testing
epistasis between FcyRIIla and GM21 in a logistic regression model, the interaction was trending
towards statistical significance (p = 0.0503). Among FcyRlIla R-carriers and FcyRIIla V non-
carriers, the GM21 genotype frequencies between controllers and non-controllers were not
significantly different (p = 0.817, 0.560, respectively). No significant associations were

observed in African American subjects.

Discussion

The results reported here show significant interactive effects of particular FcyR and GM
genotypes on the host control of HIV replication. A plausible mechanism underlying this
association could involve epistatic contribution of these loci to the ADCC of HIV-infected cells
or to the antibody-dependent cell-mediated virus inhibition. The interacting FcyRIla and

FcyRlIlIIa alleles—H and V, respectively—are high affinity alleles, that is, they bind the Fc
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region of IgG antibodies better than their allelic counterparts [186,187]. Alleles at both loci have
been shown to be risk factors for HIV infection and progression, but no consistent pattern has
emerged [156,160,188], which could be due to the fact that all studies thus far have examined the
genes encoding the receptors, but not those coding for their ligand (Fc/GM). Results reported
here underscore the importance of simultaneously examining the ligand (GM) and the receptor
(FcyR) genes for their possible contribution to the host control of HIV replication. It is possible
that GM5-expressing anti-HIV IgG antibodies have higher affinity for the FcyRIla H and
FcyRIIIa V alleles, which could enhance the magnitude of ADCC against HIV-infected cells,
leading to a better control of HIV replication. This is analogous to the reported allelic interaction
between particular killer cell immunoglobulin-like receptors and their HLA-C ligand in the
resolution of hepatitis C virus infection [189].

We did not find an interactive effect of GM and FcyR alleles on the control of HIV
replication in the African American cohort. The reasons for these racial differences are not clear.
The inability to detect an association in this group could be due to its relatively small size.
Alternatively, GM and FcyR alleles could interact with the allelic determinants of another as-yet-
undetermined gene whose frequencies are different in the two populations. Such racial
disparities in genetic associations are not unprecedented.

If GM and FcyR genes contribute to the host control of HIV replication, as suggested by
the results presented here, why have they not been detected by the genome-wide association
studies (GWAS) of HIV control? One likely reason is the absence of GM genes in the HapMap
panel [190]. IgG gene segments harboring GM genes are highly homologous and apparently not
amenable to the high throughput genotyping technology used in GWAS. Another contributing

factor might be the inability of most GWAS to detect epistatic interactions. Therefore, a
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candidate gene approach involving a large sample size would be necessary to confirm and extend

the findings from this study.

Table 1. Distribution of GM, KM, and FcyR genotypes among HIV controllers and non-

controllers
Caucasian Americans African Americans
Non- Non-
Genotypes Controllers Controllers Controllers Controllers
n % n % n % n %

GM3/3 18 45.0 27 36.5 2 6.1 1 3.8
GM3/17 17 42.5 38 514 7 21.2 6 23.1
GM17/17 5 12.5 9 12.2 24 72.7 19 73.1
GM23(+/+) 7 17.5 14 18.9 2 6.1 | 3.8
GM23(+/-) 18 45.0 29 39.2 3 9.1 5 19.2
GM23(-/-) 15 37.5 31 41.9 28 84.8 20 76.9
GM5/5 19 47.5 28 38.9 28 84.8 23 88.5
GM5/21 16 40.0 35 48.6 5 15.2 3 11.5
GM21/21 5 12.5 9 125 0 0.0 0 0.0
KM1/1 1 2.5 0 0.0 4 12.1 4 15.4
KM1/3 4 10.0 18 24.3 9 27.3 12 46.2
KM3/3 35 87.5 56 75.7 20 60.6 10 38.5
FcyRIla H/H 10 25.0 21 28.8 5 15.2 5 19.2
FcyRIla H/R 18 45.0 37 50.7 12 36.4 12 46.2
FcyRIIa R/R 12 35.0 15 20.5 16 48.5 9 34.6
FcyRlIlla V/V 5 12.8 7 9.9 | 3.0 3 11.5
FcyRIlla F/V 13 33.3 34 47.9 17 51.5 12 46.2
FcyRIIla F/F 21 53.8 30 423 15 455 11 42.3
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sle 2. Distribution of particular FcyR-GM genotype combinations in Caucasian Americans in relation to HIV control

us
'R Genotype GM Genotype Controllers Non-Controllers p OR (95% CI)
n %o n %

'RIIa R non-carriers GM21 non-carriers 7 70 5 23.8 0.0214  7.47 (1.39 - 40.2)
GM21-carriers 3 30 16 76.2

'RlIla R-carriers GM21 non-carriers 12 40 23 45.1 0.817 0.811 (.325-2.03)
GM21-carriers 18 60 28 54.9

'RIlla V non-carriers GM21 non-carriers 7 33.3 13 44.8 0.560 0.615(.192-1.97
GM21-carriers 14 66.7 16 55.2

RIlla V-carriers GM21 non-carriers 11 61.1 13 325 0.0495  3.26 (1.03-10.4)
GM21-carriers 7 38.9 27 67.5
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Chapter 3: FcyRlIla, FcyRIIla, and GM in the Progression of HIV

Infection

Introduction

HIV progression is remarkably variable. Although the mean time to AIDS is 7.7-11
years after seroconversion [69], rapid progressors can advance to AIDS within 4 years [70] while
LTNPs can survive for much longer even in the absence of HAART [71,72]. Several genetic
factors have been associated with the progression rate of HIV including FcyRIla [156]. The low
affinity allele of FcyRIla has been associated with a faster progression to a CD4+ T-cell count of
< 200/mm’ (a clinical definition of AIDS) in HIV infected individuals. FcyRIla’s ligand, Fc of
IgG, is highly polymorphic. These polymorphisms, known as GM, have been shown to be
influential in a number of other diseases [162-167]. Thus, variations of the Fc region may be
able to contribute to the variability seen in HIV progression to a low CD4+ T-cell count.
Determinants expressed on Fc (GM) and FcyR are probably some of the most likely ligand-
receptor candidate pairs for gene-gene interactions in the human genome. Thus, the aim of this
investigation was to determine whether particular GM allotypes individually or epistatically with
FcyRlla, are associated with the progression of HIV.

Progression of HIV among the FcyRIlIla genotypes has produced conflicting results [156,
160]. This may be due to the fact that GM allotypes and possible epistatic interaction with
FcyRIlla was not investigated or considered. Thus, GM- FcyRIlla interactions were also

analyzed for progression to a low CD4+ T-cell count.

Materials and Methods
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Study patients

Informed consent was obtained from study subjects enrolled in the Multicenter AIDS
Cohort Study (MACS) from Johns Hopkins University, Northwestern University, UCLA, and the
University of Pittsburgh. The study protocol was approved by the Institutional Review Board for
human research at respective institutions. MACS is an ongoing prospective study of the natural
and treated histories of HIV-1 infection in 6972 homosexual and bisexual men that were
recruited from 1984 to 2003. Genotyping results from a total of 462 infected white/non-Hispanic
and 25 white/Hispanic participants were analyzed. Subjects analyzed from this study were the
same subjects analyzed from a previous study [156]. Subjects include 337 individuals who
seroconverted after entering the study, and 114 subjects that entered the study seropositive in

1984 with a CD4+ T-cell count > 500/mm° of blood.

GM Genotyping

GM typing methods were done as described in the previous chapter. FcyRIla and
FcyRIlIla genotypes were determined in a previous study [156]. Due to technical reasons, certain
samples were not typed for certain genotypes causing slight variations in the sample number for

each genotype.

Statistical Analysis

Cox regression models were used to determine whether GM genotypes alone or with
FcyRIla or FeyRIlIa predicted HIV progression to a CD4+ T-cell count < 200/mm”. Age at time
of seroconversion or entry into MACS was used as covariate in the model. Statistical software

IBM SPSS Statistics 19 was used for all statistical analyses.
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Results

Using Cox regression models, we determined that no GM genotypes contained in the
GM3/17 locus (p = .855), GM23 locus (p = .286), and GM5/21 loci (p = .531) were associated
with disease progression to a CD4+ T-cell count < 200/ mm® by themselves (Figure 6).
However, a Cox regression model examining interaction with FcyRIIa’ H carriers vs. non-carriers
(i.e. R homozygotes) and GM3 carriers vs. non-carriers (i.e. GM17 homozygotes) yielded a
significant association with disease progression (p = .0424). When this model was applied to
other GM loci, no significant interactions were observed.

Individual FeyRIla genotypes were further investigated to determine if particular
genotypes in combination with the GM3/17 locus influenced progression. Among FcyRIla H
non-carriers, GM3 non-carriers were associated with quicker progression to a CD4+ T-cell count
<200/mm’ compared to carriers of this allele (p = 0.027) (Figure 7A). GM3 non-carriers had a
mean progression time to CD4+ T-cell count < 200/mm” in 4.6 years compared to 9.4 years for
GM3 carriers.

These individual FcyRIla genotypes were also investigated with other GM loci.

Although a Cox regression model examining interaction with FcyRIla H carriers vs. non-carriers
and GM23 heterozygotes vs. non-heterozygotes was non-significant (p = .215), we determined
that among FcyRlIla H non-carriers, GM23 non-heterozygotes (i.e. GM23+/+ or GM23-/-) were
associated with quicker progression to a CD4+ T-cell count < 200/mm” compared to
heterozygotes (p = .027) (Figure 7B). Gm23 non-heterozygotes had a mean progression time to

a CD4+ T-cell count < 200/mm” in 6.8 years compared to 10.0 years for GM23 heterozygotes.
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A Cox regression model examining interaction between FcyRIla H carriers vs. non-
carriers and GMS carriers vs. non-carriers was also non-significant (p = .109). But, among
FcyRIla H non-carriers, GMS5 non-carriers (i.e. GM21 homozygotes) were associated with
quicker progression to a CD4+ T-cell count < 200/mm” compared to carriers of this allele (p =
.017) (Figure 7C). GMS5 non-carriers had a mean progression time to a CD4+ T-cell count <

200/mm” in 4.6 years compared to 9.2 years for GMS5 carriers.
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Cox regression models examining interaction with FcyRIIla and GM showed no

significant interactions. But a Cox regression model examining interaction FcyRIIla F carriers

vs. non-carriers (i.e. V homozygotes) and GM23 heterozygotes vs. non-heterozygotes trended

towards significance (p = .067). Individual FcyRIlla genotypes were further investigated to

determine if particular genotypes in combination with the GM23 locus influenced progression.

Among FcyRIIla F non-carriers, GM23 non-heterozygotes were associated with quicker

progression to a CD4+ T-cell count < 200/mm’ compared to heterozygotes (p = 0.010) (Figure
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8). GM23 non-heterozygotes had a mean progression time to a CD4+ T-cell count < 200/mm” in
6.9 years compared to 13.4 years for GM23 heterozygotes.

FcyRlIla and FeyRIIla combinations were also investigated for possible associations with
progression to a CD4+ T-cell count < 200/mm’. A Cox regression model examining FcyRIla H
carriers vs. non-carriers and FcyRIlla F carriers vs. non-carriers revealed a significant association
with progression (p = .0054). Individual FcyRIla genotypes were further investigated to
determine if particular genotypes in combination with the FcyRIIla genotypes influenced
progression. We determined that, among FcyRIla H non-carriers, FcyRIlIla F non-carriers were
associated with quicker progression to a CD4+ T-cell count < 200/mm’ compared to carriers of
this allele (p = 0.000396) (Figure 9). FcyRlIlla F non-carriers had a mean progression time to a

CD4+ T-cell count < 200/mm” in 3.2 years compared to 9.2 years for FcyRIIla F carriers.
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Discussion

The results reported here show significant interactive effects of particular FcyR and GM
genotypes on the progression of HIV infection to a CD4+ T-cell count < 200/mm°. It is possible
that epistatic interaction of the various FcyR and GM alleles contribute differentially to the levels
of an immunological response, such as ADCC, which could influence the progression rate of
HIV to a low CD4+ T-cell count. The FcyR-GM interactions observed were among those
homozygous for FcyRIla and FcyRIIla alleles, R and V respectively, which are risk factors for
faster progression of HIV [156, 160]. In FcyRIla H non-carriers, when combined with GM17 or
GM21, progression was significantly accelerated to a low CD4+ T-cell count. Given that
FcyRIla R has decreased binding affinity for the IgG subclasses [150], this allele could have a
decrease in binding affinity for GM17 or GM21 containing antibodies leading to a decrease in
ADCC of HIV infected cells. It is known that the FcyRIla R allele has decreased binding affinity
for the IgG subclasses, but antibodies are also polymorphic and could potentially lead to
alterations in binding and augment the progression of HIV to a low CD4+ T-cell count.

The observed effect may also be due in part to antibody-dependent enhancement (ADE),
in which non-neutralizing antibodies directed against a virus actually increase the infectivity of
the virus. Subneutralizing concentrations of anti-HIV antibodies have been shown to cause ADE
of HIV mediated by various FcyRs including FcyRI, FcyRIla, and FcyRIIIa [191,192, 193].

IgG1 and IgG3 concentrations are lower in individuals containing GM17 or GM21, respectively
[170]. Thus, it is likely that individuals homozygous for GM17 or GM21 may produce
subneutralizing concentrations of antibodies leading to an enhancement of HIV infection
mediated by FcyRIla containing the R/R genotype. As macrophages and monocytes contain

FcyRlIla and are actively infected by HIV, these cells would be infected at a higher rate which

38



would increase the viral reservoir leading to an enhancement in viremia and potential for T-cell
infection and depletion. Potentially, protective FcyR genotypes abrogate ADE which would
explain why enhanced progression to a low CD4+ T-cell count was not observed in FcyRIla H
carriers in combination with GM17 homozygotes or GM21 homozygotes.

Among FcyRIla H non-carriers or FcyRIIla F non-carriers, when combined with GM23
non-heterozygotes, progression to a low CD4+ T-cell count was significantly accelerated. 1gG2
concentrations are also influenced by GM23 [170] with those containing GM23 having higher
concentrations of Ig2 while those without GM23 have lower concentrations. FcyRIla H non-
carriers or FcyRIIla F non-carriers lacking GM23 could contain lower titers of IgG2 which could
potentially have a decrease in anti-HIV neutralizing and non-neutralizing antibodies. Even
though neutralizing antibodies can mediate ADCC, lower titers of antibodies could potentially
decrease the size and breadth of neutralization and ADCC while possibly increasing ADE. In
contrast, FcyRIIa H non-carriers or FcyRIIla F non-carriers homozygous for GM23 could
contain higher titers of [gG2 which could potentially have an increase in anti-HIV neutralization
and ADCC of HIV infected cells, but also an increase in uninfected bystander CD4+ T-cells
bound by free floating gp120 [194]. Thus, FcyRIIa H non-carriers or FcyRIlla F non-carriers
that are heterozygous for GM23 could fall into protective zone between possible thresholds of
underactivation and overactivation.

A significant interactive effect was also observed between FcyRIla and FcyRIIIa. The
presence of particular genotypic combinations of these receptors showed a marked increase in
acceleration to CD4+ T-cell count < 200/mm’. While the presence of FcyRIla H non-carriers is
predictive of a quicker progression to a low CD4+ T-cell count [156], the addition FcyRIlla V/V

genotype is likely an additive effect for accelerated progression. As there is no protective allele
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for progression to a low CD4+ T-cell count present in this combination, abrogation of deleterious
effects previously described is not possible. Thus there is an enhancement of the acceleration of
HIV progression to CD4+ T-cell count < 200/mm’.

These results underscore the importance of investigating not only the receptor genes in
disease but also the receptor’s ligand. The FcyR-GM interactions observed demonstrate how
particular genotypic combination can influence the progression of HIV. From these results,
particular GM allotypes can differentially influence progression rates among certain genotypes
of FcyRIIa and FcyRIIla. This highlights the necessity of investigating not just the overall

interactive effect between alleles, but also the effect between particular genotypes.
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Chapter 4: GM23 and FcyRIla Influence in Anti-gp120 ADCC

Introduction

Recently, a genome-wide association study has found that the IGHG?2 allele that codes
for GM23 allotype is a major determinant of IgG2 antibody responses to gp120 [168]. The most
successful HIV vaccine trial to date, known as RV 144, was a combination of two vaccines and
showed a modest protection to HIV. This trial has renewed interest in gp120 as a vaccine target,
as recombinant gp120 was utilized in one of the vaccines. As mentioned previously, gp120 is
highly glycosylated with polysaccharides, and efficient IgG2 responses to polysaccharides have
been associated with GM23 [166,169]. Since IgG2 has been shown to mediate ADCC of HIV
infected cells[173], it follows that GM23 could potentially influence an anti-gp120 ADCC
response mediated by IgG2 antibodies. ADCC can be induced by antigen-complexed IgG2 when
bound by FcyRIla. FcyRIla genotypes have been shown to be influential in the progression of
HIV [156]. This receptor contains a functional polymorphism that affects its ability to bind IgG2
and could logically influence the ADCC response towards HIV.

This demonstrates that there is a genetic basis for investigating differential ADCC rates
between genetically dissimilar HIV infected individuals. Yet, GM23’s role in ADCC remains
uninvestigated. As IgG2 is an important partner in immunity and contains its own allelic
variants, it would be very important to investigate the contribution of GM23 as well as FcyRIla

variants in gp120-mediated ADCC of HIV infected cells.

Materials and Methods

FcyRIla Typing
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Informed consent was obtained from volunteer and blood was collected in EDTA-coated
vacutainer tubes. The study protocol was approved by the Institutional Review Board for human
research. DNA was extracted from the blood using the Qiagen Puregene Kit via manufacturer’s
protocols. A 366 bp fragment was amplified using the following primers: 5'-
GGAAAATCCCAGAAATTCTCGC-3"and 5'-CAACAGCCTGACTACCTATTACGCGGG -3'
[185]. The 366 bp product was digested by the restriction enzyme BstU1. This resulted in the
following product sizes for each genotype: FcyRIla H/H: 343 bp; FcyRIla R/R: 322 bp; FcyRIla

H/R: 343 bp and 322 bp.

GM23 Typing
GM23 was previously typed from healthy donor plasma obtained from MUSC hospital

using a standard hemagglutination inhibition assay [195].

Purification of Neutrophils
Blood from volunteers homo- and heterozygous for the H and R alleles of FcyRIla was
collected in EDTA-coated vacutainer tubes. Neutrophils were then isolated from the blood using

Cedarlane Lympholyte-poly via manufacturer’s protocols [196].

Purification of IgG2

Serum albumin was depleted from healthy donor plasma using ion exchange
chromatography. Briefly, plasma was dialyzed against sodium phosphate buffer and then passed
through an ion exchange column containing diethylaminoethyl covalently linked to Sepharose

and collecting the flow through [197]. IgG2 was then be purified from the total IgG using an
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affinity chromatography column using anti-IgG2 antibodies bound to beads that capture IgG2.

This was then eluted and concentrated into the desired concentration.

Cell Line and Antibody
The HIV producing cell line HUT 78/HIV-1sg; and anti-gp120 IgG2 human monoclonal
antibody (mAb) F425-be48 were provided by the NIH AIDS Research and Reference Reagent

Program. Cells were grown in culture using RPMI 1640 media supplemented with 10% FBS.

Determination of Anti-gp120 mAb Binding

A FACS analysis was performed to determine binding of F425-be48 to the HUT 78/HIV-
sk cell line. Briefly, cells were harvested, washed, and aliquoted into a desired concentration
of 1,000,000 cells in 100 ul of PBS. 1 ug of antibody was added to the cells and allowed to sit
for 1 hour over ice with occasional agitation every 15 minutes. Cells were then washed
thoroughly with PBS twice and placed in 100 ul of PBS. A FITC-conjugated goat anti-human
IgG antibody (Sigma-Aldrich) was then added and left to sit for 30 minutes over ice with
occasional agitation every 15 minutes. Cells were then washed thoroughly with PBS twice and

placed in 500 ul of 4% paraformaldehyde. Cells were then processed on a BD FACSAria II

ADCC of HIV Infected Cells

HUT 78/HIV-1gp; cells were harvested, washed, and aliquoted into a desired
concentration of 1,000,000 cells in 100 ul of PBS into two tubes. 1 ug of F425-b4e8 was added
to one set of cells. Both were allowed to sit for 1 hour over ice with occasional agitation every

15 minutes. Cells were then washed thoroughly with PBS and aliquoted into 96 well plates at
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5,000 cells per well in triplicate. Neutrophils were then added to the wells in the following
effector to cell ratios: 10:1, 5:1, 2.5:1, 1.25:1, .625:1, .3125:1, .15625:1, and O:1 (Illustration 1).
Plates were centrifuged and placed in a 37°C incubator for 4 hours. After this time, the plates
were centrifuged again and ADCC activity measured by lactate dehydrogenase release using

Promega’s Cytotox 96 Non-Radioactive Cytotoxicity Assay per manufacturer’s protocols.

Neutrophils With Antibody Without Antibody

*5.000 HUT cells in each well

[Mustration 1. ADCC plate setup

Results

Although the IgG2 mAb F425-b4e8 clearly binds to the HUT 78/HIV-1gp, cell line
(Figure 10), ADCC was not observed in experiments regardless of the presence of the anti-gp120
mAb or FcyRlIla genotype present on neutrophils. This negated the possibility of performing

further experimentation investigating the influence GM23 in ADCC.
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Although the mAb F425-b4e8 has
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been shown to bind to gp120 and neutralize HIV

[198,199], its non-neutralizing potential had not been

investigated up to this point. This left open the

possibility that F425-b4e8 was capable of mediating g
ADCC. The reasons behind this antibody’s inability B

to induce ADCC are unclear.

Counts

One possibility is that F425-b4e8 a strictly M1
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neutralizing antibodies recognize the V3 loop

[198,201] and antibodies can contain neutralization

or ADCC inducing capabilities. However, antibodies §

to HIV have been shown to induce neutralization and
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ADCC [198]. Antibodies that contain the capability
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to induce ADCC in one strain of HIV have been 10 v F1I1Qt23 R 10

shown to bind another strain but lose its ADCC ability  Fjgure 10. FACS analysis of anti-gp120 IgG2

F425-b4e8 binding HUT 78/HIV-1gg,. (A)
Cells alone. (B) Cells + FITC-conjugated anti-
IgG antibody. (C) Cells + F425-b4e8 + FITC-
conjugated anti-IgG antibody.

[198] meaning that even though F425-b4e8 may not
be able to induce ADCC with the particular strain used
in these experiments, it could potentially induce
ADCC against other strains of HIV. Another possibility could be analogous to a study that a

particular antibody could bind and neutralize HIV isolates effectively, but that its ADCC
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capabilities were completely abrogated due to amino acid substitutions in its Fc region [202]. It
could be that residues have been substituted on this antibody as well leading to the inability to
induce ADCC.

The cell line used in these experiments was an aggressive T-cell lymphoma infected with
HIV. The HUT78 cell line has been shown to produce IL-4 when stimulated by CD3 [203]. IL-
4 can induce the downregulation of FcyRIIa in neutrophils [203]. It is possible then that the HIV
infection in the HUT78 cells could stimulate IL-4 production which then causes neutrophils to
downregulate FcyRlIla leading to a loss of ADCC.

IgG2 contains the GM23 allotype. F425-b4e8 is negative for the GM23 allotype.
Binding studies have not been done between IgG2 allotypes and FcyRIla genotypes to determine
binding efficacy. It may be that GM23 negative IgG2 antibodies have a marked reduction in
binding to any of the FcyRIla genotypes. This possibility could account for the lack of ADCC
observed in these results.

We were not able to include a positive control for these experiments as we did not have
access to an anti-gp120 mAb that was known to induce ADCC with this particular cell line.
Thus, the inability to induce ADCC in these experiments could potentially be due to errors in the

ADCC assays.
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Future Directions

Results presented here provide a unique insight into the interactions between receptors
and ligands and how this influences outcomes and progression of disease. The FcyR-GM
interactions observed showed that in combination with particular FcyR genotypes, GM was
influential not only in progression of HIV but also in the control of HIV replication. The size of
our controller cohort was admittedly small. Approximately 1 in 300 HIV infected individuals is
able to control HIV replication without the use of HAART. However, one future direction
would be to confirm the results observed by testing in a different cohort of controllers.

Particular FcyR-GM interactions observed were associated with increased progression to
a low CD4+ T-cell count. One direction would to be to confirm this data with another set of
individuals. If confirmed, another important direction would be to determine the mechanism of
these interactions in relation to progression. Since particular FcyR genotypes have reduced
binding affinity for the various IgG subclasses, binding studies could be conducted to determine
how GM allotypes influence binding affinity and how this correlates with progression.

Binding studies could also be conducted to determine how GM23 and GM23 negative
IgG2 antibodies bind to the various FcyR genotypes. This may be able to elucidate how and why
antibodies may or may not contain neutralizing and ADCC inducing capabilities and why the

F425-b4e8 antibody was unable to induce ADCC regardless of FcyR.

47



References

10.

11.

12,

13.
14.

Gao F, Bailes E, Robertson DL, Chen Y, Rodenburg CM, Michael SF, Cummins LB, Arthur
LO, Peeters M, Shaw GM, Sharp PM, Hahn BH. Origin of HIV-1 in the chimpanzee Pan
troglodytes troglodytes. Nature 1999;397:436-41.

Bailes E, Gao F, Bibollet-Ruche F, Courgnaud V, Peeters M, Marx PA, Hahn BH, Sharp PM.
Hybrid origin of SIV in chimpanzees. Science 2003;300:1713.

Worobey M, Gemmel M, Teuwen DE, Haselkorn T, Kunstman K, Bunce M, Muyembe JJ,
Kabongo JM, Kalengayi RM, Van Marck E, Gilbert MT, Wolinsky SM. Direct evidence of
extensive diversity of HIV-1 in Kinshasa by 1960. Nature 2008;455:661-4.

Keele BF, van Heuverswyn F, Li YY, Bailes E, Takehisa J, Santiago ML, Bibollet-Ruche F,
Chen Y, Wain L V, Liegois F, Loul S, Mpoudi Ngole E, Bienvenue Y, Delaporte E,
Brookfield JEY, Sharp PM, Shaw GM, Peeters M, Hahn BH. Chimpanzee reservoirs of
pandemic and nonpandemic HIV-1. Science 2006;313:523-6.

Worobey M, Telfer P, Souquiere S, Hunter M, Coleman CA, Metzger MJ, Reed P, Makuwa
M, Hearn G, Honarvar S, Roques P, Apetrei C, Kazanji M, Marx PA. Island biogeography
reveals the deep history of SIV. Science 2010;329:1487.

Wolfe ND, Switzer WM, Carr JK, Bhullar VB, Shanmugam V, Tamoufe U, Prosser AT,
Torimiro JN, Wright A, Mpoudi-Ngole E, McCutchan FE, Birx DL, Folks TM, Burke DS,
Heneine W. Naturally acquired simian retrovirus infections in Central African Hunters.
Lancet 2004;363:932-7.

Gilbert MT, Rambaut A, Wlasiuk G, Spira TJ, Pitchenik AE, Worobey M. The emergence
of HIV/AIDS in the Americas and beyond. Proc Natl Acad Sci USA 2007;104:18566-70.
Centers for Disease Control (CDC). Pneumocystis pneumonia—Los Angeles. MMWR Morb.
Mortal. Wkly. Rep. 1981;30:250-2.

Hymes KB, Cheung T, Greene JB, Prose NS, Marcus A, Ballard H, William DC,
Laubenstein LJ.. Kaposi's sarcoma in homosexual men: A report of eight cases. Lancet
1981;2:598-600.

Gottlieb MS, Schroff R, Schanker HM, Weisman JD, Fan PT, Wolf RA, Saxon A.
Pneumocystis carinii pneumonia and mucosal candidiasis in previously healthy homosexual
men: evidence of a new acquired cellular immunodeficiency. N Engl J Med 1981;305:1425-
31.

Goedert JJ, Neuland CY, Wallen WC, Greene MH, Mann DL, Murray C, Strong DM,
Fraumeni JF Jr, Blattner WA. Amyl Nitrite may alter T lymphocytes in homosexual men.
Lancet 1982;1:412-6

Shearer GM, Hurtenbach U. Is sperm immunosuppressive in homosexuals and vasectomized
men? Immunology Today 1982;3:153-154.

Gay cancer focus of hearing. The Washington Blade. April 16, 1982.

Altman LK. New homosexual disorder worries health officials. New York Times, May 11,
1982.

48



15.

16.

17.

18.

19.

20.

21.

22,

23,

24.
25.

26.

27

28.

29.

30.

Centers for Disease Control (CDC). Opportunistic infections and Kaposi's Sarcoma among
Haitians in the United States. MMWR Morb Mortal Wkly Rep 1982:31; 353-4,360-1
Centers for Disease Control (CDC). Epidemiologic notes and Reports Pneumocystis carinii
Pneumonia among persons with hemophilia A. MMWR Morb Mortal Wkly Rep 1982:31;
365-7

Centers for Disease Control (CDC). Current Trends Update on Acquired Immune
Deficiency Syndrome (AIDS)- United States. MMWR Morb Mortal Wkly Rep 1982:31(37);
507-508, 513-514

Centers for Disease Control (CDC). Epidemiologic Notes and Reports Possible Transfusion-
Associated Acquired Immune Deficiency Syndrome, AIDS- California. MMWR Morb
Mortal Wkly Rep 1982;31; 652-4.

Centers for Disease Control (CDC). Unexplained Immunodeficiency and Opportunistic
Infections in Infants- New York, New Jersey, California. MMWR Morb Mortal Wkly Rep
1982;31 (49); 665-667.

Centers for Disease Control (CDC). Epidemiologic notes and reports immunodeficiency
among female sexual partners of males with Acquired Immune Deficiency Syndrome (AIDS)
- New York. MMWR Morb Mortal Wkly Rep 1983:;31(52);697-8.

RC Gallo, PS Sarin, EP Gelmann, M Robert-Guroff, E Richardson, VS Kalyanaraman, D
Mann, GD Sidhu, RE Stahl, S Zolla-Pazner, J Leibowitch, and M Popovic. Isolation of
human T-cell leukemia virus in acquired immune deficiency syndrome (AIDS). Science
1983;220:865-867.

Barré-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret S, Gruest J, Dauguet C,
Axler-Blin C, Vézinet-Brun F, Rouzioux C, Rozenbaum W, Montagnier L. Isolation of a T-
lymphotropic retrovirus from a patient at risk for acquired immune deficiency syndrome
(AIDS). Science 1983;220: 868-871.

Pear R. AIDS blood test to be available in 2 to 6 week. New York Times. March 3, 1985.

UNAIDS. AIDS Epidemic Update. Geneva, Switzerland. 2009.

Basic Statistics HIV/AIDS. US Centers for Disease Control.
http://www.cdc.gov/hiv/topics/surveillance/basic.htm.

El-Sadr WM, Mayer KH, Hodder SL. AIDS in America — forgotten but not gone. N Engl J

Med. 2010;362:967-70.

Ly T, Ruiz M. Prolonged QT interval and torsades de pointes associated with atazanavir
therapy. Clin Infect Dis 2007;44: e67-8

Lowenhaupt EA, Matson K, Qureishi B, Saitoh A, Pugatch D. Psychosis in a 12-year-old
HIV-positive girl with an increased serum concentration of efavirenz. Clin Infect Dis
2007;45:e128-30.

Ian McNicholl. http://hivinsite.ucsf.edu/insite?page=ar-05-01. Adverse Events of
Antiretroviral Drugs. University of California San Francisco. Retrieved 2011-07-08.

Buchbinder SP, Mehrotra DV, Duerr A, Fitzgerald DW, Mogg R, Li D, Gilbert PB, Lama
JR, Marmor M, Del Rio C, McElrath MJ, Casimiro DR, Gottesdiener KM, Chodakewitz JA,
Corey L, Robertson MN; Step Study Protocol Team. Efficacy assessment of cell-mediated

49



31.

32.

33

34.

L

36.

37,

38.

39

40.

41.

42.

43.

44,

immunity HIV-1 vaccine (the Step Study): a double blind, randomised, placebo-controlled,
test-of-concept trial. Lancet 2008;372:1881-93.
Rerks-Ngarm S, Pitisuttithum P, Nitayaphan S, Kaewkungwal J, Chiu J, Paris R, et. al.

Vaccination with ALVAC and AIDSVAX to Prevent HIV-1 Infection in Thailand. N EnglJ
Med 2009;361:2209-20.

ICTVdB Management. 00.061. Retroviridae. In: ICTVdB - The Universal Virus Database,
version 3. 2006. Biichen-Osmond, C. (Ed), Columbia University, New York, USA

Santiago ML, Range F, Keele BF, Li Y, Bailes E, Bibollet-Ruche F, Fruteau C, Nog R,
Peeters M, Brookfield JF, Shaw GM, Sharp PM, Hahn BH. Simian Immunodeficiency Virus
Infection in Free-Ranging Sooty Mangabeys (Cercocebus atys atys) from the Tai Forest,
Cote d'Ivoire: Implications for the Origin of Epidemic Human Immunodeficiency Virus Type
2. J Virol 2005;79:12515-27.

Burke DS. Recombination of HIV: An Important Viral Evolutionary Strategy. Emerg Infect
Dis 1997;3:253-9.

Spira S, Wainberg MA, Loemba H, Turner D, Brenner BG. Impact of clade diversity on
HIV-1 virulence, antiretroviral drug sensitivity and drug resistance. J Antimicrob Chemother
2003;51:229-40.

Baeten JM, Chohan B, Lavreys L, Chohan V, McClelland RS, Certain L, Mandaliya K,
Jaoko W, Overbaugh J. HIV-1 subtype D infection is associated with faster disease
progression than subtype A, in spite of similar HIV-1 plasma viral loads. J Infect Dis
2007;195:1177-80.

Kanki PJ, Hamel DJ, Sankalé JL, Hsieh C, Thior I, Barin F, Woodcock SA, Gueye-Ndiaye
A, Zhang E, Montano M, Siby T, Marlink R, NDoye I, Essex ME, MBoup S. Human
Immunodeficiency Virus Type 1 Subtypes Differ in Disease Progression. J Infect Dis
1999:179:

Nabel G, Makgoba W, Esparza J. HIV-1 diversity and vaccine development. Science
20002:296:2335.

Robey WG, Safai B, Oroszlan S, Arthur LO, Gonda MA, Gallo RC, Fischinger PJ.
Characterization of envelope and core structural gene products of HTLV-III with sera from
AIDS patients. Science 1985;228:593-5.

Simona Fiorentini, Elena Marini, Sonia Caracciolo, Arnaldo Caruso. Functions of the HIV-1
matrix protein p17. New Microbiol. 2006;29:1-10.

H. R. Gelderblom, M. Ozel, E. H. S. Hausmann, T. Winkel, G. Pauli and M. A. Koch. Fine

structure of human immunodeficiency virus (HIV), immunolocalization of structural proteins
and virus-cell relation. Virology 1987;156:171-6.

Broder S, Gallo RC. A pathogenic retrovirus (HTLV-III) linked to AIDS. N Engl J Med.
1984;311:1292-7.

HIV Sequence Compendium 2011 Introduction.
http://www.hiv.lanl.gov/content/sequence/HIV/COMPENDIUM/201 l/frontmatter.pdf.
Retrieved 7-11-2011.

Gottlinger HG. The HIV-1 assembly machinery. AIDS 2001;15 Suppl 5:S13-20.

50



45.

46.

47.

48.

49.
30,

51.
2.

33.

54.

55.

56.

37

58.

59.

60.

61.

62.

Rey F, Barré-Sinoussi F, Chermann JC. Biosynthesis of LAV gag gene products: Presence
of an intracellular gag-pol precursor polyprotein. Annales de I'Institut Pasteur / Virologie
1987;138:161-168.

Dalgleish AG, Beverley PC, Clapham PR, Crawford DH, Greaves MF, Weiss RA. The CD4
(T4) antigen is an essential component of the receptor for the AIDS retrovirus. Nature
1985;312:763-7.

Karn J. The molecular biology of HIV-1 latency: breaking and restoring the Tat-dependent
transcriptional circuit. Curr Opin HIV AIDS 2011;6:4-11.

Strebel K. Virus-host interactions: role of HIV proteins Vif, Tat, and Rev. AIDS 2003;17
Suppl 4:S25-34.

Bukrinsky M, Adzhubei A. Viral protein R of HIV-1. Rev. Med. Virol 1999;9:39-49.

Bour S, Strebel K. The HIV-1 Vpu protein: a multifunctional enhancer of viral particle
release. Microbes Infect 2003;5:1029-39.

Das SR, Jameel S. Biology of the HIV Nef protein. Indian J. Med. Res 2005;121:315-32.
Feng Y, Broder CC, Kennedy PE, Berger EA. HIV-1 entry cofactor: functional cDNA
cloning of a seven-transmembrane, G protein-coupled receptor. Science 1996;272:872-7.
Deng H, Liu R, Ellmeier W, Choe S, Unutmaz D, Burkhart M, Di Marzio P, Marmon S,
Sutton RE, Hill CM, Davis CB, Peiper SC, Schall TJ, Littman DR, Landau NR.
Identification of a major co-receptor for primary isolates of HIV-1. Nature 1996;381:661-6.
Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y, Nagashima KA, Cayanan C, Maddon
PJ, Koup RA, Moore JP, Paxton WA. HIV-1 entry into CD4+ cells is mediated by the
chemokine receptor CC-CKR-5. Nature 1996;381:667-73.

Weissenhorn W, Dessen A, Harrison SC, Skehel JJ, Wiley DC. Atomic structure of the
ectodomain from HIV-1 gp41. Nature. 1997;387:426-30.

Chan DC, Fass D, Berger JM, Kim PS. Core structure of gp41 from the HIV envelope
glycoprotein. Cell 1997;89:263-73.

Kanaseki T, Kawasaki K, Murata M, Ikeuchi Y, Ohnishi S. Structural Features of Membrane
Fusion between Influenza Virus and Liposome as Revealed by Quick-Freezing Electron
Microscopy. J Cell Biol 1997;137:1041-1056.

Danieli T, Pelletier SL, Henis YI, White JM. Membrane Fusion Mediated by the Influenza
Virus Hemagglutinin Requires the Concerted Action of at Least Three Hemagglutinin
Trimers. J Cell Biol 1996;133:559-69.

McDonald D, Vodicka MA, Lucero G, Svitkina TM, Borisy GG, Emerman M, Hope T1J.
Visualization of the intracellular behavior of HIV in living cells. J Cell Biol 2002;159:441—
452

Petit C, Giron ML, Tobaly-Tapiero J, Bittoun P, Real E, Jacob Y, Tordo N, De The H, Saib
A. Targeting of incoming retroviral Gag to the centrosome involves a direct interaction with
the dynein light chain 8. J Cell Sci 2003;116:3433-3442

Sherman MP, Greene WC. Slipping through the door: HIV entry into the nucleus.
Microbes Infect 2002;4:67-73.

Leonard CK, Spellman MW, Riddle L, Harris RJ, Thomas JN, Gregory TJ. Assignment of
intrachain disulfide bonds and characterization of potential glycosylation sites of the type 1

recombinant human immunodeficiency virus envelope glycoprotein (gp120) expressed in
Chinese hamster ovary cells. J Biol Chem 1990;265:10373-82.

51



63,

64.

63,

66.

67.

68.

69.

70.

e

JZ,

i

74.

75.

76.

Preston BD, Poiesz BJ, Loeb LA. Fidelity of HIV-1 reverse transcriptase. Science
1988:;242:1168-71.

Templeton AR, Kramer MG, Jarvis J, Kowalski J, Gange S, Schneider MF, Shao Q, Zhang
GW, Yeh MF, Tsai HL, Zhang H, Markham RB. Multiple-infection and recombination in
HIV-1 within a longitudinal cohort of women. Retrovirology 2009;6;54.

Fang G, Weiser B, Kuiken C, Philpott SM, Rowland-Jones S, Plummer F, Kimani J, Shi B,
Kaul R, Bwayo J, Anzala O, Burger H. Recombination following superinfection by HIV-1.
AIDS 2004;18:153-159.

Kuritzkes DR. HIV resistance: frequency, testing, mechanisms. Top HIV Med
2007;15:150-4.

Mocroft A, Devereux H, Kinloch-de-Loes S, Wilson D, Madge S, Youle M, Tyrer M,
Loveday C, Phillips AN, Johnson MA. Immunological, virological, and clinical response to
highly active antiretroviral therapy treatment regimens in a complete clinic population.
Royal Free Centre for HIV Medicine. AIDS 2000;14:1545-52.

Furtado MR, Callaway DS, Phair JP, Kunstman KJ, Stanton JL, Macken CA, Perelson AS,
Wolinsky SM. Persistence of HIV-1 transcription in peripheral-blood mononuclear cells in
patients receiving potent antiretroviral therapy. N Engl J Med 1999;27:340:1612-22.
Collaborative Group. Time from HIV-1 seroconversion to AIDS and death before
widespread use of higly-active antiretroviral therapy: a collaborative re-analysis.
Collaborative Group on AIDS Incubation and HIV Survival including the CASCADE EU
Concerted Action. Concerted Action on SeroConversion to AIDS and Death in Europe.
Lancet 355:1131-7.

Anzala OA, Nagelkerke NJ, Bwayo JJ, Holton D, Moses S, Ngugi EN, Ndinya-Achola JO,
Plummer FA. Rapid progression to disease in African sex workers with human
immunodeficiency virus type 1 infection. J Infect Dis 1995;171:686-689.

Cao Y, Qin L, Zhang L, Safrit J, Ho DD. Virologic and immunologic characterization of
long-term survivors of human immunodeficiency virus type 1 infection. N Engl J Med
1995;332:201-8.

Pantaleo G, Menzo S, Vaccarezza M, Graziosi C, Cohen OJ, Demarest JF, Montefiori D,
Orenstein JM, Fox C, Schrager LK, et al. Studies in subjects with long-term nonprogressive
human immunodeficiency virus infection. N Engl J Med 1995;332:209-16.

Hubert JB, Burgard M, Dussaix E, Tamalet C, Deveau C, Le Chenadec J, Chaix ML,
Marchadier E, Vildé JL, Delfraissy JF, Meyer L, Rouzioux. Natural history of serum HIV-1
RNA levels in 330 patients with a known date of infection. The SEROCO Study Group.
AIDS 2000;14:123-131.

Fowke KR, Nagelkerke NJ, Kimani J, Simonsen JN, Anzala AO, Bwayo JJ, MacDonald KS,
Ngugi EN, Plummer FA. Resistance to HIV-1 among persistently seronegative prostitutes in
Nairobi, Kenya. Lancet 1996;348:1347-51.

Huang Y, Paxton WA, Wolinsky SM, Neumann AU, Zhang L, He T, Kang S, Ceradini D, Jin
Z., Yazdanbakhsh K, Kunstman K, Erickson D, Dragon E, Landau NR, Phair J, Ho DD, Koup
RA. The role of a mutant CCRS allele in HIV-1 transmission and disease progression. Nat
Med 1996;2:1240-3.

Fellay J, Ge D, Shianna KV, Colombo S, Ledergerber B, Cirulli ET, Urban TJ, Zhang K,
Gumbs CE, Smith JP, Castagna A, Cozzi-Lepri A, De Luca A, Easterbrook P, Giinthard HF,
Mallal S, Mussini C, Dalmau J, Martinez-Picado J, Miro JM, Obel N, Wolinsky SM,
Martinson JJ, Detels R, Margolick JB, Jacobson LP, Descombes P, Antonarakis SE,

52



17

78.

79,

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Beckmann JS, O'Brien SJ, Letvin NL, McMichael AJ, Haynes BF, Carrington M, Feng S,
Telenti A, Goldstein DB; NIAID Center for HIV/AIDS Vaccine Immunology (CHAVI).
Common genetic variation and the control of HIV-1 in humans. PLoS Genet
2009;5:e1000791.

Telenti A, McLaren P. Genomic approaches to the study of HIV-1 acquisition. J Infect Dis
2010;202 Suppl 3:S382-6.

Gyorkey F, Melnick JL, Sinkovics JG, Gyorkey P. Retrovirus resembling HTLV in
macrophages of patients with AIDS. Lancet 1985;1:106.

Jordan CA, Watkins BA, Kufta C, Dubois-Dalcg M. Infection of grain microglial cells by
human immunodeficiency virus type 1 is CD4 dependent. J Virol 1994,65:736-42.

Miiller H, Falk S, Stutte HJ. Accessory cells as primary target of human immunodeficiency
virus HIV infection. J Clin Pathol 1986;39:1161.

Embretson J, Zupancic M, Ribas JL, et al. Massive covert infection of helper T lymphocytes
and

macrophages by HIV during the incubation period of AIDS. Nature 1993;362:359-62.
Pantaleo G, Graziosi C, Demarest JF, et al. HIV infection is active and progressive in
lymphoid tissue

during the clinically latent stage of disease. Nature 1993;362:355-8.

Piatak M, Jr, Saag MS, Yang LC, Clark SJ, Kappes JC, Luk KC, Hahn BH, Shaw GM Lifson
JD. High levels of HIV-1 in plasma during all stages of infection determined by competitive
PCR. Science 1993;259:1749-1754.

Gaines H, von Sydow MA, von Stedingk LV, Biberfeld G, Bottiger B, Hansson LO,
Lundbergh P, Sonnerborg AB, Wasserman J, Stranegaard OO. Immunological changes in
primary HIV-1 infection. AIDS 1990;4:995-999.

Cooper DA, Tindall B, Wilson EJ, Imrie AA, Penny R. Characterization of T lymphocyte
responses during primary infection with human immunodeficiency virus. J Infect Dis
1998;157:889-96.

Spiegel H, Herbst H, Niedobitek G, Foss HD, Stein H. Follicular dendritic cells are a major
reservoir for human immunodeficiency virus type 1 in lymphoid tissues facilitating infection
of CD4+ T-helper cells. Am J Pathol 1992;140:15-22.

Pantaleo G, Graziosi C, Butini L, Pizzo PA, Schnittman SM, Kotler DP, Fauci AS.
Lymphoid organs function as major reservoirs for human immunodeficiency virus. Proc
Natl Acad Scie USA 1991;88:9838-9842.

Zack JA, Arrigo SJ, Weitsman SR, Go AS, Haislip A, Chen IS. HIV-1 entry into quiescent
primary lymphocytes: molecular analysis reveals a labile, latent viral structure. Cell
1990;61:213-222.

Ho DD, Pomerantz RJ, Kaplan JC. Pathogenesis of infection with human immunodeficiency
virus. N EnglJ Med 1987;317:278-286.

Clouse KA, Robbins PB, Fernie B, Ostrove JM, Fauci AS. Viral antigen stimulation of the
production of human monokines capable of regulation HIV 1 expression. J Immunol
1989;143:470-475

Spira AI, Marx PA, Patterson BK, Mahoney J, Koup RA, Wolinsky SM, Ho DD, Cellular
targets of infection and route of viral dissemination after an intravaginal inoculation of
simian immunodeficiency virus into rhesus macaques. J Exp Med 1996;183: 215-225.
Zoeteweij JP, Blauvelt A. HIV-Dendritic cell interactions promote efficient viral infection of
T cells. J Biomed Sci 1998;5: 253-9.

53



93. Macatonia SE, Lau R, Patterson S, Pinching AJ, Knight SC. Dendritic cell infection,
depletion and dysfunction in HIV-infected individuals. Immunology 1990;71:38-45.

94. Fauci AS. The human immunodeficiency virus: infectivity and mechanisms of
pathogenesis. Science 1988;239:617-622.

95. Orenstein JM, Meltzer MS, Phipps T, Genelman HE. Cytoplamic assembly and
accumulation of human immunodeficiency virus types 1 and 2 in recombinant human
colony-stimulating factor-1-treated human monocytes: an ultrastructural study. J Virol
1988;62:2578-2586.

96. Gendelman HE, Orenstein JM, Baca LM, Weiser B, Burger H, Kalter DC, Meltzer MS. The
macrophage in the persistence and pathogenesis of HIV infection. AIDS 1989;3:475-495.

97. Rosenberg ZF, Fauci AS. The immunopathogenesis of HIV infection. Adv Immunol
1989;47:377-431.

98. Muller F, Rollag H, Frland SS. Reduced oxidative burst responses in monocytes and
monocyte-derived macrophages from HIV-infected subjects. Clin Exp Immunol 1990;82:10-
15.

99. Carrington M, Nelson GW, Martin MP, et al. HLA and HIV-1: heterozygote advantage and
B*35-Cw*04 disadvantage. Science 1999;28:1748-52.

100. Bailey JR, Williams TM, Siliciano RF, and Blankson JN. Maintenance of viral
suppression in HIV-1-infected HLA-B*57+ elite suppressors despite CTL escape mutations.
J Exp Med 2006;203:1357-1369.

101. Kaslow RA, Carrington M, Apple R, et al. Influence of combinations of human major
histocompatibility complex genes on the course of HIV-1 infection. Nat Med 1996;2: 405-11.

102. Klein MR, van der Burg SH, Hovenkamp E, Holwerda AM, Drijfthout JW, Melief CJ,
Miedema F. Characterization of HLA-B57-restricted human immunodeficiency virus type 1
Gagand RT-specific cytotoxic T lymphocyte responses. J Gen Virol 1998;79:2191-2201.

103.  Piacentini L, Biasin M, Fenizia C, Clerici M. Genetic correlates of protection against
HIV infection: the ally within. J Intern Med 2009;265:110-124.

104.  Carrington M, O’Brien SJ. The influence of HLA genotype on AIDS. Annu Rev Med
2003;54:535-551.

105. Rosenberg ZF, Fauci AS. The immunopathegenesis of HIV infection. Adv Immunol
1989;47:377-431.

106. Koenig S, Fuerst TR, Wood LV, Woods RM, Suzich JA, Jones GM, de la Cruz VF,
Davey RT Jr, Venkatesan S, Moss B, Biddison WE, Fauci AS. Mapping the fine specificity
of a cytolytic T cell response to HIV-1 nef protein. J Immunol 1990;145:127-135.

107.  Clerici M, Lucey DR, Zajac RA, Boswell RN, Gebel HM, Takahashi H, Berzofsky JA,
Shearer GM. Detection of cytotoxic T lymphocytes specific for synthetic peptides of gp160
in HIV-seropositive individuals. J Immunol 1991;146:2214-2219.

108. Pantaleo G, De Maria A, Koenig S, Butini L, Moss B, Baseler M, Lane HC, Fauci AS.
CD8+ T lymphocytes of patients with AIDS maintain normal broad cytolytic function
despite the loss of human immunodeficiency virus-specific cytotoxicity. Proc Natl Acad Sci
USA 1990;87:4818-4822.

109. Khanolkar A, Fuller MJ, Zajac AJ. CD4 cell-dependent CD8 Tcell maturation. J
Immunol 2004 1;172:2834-44.

110.  Brainard DM, Tharp WG, Granado E, Miller N, Trocha AK, Ren XH, Conrad B,
Terwilliger EF, Wyatt R, Walker BD, Poznansky MC. Migration of antigen-specific T cells

54



away from CXCR4-binding human immunodeficiency virus type 1 gp120. J Viorl
2004;78:5184-93.

111.  Stebbing J, Gazzard B, Douek DC. Where does HIV live? N Engl J Med
2004;350:1872-80.

112.  Betts MR, Ambrozak DR, Douek DC, Bonhoeffer S, Brenchley JM, Casazza JP, Koup
RA, Picker LJ. Analysis of total human immunodeficiency virus (HIV)-specific CD4(+) and
CD8(+) T-cell responses: relationship to viral load in untreated HIV infection. J Virol
2001;75:11983-11991

113.  Addo MM, Yu XG, Rathod A, Cohen D, Eldridge RL, Strick D, Johnston MN, Corcoran
C, Wurcel AG, Fitzpatrick CA, Feeney ME, Rodriguez WR, Basgoz N, Draenert R, Stone
DR, Brander C, Goulder PJ, Rosenberg ES, Altfeld M, Walker BD. Comprehensive epitope
analysis of human immunodeficiency virus type 1 (HIV-1)-specific T-cell responses directed
against the entire expressed HIV-1 genome demonstrate broadly directed responses, but no
correlation to viral load. J Virol 2003;77, 2081-2092.

114. Betts MR, Nason MC, West SM, De Rosa SC, Migueles SA, Abraham J, Lederman MM,
Benito JM, Goepfert PA, Connors M, Roederer M, Koup RA. HIV nonprogressors
preferentially maintain highly functional HIV-specific CD8+ T cells. Blood 2006;107:4781—
4789.

115.  Zimmerli SC, Harari A, Cellerai C, Vallelian F, Bart PA, Pantaleo G. HIV-1-specific
[FN-gamma/IL-2-secreting CD8 T cells support CD4-independent proliferation of HIV-1-
specific CD8 T cells. Proc Nat. Acad Sc. USA 2005;102:7239-7244.

116. Migueles SA, Laborico AC, Shupert WL, Sabbaghian MS, Rabin R, Hallahan CW, Van
Baarle D, Kostense S, Miedema F, McLaughlin M, Ehler L, Metcalf J, Liu S, Connors M.
HIV-specific CD8+ T cell proliferation is coupled to perforin expression and is maintained in
nonprogressors. Nat Immunol 2002;3:1061-1068.

117.  Piacentini L, Biasin M, Fenizia C, Clerici M. Genetic correlates of protection against
HIV infection: the ally within. J Intern Med 2009;261:110-124.

118.  Carrington M, O’Brien SJ. The influence of HLA genotype on AIDS. Annu Rev Med
2003;54:535-551.

119. Altfeld M, Addo MM, Rosenberg ES, Hecht FM, Lee PK, Vogel M, Yu XG, Draenert R,
Johnston MN, Strick D, Allen TM, Feeney ME, Kahn JO, Sekaly RP, Levy JA, Rockstroh
JK, Goulder PJ, Walker BD. Influence of HLA-B57 on clinical presentation and viral
control during acute HIV-1 infection. AIDS 2003;17:2581-2591.

120.  Moir S, Ogwaro KM, Malaspina A, Vasquez J, Donoghue ET, Hallahan CW, Liu S,
Ehler LA, Planta MA, Kottilil S, Chun TW, Fauci AS. Perturbations in B cell responsiveness
to CD4+ T cell help in HIV-infected individuals. Proc Natl Acad Sci USA 2003;100:6057-
62.

121.  Cooper DA, Imrie A, Penny R. Antibody response to human immunodeficiency virus
after primary infection. J Infect Dis 1987;155:1113-1118.

122.  Brun-Vezinet F, Rouzioux C, Barre-Sinoussi F, Klatzmann D, Saimot AG, Rozenaum W,
Christol D, Gluckmann JC, Montagnier L, Chermann JC. Detection of IgG antibodies to
lymphadenopathy-associated virus in patients with AIDS or lymphadenopathy syndrome.
Lancet 1984;1:1253-1256

123.  Shirai A, Cosentino M, Leitman-Klinman SF, Klinman DM. Human immunodeficiency
virus infection induces both polyclonal and virus-specific B cell activation. J Clin Invest
1992;89:561.

55



124.  Amadori A, De Rossi A, Faulkner-Valle GP, Chieco-Bianchi L. Spontaneous in vitro
production of virus-specific antibody by lymphocytes from HIV-infected subjects. Clin
Immunol Immunopathol 1988;46:342.

125.  Samuelsson A, Brostrom C, van Dijk N, Sénnerborg A, Chiodi F. Apoptosis of CD4"
and CD19" cells during human immunodeficiency virus type 1 infection: correlation with
clinical progression, viral load, and loss of humoral immunity. Virology 1997;238:180.

126.  Sreepian A, Srisurapanon S, Horthongkham N, Tunsupasawasdikul S, Kaoriangudom S,
Khusmith S, Sutthent R. Conserved neutralizing epitopes of HIV type I CRFO1_AE against
primary isolates in long-term nonprogressors. AIDS Res Hum Retroviruses 2004;20:531-42.

127. Cecilia D, Kleeberger C, Munoz A, Giorgi JV, Zolla-Pazner S. A longitudinal study of
neutralizing antibodies and disease progression in HIV-1 infected subjects. J Infect Dis
1999;179:1365-74.

128. Lopalco L. Humoral immunity in HIV-1 exposure: cause or effect of HIV resistance?
Curr HIV Res 2004;2:127-139.

129. Wu X, Yang Z, Li Y, Hogerkorp C, Schief WR, Seaman MS, Zhou T, Schmidt SD, Wu L
et. al. Rational design of envelope identifies broadly neutralizing human monoclonal
antibodies to HIV-1. Science 2010;329:856-861.

130. Oldham R. Natural killer cells: Artifact to reality: An odyssey in biology. Cancer
Metastasis Reviews 1983:2: 323-36

131.  Ljunggren K, Karlson A, Fenyo EM, Jondal M. Natural and antibody-dependent
cytotoxicity in different clinical stages of human immunodeficiency virus type 1 infection.
Clin Exp Immunol 1989;75:184-89.

132.  Portales P, Reynes J, Pinet V, et al.: Interferon-alpha restores HIV-induced alteration of
natural killer cell perforin expression in vivo. AIDS 2003;17:495-504.

133.  Vieillard V, Fausther-Bovendo H, Samri A, Debré P; and French Asymptomatiques a
Long Terme (ALT) ANRS-CO15 Study Group. Specific phenotypic and functional features
of natural killer cells from HIV-infected long-term nonprogressors and HIV controllers. J
Acquir Immune Defic Syndr 2010;53:564-73.

134. Alter G, Altgeld M. NK cells in HIV-1 infection: evidence for their role in the control of
HIV-1 infection. J Intern Med 2009;265:29-42.

135. Heit B, Jones G, Knight D, Antony JM, Gill MJ, Brown C, Power C, Kubes P. HIV and
other lentiviral infections cause defects in neutrophil chemotaxis, recruitment, and cell
structure: immunorestorative effects of granulocyte-macrophage colony-stimulating factor.
J Immunol 2006;177:6405-14.

136.  Fauci AS. The human immunodeficiency virus: infectivity and mechanisms of
pathogenesis. Science 1988;239:617-22.

137.  Sylwester A, Murphy S, Shutt D, Soll DR. HIV-induced T cell syncytia are self-
perpetuating and the primary cause of T cell death in culture. J Immunol 1997;158(8):3996-
4007.

138.  Korant BD, Strack P, Frey MW, Rizzo CJ. A cellular anti-apoptosis protein is cleaved by
the HIV-1 protease. Adv Exp Med Biol 1998;436:27-9.

139. Nie Z, Phenix BN, Lum JJ, Alam A, Lynch DH, Beckett B, Krammer PH, Sekaly RP,
Badley AD. HIV-1 protease processes procaspase 8 to cause mitochondrial release of
cytochrome c, caspase cleavage and nuclear fragmentation. Cell Death Differ 2002;9:1172-
84.

56



140. Banda NK, Bernier J, Kurahara DK, Kurrle R, Haigwood N, Sekaly RP, Finkel TH.
Crosslinking CD4 by human immunodeficiency virus gp120 primes T cells for activation-
induced apoptosis. J Exp Med 1992;176:1099-106.

141. Li CJ, Friedman DJ, Wang C, Metelev V, Pardee AB. Induction of apoptosis in
uninfected lymphocytes by HIV-1 Tat protein. Science 1995;268:429-31.

142.  Groux H, Torpier G, Monté D, Mouton Y, Capron A, Ameisen JC. Activation-induced
death by apoptosis in CD4+ T cells from human immunodeficiency virus-infected
asymptomatic individuals. J Exp Med 1992 Feb 1;175(2):331-40.

143. Boaz MJ, Waters A, Murad S, Easterbrook PJ, Vyakarnam A. Presence of HIV-1 Gag-
specific IFN-gamma+IL-2+ and CD28+IL-2+ CD4 T cell responses is associated with
nonprogression in HIV-1 infection. J Immunol 2002;169:6376-85.

144. Bello G, Velasco-de-Castro CA, Bongertz V, Rodrigues CA, Giacoia-Gripp CB, Pilotto
JH, Grinsztejn B, Veloso VG, Morgado MG. Immune activation and antibody responses in
non-progressing elite controller individuals infected with HIV-1. J Med Virol 2009;81:1681-
90.

145. Marchetti G, Riva A, Cesari M, Bellistri GM, Gianelli E, Casabianca A, Orlandi C,
Magnani M, Meroni L, d'Arminio Monforte A, Mussini C, Cossarizza A, Galli M, Gori A;
Elvis Study Group. HIV-infected long-term nonprogressors display a unique correlative
pattern between the interleukin-7/interleukin-7 receptor circuit and T-cell homeostasis. HIV
Med 2009;10(7):422-31.

146.  Qiu WQ, de Bruin D, Brownstein BH, Pearse R, Ravetch JV. Organization of the human
and mouse low-affinity Fc gamma R genes: duplication and recombination. Science
1990;248:732-5.

147.  Hughes AL. Gene duplication and recombination in the evolution of mammalian Fc
receptors. J Mol Evol 1996;43:4-10

148. Chacko GW, Brandt JT, Coggeshall KM, Anderson CL. Phosphoinositide 3-kinase and
p72syk noncovalently associate with the low affinity Fc gamma receptor on human platelets
through an immunoreceptor tyrosine-based activation motif. Reconstitution with synthetic
phosphopeptides. J Biol Chem 1996;271:10775-81.

149. Ernst LK, Duchemin AM, Miller KL, Anderson CL. Molecular characterization of six
variant Fcgamma receptor class [ (CD64) transcripts. Mol Immunol 1998;35:943-54.

150. Bruhns P, Iannascoli B, England P, Mancardi DA, Fernandez N, Jorieux S, Daéron M.
Specificity and affinity of human Fcgamma receptors and their polymorphic variants for
human IgG subclasses. Blood. 2009;113:3716-25.

151. Clark MR, Clarkson SB, Ory PA, Stollman N, Goldstein IM. Molecular basis for a
polymorphism involving Fc receptor II on human monocytes. J Immunol 1989;143: 1731—
1734.

152.  Warmerdam PA, van de Winkel JG, Vlug A, Westerdaal NA, Capel PJ. A single amino
acid in the second Ig-like domain of the human Fc gamma receptor II is critical for human
IgG2 binding. J Immunol 147: 1338 —1343.

153.  Wang SS, Cerhan JR, Hartge P, Davis S, Cozen W, Severson RK, Chatterjee N, Yeager
M, Chanock SJ, Rothman N. Common genetic variants in proinflammatory and other
immunoregulatory genes and risk for non-Hodgkin lymphoma. Cancer Res
2006;66(19):9771-80.

154. Sinha S, Mishra SK, Sharma S, Patibandla PK, Mallick PK, Sharma SK, Mohanty S, Pati
SS, Mishra SK, Ramteke BK, Bhatt R, Joshi H, Dash AP, Ahuja RC, Awasthi S; Indian

57



Genome Variation Consortium, Venkatesh V, Habib S. Polymorphisms of TNF-enhancer
and gene for FcgammaRIIa correlate with the severity of falciparum malaria in the ethnically
diverse Indian population. Malar J 2008 Jan 14;7:13.

155. Sato H, Iwano M, Akai Y, Nishino T, Fujimoto T, Shiiki H, Dohi K. FcgammaRIla
polymorphism in Japanese patients with systemic lupus erythematosus. Lupus 2001;10:97-
101.

156.  Forthal DN, Landucci G, Bream J, Jacobson LP, Phan TB, Montoya B. FcgammaRIla
genotype predicts progression of HIV infection. J Immunol 2007;179:7916-23.

157. Ravetch JV, Perussia B. Alternative membrane forms of Fc gamma RIII(CD16) on
human natural killer cells and neutrophils. Cell type-specific expression of two genes that
differ in single nucleotide substitutions. J Exp Med 1989;170:481-97.

158. Latiano A, Palmieri O, Valvano MR, Bossa F, Latiano T, Corritore G, DeSanto E,
Andriulli A, Annese V. Evaluating the role of the genetic variations of PTPN22, NFKBI,
and FcGRIIIA genes in inflammatory bowel disease: a meta-analysis. Inflamm Bowel Dis
2007;13:1212-9.

159. Lee YH, Ji JD, Song GG. Associations between FCGR3A polymorphisms and
susceptibility to rheumatoid arthritis: a metaanalysis. J Rheumatol 2008;35:2129-35.

160. Poonia B, Kijak GH, Pauza CD. High affinity allele for the gene of FCGR3A is risk
factor for HIV infection and progression. PLoS One 2010;5(12):e15562.

161. Grubb R. Advances in human immunoglobulin allotypes. Exp Clin Immunogenet
1995;12:191-7.

162. Nakao Y, Matsumoto H, Miyazaki T, Nishitani H, Ota K, Fujita T, Tsuji K. Gm
allotypes in myasthenia gravis. Lancet 1980;1:677-80.

163. Tamai H, Uno H, Hirota Y, Matsubayashi S, Kuma K, Matsumoto H, Kumagai LF,
Sasazuki T, Nagataki S. Immunogenetics of Hashimoto's and Graves' diseases. J Clin
Endocrinol Metab 1985;60:62-6.

164.  Schur PH, Pandey JP, Fedrick JA. Gm allotypes in white patients with systemic lupus
erythematosus. Arthritis Rheum 1985;28:828-30.

165.  Pandey JP, Goust JM, Salier JP, Fudenberg HH. Immunoglobulin G heavy chain (Gm)
allotypes in multiple sclerosis. J Clin Invest 1981;67:1797-1800.

166. Ambrosino DM, Schiffman G, Gotschlich EC, Schur PH, Rosenberg GA, DeLange GG,
van Loghem E, Siber GR. Correlation between G2m(n) immunoglobulin allotype and human
antibody response and susceptibility to polysaccharide encapsulated bacteria. J Clin Invest
1985;75:1935-42.

167. Pandey JP, Namboodiri AM, Luo Y, Wu Y, Elston RC, Thomas DL, Rosen HR, Goedert
JJ. Genetic markers of IgG influence the outcome of infection with hepatitis C virus. J
Infect Dis 2008 1;198:1334-6.

168. Cirulli ET, Forthal D, Shianna KV, Pandey JP, Sinangil F, Fellay J, Perez K, Landucci G,
Tomaras G, Haynes BF, Goldstein DB. Genome-wide significant association of the GM23
allotype with gp120-specific IgG2 titers in an efficacy trial of AIDSVAX B/B. AIDS
Research and Human Retroviruses 2010;26:A-1-A-184.

169. Sarvas H, Rautonen N, Kiyhty H, Kallio M, Mikeld O. Effect of Gm allotypes on IgG2
antibody responses and IgG2 concentrations in children and adults. Int Immunol 1990;2:317-
322,

58



170.  Grubb R, 1994, Human Immunoglobulin Allotypes and Mendelian Polymorphisms of the
Human Immunoglobulin Genes, Van Oss CJ, Van Regenmortel MHV, eds.,
Immunochemistry, CRC Press, p. 62-63.

171.  Ngo-Giang-Huong N, Candotti D, Goubar A, Autran B, Maynart M, Sicard D, Clauvel
JP, Agut H, Costagliola D, Rouzioux C; French Asymptomatic Long-Term Study Group.
HIV type 1-specific IgG2 antibodies: markers of helper T cell type 1 response and prognostic
marker of long-term nonprogression. AIDS Res Hum Retroviruses 2001;17:1435-46.

172.  Martinez V, Costagliola D, Bonduelle O, N'go N, Schnuriger A, Théodorou I, Clauvel JP,
Sicard D, Agut H, Debré P, Rouzioux C, Autran B; Asymptomatiques a Long Terme Study
Group. Combination of HIV-1-specific CD4 Thl cell responses and IgG2 antibodies is the
best predictor for persistence of long-term nonprogression. J Infect Dis 2005,191:2053-63.

173.  Tyler DS, Stanley SD, Zolla-Pazner S, Gorny MK, Shadduck PP, Langlois AJ, Matthews
TJ, Bolognesi DP, Palker TJ, Weinhold KJ. Identification of sites within gp41 that serve as
targets for antibody-dependent cellular cytotoxicity by using human monoclonal antibodies.
J Immunol 1990;145:3276-82.

174.  Hessell AJ, Hangartner L, Hunter M, Havenith CE, Beurskens FJ, Bakker JM, et al. Fc
receptor but not complement binding is important in antibody protection against HIV.
Nature 2007;449:101-104.

175. Ferrari G, Pollara J, Kozink D, Harms T, Drinker M, Freel S, et al. An HIV-1 gp120
envelope human monoclonal antibody that recognizes a C1 conformational epitope mediates
potent antibody-dependent cellular cytotoxicity (ADCC) activity and defines a common
ADCC epitope in human HIV-1 serum. J Virol 2011; 85:7029-7036.

176.  Brouwer KC, Lal RB, Mirel LB, Yang C, van Eijk AM, Ayisi J, et al. Polymorphism of
Fc receptor Ila for IgG in infants is associated with susceptibility to perinatal HIV-1
infection. AIDS 2004; 18:1187-1194.

177. Pandey JP. Immunoglobulin GM and KM allotypes and vaccine immunity. Vaccine
2000; 19:613-617.

178. Pandey JP, Elson LH, Sutherland SE, Guderian RH, Araujo E, Nutman TB.
Immunoglobulin kappa chain allotypes (KM) in onchocerciasis. J Clin Invest 1995;
96:2372-2374.

179.  Granoff DM, Pandey JP, Boies E, Squires J, Munson RS Jr, Suarez B. Response to
immunization with Haemophilus influenza type b polysaccharide-pertussis vaccine and risk
of Haemophilus meningitis in children with the Km(1) immunoglobulin allotype. J Clin
Invest 1984; 74:1708-1714.

180. Martin MP, Gao X, Lee JH, Nelson GW, Detels R, Goedert JJ, et al. Epistatic interaction
between KIR3DS1 and HLA-B delays the progression to AIDS. Nat Genet 2002; 31:429-
434.

181. Balbin M, Grubb A, Abrahamson M, Grubb R. Determination of allotypes G1m (f) and
Glm (z) at the genomic level by subclass specific amplification of DNA and use of allele-
specific probes. Exp Clin Immunogenet 1991; 8:88-95.

182.  Brusco A, de Lange GG, Boccazzi C, Carbonara AO. Molecular characterization of
G2m(n+) and G2m(n-) allotypes. Immunogenetics 1995; 42:414-417.

183. Balbin M, Grubb A, de Lange GG, Grubb R. DNA sequences specific for Caucasian
G3m(b) and (g) allotypes: allotyping at the genomic level. Immunogenetics 1994; 39:187-
193.

59



184. Moxley G, Gibbs RS. Polymerase chain reaction-based genotyping for allotypic markers
of immunoglobulin kappa shows allelic association of Km with kappa variable segment.
Genomics 1992; 13:104-108.

185.  Jiang XM, Arepally G, Poncz M, McKenzie SE. Rapid detection of the FcyRITA-H/R
131 ligand-binding polymorphism using an allele-specific restriction enzyme digestion
(ASRED). J Immunol Methods 1996; 199:55-59.

186.  Dijstelbloem HM, van de Winkel JG, Kallenberg CG. Inflammation in autoimmunity:
receptors for IgG revisited. Trends Immunol 2001; 22:510-516.

187. Koene HR, Kleijer M, Algra J, Roos D, von dem Borne AE, de Haas M. FcyRIlla-
158V/F polymorphism influences the binding of IgG by natural killer cell FeyRIlla,
independently of the FcyRIITa-48L/R/H phenotype. Blood 1997, 90:1109-1114.

188.  Forthal DN, Gilbert PB, Landucci G, Phan T. Recombinant gp120 vaccine-induced
antibodies inhibit clinical strains of HIV-1 in the presence of Fc receptor-bearing effector
cells and correlate inversely with HIV infection rate. J Immunol 2007; 178:6596-6603.

189. Khakoo SI, Thio SL, Martin MP, Brooks CR, Gao X, Astemborski J, et al. HLA and NK
cell inhibitory receptor genes in resolving hepatitis C virus infection. Science 2004; 305:872-
874.

190. Pandey JP. Genomewide association studies and assessment of risk of disease. N Engl J
Med 2010; 363:2076-2077.

191. Takeda A, Tuazon CU, Ennis FA. Antibody-enhanced infection by HIV-1 via Fc
receptor-mediated entry. Science 1988; 242:580-3.

192.  Homsy J, Meyer M, Tateno M, Clarkson S, Levy JA. The Fc and not CD4 receptor
mediates antibody enhancement of HIV infection in human cells. Science 1989;244:1357-
60.

193. Laurence J, Saunders A, Early E, Salmon JE. Human immunodeficiency virus infection
of monocytes: relationship to Fc-gamma receptors and antibody-dependent viral
enhancement. Immunology 1990;70:338-43.

194.  Lyerly HK, Matthews TJ, Langlois AJ, Bolognesi DP, Weinhold KJ. Human T-cell
lymphotropic virus IIIB glycoprotein (gp120) bound to CD4 determinants on normal
lymphocytes and expressed by infected cells serves as target for immune attack. Proc Natl
Acad Sci USA 1987;84:4601-5.

195.  Schanfield MS. van Loghem E. Human immunoglobulin allotypes. In: Weir DM, editor.
Handbook of Experimental Immunology. 4th. Vol. 3. Blackwell; Boston: 1986. pp. 1-94.
Genetics and Molecular Immunology

196. Oh H, Siano B, Diamond S. Neutrophil isolation protocol. J Vis Exp 2008;pii:745.

197.  Johnstone A, and Thorpe, R. (1996) Immunochemistry in Practice, 3 ed. Blackwell
Scientific, Oxford, UK.

198. Forthal DN, Landucci G, Gorny MK, Zolla-Pazner S, Robinson WE Jr. Functional
activities of 20 human immunodeficiency virus type 1 (HIV-1)-specific human monoclonal
antibodies. AIDS Res Hum Retroviruses. 1995 Sep;11(9):1095-9.

199. Pantophlet R, Aguilar-Sino RO, Wrin T, Cavacini LA, Burton DR. Analysis of the
neutralization breadth of the anti-V3 antibody F425-B4e8 and re-assessment of its epitope
fine specificity by scanning mutagenesis. Virology 2007;364:441-53.

200. Bell CH, Pantophlet R, Schiefner A, Cavacini LA, Stanfield RL, Burton DR, Wilson IA.
Structure of antibody F425-B4e8 in complex with a V3 peptide reveals a new binding mode
for HIV-1 neutralization. J Mol Biol. 2008 Jan 25;375(4):969-78.

60



201. Vogel T, Kurth R, Norley S. The majority of neutralizing Abs in HIV-1-infected patients
recognize linear V3 loop sequences. Studies using HIV-1IMN multiple antigenic peptides. J
Immunol. 1994 Aug 15;153(4):1895-904.

202. Hezareh M, Hessell AJ, Jensen RC, van de Winkel JG, Parren PW. Effector function
activities of a panel of mutants of a broadly neutralizing antibody against human
immunodeficiency virus type 1. J Virol. 2001 Dec;75(24):12161-8.

203. Boross, Peter; van de Poel, Kees; Van de Winkel, Jan GJ; and, Leusen, Jeanette HW
(September 2008) Fc Receptors. In: Encyclopedia of Life Sciences (ELS). John Wiley &
Sons, Ltd: Chichester.

61



—u R B
i B =
B B s i
»
i =
B B
" = s = =

. -

B B B N [ = B

= B 3
i . S
i
3
= i
B ) ») o . - B —= = R . I
o . o I —_— = — PR .
- i
i = B
3
i
B »
i = B o
Pl
Pl -
. B
Bl
3
-
-
= = = N B aps- 1




	Immunoglobin and Fcγ Receptor Genes Influence the Control of HIV Replication and the Progression of HIV Infection
	Recommended Citation

	mtd2011_deepe_r_001
	mtd2011_deepe_r_002
	mtd2011_deepe_r_003
	mtd2011_deepe_r_004
	mtd2011_deepe_r_005
	mtd2011_deepe_r_006
	mtd2011_deepe_r_007
	mtd2011_deepe_r_008
	mtd2011_deepe_r_009
	mtd2011_deepe_r_010
	mtd2011_deepe_r_011
	mtd2011_deepe_r_012
	mtd2011_deepe_r_013
	mtd2011_deepe_r_014
	mtd2011_deepe_r_015
	mtd2011_deepe_r_016
	mtd2011_deepe_r_017
	mtd2011_deepe_r_018
	mtd2011_deepe_r_019
	mtd2011_deepe_r_020
	mtd2011_deepe_r_021
	mtd2011_deepe_r_022
	mtd2011_deepe_r_023
	mtd2011_deepe_r_024
	mtd2011_deepe_r_025
	mtd2011_deepe_r_026
	mtd2011_deepe_r_027
	mtd2011_deepe_r_028
	mtd2011_deepe_r_029
	mtd2011_deepe_r_030
	mtd2011_deepe_r_031
	mtd2011_deepe_r_032
	mtd2011_deepe_r_033
	mtd2011_deepe_r_034
	mtd2011_deepe_r_035
	mtd2011_deepe_r_036
	mtd2011_deepe_r_037
	mtd2011_deepe_r_038
	mtd2011_deepe_r_039
	mtd2011_deepe_r_040
	mtd2011_deepe_r_041
	mtd2011_deepe_r_042
	mtd2011_deepe_r_043
	mtd2011_deepe_r_044
	mtd2011_deepe_r_045
	mtd2011_deepe_r_046
	mtd2011_deepe_r_047
	mtd2011_deepe_r_048
	mtd2011_deepe_r_049
	mtd2011_deepe_r_050
	mtd2011_deepe_r_051
	mtd2011_deepe_r_052
	mtd2011_deepe_r_053
	mtd2011_deepe_r_054
	mtd2011_deepe_r_055
	mtd2011_deepe_r_056
	mtd2011_deepe_r_057
	mtd2011_deepe_r_058
	mtd2011_deepe_r_059
	mtd2011_deepe_r_060
	mtd2011_deepe_r_061
	mtd2011_deepe_r_062
	mtd2011_deepe_r_063
	mtd2011_deepe_r_064
	mtd2011_deepe_r_065
	mtd2011_deepe_r_066
	mtd2011_deepe_r_067

