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ABSTRACT

The Duffy-null trait presents as non-expression of the Duffy antigen receptor for chemokines
(DARC) on red blood cells and is highly prevalent in African populations. The Duffy-null
genotype is the most significant genetic determinant of ethnic neutropenia and has been
previously associated with HIV-1 transmission and disease progression. A recent role of the
involvement of neutrophils in cross-talk with other immune cells such as natural killer (NK)
and cytotoxic T cells has been reported, however these cells are impaired following HIV-1
infection. Some studies have suggested that neutrophils are important in priming of T cells and
in mediating pro-inflammatory responses, however, little is known about the impact of DARC-
null trait-associated neutropenia on T cell function. We here investigated the association of
Duffy-null trait with T cell phenotype and function and proinflammatory cytokine activity in
HIV-1 infection.

Antiretroviral therapy (ART) naive chronically HIV-1 infected individuals (n=20) were
recruited from Prince Mshiyeni hospital and HIV uninfected donors (n=20) were from a cohort
of young women in Umlazi township in KwaZulu Natal, Durban. Multicolor flow cytometry
was used to measure T cell activation (CD38 and HLA-DR expression) and exhaustion (PD-1
expression) in HIV-1 positive and HIV uninfected individuals. T cell function (IFN-y, TNF-a
and CD107a expression) following stimulation with HIV peptides (gag and envelope) was
measured by intracellular cytokine staining (ICS) and T cell proliferative capacity by
carboxyfluorescein succinimidyl ester (CFSE) was measured following stimulation with gag
peptide pool. Lastly, we measured pro-inflammatory cytokine and chemokine plasma levels
(G-CSF, GM-CSF, IFN-y, IL-1p, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13,
IL-17, MCP-1, MIP-18, and TNF-a) using Luminex.

Our results showed highly activated CD8+ T cells as measured by HLA-DR and CD38
expression in HIV-1 positive individuals compared to HIV uninfected donors (p<0.0001). Our
findings also showed high CD8+ T cell responses in HIV-1 infected patients compared to HIV
uninfected donors (p=0.02 for CD107a and p=0.03 for IFN-y) as well as high proliferative
capacity of CD8+ T cells in HIV-1 positive patients compared to uninfected donors (p=0.05).
Our data showed no significant differences between CD4+ T cell activation and exhaustion in
HIV-1 positive individuals and HIV uninfected donors. No differences were also observed in

XVi



in cytokine production and replicative capacity in CD4+ T cells between HIV-1 positive

individuals and HIV uninfected donors.

Multiplex data showed higher G-CSF levels in HIV-1 infected patients compared to HIV
uninfected individuals (p=0.04). Unexpectedly, the levels of proinflammatory cytokine 1L-8
and chemokine MIP-1 were higher in the HIV-1 negative group compared to HIV-1 positive
individuals (p<0.0001 and p=0.0008 respectively). All these findings in T cells and
proinflammatory cytokine expression were not significantly different upon stratification by
DARC status.

Collectively, our data suggest that HIV-1 infection results in CD8+ T cell activation and
exhaustion with increased cytolytic activity. These data also suggest that despite neutropenia,
Duffy-null individuals may have developed evolutionary mechanisms to compensate for

possession of this genetic trait with regard to how the immune system responds to infection.
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

1.1 HIV/AIDS epidemic
1.1.1 HIV/AIDS global epidemic

Human immunodeficiency virus 1 (HIV-1) was discovered three and half decades ago yet
still remains a life-threatening disease globally. HIV-1 infections were estimated to be
36.9 million throughout the world with 1.8 million new HIV-1 infections, including
940 000 thousands AIDS related deaths by the end of 2017 (UNAIDS, 2018). According
to the 2018 global report, at least 2.2 million new infections were observed globally in
2010, however this number has now reduced to 1.8 million by the end of 2017 (Table
1.1). As seen in Figure 1.1, the number of people living with HIV-1 with access to
antiretroviral therapy (ART) continues to rise; 7.5 million HIV-1 infected people were on
ART in 2010 compared to 19.5 million by the end of 2016 (Avert, 2018, WHO, 2018).
Even though the number of people having access to ARVs has increased, the goal of

completely eradicating HIV-1 has not been reached.

Table 1.1 Global and regional reports of HIV-1 epidemic (UNAIDS, 2018)

Regional HIV and AIDS statistics and features | 2017
Adults and children Adults and children
living with HIV newly infected with HIV
Eastern and southern Africa L .1_9.‘_5 million - 599009
Western and central Africa __ 61 .m'"'o,'j : o ODD
Middle East and North Africa e 20 000 P
Asia and the Pacific o 2.2 million . 280000
Latin America .. 1.8 million o .190.0[?5;
Caribbean ;n 0000 - 15 nnn;
Eastern Europe and central Asia o4 million P
Western and central Europe and 2.2 million 70000
North America [1.8n 4 r [57 000-84 000]
TOTAL 36.9 million 1.8 million
(31,1 million_439 miion] [1.4 million-2 4 million]

Adult and child
deaths due to AIDS

380000
220000
i . 170 UUU‘
ETlE-BEI

- lp_ﬂﬂ{]
311.000
300

940 000




17.0
18 15.0 million
16 2015 target within the 2011 million
United Nations Political 12.9
14 Declaration on HIV and AIDS millien
10.9

12 9.1 million
10 75 million

s million

&

4

2

]

2010 20Mm 2012 2013 2014 2015

Figure 1.1: The Global number of people living with HIV on Antiretroviral Therapy for
2010 to 2015 (UNAIDS, 2018).

1.1.2 HIV/AIDS in Sub-Saharan Africa

Developing countries are heavily affected by the HIV-1 epidemic, accounting for 66% of
HIV-1 infections. A heavier burden of these infections is in Africa, with sub-Saharan
Africa (SSA) being the most heavily impacted region with 19.6 million in 2017 (Figure
1.2). In SSA, there were 800 000 reported new HIV-1 infections with 380 000 deaths due
to AIDS related causes by the end of 2017, with only 12.9 million of the population on
antiretroviral therapy (UNAIDS, 2018). South Africa remains the epicentre of the HIV-1
epidemic, about 7.1 million people were HIV-1 infected by 2016; 270 000 people newly
infected and 110 000 people died due to AIDS. At least 56% of the HIV-1-infected people
in South Africa were on ART by the end of 2016 (Cornell et al., 2017). South Africa,
KwaZulu-Natal (KZN) is the most affected province with a prevalence of 12.2%
(Council, 2017a) compared to Northern (Council, 2017b) and Western Cape (Council,
2017c) with prevalence of 6.8 and 5.6% respectively. UMgungundlovu District had a
prevalence of 40.7% compared to seven out of nine Districts in KZN with a prevalence
of 38.0% including Durban in 2012 (Kharsany et al., 2015).



Prevalence (%) by WHO region
Eastern Mediterranean: 0.1 [<0.1-0.1]
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Figure 1.2: The map showing HIV-1 prevalence by the end of 2017 (UNAIDS, 2018).

1.2 HIV Virology

1.2.1 The Classification and structure

HIV, the virus that causes AIDS, was first noticed in 1981 in homosexual men who died
from unusual opportunistic infections and uncommon malignancies. HIV is a Lentivirus
from a Lentiviridae family and is divided into HIV-1 and HIV-2 (Barré-Sinoussi et al.,
1983). HIV-1 and HIV-2 were transmitted from primates to humans as simian
immunodeficiency virus (SIV) (Sharp and Hahn, 2011). HIV-1 is most common in sub-
Saharan Africa and worldwide, while HIV-2 is known to be common in Western Africa.
HIV-1 is divided into groups M, N, O and P. Group M is the HIV-1 strain that is further
classified into nine clades (A, B, C, D, F, G, H, J, and K) and is the cause of global HIV-
1 outbreak.

In addition, when distinct subtypes combine their deoxyribonucleic acid (DNA) they form
multipartite virus called circulating recombinant form (CRF) (Hemelaar, 2012). High
HIV-1 replication rates, viral reverse transcriptase mutations and high recombination

rates lead to genetic variability of HIV-1.



The diversity of the HIV-1 sequence makes it a challenge for the immune system to
control HIV-1 replication as well as develop an effective HIV vaccine.

Structurally, HIV-1 has a diameter of 119 to 207 nanometre (nm) surrounded by
lipoprotein membrane and it has enveloped ribonucleic acid (RNA) virus (Goodsell,
2015, Briggs and Kréusslich, 2011). HIV-1 consist of two strands of RNA packaged
within a core of viral proteins for integrity and it is also surrounded by a lipid bilayer
(Figure 1.3), in addition to RNA strands, the capsid itself is also composed of viral
proteins p24, p6 and p7 (Levy, 1993). The structure also contains enzymes (reverse
transcriptase (RT), protease and integrase) to develop new virions. Surrounding the
capsid is the matrix, which is composed of viral protein pl7. Matrix is surrounded by
phospholipid bilayer derived from the host cell. It is also composed of two viral
glycoproteins: gp41l, the fusogenic protein that pierces the envelope and combines the
inside of the virus to the outside, and gp120, the protein on the outside that binds CD4+
T cells (Fanales-Belasio et al., 2010, Gelderblom et al., 1987, Montagnier, 1985).

gp41 \ lipid layer
\\ Z
. \\ & /
host cell pr?i(ilgix ' ) p17 matrix antigen

== A

integrase k%

g il

HIV-RNA
p24 core antigen ( V
T reverse
’ transcriptase
o0 6 J 1%&

Figure 1.3: The structure of HIV. The viral capsid is enclosed by lipid membrane with the
integration of viral glycoprotein and surface proteins. Within virion is the viral capsid made
up of a pair of single stranded RNA molecules. The capsids contain viral genome and
enzymes (Rockstroh, 2011).



There are nine genes of the HIV-1 virus (Figure 1.4), these can be divided into different
types. The structural proteins include Gag, Env and Pol; the regulatory proteins are Tat
and Rev, and Vpu, Vif, Vpr and Nef that are the accessory genes (Levy, 1993). Tat and
Rev are expressed early in the virus cycle and are responsible for enhancement of viral
replication. Vpu, Vif, Vpr and Nef differentiate HIV-1 from other retroviruses, regulate

antiretroviral responses, and increase viral replication (Sivro, 2014).
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Figure 1.4: Genomic organization of HIV-1. Gag, pol and envelope are shown in rectangles
(black, orange and green respectively). Tat, rev, nef, vif, vpr, vpu are represented in squares
(red, yellow, blue, light green, and white respectively) LTR (long terminal region) is shown
in grey (Rockstroh, 2011).

1.2.2 HIV-1 Life cycle

HIV-1 is a retrovirus, with an outer envelope and two copies of RNA and reverse
transcriptase that will convert RNA to DNA. There are 6 steps of HIV-1 replication;
binding and entry, HIV replication and integration, assembly, budding and release of new

mature virions.



1.2.2.1 Virus attachment and entry
During this process, the virus places itself on the cell surface and uses CD4 T cell

receptors to prepare for fusion. Viral fusion is caused by binding of the virus to target cell
membrane and this is mediated by gp41 (Weiss, 1993). This is followed by binding of
gp120 and CD4 receptors located on the surfaces of T helper cells, macrophages,
monocytes and dendritic cells (Fauci, 2007b). This is then followed by a conformational
change of the envelope exposing specific domain of gp120 which results in the binding
of the C-C chemokine co-receptor 5 (CCR5) (Clapham and McKnight, 2002).

The function of these chemokine co-receptors is to facilitate homing of different types of
immune cells to the site of infection (Alkhatib and Berger, 2007). The stock of the gp120
and 41 pieces through into the host cell undergoes conformational change unfolding itself,
drawing two membranes together and the binding of the co-receptors triggers pore
formation allowing the formation of a helical bundle structure which completes the fusion
of the virus and cellular membranes, (Figure 1.5) (Klasse, 2012, Gomez and Hope, 2005).

1.2.2.2 Reverse transcription and Uncoating
Fusion is followed by uncoating where the viral genetic material (two viral RNA strands

and three essential replication enzymes) is injected essentially into the target cell and the
envelope protein is left at the cell surface. The virus matrix and capsid proteins are
digested when the virus enters the cell (Bukrinsky et al., 1993). This then releases viral
enzymes and viral RNA into the cell cytoplasm. Reverse transcription takes place when
the reverse transcriptase (RT) takes the viral RNA and by using host nucleotide, converts
that viral RNA into a single strand of DNA. This single stranded DNA is again transcribed
into double stranded DNA (Figure 1.5).

1.2.2.3 Integration
Following reverse transcription, integrase enzyme transports the double stranded DNA

and carries it through a nuclear pore into the nucleus of the cell. Integrase then mediates
integration of viral DNA to host genome. At this point, the viral DNA is referred to as
‘provirus’. The provirus may stay inactive for longer periods or undergo transcription and

translation for new viral proteins (Bukrinsky et al., 1993).
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Figure 1.5: Replicative cycle of HIV-1. The HIV virus attaches and enters the cell. 2)
Uncoating takes place. 3) Reverse transcription takes place where viral RNA is converted
into viral DNA. 4) The integration of Viral DNA into the host genome. 5) The infected cell
from the host produces copies of the viral RNA. 6) The host cell assembles new viruses and
the newly assembled viruses leave the cell to infect other cells (iBase, 2017).

1.2.3 Assembly and budding
Host genome at this stage contain HIV-1 genetic material. RNA polymerase then comes

along and make messenger RNA (mRNA). These mRNAs encode for different viral
proteins. They associate with ribosomes at the surface of rough endoplasmic reticulum
(ER). Messenger RNA then makes envelope protein directly produced into the ER,
shuttled through ER, and taken to the cell surface where it becomes embedded to cell

membrane and colonise with other envelope proteins produced (Freed, 2001).



At the same time, there are other mRNAs being produced that allow translation of other
viral proteins. Tat and Rev proteins are also synthesized. Tat binds to the TAR site at the
beginning of the HIV-1 RNA within the nucleus and stimulates the transcription and the
production of longer RNA transcripts. The function of Rev is to facilitate the transcription
of longer RNA transcripts and the expression of structural and enzymatic genes. In
addition, Rev also inhibits the synthesis of regulatory proteins, promoting the formation
of mature viral particles (Fanales-Belasio et al., 2010). These mature viral particles are
then released by budding from the host cell surface to continue the cycle of HIV-1

replication.

1.3 The natural response to HIV-1 infection
Immediately after HIV-1 infection, the virus replicates in the mucosal cells, submucosal
cells as well as in draining lymphoreticular tissues (Emau et al., 2006, Weiss et al., 2010),

and at this time, the virus is unable to be detected in plasma (Keele et al., 2008).

Despite of the route of viral transmission and the first cells infected, within a few days,
viral replication occurs on the gastrointestinal tract in gut-associated lymphoid tissue
(Brenchley et al., 2004, Mehandru et al., 2004, Veazey et al., 1998). In this tissue, the
majority of infected cells are resting CD4+ T cell which lack activation markers and
express low levels of CCR5, a chemokine receptor found on T cell surfaces (Li et al.,
2005) and other cells including macrophages and Langerhans cells (Derdeyn and
Silvestri, 2005). During initial infection, epithelial cells of the mucosa recruit dendritic
cells and dendritic cells secrete cytokines to attract activated CD4+ T cells to site of
infection (Haase, 2010).

After infection, early immune responses rapidly drives viral replication since the presence
of the virus recruits other T cells to the site of infection which in turn lead to more T cells
being infected (Li et al., 2009).

During the acute phase of infection, the HIV-1 plasma viral load goes up exponentially
and CD4+ T cells are depleted in the first weeks of infection, this phase is also associated
with a responsive immune system trying to fight the infection (Figure 1.6) (Fanales-
Belasio et al., 2010).
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Figure 1.6 HIV clinical course. Diagram of typical course of HIV-1 infection showing
changes in CD4+ and CD8+ T-cell counts in peripheral blood and plasma viral load, and
three phases of HIV infection (Munier and Kelleher, 2007).

Few weeks after infection, the virus replicates at low levels, developing latent infection
(Figure 1.6) (Fauci, 2007a). Latent stage lasts for years, however, some people may
progress faster because of the failure of immune response to fight the infection due to
persistent viral replication. The virus remains untraceable for years in other patients which
indicates that they are able to control the infection (Fanales-Belasio et al., 2010).
Following this, HIV-1 spreads to lymphoid tissues leading to further immune destruction
and development of opportunistic infections like tuberculosis (TB) and pneumonia (Ford
et al., 2009, McMichael et al., 2010b) (Figure 1.6).

The last stage of HIV-1 infection is AIDS where the immune system is totally damaged.
At this stage the numbers of CD4+ T cells are very low, below 200 cells per/mm?, also,
during this stage there is increased chances of opportunistic infections (Akram and Inman,
2012, Brooks et al., 2009) and eventually leads to death (Figure 1.6). HIV-1 related
mortality and morbidity have decreased since the initiation of ART. After ART initiation,

the viral load decreases, however, CD4 T cell counts are not consistent.



Suppression of viremia decreases immune activation and that lowers HIV-1 replication
preventing risk of transmission (Yamashita et al., 2001). Despite the effectiveness of ART
and improved life expectancy in HIV infected individuals, there are still challenges faced
in the new ART era; for example, the occurrence of non-AIDS co-morbidities (UNAIDS,
2018).

1.4 Brief overview of the host immune responses to HIV-1 infection

1.4.1 Innate responses

Skin and the mucosal membrane are physical barriers that act as the first line of defence
against invading microbes. Mucosal membrane has mucous that traps invading
pathogens. There are also epithelial cells that provide the first line of defence by blocking
pathogens from entering the host. However, some pathogens such as HIV-1 can cross the
physical barriers and upon doing so they encounter host immune responses where it can
be eliminated by natural killer cells and CD8+ T cells (Medzhitov and Janeway, 2000).

The innate immune response is very rapid after pathogen invasion. It also includes cells
like neutrophils, macrophages, monocytes, dendritic cells (DCs), natural killer cells (NK
cells) and other cell types. Neutrophils, monocytes, and macrophages have phagocytic
effects. They engulf infected cells, invading pathogens or dying cells. On the other side,
DCs are antigen-presenting cells (APC) that take up the antigen and present it to specific
cells depending on the captured antigen. Dendritic cells regulate the adaptive immune
response and they bring both arms of the immune system together.

1.4.1.1 Natural killer cells

Natural Killer (NK) cells are the main effector cells of the innate immune response. They

synthesise and release perforin which is a protein that kills targeted cells by opening pores
on their surfaces (Chang and Altfeld, 2010). Natural Kkiller cells bridge the innate and
adaptive immune systems in that they directly respond to viruses, develop memory-like
responses after initial pathogen encounter or vaccination, and they shape the adaptive
immune response of the infection which helps them to clear the infection faster when it

comes back (O’sullivan et al., 2015).
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The increased sub-population of NK cells in HIV -1 infection has been shown, however
these cells are not functional enough to clear the virus (Alter et al., 2005). This impaired
functionality is thought to be caused by viral products, suggesting that HIV-1 might have

evolved to escape mechanisms against NK cell mediated control (Jost and Altfeld, 2012).

1.4.1.2 Dendritic cells (DCs)

Dendritic cells are in the skin, mucosa as well as in lymphoid tissues. These cells are

known to be professionals in terms of presenting antigens to cells such as T cells and NK
cells capable of killing pathogens (Vivier et al., 2008, Dustin and Long, 2010). Their
important function is to take up the antigen, process it and present it to T or NK cells to
create memory as well as prevent these T or NK cells from destroying self-antigens. They
do this by expressing antigenic peptides that associates with major histocompatibility
complex class Il in T cells which recognize these antigens and build immune synapses.
Immune synapses are stable intercellular junctions between the cells. To add, DCs also
secrete cytokines for regulation of the immune responses (Monks et al., 1998). In HIV-1
infection, the major targeted cells are CD4+ T cells, however DCs as antigen presenting
cells, represent a crucial subset in HIV-1 infection by presenting HIV-1 to target cells
(Miller, 1998).

1.4.2 Humoral immune response

Humoral immunity is an antibody-mediated immune response. Antibodies are proteins
produced by plasma cells and protect the host from infection firstly by neutralization,
opsonization and lastly to kill by phagocytosis and activating the complement cascade
(Casadevall, 2018). In HIV-1 infection, the humoral immune response antibodies block
the virus from entering and infecting target cells (McMichael et al., 2010a). Antibody
responses develop four to eight weeks after infection and are principally targeted against
virions that are free-floating, whilst some antibodies may eliminate HIV-1 infected cells.
Most antibodies cannot prevent the transmission of HIV-1 from one cell to another. Most
people infected with HIV-1 develop antibodies to the virus however, a very small number
do not, possibly because of individual immune dysfunctions (Alter and Moody, 2010,
Ellenberger et al., 1999).
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The antibody response is often directed towards the Env variable region of the infecting
viral strain. Mutation of the envelope proteins (gp120 and gp41) make it possible for the
virus to escape from antibodies (Aasa-Chapman et al., 2004). The rate at which HIV-1
mutate is so high that B cells fail to keep up with mutations and fail to produce enough
antibodies and eventually get exhausted. HIV-1 can evade humoral response by selecting
escape mutants which are not easily neutralized (Wei et al., 2003). Neutralizing antibodies
only arise several months following infection (Aasa-Chapman et al., 2004, Burton, 1997).
Even though memory B cells can produce wide range of antibodies to previously
encountered virus, there is an impaired response to new antigens due to mutations of the

Virus.

1.5 CD4+ T cell responses to HIV-1 infection

CD4+ T cells bring together different processes of the adaptive immunity and provide
help to B cells and CD8+ T cells (Porichis and Kaufmann, 2011b), however CD4+ T cells
are highly targeted by HIV. The HIV-1 specific CD4+ T cell responses are high during
acute phase of infection, but these responses decrease after few months of HIV-1 infection
(Streeck and Nixon, 2010) and the numbers of CD4+ T cells go down because of

increased viral replication within these cells exposes them to death.

As much as the responses of CD4+ T cells are high in many people infected with HIV-1,
their magnitude is lower than CD8+ T cell responses (Betts et al., 2001). Stimulation of
CD4+ T cells starts when APCs present the processed antigen to CD4+ T cells through
HLA class Il molecules. Naive CD4+ T cell requires a co-stimulatory signal to be
activated such as the binding of CD28 protein to CD4+ T cells. Activated CD4+ T cells
differentiate into T helper 1 (Th1) cells, T helper 2 (Th2), Th17, T follicular helper cells
(TFH) and regulatory T cells (Tregs).

T helper 1 cells produce IL-2 for CD8+ T cell proliferation and differentiation (Oxenius
et al., 2000), Th2 produce IL-4 and IL-5 to further stimulate B cell proliferation (Zhu et
al., 2010) and Th17 cells have been shown to be reduced in the gut-associated lymphoid
tissue (GALT) and blood during HIV-1 infection and can predict disease progression
(Brenchley et al., 2008, Falivene et al., 2015).
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Reduction of CD4+ T helper cells during HIV-1 infection has been reported to affect all
immune responses to HIV-1 including CD8+ T cell responses (Porichis and Kaufmann,
2011a).

1.6 CD8+ T cell responses to HIV-1 infection and their role in Acute and Chronic
HIV-1 infection

For CD8+ T cells to respond to virus, they recognize HLA class | molecule encoded by
the MHC locus on the surface of the target cell. HLA molecule and CD8 molecule
interaction is caused by the binding of the epitope-HLA complex to the T cell receptor
(TCR). This interaction activates the killing of the infected cells either by lytic or non-

Iytic mechanisms (Figure 1.7).
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Figure 1.7: Schematic representation of CD8+ T cell recognition. Processed viral peptides
from HIV-1 infected cells are presented by MHC class | proteins to CD8+ T cell for
recognition and killing (wikiwand).

The principal mechanism in which the CTL kill virus infected cell is through the secretion
of granzymes and perforin (Shankar et al., 1999). Perforin open pores on the surface of
the target cell allowing granzyme to enter the cell and destroy viral proteins, and the target

cell eventually dies through apoptosis (Figure 1.7) (Hudig et al., 1993).
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The second mechanism in which CTLs kill virus infected cells is calcium independent
Fas mediated pathway. Here the TCR interacts with target cell Fas ligand (FasL) on the
surfaces of target cells (Wong et al., 1997) which then triggers the apoptosis cascade then
death of the target cell (Broere et al., 2011).

The non-lytic pathway involves soluble molecules secreted by CD8+ T cells to neutralize
infected cells. This pathway does not directly kill HIV-1 infected cell but plays a huge
role in controlling viral replication (Chang et al., 2003). The CD8+ T cells secrete
suppressive factors like B-chemokines which inhibits viral replication by binding to the
cognate receptors which blocks viral access to co-receptors important for viral binding

and entry into target cells (Copeland, 2002).

Other molecules produced by CD8+ T lymphocytes such as interferon gamma (IFN-y)
and tumor necrosis factor alpha (TNF-a) play a huge role in regulating the host immune
responses against HIV-1 infection (Cao et al., 2003, Roff et al., 2013).

Immune responses by CD8+ T cells have been detected in early stages of HIV-1 infection
(Fiebig et al., 2003). During acute infection, HIV-1 replication increases exponentially in
the peripheral blood then moves to lymphoid tissues such as lymph nodes (Kahn and
Walker, 1998). As described in the above sections, this persistent replication of the virus
activates HIV-1 virus-specific CTL responses. Several studies have shown the
effectiveness of CTLs in HIV-1 infection (Koup et al., 1994a, Borrow et al., 1994, Deng
et al., 2015, Lv et al., 2014). In addition, in vivo studies done on non-human primates
have shown that removal of CD8+ T cells after they were infected with SIV led to
increased viral load (Schmitz et al., 2005). This suggest that HIV-1 specific CD8+ T cells
play an important role in controlling HIV-1. Other studies had shown that, the appearance
of CTLs correlated with low plasma viral load (Koup et al., 1994b). Previous studies also
reported that the increased numbers of CTLs specific for HIV-1 in acute infection had an
effect in controlling viral load (Ndhlovu et al., 2015b). Even though these studies suggest
that CTLs can control HIV-1 virus, these responses are narrowly directed towards certain
epitopes and have low magnitude (Altfeld et al., 2001, Dalod et al., 1999, Radebe et al.,
2011).
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In some cases, the HIV-1 viral activity is strong that they escape CTL responses (Borrow
et al., 1997), leading to loss of CTL function and disease progression (Lichterfeld et al.,
2004b) despite an increase in the breadth of these responses (Alter et al., 2002, Cao et al.,
2003).

In chronic HIV-1 infection, HIV-1 specific CD8+ T cells do not proliferate because of
the continuous exposure to the virus that lead to their exhaustion. This is further supported
by a study done by Betts and Harari 2008, where they looked at the CD8+ T cell
proliferation aspect in HIV-1 viremic controllers with protective HLA class | alleles and
found that CD8+ T cells were able to proliferate compared to chronic HIV-1 infected
individuals (Betts and Harari, 2008, Koofhethile et al., 2016)

In addition, because of ongoing HIV-1 replication, CD8+ T cells become exhausted and
their function is lost. Studies have reported that programmed death-1/programmed death
ligand-1 (PD-1/PD-L1) pathway is responsible for the exhaustion of anti-viral CD8+ T
cells during chronic infections. CD8+ T cell exhaustion in HIV-1 infection is associated
with increased expression of CD57 and PD-1 on the surfaces of T cells (Day et al., 2006).
Binding of PD-1 to its ligand PD-L1 expressed on myeloid cells including neutrophils,
downregulate proliferation and production of effective cytokines such as IFN-y, TNF-a
and IL-2 by T cells (Keir et al., 2008, Bowers et al., 2014). Impaired functions of virus-
specific T cells and B cells leads to immune dysfunction (Palmer et al., 2014).

1.7 Role of neutrophils in immune response

Neutrophils also known as polymorphonuclear leukocytes (PMNSs), are a group of
leukocytes that control infection and inflammation. They are the first cells to be recruited
to the site of infection by inflammatory factors released by macrophages and mast cells,
in response to pathogen invasion or danger from infected and necrotic cells. Neutrophils
act as the first line of defence against pathogens and as mediators of other immune cells.
These cells are short-lived (8-12 hours in the circulation and 1-2 days in tissues) and
important cells for both innate and adaptive immune systems (Borregaard, 2010).
Neutrophils originate from precursor myeloid cells in the bone marrow, here they become

myeloblasts before maturing into neutrophils.
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During infection, which may include HIV-1 infection, neutrophils are activated and
release neutrophil extracellular traps (NETS), undergo degranulation, and secrete reactive
oxygen species (ROS) such as H2O: to fulfil their functions (Amulic et al., 2012, Mocsai,
2013). Although evidence suggests that neutrophils induce human T cell responses
through activation of dendritic cells (Kalyan and Kabelitz, 2014), other studies suggest
that neutrophils also supress T cell activation by releasing arginase-1, which impairs the
T cell responses by blocking the availability of L-arginine. Arginine is involved in wound
healing, proliferation of T cells and production of TCR { chain that is important in the
activation of T cells (Pillay et al., 2013, Rodriguez et al., 2007, Rodriguez et al., 2002).
ROS production by neutrophils modifies host molecules, resulting in a weak response to
stimuli and eventually apoptosis or phagocytosis by macrophages (Perskvist et al., 2002,
Amulic et al., 2012). During HIV-1 infection, chemo attractants released by neutrophils
are lost and are then fully restored during HAART (Younas et al., 2016).

1.8 Duffy-null genotype and neutropenia

Given the importance of neutrophils as the first line of defence against pathogens and
mediators of other immune cells, when the number of these cells in the blood circulation
is reduced, it can lead to severe immunodeficiency. Neutropenia is a condition that results
in a decrease in circulating absolute neutrophils counts in the blood to below 1500 cells/pl

in children older than one year and adults of any ethnic group (Haddy et al., 1999).

It is characterized clinically as mild (neutrophil counts between 1000 cells/ul and 1500
cells/ul), moderate (500-1000 cells/ml) or severe (below 500 cells/ul) (Newburger, 2016,
Thobakgale and Ndung’u, 2014, Haddy et al., 1999, Paz et al., 2011). Individuals with
absolute neutrophil count less than 200 cells/pl undergo severe or even fatal infections
(Newburger, 2016). Neutropenia can either be congenital or benign. Congenital
neutropenia is normally found in Caucasians and these people often experience bacterial

infections due to lack of adequate number of neutrophils (Hsieh et al., 2010).
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Benign neutropenia is the type of neutropenia where serious infections do not occur even
with neutrophil counts below 200 cells/pl (Klein, 2009, Hsieh et al., 2010). Benign ethnic
neutropenia has been found to be common in 25-50% of persons of African descent, and
is not associated with clinical outcome compared to other ethnic groups (Haddy et al.,
1999, Grann et al., 2008, Shoenfeld et al., 1985). The prevalence of benign ethnic
neutropenia reported in different ethnic groups is summarized in Table 1.2.

Table 1.2: Prevalence of benign neutropenia by ethnic populations (Thobakgale and
Ndung’u, 2014).

Ethnic group Country of origin Benign neutropenia prevalence (%)
American Blacks United States 4.5
American Blacks United States 10.5
American Whites United States 0.8
American Whites United States 0
African Blacks Uganda =30
Arabs Saudi Arabia 10.7
European Americans United Kingdom 0.8
European Whites United Kingdom 0
Yemenite Jews Israel 11.8
Black Ethiopian Jews Israel 15.4
Dominicans Dominican Republic 0
Haitians Haiti B.2
Jamaicans Jamaica 2.7

The causes of benign ethnic neutropenia are poorly understood because there is no
deficiency in granulocyte forming cells; there is normal myeloid maturation however
there is reduced release of mature neutrophils from the vascular endothelium and bone

marrow to the periphery (Paz et al., 2011, Reiner et al., 2011).

Even though causes of benign neutropenia are not known, an identified genetic
determinant for benign neutropenia has been implicated. Studies have linked benign
ethnic neutropenia to Duffy-null genotype (Reich et al., 2009). Using admixture mapping,
a region in chromosome 1 was found to be the one that account for differences in white
blood cell counts between African Americans and European Americans (Nalls et al.,
2008).
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It was subsequently confirmed that single nucleotide polymorphism, (rs2814778, -
46T—C) of Duffy antigen receptor for chemokines (DARC), that is identified on
chromosome 1922 of the receptor in red blood cells (RBCs) is predictive of neutrophil
count in African Americans (Reich et al., 2009). Also there are reports that DARC null
trait is highly prevalent in Africa (Figure 1.8) (Howes et al., 2011).
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Figure 1.8: Global prevalence of Duffy-null genotype (Howes et al., 2011).

DARC encodes for Duffy antigen on red blood cells, vascular endothelial and neuronal
cells. It acts as a sink for pro-inflammatory chemokines, regulating their levels in
circulation, affecting neutrophil localization, chemotaxis and migration (Lee et al., 2003,
Paz et al., 2011). The DARC null polymorphism selects for DARC null phenotype in
which DARC is not expressed on red blood cells. This trait is associated with neutropenia
and explains the variations of neutrophil counts between African-Americans and
European-Americans (Reich et al., 2009). This is supported by a previous study that
confirmed that approximately 59% of African-American males had DARC-null genotype
compared to 65% of men and women from South Africa (Julg et al., 2009b). Apart from
DARC gene polymorphisms in African Americans, other genetic variants associated with
low white blood cells have been discovered. These include genetic variants in CXCL2 on
chromosome 4, near CDK6 on chromosome?, and CSF3 on chromosome 17 (Reiner et
al., 2011). People with HIV-1 infection suffer from neutropenia (Levine et al., 2006).
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Before the association between DARC-null trait and neutropenia was shown, a study by
He and colleagues reported that DARC-null might play a role in HIV acquisition and
disease progression. It was suggested that DARC-null phenotype was associated with a
40% increased chance of HIV-1 acquisition and may account for up to 11% of HIV-1
burden in Africa. These authors also showed that following HIV-1 infection, DARC-null
trait was associated with slower disease progression (He et al., 2008).

The findings by He et al were contradicted by another study done by Walley and others
(2009) who demonstrated that, the DARC-null trait had no effect on HIV-1 acquisition
or disease progression (Walley et al., 2009). The following year Julg et al, did a study
where the effect of the DARC-null genotype on the outcomes of disease progression were
examined. The study assessed DARC null, heterozygous and wild-type genotypes and
found that these had no effect on CD4 decline or viral load among DARC genotypes,
suggesting that if DARC-null trait is associated with disease progression, it was
independent of these factors (Julg et al., 2009a). In addition, DARC null has evolved on
the African continent as a resistant factor to malaria by preventing invasion on red blood
cells by Plasmodium vivax (Horuk et al., 1993). However, the impact of this
polymorphism on infectious diseases like HIVV-1 remains largely unknown.

There are mechanisms proposed to explain how DARC presence influences acquisition
and disease progression. Before onset of infection, HIV-suppressive chemokines (CCLS5,
a chemotactic cytokine for T cells that suppresses HIV-1 replication) associated with
DARC-expressing erythrocytes may act as a protective shield on the DARC receptor,
preventing HIV-1 to attach to the red blood cell and be transferred to HIV-1 target cells.
In this case DARC-null trait increases HIV-1 acquisition risk. However, following HIV-
1 acquisition, HIV-1 can bind to DARC receptor on the surface of RBCs thereby allowing
transfer of the virus to target cells. This indicates that DARC-expressing RBCs might act
as carriers of infectious HIV-1 particles to susceptible cells such as CD4+ T lymphocyte

leading to increased disease progression (He et al., 2008).

Furthermore, DARC-positive individuals may be predisposed to a more pro-

inflammatory state that promotes HIV-1 replication and spread (Kulkarni et al., 2009).
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It is hypothesized that people with neutropenia may experience slow disease progression
because of reduced inflammation due to less HIV-1 particles that can bind to DARC-null
in red blood cells (Thobakgale and Ndung’u, 2014).

1.9 Interaction of T cells and neutrophils and role in HIV-1 infection

Neutrophils have emerged as important regulators and have been suggested to play a role
in cross talk with immune cells such as natural killer cells, B cells, T cells, macrophages,
dendritic cells and platelets (Boudaly, 2009, Costantini and Cassatella, 2011, Scapini et
al., 2008, Silva, 2010). Neutrophils have been reported to prime CD8+ T cells in the bone
marrow and lymphoid organs such as lymph nodes through antigen presenting cells
(Maletto et al., 2006). Neutrophils recruit local macrophages to the site of infection and
these neutrophils then release IL-1B and TNF-a to recruit more T cells into the infected

areas (Hampton and Chtanova, 2016).

Duffy and others (2012) reported that chemokines released by neutrophils also attract T
cells to the site of infection. Upon T cells arrival, neutrophils release IFN-y, TNF-a,
cathepsin G, and neutrophil elastase to differentiate T cells. Neutrophils also secrete IL-
12 to activate T cells (Duffy et al., 2012b).

Previous studies speculated that neutrophils might inhibit T cells responses in viral
infections. The mechanisms of this suppression involve reactive oxygen species (ROS),
arginase-l1 (ARG), and PD-L1 (de Kleijn et al., 2013, Highfill et al., 2010, Schmielau and
Finn, 2001).

The first mechanisms in which neutrophils affect survival of T cells is the inhibition
mechanism (Figure 1.9). Here, neutrophils undergo degranulation and release serine
proteases to inhibit T cell proliferation by stimulating IL-2 and IL-6 and promoting the
shedding of IL-2 and IL-6 receptors on the surface of T cells. Neutrophils also inhibit T
cell proliferation by the release of reactive oxygen species (ROS) and Arginase-1 as
described in the above sections that arginase-1 and ROS downregulate T cell receptor
chain (TCR{) on T cells, which in turn lead to T cell arrest at GO-G1 phase (Figure 1.9).
Neutrophils also express PD-L1 to induce T cell apoptosis by binding to interferon-
dependent PD-1 that is expressed on T cells (Leliefeld et al., 2015).
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The second mechanism involves the activation of T cells by neutrophils. Here, neutrophils
activate T cells by presenting antigen to them directly in that, when neutrophils undergo
apoptosis after ingesting pathogen, dendritic cells take up antigen from neutrophils and

present itto T cells.

Indirect presentation involves presentation of antigen to T cells using MHC class I. An
alternate pathway involves the ingestion of antigen and release of bacterial products by
neutrophils to activate y3-T cells (Leliefeld et al., 2015).
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Figure 1.9: Mechanisms involved in T cell inhibition (left panel) and activation (right panel)
by neutrophils (Leliefeld et al., 2015).

In HIV-1 infection, the priming of HIV-1 virus-specific T-cells by neutrophils has been
reported (Duffy et al., 2012b). A previous study has shown that neutrophils in the blood
of HIV-1-infected individuals express high levels of PD-L1 induced by HIV-1 virions.
This study also showed that neutrophil PD-L1 levels correlated with the expression of
PD-1 and CD57 on CD4" and CD8" T cells (Bowers et al., 2014).
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This previous study also highlighted that neutrophils purified from the blood of HIV-1-
infected patients suppress T cell function via several mechanisms including PD-L1/PD-1

interaction and production of reactive oxygen species (ROS) (Bowers et al., 2014).

The gathered data suggest that chronic HIV-1 infection results in an induction of
Immunosuppressive activity of neutrophils characterized by high expression of PD-L1
and an inhibitory effect on T cell function. However, the impact of DARC-null on T cell
function in Africans with HIV-1 infection is unknown. Studies are needed to understand
the role of the DARC-null genotype and low neutrophil counts on various diseases to
identify possible biomarkers of disease protection or severity. These could also motivate
identification of race-specific reference ranges and therapies for people of African descent

to prevent poor outcomes of different illnesses.

We here expanded on the proposed model by Thobakgale and Ndung’u, in 2014 (Figure
1.10), on how neutrophil counts in Africans may affect susceptibility or ability to control
diseases (Thobakgale and Ndung’u, 2014) by investigating the role of DARC null on T
cell function in Africans from Durban, KwaZulu-Natal.
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Figure 1.10: A simplified model of how neutrophil counts in people of African descent may
affect susceptibility or ability to control diseases. (a) In the context of neutropenia, caused
by genetic or environmental factors, neutrophils fail to clear infection and there may be
inability to prime T cells, which might increase risk of infection and pathogen spread. (b)
When neutrophils count and functions are optimal as dictated by genetic and other
undetermined factors, there is increased pathogen clearance, and neutrophil priming and
cross-talk with T cells result in HIV-1 infection (Thobakgale and Ndung’u, 2014).
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1.10 Aims and Objectives of the study

Here we characterized the mechanisms and the impact that DARC null trait might have
on patients’ CD8+ T cell profiles and proinflammatory cytokine and chemokine

responses. The aims and objectives of the study were as follows:

1. Aim 1: To investigate the role of DARC-null linked neutropenia on T cell

phenotype during HIV-1 infection.

Objective 1: To assess the T cell activation, senescence and exhaustion (using HLA-DR
and CD38, CD57 and PD-1 respectively) using multi-parameter flow cytometry in HIV
infected individuals and HIV uninfected donors with and without the DARC-null

polymorphism using flow cytometry.

2. Aim 2: To investigate the role of DARC-null linked neutropenia on T cell

proliferation and function during HIV-1 infection.

Objective 2: To assess the T cell proliferation and cytokine (CD107a, IFN-y and TNF-
a) production following antigen stimulation (gag and envelope) in HIV-1 infected
individuals and HIV uninfected donors with and without the DARC-null polymorphism
using ICS.

3. Aim 3: To investigate the role of DARC-null linked neutropenia on systemic

inflammation during HIV-1 infection

Objective 3: To assess whether differences in the pro-inflammatory cytokines (G-CSF,
GM-CSF, IFN-y, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13, IL-
17, MCP-1, MIP-1pB, and TNF-a ) levels exist in DARC-positive and DARC-negative
HIV uninfected and infected individuals using Luminex assay.

Hypothesis

We hypothesised that the Duffy-null genotype will negatively affect T cell function,
phenotype and proinflammatory cytokine levels in people of African descent with HIV-

1 infection.

23



1.11 Candidate’s contribution
The candidate did the experiments, analysis and interpretation of results and write-up.
Blood collection was done at clinic sites and sample processing was done at the HPP

laboratories.
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CHAPTER 2: MATERIALS AND METHODS

2.1 Study Participants

In this study we recruited young HIV-1 positive females (n=19) and males (n=1) with
median age of 23 years (range 20-24) from the HIV Pathogenesis Programme (HPP)
Acute study cohort at Prince Mshiyeni Memorial Hospital, located at Umlazi township,
Durban, KwaZulu-Natal, South Africa. The precise time of infection for these participants
was unknown but were in the chronic stage of infection for this cross sectional analysis

and were antiretroviral therapy (ART) naive.

In addition, young HIV uninfected individuals (n=20), all women with a median age
group of 21 (range 19-22) years were recruited from the Females Rising through
Education, Support, and Health (FRESH) cohort located in Umlazi township, Durban,
KwaZulu-Natal, South Africa. These women otherwise healthy, however at very high risk
of HIV-1 infection, were recruited and closely monitored for HIV infection of as part of

HIV prevention curriculum, empowerment, life skills offered through the FRESH study.

This pilot study was exploratory and a sub-study within the HPP studies that received
ethical clearance; reference number BF131/11 for the FRESH cohort (for HIV uninfected
individuals) and E036/06 for the HPP acute cohort that recruited HIV-1 infected
participants. Sample calculation for this exploratory pilot sub-study was not needed.
Written informed consent was obtained from each individual for participation in the
study. This sub-study was approved by Biomedical Research Ethics Committee (BREC)
of the University of KwaZulu —Natal under ethics approval number BE346/17.

2.2 CD4+ T cell count, viral load and polymorphonuclear cells (PMNs)
measurements

Absolute CD4 counts were measured using the Tru-Count technology using flow
cytometry as previously described (Zulu et al., 2017). Plasma viral loads for the HPP
acute cohort were measured using Nuclisens HIV-1 QT assays, the Biomerieux Easy-
MAG and Biomerieux Easy-Q platform for nucleic acid extraction with a detection limit

of 400 HIV-1 RNA copies/ml plasma according to manufacturer’s instructions (Dong et
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al., 2018). Sysmex XN system (Sysmex, Canada) was used to measure neutrophil count

using full blood count test.

2.3 DARC -46T—C SNP genotyping

A single nucleotide polymorphism DARC T-46C (rs2814778) was genotyped using
TagMan allelic discrimination assays in all subjects as previously described (Julg et al.,
2009a, Malkki and Petersdorf, 2012) and the genotypes were verified by direct sequence
analysis of samples. Briefly, DNA was isolated from buffy coats (EDTA tubes) using
QlAamp DNA Blood Midi Kit from Qiagen. The DNA was then Nano-dropped and
standardised at concentration of 50ng/ul with nuclease free water (Ambion). This was
then followed by preparation of master mix (Tagman universal PCR master mix, SPN
assay mix and nuclease free water). Target sequences were then amplified, and analysis
was done on Light Cycler 480 11 (Roche). Participants with two copies of C allele (CC)
were labelled Duffy null, and those with one allele or none (TC/TT) were labelled Duffy
positive.

2.4 Isolation of peripheral blood mononuclear cells (PBMC) and counting
Peripheral blood mononuclear cells (PBMCs) are populations of immune cells such as
lymphocytes (T cells, B cells and natural killer cells), monocytes and dendritic cells and
were isolated from whole blood by Ficoll density gradient centrifugation. In brief,

PBMCs were isolated, frozen and stored as follows:

Whole blood samples were collected from donors using sodium heparin (BD Vacutainer,
USA) and were processed within 4 hours of collection. Before processing, reagents were
put at room temperature and were wiped with 70% ethanol before being placed inside the
class Il Biological Safety Cabinet (BSC). Blood samples were poured into 50ml conical
tubes for PBMC processing. A 50ml tube of whole blood was then centrifuged at 500xg
for 10 minutes at room temperature. After the 10 minutes spin, the supernatant which was
plasma, was carefully removed and stored at -80 °C ultra-freezers. The remaining whole
blood was diluted with equal amount of Dulbeco’s Phosphate Buffered Saline (DPBS)
(Life Technologies, UK) that contained 1% of penicillin-streptomycin solution and was
gently mixed by inverting. Diluted blood was overlaid into a 50ml conical tube separation

medium (15ml of Histopaque-1077, Sigma Aldrich) at room temperature.
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The tube was centrifuged for 30 minutes at 500xg at room temperature. After this, whole

blood was divided into different cell layers as seen in Figure 2.1.

Plasma

Buffy coat/lymphocytes

Ficoll

Red blood cells

Figure 2.1: Image showing PBMC Ficoll density gradient separation technique after whole
blood was centrifuged for 30 minutes (Higdon et al., 2016).

A sterile pipette was used to remove the lymphocytes (buffy coat layer) from the interface
and transferred to another sterile 50ml conical tube, followed by addition of DPBS to
wash the lymphocytes (cells were centrifuged at 500xg for 10 minutes at room
temperature and this step was done twice). After the second wash was complete, the
supernatant was decanted, and the lymphocyte pellet was suspended in 20 mL of R10
(RPMI 1640 supplemented with 10% heat inactivated fetal calf serum, 100 U/ml

penicillin, 1.7Mm sodium glutamate and 1% of Hepes buffer).
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From this suspension, isolated PBMCs were counted using trypan blue (Life
Technologies, USA) solution (1:10 dilution, mixed 20 ul PBMCs and 180 pl trypan blue).
The mixture was vortexed and incubated for 5 minutes before counting. About 10 pl of
the mixture was loaded to a haemocytometer slide and counting was done manually using
a light microscope before resuspension of the cells at final concentration of ten million

per millilitre of R10 medium.

2.4.1 Cryopreservation of PBMCs

After cell counting was done as described above, cells were centrifuged for 10 minutes at
500xg in a chilled centrifuge at 4 °C. Thereafter the supernatant was discarded and tubes
with cells were placed on ice and the pellet was resuspended in 1 ml of fetal calf serum
(FCS). Equal amounts of FCS and freezing medium [10% FCS in Dimethyl Sulfoxide
(DMSO)] were added. Fetal calf serum was added first and freezing media was added
after in a drop wise manner while twirling the tube. Aliquots of 1ml (containing 10 million
cells) were then transferred to each cryovial. The cryovials were put into strata coolers
and were stored at -80 °C ultra-freezer overnight. The following day, cryovials were then

transferred into liquid nitrogen freezer (-189 °C) for long term cryopreservation.

2.4.2 Thawing of cryopreserved PBMCs

Before the thawing of PBMCs, R10 was first pre-warmed at 37 °C in an incubator for 1
hour. Cryopreserved PBMC vials were thawed by moving the vials around in a water bath
(LabFix, Durban, SA) at 37 °C and removed before the whole ice melts. A small cloth
sprayed with ethanol was used to wipe off excess water from the vials. Cells were then
poured into 15ml conical tubes. This step was followed by a washing step where 1ml of
warm R10 media was used to wash left cells in the vials and this was poured in the 15ml
conical tube. About 9 ml of warm R10 was then added gently to the tube for each vial.
Tubes were then inverted gently twice and centrifuged at 500xg for 8 minutes at room
temperature. Thereafter, the supernatant was decanted, and the pellet was resuspended in
1ml of warm R10 medium. Additional 9ml of R10 was used to again wash the cells and

the tube was then further centrifuged at 500xg for 8 minutes at room temperature.
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Cells were resuspended in 5ml of R10 and rested for 2 hours at 37° C in 5% CO prior to
use. After 2 hours incubation, cells were counted (as described above under PBMC

isolation) and used in subsequent assays.

2.5 Flow cytometry assay

Flow cytometry has been used for many years in biological discoveries such as blood. It
detects, identifies and enumerate individual cells by analysing their size, shape as well as
their properties (Tuchin et al., 2011). Flow cytometer contains several components such
as: a) a sample, b) fluidics to move sample to the flow cytometer machine, c) lasers and
optics which gather light, d) detectors to sense the light and e) a computer system to
analyse data in a digital form. The use of multicolour panels allows researchers to measure
lymphocytes precisely and it is less cost effective. In HIV research, flow cytometry allows
researchers to identify immune cells affected by the virus (Douek et al., 2002). For
example, many intracellular and extracellular markers are available in HIV research
specifically to test HIV specific T cells among different groups of patients, including

those with acute infection and chronic infection.

B

Each experiment (run)

includes multiple FCS files l
Calculate compensation for
each run j

Apply template gates to

compensated FCS files j
Create FACS plots and determine

frequencies of populations of interest j

Multiple views of data and Export in format appropriate
graphs for statistical analysis

Figure 2.2: Image showing LSRFortessa flow cytometer (BD Bioscience, USA) (A) and (B)
flow diagram showing the work flow from each run to data that can be used for statistical
analysis.
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In this study we used BD LSRFortessa flow cytometer (BD Bioscience, USA; Figure
2.2A) which can measure 16 fluorescent parameters. We used multicolour flow cytometry
employing the above principles to assess T cell phenotype, function by intracellular
cytokine staining (ICS) and proliferation by carboxyfluorescein diacetate, succinimidyl
ester (CFSE) as described in the upcoming sections. As can be seen in the workflow in
Fig 2.5B, each run provides many FCS files and compensation is calculated for each run.
Template gates are applied to compensated FCS files then graphs and frequencies of the

populations of interests can be determined.

2.5.1 Phenotypic characterization of CD8+ T cells
We investigated T cell activation, exhaustion and senescence by examining thawed

PBMCs of HIV-1 infected individuals and HIV uninfected individuals for the following
markers: CD38, HLA-DR, PD-1 and CD57. Briefly, previously cryo-preserved PBMCs
were thawed in warm R10 media and counted as described in section 2.4 and 2.4.2. After
counting, about 0.5 x10° cells were distributed in a 96-well round-bottomed plate. Cells
were then stained with the following markers: anti-CD3- Pe Cy5.5 (BD Biosciences,
USA), anti-CD8-Alexa-700 (BD Biosciences, USA), anti-CD14/19-Qdot 655
(Biolegend, USA), anti-CD38-PE (Biolegend, USA), anti-HLADR-PerCP (Biolegend,
USA), anti-PD1-BV421 (Biolegend, USA) and anti-CD57-APC (Biolegend, USA)
(Table 2.1) as well as aqua viability dye (Life Technologies, UK) for 20 minutes in the
dark, at room temperature. For each experiment, the fluorescence minus one (FMO),
which is the control that contains all fluorochromes of interest except the one being
measured for each marker was included to allow subsequent gating. This was followed
by washing of cells with addition of 200ul of 2% of FCS in PBS after incubation. The
plate was then centrifuged at 2000rpm (Labotec, Durban, South Africa) for 6 minutes at
room temperature and the supernatant was decanted thereafter. Perm A (40ul) was then
added to fix the cells for 20 minutes in the dark at room temperature. The cells were
washed again, supernatant decanted and cells were resuspended in 200ul of 2% of FCS
in fetal bovine serum (FBS) before acquisition on a multicolour BD LSRFortessa flow
cytometer (BD Bioscience, USA). Between 200 000 to 300 000 events were acquired and
the data was analysed using Flowjo software version 9.8.5 (FlowJo LLC, Ashland,

Oregone).
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2.5.2 Assessment of T cell function using Intracellular Cytokine Staining (ICS)
Intracellular cytokine staining (ICS) is a flow cytometry technique used in research

industry to asssess the function of specific cells through detection of cytokines produced
by specific cells such as CD4+ T cells, CD8+ T cells, dendritic cells, neutrophils, natural
killer cells, macrophages, B cells, etc. It is thought to be a useful tool in the development

of vaccines due to its flexibility and advanced functionality (Smith et al., 2015).

In this study, ICS was also conducted on previously cryo-preserved PBMCs, samples
were thawed in warmed R10 media as described above and rested for 2 hours followed

by counting. One million cells were distributed in a 96-well round-bottomed plate.

Thereafter, cells were stimulated with Gag (2ug/ml) and Env peptide pools (gp41 and
gp120) (2pug/ml). Unstimulated tube (media only) was included in each assay and served
as the negative control and while cells stimulated with staphylococcus enterotoxin B
(SEB) (1pug/ml stock) and Phorbol-Myristate-Acetate (PMA)/lonomycin (1ul PMA and
0.5ul ionomycin, both Img/ml working solution) served as positive controls. Inhibitor of
protein transport, Brefaldin A [(1ul of 10ug/ml stock) (Sigma-Aldrich, Missouri, USA)]
and Golgi stop [(1pl from dilution 1:10 with R10) (BD Biosciences, USA)] were then
added in all the wells. This was then followed by the addition of anti-CD107a PE-Cy5
(BD Biosciences, USA) in each well. Cells were then incubated at 37° C, overnight (16
hours). Following overnight stimulation, the plate containing cells was centrifuged
(Labotec, Durban, South Africa) at 2000rpm for 8 minutes and the supernatant was
discarded. Cells were then washed with wash buffer 100ul of 2% FCS in DPBS (Life

Technologies, UK) buffer and the plate was again centrifuged at 2000rpm for 8 minutes.

Following this, cells were then stained with 100ul of fixable aqua dead dye (Life
Technologies, UK) for viability (dilution 1:1000 in DPBS) for 20 min in the dark, (plate
was covered with foil), at room temperature. Thereafter, the plate was washed with buffer
and centrifuged at 2000rpm for 8 minutes, supernatant was discarded and stained with
anti-CD3-PeCy5.5 (BD Biosciences, USA), anti-CD8-Alexa-700 (BD Biosciences,
USA), anti-CD14/19-Qdot 655 (Biolegend, USA), CD4-APCy7 (Biolegend California,
USA) and anti-CD107a-PE-Cy5 (BD Biosciences, USA) surface antibodies (Table 2.1)

for 20 minutes in the dark, at room temperature.
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Cells were then washed with 200pl of wash buffer (2% FCS/PBS), spun down at 2000rpm
for 8 minutes and fixed in 40 pl Perm A medium (Life Technologies, Frederick, USA)
for 20 minutes. Cells were then washed with 200ul of wash buffer and the plate was
centrifuged at 2000rpm for 8 minutes. Following this, the supernatant was discarded and
40 pl of Perm B (Life Technologies, Frederick, USA) together with cytokines of interest,
IFN-y-PE-Cy7 (Biolegend California, USA) and TNF-a-PerCPy5.5 (Biolegend
California, USA) (Table 2.1) were added and the plate was incubated for 20 minutes in
the dark at room temperature. After incubation, the cells were washed with wash buffer
and resuspended in 200ul of wash buffer for acquisition on the multicolour BD
LSRFortessa flow cytometer (BD Bioscience, US). At least 500 000 events were
acquired, and the data was analysed using Flowjo software version 9.8.5 (FlowJo LLC,

Ashland, Oregone).
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Table 2.1 Table showing flourochrome conjugated antibodies, supplier and volume of

antibodies used per well.

Conjugated antibody,

Clone

CD3-PeCy5.5 (UCHT1)
CD8-Alexa700 (HIT8a)

CD14/19-Qdot655
(63D3/HIB19)
CD38-PE (90)

HLA-DR-PercP (L243)

PD-1-BV421(RMP1-14)

CD57-APC (HCD57)

CD3- PE-CF594
(UCHT1)
CD14/CD19-BV650
(63D3/HIB19)
CD8-Alexa-700 (HI1T8a)
CD4-APCy7 (GKL.5)

CD107a-PE-Cy5 (H4A3)
IFN-y-PE-Cy7(AN-18)

TNF-a-PerCPy5.5 (6B8)

Supplier

Phenotypic assay

BD Biosciences, USA
BD Biosciences, USA

Biolegend, California,
USA
Biolegend, California,
USA
Biolegend, California,
USA
Biolegend, California,
USA
Biolegend, California,
USA

ICS assay

BD Biosciences, USA

Biolegend California,
USA

BD Biosciences, USA

Biolegend California
USA

BD Biosciences, USA

Biolegend California,
USA

Biolegend California,
USA

33

Quantity per well

1.5uL
1.5uL

1.5uL

2uL

1.5uL

1.5uL

1.5uL
1.5uL

3.5uL
2.5uL
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2.5.3 Assessment of T cell proliferation using carboxyfluorescein diacetate,
succinimidyl ester (CFSE)

Carboxyfluorescein diacetate, succinimidyl ester is a fluorescent dye used to trace
lymphocyte migration, cell number and proliferation of cells. It labels the parent cell and
passes the stain from parent cell to daughter cells. Carboxyfluorescein diacetate,
succinimidyl ester diffuses into cells and its acetyl groups are cleaved to produce a highly
fluorescent derivative. This derivative is kept within the cell and can be detected using
flow cytometry. As the parent cell divides, the stain intensity within the daughter cells is

halved (see Figure 2.3).

CFSE intensity day 2
day 3
day 4
Division number
0 1 2 3 ) \
10° 10' 10° 10°

CFSE intensity

Figure 2.3: Illustration of cell division and CFSE intensity as each cell divides
(Luzyanina et al., 2007)

In this study, thawed cryopreserved PBMCs were rested for 2 hours at 37 °C in 5% CO>
incubator and then 2 x108 cells were stained with 0.5pug/ml CFSE (1ul in 4 ml of DPBS)
(ThermoFisher Scientific, USA).

From the 2 x108 CSFE labelled PBMCs, 0.5 x10° cells were plated in each well in a 96
well plate. The plate was then stimulated with Gag peptide (2ug/ml) and PHA (1p/ml)
which served as positive control. Unstimulated well (media only) served as the negative

control.
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All the surrounding wells were left and filled with DPBS (Life Technologies, UK). This
was then followed by incubation (ThermoFisher Scientific, USA) at 37 °C in 5% CO; for
7 days. Fresh media (R10) was added to the cells on day 4 (100l was removed by putting
a plate in 45 degrees position and new 100ul of R10 was added). On day 7, the plate was
centrifuged at 2000rpm for 8 minutes and cells were then marked with viability marker
(100ul of fixable blue dead cell stain, from ThermoFisher Scientific, USA) for 20
minutes, at room temperature. After incubation, cells were washed, and the plate was
centrifuged at 2000rpm for 8 minutes and supernatant was decanted. This was then
followed by surface staining with anti-CD3 PE-CF594 (BD Biosciences, USA), anti-CD4
APC-Cy7 (Biolegend California, USA) and anti-CD8 Alexa-700 (BD Biosciences,
USA) and containing anti-CD14/19 (Bio-legend California, USA) for monocytes and B
cell exclusion respectively. For the interest of this study we were only interested in CD4+
and CD8+ T cells. Cells were then incubated in the dark at room temperature for 20
minutes and washed with 2% FCS in PBS buffer (Life Technologies, UK). The
supernatant was discarded and 200l of buffer was added to each well, mixed up and
transferred to cluster tubes. Perm A (40ul, Life Technologies, Frederick, USA) was added
to each tube before acquisition on LSRFortessa flow cytometer (BD Bioscience, USA).
At least 200 000 to 300 000 events were acquired, and data was analysed using FlowJo
software version 9.8.5 (FlowJo LLC, Ashland, Oregon).

2.6 Luminex Assays Principle

Luminex is a micro-assay that enables simultaneous detection and quantitation of many
secreted cytokines, chemokines, and growth factors from different cell types. These
proteins interact with receptors of target cells to mediate physiological responses, which
include immunology, growth, inflammation or hemopoietisis. Dysregulation in
production of these proteins is associated with disease. Luminex assay is like sandwich
ELISA (Figure 2.4), in that the capture antibody against the protein of interest are coupled

with beads. These beads then react with the sample containing the protein of interest.
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Figure 2.4: Diagram of Bio-plex sandwich immunoassay (Bio-Rad, USA) showing how
magnetic beads, capture antibody, detection antibody, and streptavidin combine to make
sandwich of the biomarker of interest (Bio-Rad, USA).

Coupled beads react with the sample containing the biomarker of interest (step 1 in figure
2.5). After a series of washes to remove unbound protein, a biotinylated detection
antibody is added to create a sandwich complex. The final detection complex is formed
with the addition of streptavidin-phycoerythrin (SA-PE) conjugate. Phycoerythrin (PE)

serves as a fluorescent reporter (step 2, Figure 2.5).

Beads are read on Luminex based reader (Bio-Rad®200 Bio-Plex® system was used in
this assay). One laser classifies the bead and determines the analyte that is being detected.
The second laser determines the magnitude of the PE-derived signal, which is in direct

proportion to the amount of analyte bound.

The components of each well are drawn up into the flow-based Bio-Plex suspension array
system, which identifies and quantitates each specific reaction based on bead color and
fluorescence. The magnitude of the reaction is measured using fluorescently labeled
reporter molecules associated with each target protein. Unknown cytokine/chemokine
concentrations are automatically calculated by Bio-Plex Manager™ software using a
standard curve derived from a recombinant cytokine standard. Luminex assay uses
colored beads as the solid phase instead of a coated well, and up to 100 differently colored
beads can be mixed and used for quantitating up to 100 different analytes simultaneously

(Bio-Rad, USA).
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Figure 2.5: Diagram showing steps in Luminex assay. Step 1, magnetic beads with
biomarker of interest are added, step 2, detection antibody is added and step 3 is the
addition of streptavidin (Bio-Rad. USA).

2.6.1 Luminex for detection of neutrophil and T cell specific cytokines

In this study, a Bio-Rad human 17 multiplex cytokine/chemokine kit was used as per
manufacturers’ protocol to analyse plasma cytokine/chemokines namely: granulocyte
colony stimulating factor (G-CSF), granulocyte macrophage colony stimulating factor
GM-CSF, IFN-y, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13, IL-
17, Monocyte Chemoattractant Protein-1 (MCP-1) (MCAF), MIP-1B, and TNF-a. These
cytokines/chemokines include those that are T cell specific and those that are neutrophil
specific and were measured to assess if there were differences in the expression of these
proteins in HIV positive and negative groups by DARC status. Initially, plate layout was
designed. Column 1 and 2 were assigned to standards, with highest concentration in raw
A and lowest concentration in raw H. Wells A3 and A4 were assigned to blanks. Columns
3 and 4 (wells B3, B4, C3, C4) were assigned to controls. The rest of the plate was

available for samples in duplicates (see Appendix Al).

Bio-Plex R system was warmed 30 minutes prior to use and then calibrated and wash
system was primed. Assay buffer, wash buffers and sample diluent were brought to room

temperature before use.
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Other items were kept on ice until they were required (standards) and the frozen plasma
samples were thawed 1 hour before use. Single vial of standards was gently taped,
reconstituted in 500ul of diluent, vortexed for 5 seconds and incubated on ice for 30

minutes.

After reconstitution was done; a fourfold standard dilution series and blank was prepared,
each tube vortexed for 5 seconds and tips were changed between each dilution. Briefly,
1.5 ml polypropylene were labelled sample 1 (S1) through sample 8 (S8) and blank.
Reconstituted standards were vortexed for 5 seconds, volume of 128ul was added to S1
containing 27l of standard diluent. S1 tube was vortexed for 5 seconds and then new
pippete tip was used to transfer 50ul from S1 to S2 tube. This was done up to tube S8
(Appendix A2). Beads were diluted from 10x to 1x in Bio-Plex assay buffer, vortexed for
30 seconds and protected from light. Previously diluted beads were vortexed for 10-20
seconds and 50ul was added to each well of assay plate. The plate was then washed two
times with 100ul Bio-Plex wash buffer using the MAG_3X wash protocol. Following
washing, 50ul of the samples and standards were vortexed and added to each well and
plasma samples were run undiluted. The plate was covered with aluminium foil to protect
from light and incubated on a shaker 30 minutes at 850 + 50 rpm at room temperature.
The plate was then washed 3 times and 25l of detection antibodies were added to each
well. Plate was covered with aluminium foil and put on a shaker for 30 minutes.
Following this, SA-PE was vortexed for 5 seconds and diluted to 1x and was protected
from light 10 minutes before use. The plate was then washed again 3 times to remove any

unbound protein.

Streptavidin-Phycoerythrin was then vortexed and added (0.5ul of 100x stock adjusted to
a final volume of 50ul in assay buffer) to each well with incubation at room temperature
for 10 minutes on a shaker and was then washed 3x with wash buffer. Beads were
resuspended in 125ul assay buffer and the plate was covered and incubated on a shaker
for 30 seconds at 850+ 50 rpm. Finally, the plate was visually checked if all wells were
filled with buffer, plate cover was removed before placing plate on the plate carrier and
the plate was read on Bio-Plex™ 200 system (Bio-Rad, USA).
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2.7 Statistical analysis
The FCS files from flow cytometry were analysed using FlowJo software version 9.8.5

(FlowJo LLC, Ashland, Oregon). Frequencies of cells expressing measured
cytokines/markers in T cells in HIV-1 infected and uninfected and stratified by DARC
status were measured using two-tailed Mann-Whitney tests and analysed using GraphPad
Prism software version 5 (GraphPad Software Inc., USA). Luminex plate was read on
Bio-Plex™ 200 system and generated data was saved as excel file, then two-tailed Mann-
Whitney test was used, and data was analysed using GraphPad Prism software version 5.
All groups of interest were compared and p-values <0.05 were considered statistical

significant.
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CHAPTER 3: RESULTS

3.1 Clinical characteristics of study participants

This study aimed to examine the impact of the DARC polymorphism on CD8+ T cells in

HIV-1 infected individuals and HIV uninfected individuals. The demographics and

clinical characteristics for the study participants are presented in Table 3.1 and Fig 3.1.

The median age of HIV negative and HIV-1 positive groups was 21 years (IQR 19-22)

and 23 years (IQR 20-24) respectively. All HIV negative participants (n=20) were

females, whereas 95% of the HIV positive group were females (Table 3.1).

Table 3.1 Clinical characteristics of study participants

Age Gender | CD4 Count Viral Load Neutrophil
(years, IQR) | (F/M) (cells/mm3, (RNA counts
IQR) copies/mL, | (cells/mm?,
IQR) IQR)

HIV 20.5 F(n=12) 883 N/A 2560
Negative (19-21.25) | M(n=0) (757-975) (2180-3140)

(CC)

HIV 21.5 F(n=8) 918.5 N/A 4990
Negative (20.75-23) | M(n=0) | (721-1065) (4600-5720)
(TT/TC)

HIV Positive 22.25 F(n=9) 608 9300 1750

(CO) (20.25-25.23) | M(n=1) = (499.5-740.5) @ (4550-14750) | (1660-2090)

HIV Positive | 23 (20-24) | F(n=9) 709 7200 4340
(TT/TC) M(n=0) (605-839) (850-21000) | (3340-5080)
*

N/A-not available; CD4-cluster of differentiation 4; IQR-interquartile range; F-Females;
M-Males; CC-DARC null; TT/TC-DARC positive; *data for one participant was not

available.
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Overall, 22 of 39 individuals (56%) in this study had the DARC-null genotype. Within
the HIV negative group, 60% (n=12) of the participants had the DARC null (CC)
genotype and 40% (n=8) were DARC positive (TT/TC) compared to 53% (n=10) with
DARC null and 47% with DARC positive (n=9) genotype amongst the HIV-1 infected

group.
The occurrence of the DARC-null allele in similar target group of South Africans

from Durban, KwaZulu-Natal was previously reported at 64.8% (247 out of 381
African individuals were DARC genotyped (Julg et al., 2009b). The frequency of
DARC-null in other populations including African-Americans and Ugandans are
summarized in Table 1.2. In addition, a study examining absolute neutrophil counts
from individuals from Nigeria demonstrated that all 69 individuals assayed for DARC
were homozygous for the Duffy-null allele (Wonodi et al., 2017). Together, the studies

demonstrate high frequencies of the DARC-null allele in African populations.

No differences were noted in absolute neutrophil counts between HIV uninfected and
HIV-1 infected groups. However, within the HIV uninfected group, DARC null
participants had lower neutrophil counts compared to DARC positive participants
(p=0.0004, Figure 3.1, Table 3.1).

The same was observed in the HIV-1 infected group, where DARC null participants had
lower absolute neutrophil counts compared to DARC positive participants (p=0.0006,
Figure 3.1, Table 3.1). HIV uninfected individuals had higher CD4 counts compared to
HIV-1 infected participants (p=0.008, Figure 3.1, Table 3.1), however, this was not
significant by DARC status in both HIV negative and positive individuals. HIV-1 positive
participants had a median viral load of 9100 RNA copies/mL (IQR, 2650-19500). DARC
null participants had lower viral loads compared to DARC positive participants (Table
3.1).
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Figure 3.1: Cluster of differentiation-4 (CD4) and polymorphonuclear cells (PMN) counts
in HIV uninfected individuals and HIV infected participants and stratified by DARC status
within the groups. *data for one participant was not available.

3.2 Levels of CD8+ T cell activation and exhaustion differ by HIV status and not
by DARC status

Activation of CD8+ T cells in HIV-1 infected individuals has been reported as a good
indication of disease progression (Hazenberg et al., 2003, Lichterfeld et al., 2004a). From
these earlier studies, it was clear that the relatively high expression of CD8+ T cell
activation as measured by co-expression of CD38 and HLA-DR and exhaustion markers
PD-1 (Day et al., 2006) and CD57 (Shankar et al., 2018) detected in HIV-1 infected
individuals were elevated in HIV-1 infection. We here assessed whether the expression
of these phenotypic markers would vary by DARC status and explain differences in

immunological outcomes in HIV-1 infected and uninfected individuals.
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To address this question, we used flow cytometry as demonstrated with a gating strategy
used in Figure 3.2 (and Appendix B1 for CD4+ T cells) to investigate T cell activation
(CD38, HLA-DR), exhaustion (PD-1) and senescence (CD57) ex vivo on PBMCs of HIV-
1 infected individuals and HIV uninfected individuals with and without the DARC-null

polymorphism.
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Figure 3.2: Gating strategy for the identification of CD8+ T cells and measurement of
activation and exhaustion markers from bulk PBMCs by multicolour flow cytometry from
an HIV infected participant. Lymphocytes were first gated on total PBMCs using forward
and side scatter followed by singlets then CD14-/CD19- CD3+ cells and finally CD8+ T cells
(A). From CD8+ T cells, CD38+ HLA-DR+ (B), PD-1+ (C) and CD57+ (D) cells were gated
on using their respective fluorescence minus one (FMO) tubes.
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As expected, the levels of CD8+ T cell activation (as assessed by HLA-DR+ and CD38+
T cells) were significantly higher among HIV-1 infected subjects compared to HIV-1
negative subjects (Figure 3.3A, p<0.0001), however there was no significant difference
when assessed by DARC status in the HIV-1 positive group (Fig 3.3 B). Unlike CD8+ T
cells, there were no significant differences observed in activation levels on CD4+ T cells
by HIV and DARC status (Appendix B2).
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Figure 3.3: Frequencies of CD38+ HLA-DR+ CD8+ T cells in HIV-1 negative individuals
and HIV-1 positive individuals. Differences as assessed in HIV-1 negative (green) and HIV-
1 positive (maroon) individuals (A), and in HIV-1 positive individuals stratified by DARC
status (B).

We next assessed T cell exhaustion marker PD-1 on CD8+ T cells. Our findings
demonstrated a trend of higher PD-1 levels in the HIV-1 positive group compared to HIV
uninfected individuals (Figure 3.4A, p=0.05). However, a weak trend of higher PD-1
expression on CD8+ T cells was observed in DARC positive individuals in the HIV-1
positive group when stratified by DARC status (Figure 3.4B, p=0.09). There were no
differences found in CD4+ T cells by HIV-1 status and by DARC status (Appendix B3).
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Figure 3.4: Frequencies of PD-1+ CD8+ T cells in HIV-1 negative and HIV-1 positive
individuals. Differences in PD-1 expression as assessed in HIV-1 negative (green) and HIV-
1 positive (maroon) individuals (A), and in HIV-1 positive individuals by DARC status (B).

No differences were observed in the expression of CD57 by CD8+ T cells in both HIV-1
negative and positive groups (Figure 3.5A) and by DARC status in the HIV-1 positive
group (Figure 3.5B). There were also no differences found in CD4+ T cells (Appendix
B4). Similarly, no differences were observed in activation, exhaustion and senescence

markers on both CD8+ and CD4+ T cells in HIV negative individuals when stratified by
DARC (data not shown).
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positive individuals. Differences as assessed in HIV-1 negative (green) and HIV-1 positive
(maroon) individuals (A), and in HIV-1 positive individuals by DARC status (B).
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There was also no correlation between these phenotypic markers on CD8+ T cells and
absolute neutrophil counts in both HIV-1 positive and negative groups (Figure 3.6).
Similarly, no differences were observed with regard to the expression of these markers

on CD4+ T cells and absolute neutrophil counts (Appendix B5).
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Figure 3.6: The correlations of PMNs and frequencies of CD38+, HLA-DR+, PD-1+ and
CD57+ on CD8+ T cells in HIV negative and HIV positive individuals.

Taken together our results confirms previous findings of increased CD8+ T cell activation
and exhaustion in HIV-1 positive individuals compared to HIV uninfected individuals.
However, our findings did not show any significant differences when assessed by DARC
status suggesting that the presence or absence of the DARC polymorphism has no impact

(except for PD-1 where a weak trend was noted) on these measured parameters.
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3.3 Gag and Envelope specific CD8+ T cell activity in HIV infected and HIV
uninfected individuals with or without DARC polymophism

We next investigated if there were differences in the expression of effector cytokines by
CD8+ T cells in the study groups by HIV and DARC status following stimulation with
HIV antigens. We hypothesised that differences in absolute neutrophil counts in DARC
positive and DARC negative individuals would also translate to differences in CD8+ T
cell responsiveness given the importance of neutrophils in priming CD8+ T cells.

To assess the functional ability of CD8+ T cells in the study groups, we perfomed ICS on
PMBCs stimulated with HIV-1 peptide pools (gag, gp120 and gp41l) including the
positive control (SEB) and measured cytokines (IFN-y and TNF-a) of interest and
degranulation marker (CD107a) by flow cytometry (as shown in Figure 3.7, and
Appendix C1 for CD4+ T cells).

CD4+/CD8+

Lymphocytes Singlets Live cells

250K 250K

am

200K 200K

T 150K 78 <150K
O (o]
2 2
100K 100K
50k{ 50K
&

3
S

<APC-Cy7-A>: CD4
3

<PE-Alexa 594-A>: CD3
3

o

0 T T T T T Ty T T ~r
0 50K 100K 150K 200K 250K o 10% 10° 10* 10° 0 102 10 10* 10° 0 10° 104 10°
FSC-A <HV500-A>: Viability <Qdot 655-A>: CD14/CD19 <Alexa Fluor 700-A>: CD8
CD107a IFN-y TNF-a
250K 250K 250K

B | 2% 200K 200K

<150K < 150K <150K .

2 0.377|3 g Unstimulated

“ 100k o “100k] . 0.232)| 100k 0.144

50K | R

0 T 0rwr

S
50K
—_— — - -
o 10® 10* 10° 0102 10° 10* 10° 104 10°

0 10°
<PE-Cy5-A>: CD107a <PE-Cy7-A>: IFN-g <PerCP-Cy5-5-A>: TNF-a
250K 250K 250K

C 200K 200K 200K

<150K
[

150K

Gag

SSC-A

021 ™ 100K

S0K{

ol 0 e e B e
o 10 10* 10 0102 10° 10° 10° 010° 104 10°
<PE-Cy5-A>: CD107a <PE-Cy7-A>: IFN-g <PerCP-Cy5-5-A> TNF-a

Figure 3.7: Representative gating strategy for the identification of CD8+ T cells from cells
from PBMCs by multicolour flow cytometry. Lymphocytes were first gated on total PBMCs
using forward and side scatter followed by singlets, live cells then CD14-/CD19- CD3+ cells
and finally CD8+ or CD4+ T cells (A). From CD8+ T cells we gated on unstimulated sample
(B) and sample stimulated with gag (C) and measured CD107a, IFN-y and TNF-a.
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We noted an increase in CD107a (p=0.03) and IFN-y (p=0.02) expression on CD8+ T
cells upon stimulation with Gag peptide pool in the HIV-1 positive group than in
uninfected individuals (Fig 3.8) and no significant difference when stimulated with SEB
(data not shown).

However, these were not significant when compared by DARC status in HIV-1 infected
individuals (Fig 3.9). The frequencies of CD8+ T cells expressing CD107a and IFN-y
were higher (p=0.03 and p=0.04 respectively) in the HIV-1 positive group compared to
HIV-1 negative individuals (Fig 3.8) upon stimulation with HIV-1 gp41 peptide pool,
however these did not differ by DARC status (Fig 3.9). There was no significant
difference observed in CD107a+, IFN-y+ and TNF-a+ CD8+ T cells between HIV-1
negative and positive groups when stimulated with HIV-1 envelope gp120 (Fig 3.8) and
there was also no difference by DARC status. We also observed no differences in CD8+

T cells expressing TNF-a with all stimulations by HIV-1 or DARC status.

Assessment of these functions on CD3+ CD8- cells (CD4+ T cells) when stimulated with
the same HIV-1 peptides pools as above revealed weaker CD4+ T cell responses than
those observed for CD8+ T cells, did not differ following stimulation with either gag or
envelope peptide pools in HIV-1 negative and positive individuals and also did not differ
by DARC status (Appendix C2 and C3). Similarly, no differences were observed in
cytokine production on both CD8+ and CD4+ T cells in HIV negative individuals when
stratified by DARC (data not shown).
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Figure 3.8: Detection of intracellular cytokines following PBMC stimulation. Thawed
PBMCs were stimulated with specific HIV antigen (Gag, gp41 or gp120 peptide pools) for
16 hours. Y axes represent the percentage of live, single CD3+ CD8+ T cells that are positive
for the indicated cytokine in either HIV negative (in green) or HIV infected individuals (in

red).
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Figure 3.9: Detection of intracellular cytokines following PBMC stimulation. PBMCs were
stimulated with specific HIV-1 antigen (Gag, gp41 or gp120 peptide pools) for 16 hours. Y
axes represent the percentage of live, single CD3+ CD8+ T cells that are positive for the
indicated cytokine and X axes represent DARC null (in green) or positive (in red) within
HIV-1 positive group.
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3.4 Increased T cells proliferation with HIV-1 infection and not by DARC status
We next investigated the proliferative capacity of CD8+ T cells using CFSE proliferation

assay upon stimulation with Gag pool peptides (gating strategy shown in Figure 3.10,
Appendix D1 for CD4+ T cells).
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Figure 3.10: Gating strategy for proliferative capacity of CD8+ T cells upon stimulation
with Gag peptide pools using multicolour flow cytometry. Lymphocytes were first gated on
total PBMCs using forward and side scatter followed by singlets, live cells then CD14-
/CD19- CD3+ cells and finally CD8+ T cells (A). From CD8+ T cells we gated on
unstimulated sample, sample stimulated with gag or stimulated with PHA as positive
control (B).

We hypothesised that the DARC null trait will have an impact on the replicative capacity
of T cells. We observed a trend of higher proliferation on CD8+ T cells in HIV-1 infected
(p=0.05, Figure 3.11A) than in uninfected participants. There were no differences in the
proliferative capacity of CD8+ T cells by DARC status in both HIV negative and positive
individuals (Figure 3.11B). Similarly, no significant differences in CD4+ T cells were
observed by HIV or DARC status (Appendix D2). Similarly, no differences were
observed in replicative capacity on both CD8+ and CD4+ T cells in HIV negative
individuals when stratified by DARC (data not shown).
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Figure 3.11: Measurement of CD8+ T cell proliferation using CFSE. Thawed PBMCs were
stimulated with gag and incubated for 7 days to measure CD8+ T cell proliferation between
HIV-1 negative and positive (A) and by DARC status in the HIV-1 positive group (B).

Taken together these results suggest that CD8+ T cells undergo proliferation upon HIV-
1 infection. However, as shown with other measured parameters, the DARC null
polymophism does not have an impact on the proliferative capacity of CD8+ T cells in
HIV-1 infection.

3.5 Decreased IL-8 and MIP1-p and increased G-CSF plasma levels in HIV
infection.

We next investigated the role DARC null trait on systemic inflammation assessing
differences in the pro-inflamatory cytokine and chemokine levels between DARC null
and DARC positive HIV uninfected and HIV-infected individuals. We quantified 17
cytokines [G-CSF, GM-CSF, IFN-y, IL-1p, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-
12 (p70), IL-13, IL-17, MCP-1 (MCAF), MIP-1B, and TNF-a] in plasma. The low limit
of detections of the observed concentration of each cytokine are shown in a Table in
Appendix A3. Standard curves for each analyte (Appendix A4) indicate that the
absorbance of the sample must fall within the range of the standard curve, however if the
analytes were not within the range of the standard curve, low limit of detection was used.
For those cytokines that were detectable (IL-1, IL-2, IL-8, G-CSF, IL-10, IL,17, IFN-y,
MCP-1, TNF-a and MIP-1p), we observed up to 10-fold higher levels in HIV negative
individuals compared to HIV-1 infected individuals whilst others (GM-CSF, IL-4, IL-5,
IL-6, IL-7, IL-12 and IL-13) were below the limit of detection (Figure 3.12A).
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Among the ones within the range IL-8 and MIP-1p were higher in the HIV negative
group (p<0.0001 and p=0.0008 respectively) compared to HIV positive individuals and
G-CSF was higher in the HIV positive group compared to HIV uninfected individuals
(p=0.04 ), however, these were not significant when compared by DARC status in both
HIV-1 infected individuals (Fig 3.12B) and HIV uninfected individuals (data not shown).
The rest that were within the range (IL-1, IL-2, IL-10, IL,17, IFN-y, MCP-1 and TNF-a)
were not different by both HIVV-1 and DARC status (data not shown). For those that were
not detactable, where the low limit of detection was used, were also not different by HIV-

1 or DARC status in both HIV-1 positive or HIV uninfected individuals (data not shown).
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Figure 3.12: Summary of measured cytokine and chemokine concentration levels (A-panel).
Cytokine and chemokine levels between HIV negative patients (green) and HIV positive
patients (yellow) (top panel B) and cytokine and chemokine levels by DARC status within
the HIV positive group (shown in yellow for DARC null and yellow with black for DARC
positive bottom panel B).
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These data suggest that DARC null trait does not affect cytokine and chemokine levels in
both HIV infected patients and HIV uninfected individuals. It was unexpected to note

higher plasma cytokine and chemokine levels in HIV uninfected individuals compared to
HIV-1 infected individuals.
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CHAPTER 4: DISCUSSION

HIV-1 has been studied for decades since its discovery and the availability of ART has
resulted in a significant drop in the number of HIV deaths in South Africa and around the
world; however, there is still a need for an effective AIDS vaccine to completely eradicate
HIV/AIDS. There is also a gap on understanding mechanisms of how the immune system
get rid of the HIV-1 virus and the host factors important in mediating differences in

disease outcome for infected individuals in the absence of treatment.

In this study we assessed whether the DARC null polymorphism, a genetic trait associated
with low neutrophil counts and common in people of African descent, played aroleon T
cell activation and function in HIV-1 infection. We hypothesized that the Duffy-null
genotype will negatively impact T cell function, phenotype and pro-inflammatory
cytokine levels in people of African descent with HIV-1 infection.

Our findings demonstrated significantly higher levels of CD8+ T cell activation, and
exhaustion in HIV-1 infected individuals compared to HIV uninfected participants,
however CD4+ T cell activation was not different between HIV positive and HIV
uninfected individuals. Furthermore, investigation of the HIV-1 specific CD8+ T cell
response upon stimulation with HIV antigens demonstrated increased levels of CD107a
and IFN-y expression CD8+ T cell responses towards gag and envelope peptide pools in
HIV-1 infected individuals compared to HIV uninfected donors and no differences were
observed in CD4+ T cells. There were no significant differences observed by DARC
status in either T cell activation, exhaustion or function. Finally, our investigation on
whether DARC null polymorphism had an impact on systemic inflammation
demonstrated no differences in cytokine levels when assessed by DARC status, however
we observed higher levels of IL-8 and MIP-1p in HIV negative compared to HIV-1
infected individuals. We also observed significantly higher levels of G-CSF in the HIV-
1 infected group compared to HIV uninfected individuals.

As supported by previous findings (Deeks et al., 2004, Douek et al., 2009, Hunt et al.,
2008, Ndhlovu et al., 2015a, Hazenberg et al., 2003), our results show increased CD8+ T
cell activation in HIV-1 positive patients compared to HIV uninfected individuals. We

also noted that activation levels in our cohort was lower compared to other previous
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studies (Eggena et al., 2005, Migueles et al., 2002, Betts et al., 2001, Gea-Banacloche et
al., 2000). This might be due to low viral loads of the individuals studied here, with a
median viral load of 9100 RNA copies/mL compared to general untreated population
(Rueda et al., 2012). The small sample size and change in the global HIV treatment
guidelines made it difficult to identify more participants for further stratification by
DARC status. Our analysis revealed no correlation between CD38 and HLA-DR
expression on CD8+ T cells and PMNSs, suggesting that PMNs might not play a role in

CD8+ T cell activation

In our investigation, we observed a trend of higher PD-1 expression in HIV-1 positive
patients compared to HIV uninfected individuals. Several studies have reported that
binding of PD-L1 on the surface of monocytes and dendritic cells to PD-1 on T cells
negatively regulates T cell function (Carter et al., 2002, Day et al., 2006, Keir et al., 2008).
PD-1 has also been shown to be highly expressed in T cells during HIV-1 infection,
indicating the exhaustion of these cells due to persistent infection (Wherry, 2011, Day et
al., 2006). Although we noted a weak trend, our results were in line with previous studies
of higher PD-1 expression on CD8+ T cells in HIV-1 infected group compared to HIV

uninfected individuals.

Previous findings by Bowers et al showed that PD-L1 produced by neutrophils in HIV-1
infected patients positively correlated with expression of CD8+ T cell exhaustion marker
PD-1 (Bowers et al., 2014). This previous study also highlighted that neutrophils purified
from the blood of HIV-1-infected patients suppress T cell function via several
mechanisms including PD-L1/PD-1 interaction and production of reactive oxygen species
(ROS). This suggested that neutrophils suppress T cell function thereby affecting T cell
activation which eventually leads to T cell dysfunction. On the other hand, Bowers and
colleagues did not measure CD8+ T cell activation markers (CD38, HLA-DR) in
correlation with PMNs. Our findings here show that differences in T cell activation exist
in HIV-1 infection and may be driven by viral load and not by DARC status in HIV-1

infected individuals.
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We also observed that CD57 expression levels in HIV-1 infected donors were not
significantly different to those in HIV uninfected individuals. Furthermore, we did not
find any correlation between CD57 and PMNs in both HIV-1 positive patients and HIV
uninfected individuals, suggesting that neutrophils were not associated with the
expression of this marker. Previous studies have demonstrated that HIV-1 infection is
associated with accelerated senescence of CD8+ T cells where CD27 (T cell co-
stimulatory protein) expression is lost and CD57 expression is gained in these cells
(Brenchley et al., 2003). Some studies have also reported that HIV-specific CD8+T cells
might be exhausted because of continuous stimulation by the virus, resulting in poor
proliferation of CD57+ T cells and cell death (Dock and Effros, 2011, Wood et al., 2009,
Deeks, 2011).

We here hypothesized that Duffy-null genotype will negatively impact CD8+ T cell
phenotype in people of African descent with HIV-1 infection. Contrary to our hypothesis,
our findings suggest that DARC null does not have an impact on the phenotype of these
cells when examining CD38 and HLA-DR together, PD-1 or CD57 expression in both
HIV-1 positive and HIV uninfected individuals.

We further assessed whether there would be differences in HIV-1 specific CD8+T cell
responses and as expected and previously demonstrated, we observed increased levels of
IFN-y CD8+ T cell responses towards gag and envelope peptide pools in HIV-1 infected
individuals compared to HIV uninfected individuals (Ngumbela et al., 2008, Kiepiela et
al., 2007). Similarly, we also observed increased levels of CD107a expression in the HIV-
1 positive group compared to the HIV-1 negative group as previously reported by others
(Kiniry et al., 2017, Aktas et al., 2009). In contrast, our finding of no differences in TNF-
a expression by HIV status was not expected as previous studies found TNF-a expression

to be elevated in HIV-1 infection (Almeida et al., 2007).

We observed a trend of higher proliferation capacity on CD8+ T cells in HIV-1 infected
individuals than uninfected donors as supported by previous studies that reported that T
cells during HIV-1 infection become activated and proliferate to clear the virus
(Koofhethile et al., 2016, Wherry and Kurachi, 2015).
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We also assessed Gag-specific CD4+ T cell responses and proliferative capacity in both
HIV-1 positive patients and HIV uninfected individuals and these were not significantly
different. A previous study in the same population setting have reported increased IFN-y
CD4+ T cell responses towards gag peptide pools in HIV infected patients (Ramduth et
al., 2009). Another study looked at the relationship between tetramer+ CD4+ T cells and
cytokine-positive cells following stimulation with Gag peptides and found that only cells
secreting IFN-y correlated with tetramer+ cells (Laher et al., 2017). Our data was not in
line with these findings, we attribute this difference to the fact that our HIV positive

patients had lower viral loads compared to those reported in previous reports.

It is known that DARC null people have low neutrophil counts and findings from a
previous report demonstrated the importance of neutrophils in priming T cells (Wonodi
et al., 2017). We thus hypothesized that DARC null genotype will negatively impact T
cell function in people of African descent with HIV-1 infection. Contrary to our
hypothesis, our findings demonstrated that the DARC null trait does not affect T cell
proliferation or function in the absence or presence of HIV-1 infection in people with low
absolute neutrophil counts, suggesting that this genetic trait may not have adverse effects

in the African population.

We noted that G-CSF chemokine levels were increased in the HIV-1 infected group
compared to HIV uninfected individuals. These observations are not in line with previous
studies in HIV-1 infection as the levels of G-CSF are reduced because these individuals
suffer from neutropenia (Kuritzkes et al., 1998, Bahner et al., 1997, Hermans et al., 1996).
This could suggest that levels of G-CSF expression are not associated with mild ethnic
neutropenia in our cohort since neutropenia in HIV infection could be caused by many
factors such as the use of myelotoxic agents for treatment or even complication with
secondary infections (Shi et al., 2014). Other studies observed reduced levels of
stimulated G-CSF in cultured marrow cells from HIV positive individuals (Carter et al.,
2010, Hensley-McBain and Klatt, 2018). HIV negative patients with neutropenia have
been observed to have elevated levels of G-CSF (Cebon et al., 1994).
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The findings of higher levels of IL-8 and MIP-1p in HIV-1 negative individuals compared
to HIV-1 infected patients were rather unexpected. Cytokines such as IL-2, IL-10, IL-12
and TNF-a were not different in both groups and none of the measured cytokines and
chemokines were affected by DARC genotype in both HIV-1 positive group and HIV

uninfected individuals.

Previous studies have shown that, during HIV-1 infection, there is elevated expression
of type | IFN-regulated genes (Lehmann et al., 2008, Trinchieri, 2010). This could be
caused by circulating IFNSs, including IFN-alpha, produced by pDCs or activation of
proinflammatory pathways, circulating macrophages and T cells (Yan and Lieberman,
2011, Hou et al., 2009). In this study IFN-y was found to be higher in the HIV-1 infected
patients compared to HIV uninfected individuals when PBMCs of these individuals were
stimulated with HIV peptide pools, however when measuring cytokine levels in plasma
of both HIV-1 and HIV uninfected individuals IFN-y levels were the same. There could
be other factors affecting cytokine levels in plasma than in PBMCs since PBMCs were

stimulated with HIV peptides.

Elevated levels of IL-8 and MIP-1p in HIV-1 infection have been reported (Matsumoto
etal., 1993, Stacey et al., 2009, Cotter et al., 2001). However, in this study I1L-8 and MIP-
1B levels were higher in HIV uninfected individuals compared to HIV positive patients.
The increased levels of these proteins might be due to other infections that were not tested
for in this study from our HIV uninfected individuals, such as influenza previously
reported to induce IL-8 production (Ito et al., 2015). Another study looked at MIP-1[3
levels in HIV uninfected individuals at two time points, day 0 and day 7 and found
elevated levels of this protein (Biancotto et al., 2013). In addition, MIP-1f can also be
induced by other diseases such as asthma (Alam et al., 1996).

A previous study could not detect IL-2 in PBMCs, however, when using mononuclear
cells from lymph nodes, the levels of IL-2 were found to be higher in the HIV-1 positive
patients (Graziosi et al., 1996). This group and other studies also found that IL-6 cytokine
levels were elevated when patients were chronically infected than acutely infected and
associated this with disease progression (Graziosi et al., 1996, Birx et al., 1990,
Lafeuillade et al., 1991, Czesnikiewicz-Guzik et al., 2008).
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Our findings reveal elevated levels of IL-2 in the HIV-1 positive group compared to HIV

uninfected individuals, although these were not significant

Elevated levels of TNF-a (Barcellini etal., 1996, Cotter et al., 2001, Czesnikiewicz-Guzik
et al., 2008) and IL-1B (Molina et al., 1989) have been reported in HIV-1 infection;
another study found that the levels of TNF-a were stable and progressively increased over
time (Graziosi et al., 1996). However, in our studied participants TNF-o was higher in
HIV positive participants however did not reach statistical significance. Also, in this study
as mentioned above we looked at expression of this cytokine when PBMCs were
stimulated with HIV peptide pools and found that expression levels were not different
from those of HIV uninfected individuals. We attribute this difference (and other
cytokines previously detected in HIV infection) to low viral load in our studied

participants.

The absolute neutrophil counts on both HIV-1 infected and HIV uninfected individuals
did not have an impact on expression levels of all measured cytokines in this study which
might suggest that DARC null may not have adverse effects in the African population. A
previous study suggested that DARC-positive individuals may be predisposed to a more
pro-inflammatory state that promotes HIV-1 replication and spread as a possible
mechanism for the differences in disease outcome in individuals with the different DARC
genotypes (Kulkarni et al., 2009). We thus hypothesized that DARC-null individuals of
African descent, with HIV-1 infection will have low pro-inflammatory cytokine activity.
However, our findings here did not support the proposed mechanism as we showed that
the DARC null trait had no influence in the levels of pro-inflammatory cytokines and
chemokines in both HIV-1 positive individuals and HIV uninfected individuals. It was
also surprising and unexpected that we observed lower levels of IL-8 and MIP-1f in HIV-
1 positive individuals and increased levels of these cytokines in HIV uninfected

individuals.

Thobakgale and Ndung’u (2014) proposed a simplified model of how neutrophil counts
in Africans may affect susceptibility or ability to control diseases. They speculated that,
when neutrophil counts were optimal (in DARC positive individuals), neutrophils will
effectively prime immune cells including CD8+ T cells as previously suggested (Duffy
et al., 2012a), to clear the virus.
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However in the case of low neutrophils (e.g. possession of the DARC null genotype),
there will be insufficient priming of immune cells resulting in failure to clear HIV-1
(Thobakgale and Ndung’u, 2014). Our study followed up on this model and show that
priming of T cells by neutrophils and virus clearance is not solely affected by the number
of neutrophils a person has; alternatively our results may also suggest that the absence of
the Duffy antigen has no adverse effects on HIV disease in people of African ancestry.
This may indeed be the case as a previous study in African individuals from our setting
demonstrated that neutrophil counts had no effect on CD4 decline or viral load amongst
individuals with the DARC null genotype. The same study suggested that if DARC-null
trait is associated with disease progression, this was independent of these factors (Julg et
al., 2009b). These findings were in agreement with a separate study carried out in a cohort
by the Tri-Service AIDS Clinical Consortium (TACC) HIV Natural History Study (NHS)
that demonstrated that the DARC-null trait had no effect on HIV-1 acquisition or disease
progression (Walley et al., 2009). Our findings are interesting in light of reports that the
DARC null genotype has evolved on the African continent as a resistant factor to malaria
parasite (Plasmodium vivax) by preventing invasion of red blood cells (Horuk et al.,
1993). However, alternate mechanisms have been proposed to explain how DARC
presence may influence acquisition and disease progression; HIV-suppressive
chemokines associated with DARC-expressing red blood cells may act as a protective
shield preventing HIV attachment to the red blood cell and transfer to HIV target cells
such as CD4+ T cells. In that case DARC-null might increase acquisition risk. Following
HIV-1 acquisition, HIV-1 might bind to DARC on the surface of red blood cells and
transfer the virus to target cells, indicating that DARC expression could lead to increased
disease progression (He et al., 2008). Our findings do not support or disprove this
mechanism as we did not find a clear association between T cell phenotype, function and

proinflammatory response with possession of the Duffy genotype.

Our study was limited by the number of patients and thus we could not fully ascertain the
impact of T cells on PMN counts and DARC status as this was a pilot study. This study
also did not look at STIs. It is possible that STIs if present may affect the levels of CD8

T cells, neutrophils and cytokine production levels.
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Another limitation of our study is that we here had HIV infected individuals with low
viral loads compared to the general population of untreated individuals and thus the
clinical dynamics may not represent a general therapy naive population. This was a pilot
study and we were also limited by the fact we did our assays blinded for the DARC
genotype, this was measured after the assays were done, thus we did not have access to
many antiretroviral therapy naive patients with the DARC null genotype. Although it
would be meaningful to recruit more patients for follow up studies; this might be difficult
to undertake in future since the new universal treatment guidelines requires that every
HIV-1 infected individual be initiated on antiretroviral therapy irrespective of CD4 counts
(WHO, 2016) .

As far as we know, this is the first study to interrogate the T cell phenotype, function and
pro-inflammatory cytokine activity in HIV-1 infected African individuals in the context
of the DARC genotype, in a high HIV incidence setting with a high prevalence of the
Duffy null genotype. We conclude that HIV-1 infection is associated with immune
activation, exhausted and reduced CD8+ T cell cytolytic activity and proliferation and
thereby not mediate effector functions; however, in this study, none of these functions
were influenced by possession of the DARC null polymorphism. It is also known that
ethnic neutropenic is rather mild and individuals with this disorder do not suffer from
increased incidents of infection. Thus our data suggest that Duffy-null genotype
associated with low neutrophil counts may not have an impact on how the immune system

(CD8+ T cell function) responds to infection.

63



REFERENCES

AASA-CHAPMAN, M. M., HAYMAN, A., NEWTON, P., CORNFORTH, D., WILLIAMS, I.,
BORROW, P., BALFE, P. & MCKNIGHT, A. 2004. Development of the antibody
response in acute HIV-1 infection. Aids, 18, 371-381.

AKRAM, A. & INMAN, R. D. 2012. Immunodominance: A pivotal principle in host response
to viral infections. Clinical Immunology, 143, 99-115.

AKTAS, E., KUCUKSEZER, U. C,, BILGIC, S., ERTEN, G. & DENIZ, G. 2009. Relationship
between CD107a expression and cytotoxic activity. Cellular immunology, 254, 149-
154.

ALAM, R., YORK, J.,, BOYARS, M., STAFFORD, S., GRANT, J. A,, LEE, J., FORSYTHE,
P.,SIM, T. & IDA, N. 1996. Increased MCP-1, RANTES, and MIP-1alpha in
bronchoalveolar lavage fluid of allergic asthmatic patients. American journal of
respiratory and critical care medicine, 153, 1398-1404.

ALKHATIB, G. & BERGER, E. A. 2007. HIV coreceptors: from discovery and designation to
new paradigms and promise. European journal of medical research, 12, 375.

ALMEIDA, J. R., PRICE, D. A., PAPAGNO, L., ARKOUB, Z. A., SAUCE, D., BORNSTEIN,
E., ASHER, T. E., SAMRI, A., SCHNURIGER, A. & THEODOROU, I. 2007.
Superior control of HIV-1 replication by CD8+ T cells is reflected by their avidity,
polyfunctionality, and clonal turnover. Journal of Experimental Medicine, 204, 2473-
2485.

ALTER, G.,, MERCHANT, A., TSOUKAS, C. M., ROULEAU, D., LEBLANC, R. P., COTE,
P., BARIL, J. G.,, THOMAS, R.,, NGUYEN, V. K., SEKALY, R. P.,, ROUTY, J. P. &
BERNARD, N. F. 2002. Human immunodeficiency virus (HIV)-specific effector CD8
T cell activity in patients with primary HIV infection. Journal of Infectious Diseases,
185, 755-765.

ALTER, G. & MOODY, M. A. 2010. The humoral response to HIV-1: new insights, renewed
focus. The Journal of infectious diseases, 202, S315-S322.

ALTER, G, TEIGEN, N., DAVIS, B. T., ADDO, M. M., SUSCOVICH, T. J., WARING, M.
T., STREECK, H., JOHNSTON, M. N., STALLER, K. D. & ZAMAN, M. T. 2005.
Sequential deregulation of NK cell subset distribution and function starting in acute
HIV-1 infection. Blood, 106, 3366-3369.

ALTFELD, M., ROSENBERG, E. S., SHANKARAPPA, R., MUKHERJEE, J. S., HECHT, F.
M., ELDRIDGE, R. L., ADDO, M. M., POON, S. H., PHILLIPS, M. N., ROBBINS, G.
K., SAX, P. E., BOSWELL, S., KAHN, J. O., BRANDER, C., GOULDER, P. J.,
LEVY, J. A, MULLINS, J. I. & WALKER, B. D. 2001. Cellular immune responses
and viral diversity in individuals treated during acute and early HIV-1 infection.
Journal of Experimental Medicine, 193, 169-180.

AMULIC, B., CAZALET, C., HAYES, G. L., METZLER, K. D. & ZYCHLINSKY, A. 2012.
Neutrophil function: from mechanisms to disease. Annu Rev Immunol, 30, 459-89.

AVERT. 2018. Global information and education on HIV and AIDS www.avert.org [Online].
[Accessed 16/01/2018 2018].

BAHNER, I., KEARNS, K., COUTINHO, S., LEONARD, E. H. & KOHN, D. B. 1997.
Infection of human marrow stroma by human immunodeficiency virus-1 (HIV-1) is
both required and sufficient for HIV-1-induced hematopoietic suppression in vitro:
demonstration by gene modification of primary human stroma. Blood, 90, 1787-1798.

BARCELLINI, W., RIZZARDI, G. P., POLI, G., TAMBUSSI, G., VELATI, C., MERONI, P.
L., DALGLEISH, A. G. & LAZZARIN, A. 1996. Cytokines and soluble receptor
changes in the transition from primary to early chronic HIV type 1 infection. AIDS
research and human retroviruses, 12, 325-331.

BARRE-SINOUSSI, F., CHERMANN, J.-C., REY, F., NUGEYRE, M. T., CHAMARET, S.,
GRUEST, J., DAUGUET, C., AXLER-BLIN, C., VEZINET-BRUN, F. &

64


http://www.avert.org/

ROUZIOUX, C. 1983. Isolation of a T-lymphotropic retrovirus from a patient at risk for
acquired immune deficiency syndrome (AIDS). Science, 220, 868-871.

BETTS, M. R.,, AMBROZAK, D. R., DOUEK, D. C., BONHOEFFER, S., BRENCHLEY, J.
M., CASAZZA, J. P.,, KOUP, R. A. & PICKER, L. J. 2001. Analysis of total human
immunodeficiency virus (HIV)-specific CD4+ and CD8+ T-cell responses: relationship
to viral load in untreated HIV infection. Journal of virology, 75, 11983-11991.

BETTS, M. R. & HARARI, A. 2008. Phenotype and function of protective T cell immune
responses in HIV. Current Opinion in HIV and AIDS, 3, 349-355.

BIANCOTTO, A., WANK, A,, PERL, S., COOK, W., OLNES, M. J., DAGUR, P. K., FUCHS,
J. C., LANGWEILER, M., WANG, E. & MCCOQY, J. P. 2013. Baseline levels and
temporal stability of 27 multiplexed serum cytokine concentrations in healthy subjects.
PloS one, 8, e76091.

BIRX, D. L., REDFIELD, R. R., TENCER, K., FOWLER, A., BURKE, D. S. & TOSATO, G.
1990. Induction of interleukin-6 during human immunodeficiency virus infection.
Blood, 76, 2303-2310.

BORREGAARD, N. 2010. Neutrophils, from marrow to microbes. Immunity, 33, 657-670.

BORROW, P., LEWICKI, H., HAHN, B. H., SHAW, G. M. & OLDSTONE, M. 1994. Virus-
specific CD8+ cytotoxic T-lymphocyte activity associated with control of viremia in
primary human immunodeficiency virus type 1 infection. Journal of virology, 68, 6103-
6110.

BORROW, P., LEWICKI, H., WEI, X., HORWITZ, M. S., PEFFER, N., MEYERS, H.,
NELSON, J. A., GAIRIN, J. E., HAHN, B. H., OLDSTONE, M. B. & SHAW, G. M.
1997. Antiviral pressure exerted by HIV-1-specific cytotoxic T lymphocytes (CTLS)
during primary infection demonstrated by rapid selection of CTL escape virus. Journal
of Nature Medicine, 3, 205-211.

BOUDALY, S. 2009. Activation of dendritic cells by polymorphonuclear neutrophils. Front.
Biosci, 14, 1589-1595.

BOWERS, N. L., HELTON, E. S., HUIJBREGTS, R. P., GOEPFERT, P. A, HEATH, S. L. &
HEL, Z. 2014. Immune suppression by neutrophils in HIV-1 infection: role of PD-
L1/PD-1 pathway. PLoS Pathog, 10, e1003993.

BRENCHLEY, J. M., KARANDIKAR, N. J,, BETTS, M. R., AMBROZAK, D. R., HILL, B.
J., CROTTY, L. E.,, CASAZZA, J. P., KURUPPU, J., MIGUELES, S. A. &
CONNORS, M. 2003. Expression of CD57 defines replicative senescence and antigen-
induced apoptotic death of CD8+ T cells. Blood, 101, 2711-2720.

BRENCHLEY, J. M., PAIARDINI, M., KNOX, K. S., ASHER, A. |., CERVASI, B., ASHER,
T. E., SCHEINBERG, P., PRICE, D. A., HAGE, C. A., KHOLI, L. M., KHORUTS, A.,
FRANK, I., ELSE, J., SCHACKER, T., SILVESTRI, G. & DOUEK, D. C. 2008.
Differential Th17 CD4 T-cell depletion in pathogenic and nonpathogenic lentiviral
infections. Blood, 112, 2826-35.

BRENCHLEY, J. M., SCHACKER, T. W., RUFF, L. E., PRICE, D. A,, TAYLOR, J. H,,
BEILMAN, G. J., NGUYEN, P. L., KHORUTS, A., LARSON, M. & HAASE, A. T.
2004. CD4+ T cell depletion during all stages of HIV disease occurs predominantly in
the gastrointestinal tract. Journal of Experimental Medicine, 200, 749-759.

BRIGGS, J. A. & KRAUSSLICH, H.-G. 2011. The molecular architecture of HIV. Journal of
molecular biology, 410, 491-500.

BROERE, F., APASOV, S. G., SITKOVSKY, M. V. & VAN EDEN, W. 2011. A2 T cell
subsets and T cell-mediated immunity. In: NIJKAMP, F. P. & PARNHAM, J. M. (eds.)
Principles of immunopharmacology: 3rd revised and extended edition. Basel:
Birkh&user Basel.

BROOKS, J. T., KAPLAN, J. E., HOLMES, K. K., BENSON, C., PAU, A. & MASUR, H.
2009. HIV-associated opportunistic infections--going, going, but not gone: the
continued need for prevention and treatment guidelines. Clinical Infectious Disease, 48,
609-611.

65



BUKRINSKY, M. I., SHAROVA, N., MCDONALD, T. L., PUSHKARSKAYA, T.,
TARPLEY, W. G. & STEVENSON, M. 1993. Association of integrase, matrix, and
reverse transcriptase antigens of human immunodeficiency virus type 1 with viral
nucleic acids following acute infection. Proceedings of the National Academy of
Sciences, 90, 6125-6129.

BURTON, D. R. 1997. A vaccine for HIV type 1: the antibody perspective. Proceedings of the
National Academy of Sciences, 94, 10018-10023.

CAQ, J., MCNEVIN, J., MALHOTRA, U. & MCELRATH, M. J. 2003. Evolution of CD8+ T
cell immunity and viral escape following acute HIV-1 infection. Journal of
Immunology, 171, 3837-3846.

CARTER, C. C.,, ONAFUWA-NUGA, A., MCNAMARA, L. A,, RIDDELL IV, J., BIXBY, D.,
SAVONA, M. R. & COLLINS, K. L. 2010. HIV-1 infects multipotent progenitor cells
causing cell death and establishing latent cellular reservoirs. Nature medicine, 16, 446.

CARTER, L. L., FOUSER, L. A., JUSSIF, J., FITZ, L., DENG, B., WOOD, C. R., COLLINS,
M., HONJO, T., FREEMAN, G. J. & CARRENO, B. M. 2002. PD-1: PD-L inhibitory
pathway affects both CD4+ and CD8+ T cells and is overcome by IL-2. European
journal of immunology, 32, 634-643.

CASADEVALL, A. 2018. Antibody-based vaccine strategies against intracellular pathogens.
Current opinion in immunology, 53, 74-80.

CEBON, J., LAYTON, J. E., MAHER, D. & MORSTYN, G. 1994. Endogenous haemopoietic
growth factors in neutropenia and infection. British journal of haematology, 86, 265-
274.

CHANG, J. J. & ALTFELD, M. 2010. Innate immune activation in primary HIV-1 infection.
The Journal of infectious diseases, 202, S297-S301.

CHANG, T. L., FRANCOIS, F., MOSOIAN, A. & KLOTMAN, M. E. 2003. CAF-mediated
human immunodeficiency virus (HIV) type 1 transcriptional inhibition is distinct from
alpha-defensin-1 HIV inhibition. Journal of Virology, 77, 6777-84.

CLAPHAM, P. R. & MCKNIGHT, A. 2002. Cell surface receptors, virus entry and tropism of
primate lentiviruses. Journal of General Virology, 83, 1809-1829.

COPELAND, K. F. T. 2002. The Role of CD8+ T Cell Soluble Factors in Human
Immunodeficiency Virus Infection. Current Medicinal Chemistry, 9, 1781-1790.

CORNELL, M., JOHNSON, L. F., WOOD, R., TANSER, F., FOX, M. P., PROZESKY, H.,
SCHOMAKER, M., EGGER, M., DAVIES, M. A. & BOULLE, A. 2017. Twelve-year
mortality in adults initiating antiretroviral therapy in South Africa. Journal of the
International AIDS Society, 20, 21902.

COSTANTINI, C. & CASSATELLA, M. A. 2011. The defensive alliance between neutrophils
and NK cells as a novel arm of innate immunity. Journal of leukocyte biology, 89, 221-
233.

COTTER, R. L., ZHENG, J., CHE, M., NIEMANN, D., LIU, Y., HE, J.,, THOMAS, E. &
GENDELMAN, H. E. 2001. Regulation of human immunodeficiency virus type 1
infection, B-chemokine production, and CCRS5 expression in CD40L-stimulated
macrophages: immune control of viral entry. Journal of virology, 75, 4308-4320.

COUNCIL, K. N. P. A. 2017a. Annual Progress Report 2015/16.

COUNCIL, N. C. P. A. 2017b. Annual Progress Report 2015/16.

COUNCIL, W. C. P. A. 2017c. Annual Progress Report 2015/16.

CZESNIKIEWICZ-GUZIK, M., LEE, W.-W., CUI, D., HIRUMA, Y., LAMAR, D. L., YANG,
Z.-Z., OUSLANDER, J. G., WEYAND, C. M. & GORONZY, J. J. 2008. T cell subset-
specific susceptibility to aging. Clinical Immunology, 127, 107-118.

DALOD, M., DUPUIS, M., DESCHEMIN, J.-C., GOUJARD, C., DEVEAU, C., MEYER, L.,
NGO, N., ROUZIOUX, C., GUILLET, J.-G., DELFRAISSY, J.-F., SINET, M. &
VENET, A. 1999. Weak anti-HIVV CD8(+) T-cell effector activity in HIV primary
infection. Journal of Clinical Investigation, 104, 1431-14309.

66



DAY, C. L., KAUFMANN, D. E., KIEPIELA, P., BROWN, J. A., MOODLEY, E. S., REDDY,
S., MACKEY, E. W., MILLER, J. D., LESLIE, A. J. & DEPIERRES, C. 2006. PD-1
expression on HIV-specific T cells is associated with T-cell exhaustion and disease
progression. Nature, 443, 350.

DE KLEUN, S., LANGEREIS, J. D., LEENTJENS, J., KOX, M., NETEA, M. G.,
KOENDERMAN, L., FERWERDA, G., PICKKERS, P. & HERMANS, P. W. 2013.
IFN-y-stimulated neutrophils suppress lymphocyte proliferation through expression of
PD-L1. PloS one, 8, e72249.

DEEKS, S. G. 2011. HIV infection, inflammation, immunosenescence, and aging. Annual
review of medicine, 62, 141-155.

DEEKS, S. G., KITCHEN, C. M,, LIU, L., GUO, H., GASCON, R., NARVAEZ, A. B., HUNT,
P., MARTIN, J. N., KAHN, J. O. & LEVY, J. 2004. Immune activation set point during
early HIV infection predicts subsequent CD4+ T-cell changes independent of viral load.
Blood, 104, 942-947.

DENG, K., PERTEA, M., RONGVAUX, A., WANG, L., DURAND, C. M., GHIAUR, G.,
LAl J., MCHUGH, H. L., HAO, H. & ZHANG, H. 2015. Broad CTL response is
required to clear latent HIV-1 due to dominance of escape mutations. Nature, 517, 381.

DERDEYN, C. A. & SILVESTRI, G. 2005. Viral and host factors in the pathogenesis of HIV
infection. Current opinion in immunology, 17, 366-373.

DOCK, J. N. & EFFROS, R. B. 2011. Role of CD8 T cell replicative senescence in human
aging and in HIV-mediated immunosenescence. Aging and disease, 2, 382.

DONG, K. L., MOODLEY, A., KWON, D. S., GHEBREMICHAEL, M. S., DONG, M.,
ISMAIL, N., NDHLOVU, Z. M., MABUKA, J. M., MUEMA, D. M. & PRETORIUS,
K. 2018. Detection and treatment of Fiebig stage | HIV-1 infection in young at-risk
women in South Africa: a prospective cohort study. The Lancet HIV, 5, e35-e44.,

DOUEK, D. C., BRENCHLEY, J. M., BETTS, M. R., AMBROZAK, D. R, HILL, B. J.,
OKAMOTO, Y., CASAZZA, J. P., KURUPPU, J., KUNSTMAN, K. & WOLINSKY,
S. 2002. HIV preferentially infects HIV-specific CD4+ T cells. Nature, 417, 95-98.

DOUEK, D. C., ROEDERER, M. & KOUP, R. A. 2009. Emerging concepts in the
immunopathogenesis of AIDS. Annual review of medicine, 60, 471-484.

DUFFY, D., PERRIN, H., ABADIE, V., BENHABILES, N., BOISSONNAS, A., LIARD, C,,
DESCOURS, B., REBOULLEAU, D., BONDUELLE, O. & VERRIER, B. 2012a.
Neutrophils transport antigen from the dermis to the bone marrow, initiating a source of
memory CD8+ T cells. Immunity, 37, 917-929.

DUFFY, D., PERRIN, H., ABADIE, V., BENHABILES, N., BOISSONNAS, A., LIARD, C,,
DESCOURS, B., REBOULLEAU, D., BONDUELLE, O., VERRIER, B., VAN
ROOIJEN, N., COMBADIERE, C. & COMBADIERE, B. 2012b. Neutrophils transport
antigen from the dermis to the bone marrow, initiating a source of memory CD8+ T
cells. Immunity, 37, 917-29.

DUSTIN, M. L. & LONG, E. O. 2010. Cytotoxic immunological synapses. Immunological
reviews, 235, 24-34.

EGGENA, M. P., BARUGAHARE, B., OKELLO, M., MUTYALA, S., JONES, N., MA, Y.,
KITYO, C., MUGYENYI, P. & CAO, H. 2005. T cell activation in HIV-seropositive
Ugandans: differential associations with viral load, CD4+ T cell depletion, and
coinfection. The Journal of infectious diseases, 191, 694-701.

ELLENBERGER, D. L., SULLIVAN, P. S., DORN, J., SCHABLE, C,, SPIRA, T. J., FOLKS,
T. M. & LAL, R. B. 1999. Viral and Immunologic Examination of Human
Immunodeficiency Virus Type 1—Infected, Persistently Seronegative Persons. The
Journal of infectious diseases, 180, 1033-1042.

EMAU, P., JIANG, Y., AGY, M. B, TIAN, B., BEKELE, G. & TSAI, C.-C. 2006. Post-
exposure prophylaxis for SIV revisited: animal model for HIV prevention. AIDS
research and therapy, 3, 29.

67



FALIVENE, J., GHIGLIONE, Y., LAUFER, N., SOCIAS, M. E., HOLGADO, M. P., RUIZ,
M. J., MAETO, C., FIGUEROA, M. ., GIAVEDONI, L. D., CAHN, P., SALOMON,
H., SUED, O., TURK, G. & GHERARDI, M. M. 2015. Th17 and Th17/Treg ratio at
early HIV infection associate with protective HIV-specific CD8+ T-cell responses and
disease progression. 5, 11511.

FANALES-BELASIO, E., RAIMONDO, M., SULIGOI, B. & BUTTO, S. 2010. HIV virology
and pathogenetic mechanisms of infection: a brief overview. Annali dell'Istituto
superiore di sanita, 46, 5-14.

FAUCI, A. S. 2007a. Pathogenesis of HIV disease: opportunities for new prevention
interventions. Clinical Infectious Disease, 15, 522-540.

FAUCI, A. S. 2007b. Pathogenesis of HIV disease: opportunities for new prevention
interventions. Clinical Infectious Diseases, 45, S206-S212.

FIEBIG, E. W., WRIGHT, D. J.,, RAWAL, B. D.,, GARRETT, P. E.,, SCHUMACHER, R. T,
PEDDADA, L., HELDEBRANT, C., SMITH, R., CONRAD, A., KLEINMAN, S. H. &
BUSCH, M. P. 2003. Dynamics of HIV viremia and antibody seroconversion in plasma
donors: implications for diagnosis and staging of primary HIV infection. Aids, 17,
1871-189.

FORD, E. S., PURONEN, C. E. & SERETI, I. 2009. Immunopathogenesis of asymptomatic
chronic HIV Infection: the calm before the storm. Current Opinion HIV AIDS, 4, 206-
214.

FREED, E. O. 2001. HIV-1 replication. Somatic cell and molecular genetics, 26, 13-33.

GEA-BANACLOCHE, J. C., MIGUELES, S. A., MARTINO, L., SHUPERT, W. L., MCNEIL,
A. C., SABBAGHIAN, M. S., EHLER, L., PRUSSIN, C., STEVENS, R. &
LAMBERT, L. 2000. Maintenance of large numbers of virus-specific CD8+ T cells in
HIV-infected progressors and long-term nonprogressors. The Journal of Immunology,
165, 1082-1092.

GELDERBLOM, H. R., HAUSMANN, E. H., OZEL, M., PAULI, G. & KOCH, M. A. 1987.
Fine structure of human immunodeficiency virus (HIV) and immunolocalization of
structural proteins. Virology, 156, 171-176.

GOMEZ, C. & HOPE, T. J. 2005. The ins and outs of HIV replication. Cellular microbiology,
7,621-626.

GOODSELL, D. S. 2015. lllustrations of the HIV life cycle. The Future of HIV-1 Therapeutics.
Springer.

GRANN, V. R., ZIV, E., JOSEPH, C. K., NEUGUT, A. I., WEI, Y., JACOBSON, J. S.,
HORWITZ, M. S., BOWMAN, N., BECKMANN, K. & HERSHMAN, D. L. 2008.
Duffy (Fy), DARC, and neutropenia among women from the United States, Europe and
the Caribbean. British journal of haematology, 143, 288-293.

GRAZIOSI, C., GANTT, K. R., VACCAREZZA, M., DEMAREST, J. F., DAUCHER, M.,
SAAG, M. S., SHAW, G. M., QUINN, T. C., COHEN, O. J. & WELBON, C. C. 1996.
Kinetics of cytokine expression during primary human immunodeficiency virus type 1
infection. Proceedings of the National Academy of Sciences, 93, 4386-4391.

HAASE, A. T. 2010. Targeting early infection to prevent HIV-1 mucosal transmission. Nature,
464, 217-223.

HADDY, T. B., RANA, S. R. & CASTRO, 0. 1999. Benign ethnic neutropenia: what is a
normal absolute neutrophil count? Journal of Laboratory and Clinical Medicine, 133,
15-22.

HAMPTON, H. R. & CHTANOVA, T. The lymph node neutrophil. Seminars in immunology,
2016. Elsevier, 129-136.

HAZENBERG, M. D., OTTO, S. A., VAN BENTHEM, B. H., ROOS, M. T., COUTINHO, R.
A., LANGE, J. M., HAMANN, D., PRINS, M. & MIEDEMA, F. 2003. Persistent
immune activation in HIV-1 infection is associated with progression to AIDS. Aids, 17,
1881-1888.

68



HE, W., NEIL, S., KULKARNI, H., WRIGHT, E., AGAN, B. K., MARCONI, V. C., DOLAN,
M. J., WEISS, R. A. & AHUJA, S. K. 2008. Duffy antigen receptor for chemokines
mediates trans-infection of HIV-1 from red blood cells to target cells and affects HIV-
AIDS susceptibility. Cell Host Microbe, 4, 52-62.

HEMELAAR, J. 2012. The origin and diversity of the HIV-1 pandemic. Trends in molecular
medicine, 18, 182-192.

HENSLEY-MCBAIN, T. & KLATT, N. R. 2018. The Dual Role of Neutrophils in HIV
Infection. Current HIV/AIDS Reports, 15, 1-10.

HERMANS, P., ROZENBAUM, W., JOU, A., CASTELLI, F., BORLEFFS, J., GRAY, S.,
WARD, N., GORI, A., DE, A. B. & FERRE, C. 1996. Filgrastim to treat neutropenia
and support myelosuppressive medication dosing in HIV infection. G-CSF 92105 Study
Group. AIDS (London, England), 10, 1627-1633.

HIGDON, L. E., LEE, K., TANG, Q. & MALTZMAN, J. S. 2016. Virtual global transplant
laboratory standard operating procedures for blood collection, PBMC isolation, and
storage. Transplantation direct, 2.

HIGHFILL, S. L., RODRIGUEZ, P. C., ZHOU, Q., GOETZ, C. A., KOEHN, B. H.,
VEENSTRA, R., TAYLOR, P. A., PANOSKALTSIS-MORTARI, A., SERODY, J. S.
& MUNN, D. H. 2010. Bone marrow myeloid-derived suppressor cells (MDSC) inhibit
graft-versus-host (GVHD) disease via an arginase-1 dependent mechanism that is
upregulated by 1L-13. Blood, blood-2010-06-287839.

HORUK, R., CHITNIS, C. E.,, DARBONNE, W. C., COLBY, T. J., RYBICKI, A., HADLEY,
T.J. & MILLER, L. H. 1993. A receptor for the malarial parasite Plasmodium vivax:
the erythrocyte chemokine receptor. Science, 261, 1182-1184.

HOU, W., WANG, X., YE, L., ZHOU, L., YANG, Z.-Q., RIEDEL, E. & HO, W.-Z. 2009.
Lambda interferon inhibits human immunodeficiency virus type 1 infection of
macrophages. Journal of virology, 83, 3834-3842.

HOWES, R. E., PATIL, A. P, PIEL, F. B.,, NYANGIRI, O. A., KABARIA, C. W., GETHING,
P.W., ZIMMERMAN, P. A., BARNADAS, C., BEALL, C. M., GEBREMEDHIN, A.,
MENARD, D., WILLIAMS, T. N., WEATHERALL, D. J. & HAY, S. I. 2011. The
global distribution of the Duffy blood group. Nat Commun, 2, 266.

HSIEH, M. M., TISDALE, J. F.,, RODGERS, G. P.,, YOUNG, N. S., TRIMBLE, E. L. &
LITTLE, R. F. 2010. Neutrophil count in African Americans: lowering the target cutoff
to initiate or resume chemotherapy? Journal of Clinical Oncology, 28, 1633.

HUDIG, D., EWOLDT, G. R. & WOODARD, S. L. 1993. Proteases and lymphocyte cytotoxic
killing mechanisms. Current Opinion of Immunology, 5, 90-96.

HUNT, P. W., BRENCHLEY, J., SINCLAIR, E., MCCUNE, J. M., ROLAND, M., SHAFER,
K. P., HSUE, P., EMU, B., KRONE, M. & LAMPIRIS, H. 2008. Relationship between
T cell activation and CD4+ T cell count in HIV-seropositive individuals with
undetectable plasma HIV RNA levels in the absence of therapy. The Journal of
infectious diseases, 197, 126-133.

IBASE. 2017. The HIV lifecycle http://i-base.info/guides/art-in-pictures/the-hiv-lifecycle
[Online].

ITO, Y., CORRELL, K., ZEMANS, R. L., LESLIE, C. C., MURPHY, R. C. & MASON, R. J.
2015. Influenza induces IL-8 and GM-CSF secretion by human alveolar epithelial cells
through HGF/c-Met and TGF-o/EGFR signaling. American Journal of Physiology-Lung
Cellular and Molecular Physiology, 308, L1178-1.1188.

JOST, S. & ALTFELD, M. 2012. Evasion from NK cell-mediated immune responses by HIV-1.
Microbes Infect, 14, 904-915.

JULG, B., REDDY, S., VAN DER STOK, M., KULKARNI, S., Ql, Y., BASS, S, GOLD, B.,
NALLS, M. A, NELSON, G. W. & WALKER, B. D. 2009a. Lack of Duffy Antigen
Receptor for Chemokines: No Influence on HIV Disease Progression in an African
Treatment Naive Population. Cell host & microbe, 5, 413.

69


http://i-base.info/guides/art-in-pictures/the-hiv-lifecycle

JULG, B., REDDY, S., VAN DER STOK, M., KULKARNI, S., Ql, Y., BASS, S., GOLD, B.,
NALLS, M. A, NELSON, G. W., WALKER, B. D., CARRINGTON, M. &
NDUNG'U, T. 2009b. Lack of Duffy antigen receptor for chemokines: no influence on
HIV disease progression in an African treatment-naive population. Cell Host Microbe,
5, 413-5; author reply 418-9.

KAHN, J. 0. & WALKER, B. D. 1998. Acute human immunodeficiency virus type 1 infection.
New England Journal of Medicine, 339, 33-39.

KALYAN, S. & KABELITZ, D. 2014. When neutrophils meet T cells: beginnings of a
tumultuous relationship with underappreciated potential. European journal of
immunology, 44, 627-633.

KEELE, B. F., GIORGI, E. E., SALAZAR-GONZALEZ, J. F., DECKER, J. M., PHAM, K. T,
SALAZAR, M. G., SUN, C., GRAYSON, T., WANG, S. & LI, H. 2008. Identification
and characterization of transmitted and early founder virus envelopes in primary HIV-1
infection. Proceedings of the National Academy of Sciences, 105, 7552-7557.

KEIR, M. E., BUTTE, M. J., FREEMAN, G. J. & SHARPE, A. H. 2008. PD-1 and its ligands
in tolerance and immunity. Annu. Rev. Immunol., 26, 677-704.

KHARSANY, A. B., CAWOOD, C., KHANYILE, D., GROBLER, A., MCKINNON, L. R.,
SAMSUNDER, N., FROHLICH, J. A., KARIM, Q. A., PUREN, A. & WELTE, A.
2015. Strengthening HIV surveillance in the antiretroviral therapy era: rationale and
design of a longitudinal study to monitor HIV prevalence and incidence in the
uMgungundlovu District, KwaZulu-Natal, South Africa. BMC public health, 15, 1149.

KIEPIELA, P., NGUMBELA, K., THOBAKGALE, C., RAMDUTH, D., HONEYBORNE, I.,
MOODLEY, E., REDDY, S., DE PIERRES, C., MNCUBE, Z. & MKHWANAZI, N.
2007. CD8+ T-cell responses to different HIV proteins have discordant associations
with viral load. Nature medicine, 13, 46.

KINIRY, B., GANESH, A., HUNT, P. W., SOMSOUK, M., DEEKS, S. G. & SHACKLETT,
B. L. 2017. Functionality of tissue-resident CD8+ T-cells in the human gastrointestinal
tract during chronic HIV-1 infection. Am Assoc Immnol.

KLASSE, P. J. 2012. The molecular basis of HIV entry. Cellular microbiology, 14, 1183-1192.

KLEIN, C. 2009. Molecular basis of congenital neutropenia. Haematologica, 94, 1333-6.

KOOFHETHILE, C. K., NDHLOVU, Z. M., THOBAKGALE-TSHABALALA, C., PRADO, J.
G., ISMAIL, N., MNCUBE, Z., MKHIZE, L., VAN DER STOK, M., YENDE, N. &
WALKER, B. D. 2016. CD8+ T cell breadth and ex vivo virus inhibition capacity
distinguish between viremic controllers with and without protective HLA class | alleles.
Journal of virology, JVI. 00276-16.

KOUP, R., SAFRIT, J. T., CAO, Y., ANDREWS, C. A., MCLEOD, G., BORKOWSKY, W.,
FARTHING, C. & HO, D. D. 1994a. Temporal association of cellular immune
responses with the initial control of viremia in primary human immunodeficiency virus
type 1 syndrome. Journal of virology, 68, 4650-4655.

KOUP, R. A, SAFRIT, J. T., CAQ, Y. Z.,, ANDREWS, C. A, MCLEOD, G., BORKOWSKY,
W., FARTHING, C. & HO, D. D. 1994h. Temporal association of immune-responses
with the initial control of viremia in primary human-immunodeficiency-virus type-1
syndrome. Journal of Virology, 68, 4650-4655.

KULKARNI, H., MARCONI, V. C.,, HE, W., LANDRUM, M. L., OKULICZ, J. F., DELMAR,
J., KAZANDIJIAN, D., CASTIBLANCO, J., AHUJA, S. S., WRIGHT, E. J., WEISS,
R. A., CLARK, R. A., DOLAN, M. J. & AHUJA, S. K. 2009. The Duffy-null state is
associated with a survival advantage in leukopenic HIV-infected persons of African
ancestry. Blood, 114, 2783-92.

KURITZKES, D. R., PARENTI, D., WARD, D. J., RACHLIS, A., WONG, R. J.,, MALLON,
K. P.,RICH, W. J., JACOBSON, M. A. & GROUP, G.-C. S. 1998. Filgrastim prevents
severe neutropenia and reduces infective morbidity in patients with advanced HIV
infection: results of a randomized, multicenter, controlled trial. Aids, 12, 65-74.

70



LAFEUILLADE, A., POIZOT-MARTIN, I., QUILLICHINI, R., GASTAUT, J., KAPLANSKI,
S., FARNARLER, C., MEGE, J. & BONGRAND, P. 1991. Increased interleukin-6
production is associated with disease progression in HIV infection. Aids, 5, 1139.

LAHER, F., RANASINGHE, S., PORICHIS, F., MEWALAL, N., PRETORIUS, K., ISMAIL,
N., BUUS, S., STRYHN, A., CARRINGTON, M. & WALKER, B. D. 2017. HIV
controllers exhibit enhanced frequencies of major histocompatibility complex class Il
tetramer+ Gag-specific CD4+ T cells in chronic clade C HIV-1 infection. Journal of
virology, 91, e02477-16.

LEE, J. S., FREVERT, C. W., WURFEL, M. M., PEIPER, S. C., WONG, V. A., BALLMAN,
K. K., RUZINSKI, J. T., RHIM, J. S., MARTIN, T. R. & GOODMAN, R. B. 2003.
Duffy antigen facilitates movement of chemokine across the endothelium in vitro and
promotes neutrophil transmigration in vitro and in vivo. The Journal of Immunology,
170, 5244-5251.

LEHMANN, C., HARPER, J. M., TAUBERT, D., HARTMANN, P., FATKENHEUER, G.,
JUNG, N., VAN LUNZEN, J., STELLBRINK, H.-J., GALLO, R. C. & ROMERIO, F.
2008. Increased interferon alpha expression in circulating plasmacytoid dendritic cells
of HIV-1-infected patients. JAIDS Journal of Acquired Immune Deficiency Syndromes,
48, 522-530.

LELIEFELD, P. H., KOENDERMAN, L. & PILLAY, J. 2015. How neutrophils shape adaptive
immune responses. Frontiers in immunology, 6.

LEVINE, A. M., KARIM, R., MACK, W., GRAVINK, D. J.,, ANASTOS, K., YOUNG, M.,
COHEN, M., NEWMAN, M., AUGENBRAUN, M. & GANGE, S. 2006. Neutropenia
in human immunodeficiency virus infection: data from the women's interagency HIV
study. Archives of internal medicine, 166, 405-410.

LEVY, J. A. 1993. Pathogenesis of human immunodeficiency virus infection. Microbiological
reviews, 57, 183-289.

LI, Q., DUAN, L., ESTES, J. D., MA, Z.-M., ROURKE, T., WANG, Y., REILLY, C.,,
CARLIS, J., MILLER, C. J. & HAASE, A. T. 2005. Peak SIV replication in resting
memory CD4+ T cells depletes gut lamina propria CD4+ T cells. Nature, 434, 1148.

LI, Q., ESTES, J. D., SCHLIEVERT, P. M., DUAN, L., BROSNAHAN, A. J., SOUTHERN, P.
J., REILLY, C. S., PETERSON, M. L., SCHULTZ-DARKEN, N., BRUNNER, K. G.,
NEPHEW, K. R., PAMBUCCIAN, S., LIFSON, J. D., CARLIS, J. V. & HAASE, A. T.
2009. Glycerol monolaurate prevents mucosal SIV transmission. Nature, 458, 1034-
1038.

LICHTERFELD, M., KAUFMANN, D. E., XU, G. Y., MUI, S. K., ADDO, M. M.,
JOHNSTON, M. N., COHEN, D., ROBBINS, G. K., PAE, E. & ALTER, G. 2004a.
Loss of HIV-1-specific CD8+ T cell proliferation after acute HIV-1 infection and
restoration by vaccine-induced HIV-1-specific CD4+ T cells. Journal of Experimental
Medicine, 200, 701-712.

LICHTERFELD, M., KAUFMANN, D. E., YU, X. G., MUI, S. K., ADDO, M. M.,
JOHNSTON, M. N., COHEN, D., ROBBINS, G. K., PAE, E., ALTER, G., WURCEL,
A., STONE, D., ROSENBERG, E. S., WALKER, B. D. & ALTFELD, M. 2004b. Loss
of HIV-1-specific CD8(+) T Cell Proliferation after Acute HIV-1 Infection and
Restoration by Vaccine-induced HIV-1-specific CD4(+) T Cells. The Journal of
Experimental Medicine, 200, 701-712.

LUZYANINA, T., ROOSE, D., SCHENKEL, T., SESTER, M., EHL, S., MEYERHANS, A. &
BOCHAROQV, G. 2007. Numerical modelling of label-structured cell population growth
using CFSE distribution data. Theoretical Biology and Medical Modelling, 4, 26.

LV, C., HUANG, L. & YUAN, Z. 2014. Global stability for an HIV-1 infection model with
Beddington—DeAngelis incidence rate and CTL immune response. Communications in
Nonlinear Science and Numerical Simulation, 19, 121-127.

71



MALETTO, B. A, ROPOLO, A. S., ALIGNANI, D. O., LISCOVSKY, M. V., RANOCCHIA,
R.P.,, MORON, V. G. & PISTORESI-PALENCIA, M. C. 2006. Presence of neutrophil-
bearing antigen in lymphoid organs of immune mice. Blood, 108, 3094-3102.

MALKKI, M. & PETERSDORF, E. W. 2012. Genotyping of single nucleotide polymorphisms
by 5’ nuclease allelic discrimination. Immunogenetics. Springer.

MATSUMOTO, T., MIIKE, T., NELSON, R., TRUDEAU, W., LOCKEY, R. & YODOI, J.
1993. Elevated serum levels of IL-8 in patients with HIV infection. Clinical &
Experimental Immunology, 93, 149-151.

MCMICHAEL, A. J.,, BORROW, P., TOMARAS, G. D., GOONETILLEKE, N. & HAYNES,
B. F. 2010a. The immune response during acute HIV-1 infection: clues for vaccine
development. Nature Reviews Immunology, 10, 11.

MCMICHAEL, A. J.,, BORROW, P., TOMARAS, G. D., GOONETILLEKE, N. & HAYNES,
B. F. 2010b. The immune response during acute HIV-1 infection: clues for vaccine
development. Nature Reviews Immunology, 10, 11-23.

MEDZHITOV, R. & JANEWAY, C., JR. 2000. Innate immunity. New England Journal of
Medicine, 343, 338-344.

MEHANDRU, S., POLES, M. A., TENNER-RACZ, K., HOROWITZ, A., HURLEY, A,
HOGAN, C., BODEN, D., RACZ, P. & MARKOWITZ, M. 2004. Primary HIV-1
infection is associated with preferential depletion of CD4+ T lymphocytes from effector
sites in the gastrointestinal tract. Journal of Experimental Medicine, 200, 761-770.

MIGUELES, S. A., LABORICO, A. C., SHUPERT, W. L., SABBAGHIAN, M. S., RABIN, R,
HALLAHAN, C. W., VAN BAARLE, D., KOSTENSE, S., MIEDEMA, F. &
MCLAUGHLIN, M. 2002. HIV-specific CD8+ T cell proliferation is coupled to
perforin expression and is maintained in nonprogressors. Nature immunology, 3, 1061.

MILLER, C. J. 1998. Host and viral factors influencing heterosexual HIV transmission. Reviews
of reproduction, 3, 42-51.

MOCSAL, A. 2013. Diverse novel functions of neutrophils in immunity, inflammation, and
beyond. Journal of Experimental Medicine, 210, 1283-1299.

MOLINA, J.-M., SCADDEN, D. T., BYRN, R., DINARELLO, C. A. & GROOPMAN, J. E.
1989. Production of tumor necrosis factor alpha and interleukin 1 beta by monocytic
cells infected with human immunodeficiency virus. The Journal of clinical
investigation, 84, 733-737.

MONKS, C. R., FREIBERG, B. A., KUPFER, H., SCIAKY, N. & KUPFER, A. 1998. Three-
dimensional segregation of supramolecular activation clusters in T cells. Nature, 395,
82.

MONTAGNIER, L. 1985. Lymphadenopathy-associated virus: from molecular biology to
pathogenicity. Annals of internal medicine, 103, 689-693.

MUNIER, M. & KELLEHER, A. 2007. Acutely dysregulated, chronically disabled by the
enemy within: T-cell responses to HIV-1 infection. Immunology and cell biology, 85, 6.

NALLS, M. A, WILSON, J. G., PATTERSON, N. J.,, TANDON, A., ZMUDA, J. M.,
HUNTSMAN, S., GARCIA, M., HU, D., LI, R. & BEAMER, B. A. 2008. Admixture
mapping of white cell count: genetic locus responsible for lower white blood cell count
in the Health ABC and Jackson Heart studies. The American Journal of Human
Genetics, 82, 81-87.

NDHLOVU, Z. M., KAMYA, P.,, MEWALAL, N., KLAVERPRIS, H. N., NKOSI, T.,
PRETORIUS, K., LAHER, F., OGUNSHOLA, F., CHOPERA, D. & SHEKHAR, K.
2015a. Magnitude and kinetics of CD8+ T cell activation during hyperacute HIV
infection impact viral set point. Immunity, 43, 591-604.

NDHLOVU, ZAZA M., KAMYA, P., MEWALAL, N., KLAVERPRIS, HENRIK N., NKOSI,
T., PRETORIUS, K., LAHER, F., OGUNSHOLA, F., CHOPERA, D., SHEKHAR, K.,
GHEBREMICHAEL, M., ISMAIL, N., MOODLEY, A., MALIK, A., LESLIE, A,
GOULDER, PHILIP J.R., BUUS, S., CHAKRABORTY, A., DONG, K., NDUNG’U,

72



T. & WALKER, BRUCE D. 2015h. Magnitude and Kinetics of CD8T Cell Activation
during Hyperacute HIV Infection Impact Viral Set Point. Immunity, 43, 591-604.

NEWBURGER, P. E. 2016. Autoimmune and other acquired neutropenias. ASH Education
Program Book, 2016, 38-42.

NGUMBELA, K., DAY, C., MNCUBE, Z., NAIR, K., RAMDUTH, D., THOBAKGALE, C.,
MOODLEY, E., REDDY, S., DE PIERRES, C. & MKHWANAZI, N. 2008. Targeting
of a CD8 T cell env epitope presented by HLA-B* 5802 is associated with markers of
HIV disease progression and lack of selection pressure. AIDS research and human
retroviruses, 24, 72-82.

O’SULLIVAN, T. E., SUN, J. C. & LANIER, L. L. 2015. Natural killer cell memory.
Immunity, 43, 634-645.

OXENIUS, A., PRICE, D. A., EASTERBROOK, P. J., OCALLAGHAN, C. A., KELLEHER,
A.D., WHELAN, J. A., SONTAG, G., SEWELL, A. K. & PHILLIPS, R. E. 2000.
Early highly active antiretroviral therapy for acute HIV-1 infection preserves immune
function of CD8+ and CD4+ T lymphocytes. Proc Natl Acad Sci U S A, 97, 3382-7.

PALMER, C. D., NINKOVIC, J., PROKOPOWICZ, Z. M., MANCUSO, C.J., MARIN, A.,
ANDRIANOQV, A. K., DOWLING, D. J. & LEVY, O. 2014. The effect of stable
macromolecular complexes of ionic polyphosphazene on HIV Gag antigen and on
activation of human dendritic cells and presentation to T-cells. Biomaterials, 35, 8876-
8886.

PAZ, Z., NALLS, M. & ZIV, E. 2011. The genetics of benign neutropenia. Sat, 2, 18.

PERSKVIST, N., LONG, M., STENDAHL, O. & ZHENG, L. 2002. Mycobacterium
tuberculosis promotes apoptosis in human neutrophils by activating caspase-3 and
altering expression of Bax/Bcl-xL via an oxygen-dependent pathway. The Journal of
Immunology, 168, 6358-6365.

PILLAY, J., TAK, T., KAMP, V. M. & KOENDERMAN, L. 2013. Immune suppression by
neutrophils and granulocytic myeloid-derived suppressor cells: similarities and
differences. Cellular and Molecular Life Sciences, 70, 3813-3827.

PORICHIS, F. & KAUFMANN, D. E. 2011a. HIV-specific CD4 T cells and immune control of
viral replication, Curr Opin HIV AIDS. 2011 May;6(3):174-80.
d0i:10.1097/COH.0b013e3283454058.

PORICHIS, F. & KAUFMANN, D. E. 2011b. HIV-specific CD4 T cells and immune control of
viral replication. Curr Opin HIV AIDS, 6, 174-180.

RADEBE, M., NAIR, K., CHONCO, F., BISHOP, K., WRIGHT, J. K., VAN DER STOK, M.,
BASSETT, I. V., MNCUBE, Z., ALTFELD, M., WALKER, B. D. & NDUNG'U, T.
2011. Limited immunogenicity of HIV CD8+ T-cell epitopes in acute Clade C virus
infection. Journal of Infectious Diseases, 204, 768-776.

RAMDUTH, D., DAY, C. L., THOBAKGALE, C. F., MKHWANAZI, N. P., DE PIERRES,
C.,REDDY, S., VAN DER STOK, M., MNCUBE, Z., NAIR, K. & MOODLEY, E. S.
2009. Immunodominant HIV-1 Cd4+ T cell epitopes in chronic untreated clade C HIV-
1 infection. PLoS One, 4, e5013.

REICH, D., NALLS, M. A., KAO, W. H., AKYLBEKOVA, E. L., TANDON, A,
PATTERSON, N., MULLIKIN, J., HSUEH, W. C., CHENG, C. Y., CORESH, J.,
BOERWINKLE, E., LI, M., WALISZEWSKA, A., NEUBAUER, J., LI, R., LEAK, T.
S., EKUNWE, L., FILES, J. C., HARDY, C. L., ZMUDA, J. M., TAYLOR, H. A,
ZIV, E., HARRIS, T. B. & WILSON, J. G. 2009. Reduced neutrophil count in people of
African descent is due to a regulatory variant in the Duffy antigen receptor for
chemokines gene. PLoS Genet, 5, e1000360.

REINER, A. P., LETTRE, G., NALLS, M. A., GANESH, S. K., MATHIAS, R., AUSTIN, M.
A., DEAN, E., AREPALLI, S., BRITTON, A. & CHEN, Z. 2011. Genome-wide
association study of white blood cell count in 16,388 African Americans: the
continental origins and genetic epidemiology network (COGENT). PLoS genetics, 7,
€1002108.

73



ROCKSTROH, J. K. 2011. HIV Book https://www.hivbook.com/2011/. In: HOFFMANN, C.
(ed.) HIV book.

RODRIGUEZ, P. C., QUICENO, D. G. & OCHOA, A. C. 2007. L-arginine availability
regulates T-lymphocyte cell-cycle progression. Blood, 109, 1568-1573.

RODRIGUEZ, P. C., ZEA, A. H., CULOTTA, K. S., ZABALETA, J.,, OCHOA, J. B. &
OCHOA, A. C. 2002. Regulation of t cell receptor cd3( chain expression byl-arginine.
Journal of Biological Chemistry, 277, 21123-21129.

ROFF, S. R., NOON-SONG, E. N. & YAMAMOTO, J. K. 2013. The significance of interferon-
v in HIV-1 pathogenesis, therapy, and prophylaxis. Frontiers in Immunology, 4, 498.

RUEDA, C. M., VELILLA, P. A., CHOUGNET, C. A, MONTOYA, C.J. & RUGELES, M. T.
2012. HIV-induced T-cell activation/exhaustion in rectal mucosa is controlled only
partially by antiretroviral treatment. PloS one, 7, e30307.

SCAPINI, P.,, BAZZONI, F. & CASSATELLA, M. A. 2008. Regulation of B-cell-activating
factor (BAFF)/B lymphocyte stimulator (BLyS) expression in human neutrophils.
Immunology letters, 116, 1-6.

SCHMIELAU, J. & FINN, O. J. 2001. Activated granulocytes and granulocyte-derived
hydrogen peroxide are the underlying mechanism of suppression of t-cell function in
advanced cancer patients. Cancer research, 61, 4756-4760.

SCHMITZ, J. E., JOHNSON, R. P., MCCLURE, H. M., MANSON, K. H., WYAND, M. S.,
KURODA, M. J., LIFTON, M. A., KHUNKHUN, R. S., MCEVERS, K. J. & GILLIS,
J. 2005. Effect of CD8+ lymphocyte depletion on virus containment after simian
immunodeficiency virus SIVmac251 challenge of live attenuated STVmac239A3-
vaccinated rhesus macaques. Journal of virology, 79, 8131-8141.

SHANKAR, E. M., SAEIDI, A., VIGNESH, R., VELU, V. & LARSSON, M. 2018.
Understanding Immune Senescence, Exhaustion, and Immune Activation in HIV—
Tuberculosis Coinfection.

SHANKAR, P., XU, Z. & LIEBERMAN, J. 1999. Viral-specific cytotoxic T lymphocytes lyse
human immunodeficiency virus-infected primary T lymphocytes by the granule
exocytosis pathway. Blood, 94, 3084-3093.

SHARP, P. M. & HAHN, B. H. 2011. Origins of HIV and the AIDS pandemic. Cold Spring
Harbor perspectives in medicine, 1, a006841.

SHI, X., SIMS, M. D., HANNA, M. M., XIE, M., GULICK, P. G., ZHENG, Y.-H., BASSON,
M. D. & ZHANG, P. 2014. Neutropenia during HIV infection: adverse consequences
and remedies. International reviews of immunology, 33, 511-536.

SHOENFELD, Y., BEN-TAL, O., BERLINER, S. & PINKHAS, J. 1985. The outcome of
bacterial infection in subjects with benign familial leukopenia (BFL). Biomedicine &
pharmacotherapy= Biomedecine & pharmacotherapie, 39, 23-26.

SILVA, M. T. 2010. Neutrophils and macrophages work in concert as inducers and effectors of
adaptive immunity against extracellular and intracellular microbial pathogens. Journal
of leukocyte biology, 87, 805-813.

SIVRO, A. 2014. The functional role of IRF1 polymorphisms in susceptibility to HIV-1
infection.

SMITH, S. G., SMITS, K., JOOSTEN, S. A., VAN MEIUGAARDEN, K. E., SATTI, 1.,
FLETCHER, H. A.,, CACCAMO, N., DIELI, F., MASCART, F., MCSHANE, H.,
DOCKRELL, H. M. & OTTENHOFF, T. H. 2015. Intracellular Cytokine Staining and
Flow Cytometry: Considerations for Application in Clinical Trials of Novel
Tuberculosis Vaccines. PL0oS One, 10, e0138042.

STACEY, A.R.,, NORRIS, P. J,, QIN, L., HAYGREEN, E. A, TAYLOR, E., HEITMAN, J.,
LEBEDEVA, M., DECAMP, A., LI, D. & GROVE, D. 2009. Induction of a striking
systemic cytokine cascade prior to peak viremia in acute human immunodeficiency
virus type 1 infection, in contrast to more modest and delayed responses in acute
hepatitis B and C virus infections. Journal of virology, 83, 3719-3733.

74


http://www.hivbook.com/2011/

STREECK, H. & NIXON, D. F. 2010. T cell immunity in acute HIV-1 infection. The Journal of
infectious diseases, 202, S302-S308.

THOBAKGALE, C. F. & NDUNG’U, T. 2014. Neutrophil counts in persons of African origin.
Current opinion in hematology, 21, 50-57.

TRINCHIERI, G. 2010. Type | interferon: friend or foe? Journal of Experimental Medicine,
207, 2053-2063.

TUCHIN, V. V., TARNOK, A. & ZHAROV, V. P. 2011. In vivo flow cytometry: a horizon of
opportunities. Cytometry Part A, 79, 737-745.

UNAIDS 2018. Global AIDS Update 2018
http://www.unaids.org/en/resources/documents/2018/unaids-data-2018. UNAIDS
Geneva.

VEAZEY, R. S., DEMARIA, M., CHALIFOUX, L. V., SHVETZ, D. E., PAULEY, D. R,
KNIGHT, H. L., ROSENZWEIG, M., JOHNSON, R. P., DESROSIERS, R. C. &
LACKNER, A. A. 1998. Gastrointestinal tract as a major site of CD4+ T cell depletion
and viral replication in SIV infection. Science, 280, 427-431.

VIVIER, E., TOMASELLO, E., BARATIN, M., WALZER, T. & UGOLINI, S. 2008.
Functions of natural killer cells. Nature immunology, 9, 503.

WALLEY, N. M., JULG, B., DICKSON, S. P., FELLAY, J., GE, D., WALKER, B. D.,
CARRINGTON, M., COHEN, M. S., DE BAKKER, P. I. & GOLDSTEIN, D. B. 2009.
The Duffy antigen receptor for chemokines null promoter variant does not influence
HIV-1 acquisition or disease progression. Cell host & microbe, 5, 408.

WEI, X., DECKER, J. M., WANG, S., HUI, H., KAPPES, J. C., WU, X., SALAZAR-
GONZALEZ, J. F., SALAZAR, M. G., KILBY, J. M. & SAAG, M. S. 2003. Antibody
neutralization and escape by HIV-1. Nature, 422, 307.

WEISS, H. A., DICKSON, K. E., AGOT, K. & HANKINS, C. A. 2010. Male circumcision for
HIV prevention: current research and programmatic issues. AIDS (London, England),
24, S61.

WEISS, R. A. 1993. Cellular receptors and viral glycoproteins involved in retrovirus entry. The
retroviridae. Springer.

WHERRY, E. J. 2011. T cell exhaustion. Nature immunology, 12, 492-499.

WHERRY, E. J. & KURACHI, M. 2015. Molecular and cellular insights into T cell exhaustion.
Nature Reviews Immunology, 15, 486.

WHO, W. H. O. 2016. Treat all people living with HIV, offer antiretrovirals as additional
prevention choice for people at "substantial™ risk
https://www.who.int/mediacentre/news/releases/2015/hiv-treat-all-recommendation/en/
[Online]. [Accessed 15 October 2018 2018].

WHO, W. H. O. 2018. HIV/AIDS estimates.

WIKIWAND wikiwand http://www.wikiwand.com/en/CD8%2B _cell.

WONG, B., ARRON, J. & CHOI, Y. 1997. T cell receptor signals enhance susceptibility to
Fas-mediated apoptosis, Journal of Experimental Medicine.

WONODI, I., ODUGUWA, T., AMOQ, |., ADEBAYO, A., ADEBIMPE, T., KALEJAIYE, O.,
ADEBAYO, R., LAWAL, R., PETERS, O. & OLANIYAN, A. 2017. 120. Benign
Ethnic Neutropenia in a Sample of Nigerian Healthy Controls and Clozapine-Treated
Schizophrenia Patients With DARC Null Variant. Schizophrenia bulletin, 43, S67-S67.

WOOD, K. L., TWIGG III, H. L. & DOSEFF, A. I. 2009. Dysregulation of CD8+ lymphocyte
apoptosis, chronic disease, and immune regulation. Frontiers in bioscience: a journal
and virtual library, 14, 3771.

YAMASHITA, T. E., PHAIR, J. P., MUNOZ, A., MARGOLICK, J. B., DETELS, R.,
O'BRIEN, S. J., MELLORS, J. W., WOLINSKY, S. M. & JACOBSON, L. P. 2001.
Immunologic and virologic response to highly active antiretroviral therapy in the
Multicenter AIDS Cohort Study. Aids, 15, 735-746.

YAN, N. & LIEBERMAN, J. 2011. Gaining a foothold: how HIV avoids innate immune
recognition. Current opinion in immunology, 23, 21-28.

75


http://www.unaids.org/en/resources/documents/2018/unaids-data-2018
http://www.who.int/mediacentre/news/releases/2015/hiv-treat-all-recommendation/en/
http://www.wikiwand.com/en/CD8%2B_cell

YOUNAS, M., PSOMAS, C., REYNES, J. & CORBEAU, P. 2016. Immune activation in the
course of HIV-1 infection: causes, phenotypes and persistence under therapy. HIV
medicine, 17, 89-105.

ZHU, J., YAMANE, H. & PAUL, W. E. 2010. Differentiation of Effector CD4 T Cell
Populations, Annu Rev Immunol. 2010;28:445-89. doi:10.1146/annurev-immunol-
030409-101212.

ZULU, M. Z., NAIDOO, K. K., MNCUBE, Z., JAGGERNATH, M., GOULDER, P. J.,
NDUNG'U, T., ALTFELD, M. & THOBAKGALE, C. F. 2017. Reduced Expression of
Siglec-7, NKG2A, and CD57 on Terminally Differentiated CD56— CD16+ Natural
Killer Cell Subset Is Associated with Natural Killer Cell Dysfunction in Chronic HIV-1
Clade C Infection. AIDS research and human retroviruses, 33, 1205-1213.

76



APPENDICES

Appendix A
Al

5 6 7 8 9 10 11 12 @ Standard
Noo X nnnnoons
B @@@@ 7 ([ 7 |[15] 15 23 || 23 |[ 31 31 Blank
Cc @@@@ 8 16 |[ 16 || 24 |[ 24 || 32 || 32
D ®®|1 [l 1 ][9] o]17][17] 28]{25] 33 3
E @@ 2 |[ 2|10 10]|[18 18| 26 |[ 26 || 34 || 34 X Samples

F331111191927273535

G@@441z1zzozozszaasss @
H 5 5 ||13|[13 || 21 ([ 21 || 29 ([ 29 || 37 || 37

Controls

Appendix Al: Plan plate layout showing standards, blanks controls and samples

A2
128 50 50 50 50 50 50 50
T XY XY
|' b N
Reconstituted 72 150 150 150 150 150 150 150 150
Standard
S1 s2 S3 S4 S5 S6 s7 S8 Blank

Appendix A2: Preparation of a fourfold dilution series of cytokine standards

77



A3

Table A3: Luminex lower limits of detection for each cytokine from Bio-Rad
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A4. Standard curves of 17 cytokines used in this study
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Appendix B
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Appendix B1l: Gating strategy for the identification of CD4+ T cells and measurement of
activation and exhaustion markers from bulk PBMCs by multicolour flow cytometry from
a HIV positive patient. Lymphocytes were first gated on total PBMCs using forward and
side scatter followed by singlets then CD14-/CD19- CD3+ cells and finally CD4+ T cells
(depicted by gating on CD8- T cells). (A). From CD4+ T cells, CD38+ HLA-DR+ (B), PD-1+
(C) and CD57+ (D) cells were gated on using their respective flourescence minus one (FMO)

tubes.
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Appendix B2: Frequencies of CD38+ HLA-DR+ CD4+ T cells in HIV negative individuals
and HIV positive individuals. Differences as assessed in HIV negative (green) and HIV
positive (maroon) individuals (A), and in HIV negative individuals by DARC status (B) and
HIV positive individuals by DARC status (C).
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Appendix B3: Frequencies of PD-1+ CD4+ T cells in HIV negative and HIV positive
individuals. Differences in PD-1 expression as assessed in HIV negative (green) and HIV
positive (maroon) individuals (A), and in HIV negative individuals by DARC status (B) and
HIV positive individuals by DARC status (C).
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Appendix B4: Frequencies of CD57+ CD4+ T cells in HIV negative individuals and HIV
positive individuals. Differences as assessed in HIV negative (green) and HIV positive
(maroon) individuals (A), and in HIV negative individuals by DARC status (B) and HIV
positive individuals by DARC status (C).
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Appendix B5: The correlations of PMNs and frequencies of CD38+, HLA-DR+, PD-1+ and
CD57+ on CD4+ T cells in HIV negative and HIV positive individuals.

83



Appendix C
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Appendix C1: Gating strategy for the identification of CD4+ T cells from PBMCs by
multicolour flow cytometry. Lymphocytes were first gated on total PBMCs using forward
and side scatter followed by singlets, live cells then CD14-/CD19- CD3+ cells and finally
CD4+ T cells (A). From CD4+ T cells we gated on unstimulated sample (B) and sample
stimulated with gag (C) and measured CD107a, IFN-y and TNF-a.
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Appendix C2: Detection of intracellular cytokines following PBMC stimulation. Thawed
PBMCs were stimulated with specific HIV antigen (Gag, gp41 or gp120 peptide pools) for
16 hours. Y axes represent the percentage of live, single CD3+ CD4+ T cells that are positive
for the indicated cytokine.
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Appendix C3: Detection of intracellular cytokines following PBMC stimulation. Thawed
PBMCs were stimulated with specific HIV antigen (Gag, gp41 or gp120 peptide pools) for
16 hours. Y axes represent the percentage of live, single CD3+ CD4+ T cells that are positive
for the indicated cytokine and X axes represent DARC null or positive within HIV negative

or positive groups.
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Appendix D
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Appendix D1: Gating strategy for proliferative capacity of CD4+ T cells upon stimulation
with Gag peptide pools using multicolour flow cytometry. Lymphocytes were first gated on
total PBMCs using forward and side scatter followed by singlets, live cells then CD14-

/CD19- CD3+ cells and finally CD4+ T cells (A). From CD4+ T cells we gated on

unstimulated sample, sample stimulated with gag and sample stimulated with PHA as

positive control (B).
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Appendix D2: Measurement of CD4+ Tcell proliferation using CFSE. Thawed PBMCs were

stimulated with gag and incubated for 7 days to measure CD4+ T cell proliferation between
HIV negative and positive (A) and by DARC status (B).
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