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Abstract

Background: Infection by the Human Immunodeficiency Virus (HIV) can be treated by means of
anti-retroviral treatment (ART), but a substantial percentage of treated individuals experienced
failure to reconstitute their CD4" T-cells to normal levels (immunological failure). The aims of
this study were to determine associations between genetic variation in six candidate genes and
CD4* T-cell recovery following two years of ART in a southern African cohort. of the six
candidate genes, two play roles in T cell co-activation (CD28 and ICOS), three play roles in T cell
inhibition (PDCD1, PD-L1 and CTLA4) and IL7-Ra affects T cell homeostasis. We also analysed
association between the same genetic variants and four plasma markers: sCD27, a marker of T cell
activation; sPD-1, a marker of chronic T cell activation and/or exhaustion; sCD163, a marker of

macrophage type 2 activation; lastly sCD127, a soluble form of IL7-Ra.

Methods: DNA from the WRHIO001 cohort was analysed with permission from the Wits HREC
(Human Research Ethics Committee). We identified the demographic and clinical factors
influencing CD4" T-cell counts and these were used as covariates during multivariate analysis of
associations between single nucleotide polymorphisms (SNPs) and CD4" T-cell count. A total of
28 SNPs in CD28, CTLA4, ICOS, PDCD1, PDL1 and IL7-Ra were successfully genotyped in 262
samples using Sequenom MassARRAY. Levels of sCD27, sCD163, sPD-1 and sIL7-Ra were
measured by ELISA or Luminex techniques in 76 individuals from plasma samples at two years
post-ART initiation. Demographic and clinical factors influencing plasma marker levels were
identified and used as covariates during multivariate analysis of associations between SNPs and

plasma markers, Plink v1.07 software was used to analyse all genetic associations.

Results: We found that 9% of the total cohort experienced immunological failure defined as failure
to reconstitute CD4* T-cell count >200 cells/mm3, two years after ART initiation We found that
male gender, younger age, use of tenofovir, higher weight and increased CD4" T-cell count at
baseline were significantly associated with higher CD4* T-cell count after two years of ART. Of
the 28 SNPs examined three were monomorphic and one SNP, rs11568821, had a minor allele
frequency (MAF) = 0.006. Of the remaining 24 SNPs, eight were significantly different in
frequency from LWK (Luhya in Webuye, Kenya) frequency. Analysis of linkage disequilibrium



(LD) patterns of genes on chromosome 2 (CD28, CTLA4, ICOS and PDCD1) showed strong
linkages (most D’=1) within genes but not across genes on chromosome 2 despite the short
distances between them. SNPs in IL7-Ra were all in strong linkage. Weak linkage was found
between PDL1 SNPs.

Significant associations were observed between genetic variants in the T cell co-stimulation genes
ICOS and CD28, and CD4" T-cell recovery after ART initiation. However different SNPs in ICOS
were implicated in the univariate vs. multivariate analyses. During univariate analysis, 1COS
rs6761201 showed significant associations with CD4" T-cell counts in allelic, recessive, genotypic
and haplotypic models, whereas in multivariate analyses, 1COS rs10183087, rs1559931 and
rs4404254 showed significant associations with CD4" T-cell counts in dominant and haplotypic
models. The SNP rs3181098 in CD28 that was significantly associated with CD4" T-cell recovery
in univariate analysis was not significant during multivariate analysis. One SNP rs10815225, in
PD-L1, was associated with CD4" T-cell counts in univariate analysis only. One SNP in the
homeostasis IL7-Ra gene, rs11567705, was associated with CD4" T-cell counts in multivariate

analysis only.

Two of the four soluble plasma markers tested had significant associations with CD4" T-cell
counts: significantly decreased sPD-1, and higher sCD163 were detected in individuals with poor
CD4* T-cell recovery. Associations were examined between variation in the six candidate genes
and the four soluble markers. The same genetic variants rs6761201 in ICOS (rs6761201) and
rs3181098 in CD28 that were significantly associated with CD4" T-cell recovery in the larger
cohort (n=262), were associated with SCD27 levels, a marker of T cell activation, in the cohort
subset (n=69). However we could not demonstrate significantly higher T cell activation levels in
those with lower CD4* T-cell counts in the cohort subset. In both univariate and multivariate
analyses, genetic variation in the IL7-Ra gene (rs6897932) was significantly associated with sIL7-

Ra levels, confirming previous literature in this regard.

Conclusion: Genetic variation in the ICOS, CD28, PD-L1 and IL7-Ra genes influence CD4" T-
cell counts recovery after ART in a southern African cohort. The role of these SNPs in T cell
activation and CD4" T-cell recovery during ART use should be examined using further
immunological methods. SNP rs6897932 in the IL7-Ra gene was confirmed to influence sIL7-Ra

plasma levels. Our observation of higher sCD163 in those with poor CD4* T-cell recovery suggest



possibly higher innate (especially macrophage type 2) activation in those with poor CD4" T-cell
recovery. The genetic variants studied here do not directly relate to innate activation and other

SNPs should be studied to examine this hypothesis.
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1. Introduction
1.1. HIV

Human Immunodeficiency Virus (HIV) is a retrovirus hypothesized to have evolved from Simian
Immunodeficiency Virus (SIV) which was transmitted from its natural hosts, the chimpanzee and
sooty mangabey to humans in the early to mid-20" century (Volberding and Deeks, 2010). In
humans, HIV infection causes progressive CD4" T-cell reduction and immune dysfunction, and

eventually Acquired Immune Deficiency Syndrome (AIDS).

The infection and consequent reduction and/or depletion of CD4" T-cells represents the basic
virus-driven pathological events in infection with HIV-1. Although it is now well recognised that
paradoxically, the host immune response to HIV can also play a detrimental role in HIV infection;
the host immune systems are therefore predictors of disease progression both before and after anti-
retro viral treatment (ART) initiation (Deeks et al., 2004; Hunt et al., 2014). Non-pathogenic
infections, such as infection by the SIV in sooty mangabeys as well as in African green monkeys
can be distinguished from immunodeficiency viruses in humans such as HIV infection and SIV
infection in rhesus macaques by immune activation (not viral load) (Hirsch et al., 1989; Lemey et
al., 2003). During the pathogenic infections, such as HIV/SIV, antiviral responses from both the
adaptive immune system and the innate immune system contribute to chronic immune activation
(Bosinger et al., 2011). The non-pathogenic SIV infection does not result in large immune
activation whereas the pathogenic infection does (Bosinger et al.,, 2011), hence disease
pathogenesis may be more related to host immune activation and not directly due to viral presence.
The exact mechanism is not yet fully understood, but some studies hypothesise it may be related

to the caspase-1 pathway (Kearns et al., 2018).

HIV infected an estimated 36.7 million people worldwide by 2017, according to the United
Nations (UNAIDS, 2017). In South Africa, the amount of people currently living with HIV/AIDS
is estimated to be around 7.06 million in 2017, the highest number on HIV-infected people of any
country in the world (MartinVA, 2017). In the absence of treatment, the estimated average survival
period after infection with HIV is 9 to 11 years (Mlisana et al., 2014). However, in South Africa
typical HIV disease progression can be faster, with nearly 50% of subtype C-infected women’s



CD4* T-cells progressing to below normal levels (below 350 cells/ul) within two years of
infection (Mlisana et al., 2014). Untreated acute HIV infection showed clinical progression in 26%

of an Argentinian population within one year (Pathela et al., 2011).

1.2.  Antiretroviral Treatment

HIV infection can be treated by antiretroviral (ARV) drugs, also called antiretroviral treatment
(ART). The goals of ART include restoration of immunologic function, suppression of plasma
HIV RNA, to reduce HIV-associated morbidity, increased period and quality of survival, and
prevention of HIV transmission (Volberding and Deeks, 2010; Palmisano and Vella, 2011). There

are five classes of ARVs available for treatment of HIV infection including:

1. Nucleoside and nucleotide reverse transcriptase inhibitors (NRTIs and NtRTIs). These
drugs are nucleoside or nucleotide equivalents of the naturally occurring deoxynucleotides
required in order to synthesize the viral DNA. NRTIs and NtRTIs compete with the natural
deoxynucleotides for integration into the growing viral DNA chain. However once
incorporated into the viral DNA further viral DNA chain elongation is not possible,
therefore NRTIs inhibit HIV reverse transcriptase mediated viral replication. Some of the
NRTIs used for treatment are stavudine (d4T), abacavir (ABC) and lamivudine (3TC) and
NtRTI tenofovir (TDF).

2. Non-nucleoside reverse transcriptase inhibitors (NNRTIs) which bind non-competitively
to HIV-1’s reverse transcriptase. This class includes treatments such as efavirenz (EFV),
nevirapine (NVP) and etravirine (ETR).

3. Integrase inhibitors (INSTI) are intended to prevent the mechanism of action for the viral
enzyme, integrase. The viral genome is presented to the host cell’s DNA via the action of
integrase. Examples of INSTI are the drugs raltegravir (RAL) and dolutegravir (DTG).

4. Protease inhibitors (PIs) prevent the replication of viral infections by binding to viral
proteases. The binding occurs in a selective manner and subsequently blocks the proteolytic
cleavage of protein precursors. The protein precursors are required for the infectious viral
particle production. Examples of Pls are atazanavir (ATV), lopinavir (LPV) and ritonavir
(RTV).



5. Fusion or entry inhibitors prevent fusion with the host-cell membrane by the virus,
preventing entry into the cell. An example is enfuvirtide (T20). Other examples are the
CCRS5 inhibitors such as maraviroc (MVC) which inhibits HIV entrance into the host cell

by binding to the CCR5 coreceptor.

A combination of three ARVs from two different classes collectively known as highly active ART
(HAART), are usually prescribed to HIV-positive patients (Simon et al., 2006). Drug combinations
are used to try avoid the emergence of HIV drug resistance mutations. ARVS and HAART have
been publicly available in South Africa since 2004. Guidelines for first-line regimens in South
Africa have changed over the years as shown in Table 1.1 below. South Africa had more than 3.1
million people on ART in 2015, making it the largest HIV treatment programme in the world,
planned to increase to >7 million people on treatment in the coming decade (Manasa et al., 2012).
HIV infection has thus become a manageable chronic disease requiring life-long treatment with
the use of HAART.

Table 1.1. First line ART regimens for new patients initiating treatment in South Africa from 2004
until 2016 (National Institute of Health, 2015)

Year Treatment Starting CD4* T-cell count
2004 d4T + 3TC+EFV (or NVP) Below 200 cells/mm?

2010 TFV + 3TC + EFV Below 200 cells/mm?

2013 TFV + FTC (or 3TC) + EFV (or NVP) | Below 350 cells/mm?

2015 TFV + FTC (or 3TC) + EFV Below 500 cells/mm?

2016 TFV + FTC (or 3TC) + EFV Any starting count

1.3.  Failure to respond to ART

A substantial percentage of treated individuals do not achieve all the goals of ART, including
failure to suppress viral load, failure of CD4" T-cells to reconstitute to normal levels, and ongoing
morbidity and mortality. Virological and immunological treatment failure are discussed further

below.



1.3.1. Virological treatment failure

Virological treatment failure refers to the failure to reduce the HIV RNA concentrations to
undetectable amounts (<40 copies/ml) after 16 to 24 weeks of treatment (Paredes et al., 2010).
There are several possible explanations for virological failure which include poor adherence to
HAART, inadequate drug exposure/dosage, poor drug metabolism, drug-drug interactions, or HIV
drug resistance mutations (Marconi et al., 2008). Drug resistance is an emerging global problem,
estimated at 6% in South Africa from 2003 — 2013 (Kiepiela et al., 2014). Hunt et al. (2017)
reported that virological failure occurred at 4% and 7.7% respectively in two South African cohorts

tested in 2013, with >80% of these failures due to drug resistance mutations.

Additional factors influencing virological failure include prior exposure to ARV’s, the consecutive
addition of drugs to a failing regimen as well as adverse interactions among the drugs used (Perrin
et al., 1998). Higher rates of missed appointments, non-white ethnicity, younger than 40 years of
age, drug use via injections, tuberculosis diagnosed after ART initiation, lower weight at baseline,
lower baseline CD4" T-cell counts and higher baseline viral load were all factors associated with

virological treatment failure (Lucas et al., 1999; Ahoua et al., 2009).

Virological failure can lead to immunological failure i.e. failure to suppress viral loads causes
continued progression of infection and failure to recover adequate CD4* T-cell counts. Virological
treatment failure is not the same as the existence of a viral reservoir, which exists even with
successful treatment and prevents full cure i.e. an infected cell population that harbours replication-

competent virus (Schultze et al., 2017).

1.3.2. Immunological failure

In healthy individuals, CD4" T-cell counts are within the range 500-1200 cells/mm? (Jeffreys,
2014). During HIV infection, CD4" T-cell counts progressively decline, with counts <200
cells/mm? considered diagnostic of AIDS (Sankoh et al., 2014). Most people historically in South
Africa initiating ART did so at particular CD4" T-cell cut off levels (Table 1.1.). Currently a “test
and treat” programme is in place (Table 1.1), where any individual who tests positive for HIV will
be initiated on ARV irrespective of their CD4" T-cell counts. Pre-treatment CD4" T-cell counts

are known to associate with post-ART CD4" T-cell recovery, which led to the establishment of the



test and treat programmes (Darraj et al., 2017). After ART initiation, CD4" T-cell counts usually
rise and continue to do so up to a decade after ART initiation, with the steepest increase in the first
3 months (Gezie, 2016).

True immunological treatment failure refers to the failure of CD4* T-cell count to recover to
normal levels after ART initiation despite complete viral load suppression; this counterintuitive
situation is also known as discordant immune response (Kelly et al., 2016) what is considered as
“normal” in this context differs and a wide variety of definitions for immunological failure exist
(Kelly et al., 2016). True immunological failure or discordant immune response has generally been

defined in two ways:

1. Failure to achieve a particular absolute CD4* T-cell count after a defined period of ART
usage, with complete viral suppression. The absolute count value varies but generally
increases with increased amount of time of ART usage. Within this category, various
studies have defined immunological failure as failure to achieve CD4" T-cell count of at
least 200 cells/mm? after 6 months (Okoye and Picker, 2013), 12 months or 36 months of
ART:; or at least 250 cells/mm? by 22 months; at least 350 cells/mm? by 9 months; or at
least 500 cells/month by 60 months of ART.

2. Failure to achieve a particular change (increase) in CD4" T-cell count in comparison to
baseline count, after a defined period of ART use, with complete viral suppression. Within
this category, various studies have defined immunological failure as failure to achieve an
increase above baseline of at least 50 cells/mm? from pre-ART to post-ART at 6 months
with a VL <400 (Muzah et al., 2012) or at 12 months (Grabar et al., 2000; Gutiérrez et al.,
2008), or at 8 months (Baker et al., 2008); or a rise of at least 100 cells/mm? at 12 months
(Dronda et al., 2002; Nakanjako et al., 2008), or at 8 months (Gilson et al., 2010).

An increased mortality and morbidity rate has been associated with a continuously low CD4* T-
cell count despite ART initiation. For example, patients with CD4* T-cell counts <200 cells/mm?3
despite at least 3 years of ART are at higher risk for cardiovascular diseases, osteoporosis and

fractures, liver disease and infection-related cancers (Jeffreys, 2014; Rasmussen et al., 2015).

In two South African cohorts, despite complete viral suppression, 6-12 months after ART initiation
24%-40% of the patients did not show a significant increase (>200 cells/mm?3) in their CD4* T-
cell count (Julg et al., 2012; Muzah et al., 2012). In another South African cohort, 23 out of 126
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patients (18%) were found to be poor immunological responders, defined in this study as a CD4"
T-cell count <200 cells/mm? and/or no improvement of the clinical disease state after 6 months of

treatment (Parathyras et al., 2009).

The mechanisms of suboptimal immune recovery are not completely understood. Factors that have
been shown to affect or limit CD4* T-cell recovery are old age, possible co-infections, low pre-
treatment CD4" T-cell count, higher VL, lower weight (at baseline measurement), gender and
larger latent reservoirs in the gut (Hunt et al., 2003b; Kaufmann et al., 2003; Moore and Keruly,
2007; Jiang et al., 2009; Kelley et al., 2009). Genetic influences for CD4" T-cell recovery are
shown in Table 3.3. Two other important factors associated with immunological non-recovery
during ART is the persistence of increased activation levels of the immune system and changes in
T-cell homeostatic signals (explained in more detail in section 1.4.). Immune activation related to
HIV infection is usually decreased with the use of ART (Paiardini and Muller-Trutwin, 2013).
However immune activation and exhaustion may remain elevated in patients on ART with a lower
CD4" T-cell recovery regardless of viral suppression (Paiardini and Mdller-Trutwin, 2013). CD4*
T-cell homeostasis and recovery after ART are also influenced by levels of interleukin 7 (IL-7)
which decrease and its receptors IL7R which are often increased in immunological non-responders
(Gaardbo et al., 2012; Wilson and Sereti, 2013).

Few studies have examined the associations between genetic variation and immunological non-
recovery during ART in South Africans. This is the focus of the current thesis. The next sections
review the details of T-cell activation and homeostasis, and subsequently which genetic loci may

influence immunological non-recovery during ART.

14. Immune response

In order to explore the concepts of immune activation, and exhaustion and T-cell homeostasis, a
general introduction to immunology is required. Immunology is the study of the body’s response
to foreign organisms or macromolecules, and the recognition of self vs. non-self. The immune
system can be classed into adaptive immunity and innate immunity. Innate immunity responds to
foreign organisms in an immediate but generic way without conferring long-lasting protection,
whereas adaptive immunity responds more slowly to particular pathogens or foreign

macromolecules in a specific manner and induces immune memory (Levy, 2001; Iwasaki and



Medzhitov, 2010). Efficient defence against pathogens requires early recognition by the innate
system followed by an adaptive response specific to antigens (lwasaki and Medzhitov, 2010). The
innate immune system includes physical barriers as well as non-specific cell-based responses
involving macrophages, granulocytes, dendritic cells (DC), monocytes and natural killer (NK)
cells, as well as non-cellular responses mediated by complement, toll-like and other receptors,
antimicrobial peptides and cytokines (DelLeo and Yezierski, 2001). Further details of innate
immunity are not the subject of this thesis. The adaptive immune system includes both cell-
mediated and humoral responses (Levy, 2001; Iwasaki and Medzhitov, 2010) and consists of
antigen-specific B and T lymphocyte, while the humoral components are mostly antibodies. The

sections below describe T-cell activation and exhaustion and do not focus on B cells.

1.4.1. T-cell activation

Many types of T-cells have been defined founded on phenotypes, including the expression of
surface cell markers, activation or memory status, or function (Table 1.2). Although many T-cell
subsets have been characterized, there is cumulative evidence that the phenotype of T-cells is not
fixed but rather flexible (Dong and Martinez, 2010). Majority of the T-cells express T-cell
receptors (TCR) and CD3. There are two main classes of T-cells, which are T helper cells (Th) that
carry CD4" T-cell markers on the cell surface and T cytotoxic (T¢) cells that carry CD8 markers
on the cell surface (Zajac et al., 1998; lwasaki and Medzhitov, 2010). Undifferentiated T-cells that
are yet to be exposed to their cognate antigen are called naive cells. Amongst other markers, naive
cells express CD45RA on their cell surface (Table 1.2.).



Table 1.2. T-cell Subsets based on surface phenotype markers, effector molecules secreted and function. (Adapted from Dong et al.

2010)
T-cell Subset Surface  markers i.e. | Effector Function
phenotype molecule/s
secreted
Naive T-cells CD4* T-| TCR, CD4, CD3, IL-7R |- Scans MHC class 1l molecules on APCs in lymph
cells (CD127), CCR7, CD62L nodes for presence of antigens. Differentiates into
effector or regulatory T-cells, or memory T-cells.
CD8* T-| TCR, CCR7, CD3, IL-7R | - Scan peptide molecules for MHC class | molecules
cells (CD127), CD8,CD62L for antigens. Differentiates into CTLs and memory
T-cells.
Cytotoxic T-cells TCR, CD3, CD8 Perforin, Directly Kkills infected and transformed cells
granzymes, IFN- | through perforin and granzymes resulting in
Y apoptosis
Exhausted T-cells CD3, CD8, PD-1, TIM3, | - Expresses inhibitory receptors and lacks effector
1B11, LAG3 cytokine production
Anergic T-cells TCR, CD3, BTLA - Generated in response to signal 1 but absence of
signal 2 (co-stimulatory signal). Functionally
inactive.
T Helper cells | TH1 cells TCR, CD4, CD3, IL-12R, | IL-2, IFN-y, | Protective immunity against intracellular pathogens
CXCR3, IFN-yR LTa through secretion of IFN-y, activates macrophages.
TH2 cells TCR, CD4, CD3, IL-33R, | IL-5, IL-10, IL- | Humoral immunity against extracellular pathogens.
IL-4R, IL-17RB, CCr4, |4, I1L-13
CRTH2
TH17 cells | TCR, CD3, CD4, IL-23R, | IL-21, IL-17F, | Protective immunity against extracellular bacteria
IL-1R, CCR6 IL-17A, IL-22, | and fungi.
CCL20




T-cell Subset Surface  markers i.e. | Effector Function
phenotype molecule/s
secreted
T helper cells TFH cells TCR, CD4, CD3, CD40L, | IL-21 Involved in promotion of germinal centre responses
CXCR5, ICOS, SLAM, PD- and aid in B cell class-switching
1, IL-21R
Memory T-cells | Central TCR, CD3, CCR7, CD44, | IL-2, CD40L Found in secondary lymphoid organs. Upon
memory T-| CD62L,, IL-7R, IL-15R stimulation rapidly proliferate and differentiate into
cells effector T-cells
Effector TCR, CD3, CD62L, CD44, | Inflammatory Provide immediate protection upon antigen
memory T- | CCR7, IL-7R, IL-15R, cytokines presentation and are found in peripheral tissues.
cells




Activated T-cells are derived from naive T-cells upon the interaction with the antigen and antigen
presenting cells (APCs). However, activation of the T-cell can only occur once primary and
secondary signals have occurred via the immune synapse (Figure 1.1.). The primary signal is
specific antigen presentation via the major histocompatibility complex (MHC or alternatively
human leukocyte antigens (HLA)) on the surface of the APC that binds with the T-cell receptor
(TCR). All nucleated cell surfaces have MHC class | molecules present, whilst MHC class 11
molecules are found on APCs i.e. macrophages, dendritic cells and B cells (Neefjes et al., 2011).
Generally CD8" Tc cells interact with HLA class | molecules presenting intracellular or
endogenous antigens whereas CD4" Th-cells interact with HLA class Il molecules presenting
extracellular or exogenous antigens (Neefjes et al., 2011). Interactions with MHC class | or MHC
class Il molecules produces the first signal of T-cell activation. Heightened CD8" T-cell function
and viral control are associated with specific MHC alleles and the degree of MHC diversity during

chronic human infection.
Signal 1 Signal 2 Signal 3

T cell T cell Tcell g
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Figure 1.1. Schematic diagram showing the simplified pathway required to activate a T-cell upon
contact with an APC. The first signal is from the binding of the TCR and the antigen presenting
MHC class molecules. The second signal referred to as the co-stimulatory signal, is achieved
through the binding of CD28 and CD80/CD86 or other co-stimulatory receptor-ligand pairs.
Thirdly, T-cell and APC interact via cytokines and cytokine receptors to cause T-cell clonal
proliferation and differentiation (Gutcher & Becher 2007).

The secondary signal referred to as the co-stimulation is achieved by interaction between several

receptor and ligand adhesion pairs on the APC and T-cell respectively, for example between the
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B7 (CD80/CD86) ligand found on the APC and CD28 found on the T-cell (Figure 1.2.). The best-

known secondary signalling pairs include:

e B7 (CD80/CD86) ligand found on the APC, and CD28 receptor found on the T-cell.
CD80/86 are also known as B7.1 and B7.2. These two molecules are both for initiation and
maintenance of proliferation of resting CD4" T-cells, however the two molecules can
substitute for each other (Vasilevko et al., 2002).

e ICOS (Inducible T-cell co-stimulator) or CD278 on the T-cell, and LICOS (ligand of
ICOS) on the APC, also known as ICSOL or B7RP.

Both the pathways of B7.1/B7.2-CD28 and B7RP-1-1COS are responsible for vital costimulatory
signals to T-cells. CD28 and ICOS function similarly after T-cell activation during expansion,
survival and differentiation. Both the CD28 molecules as well as the ICOS molecules are necessary
for sufficient B cell 1gG responses (van Berkel and Oosterwegel, 2006). CD28 results in 1L-2
production, while ICOS is more effective in the stimulation of IL-10 (van Berkel and Oosterwegel,
2006).

other T-cell co-stimulatory receptor-ligand pairs include (Dong and Martinez, 2010):

e LFA1/ICAM1 which allow cell adhesion to target cells
e (CD2/CD48 promote cytotoxic T lymphocyte induction
e 0X40/X40L which promote T-cell division and survival

e (CD27/CD70 which contribute to T-cell proliferation, effector and memory function

Many of these pairs are members of the CD28 or TNF super-families. Some of these receptors that
are used in cellular activation also play a role in inhibition of cellular responses as discussed below.
We have hypothesized that genetic variation in the secondary signalling molecules could influence
the levels of activation that T-cells reach, and could also influence ongoing immune activation
after ART, and CD4* T-cell recovery after ART. In particular we have focused on the secondary

signalling molecules highlighted in red in Figure 1.2.

Only professional APC can adequately provide these secondary signals required to activate the T
or B lymphocytes. A co-stimulatory signal alone without signal 1 (MHC-TCR signal) is not
sufficient to activate T-cells (Zajac et al., 1998). If there is only the MHC-TCR signal and no co-
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stimulatory signal, the cell becomes anergic (tolerant) i.e. immune cells fail to respond to their
antigen (Zajac et al., 1998).

| a

o/

Figure 1.2. Secondary receptor-ligand pairs at the APC/T-cell immune synapse which help to

stimulate (+) or inhibit (-) T-cell activation. Those indicated in red text are the focus of the current
study. Soluble CD27 (sCD27) as well as soluble PD-1 (sPD-1) are secreted by T-cells after their
activation. IL-7 is not part of the APC/T-cell synapse but is important for T-cell homeostasis
(Adapted from Cimino-Mathews et al., 2015).

once they are activated, T-cells often express cell surface markers of activation such as CD25,
CD38, CD69 and HLA-DR (Dong and Martinez, 2010) (Table 1.2.). Cytokine signalling also
occurs between the APC and T-cell pairs such as 1L-12 and IFNa/p (also referred to as Type 1
IFN) (Curtsinger and Mescher, 2010).
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After activation, the T-cell proliferates. For the next 7 or 8 days, clonal expansion can continue.
During the clonal expansion lymphocytes specific for the infecting pathogen increase largely in
numbers and can potentially come to predominate in the population. In untreated chronically
infected patients up to a fifth of circulating CD8" T-cells can be HIV-specific (Sauce et al., 2013).
The number of circulating CD4* T-cells is much larger than the number of HIV-specific CD4" T-
cells, with only 3% being the number of HIV-specific CD4* T-cells. The preferential depletion of
T-cells by the virus may be the root cause of the low occurrence of HIV-specific T-cells (Brenchley
et al., 2004; Dong and Martinez, 2010) .

Resulting clones (with identical TCR, therefore identical antigen specificity) then differentiate. T-
cells differentiate into effector and memory cells. Naive CD8" T-cells become effector cytotoxic
T-cells or memory CD8" T-cells. Effector CTL kill other infected cells displaying the cognate
antigen. Upon differentiation, CD4" T-cells can be classed into different subsets e.g. helper T type
| (Th1), and helper type 2 cells (Th2), Tregs, Th17 or Th22 effector cells, or memory CD4" T-
cells (Dong and Martinez, 2010) (Table 1.2.). Thl cell differentiation is initiated by IL-12 and IL-
2, while Th2 cells differentiation is initiated by IL-4 (Korber et al., 2001; Williams and Bevan,
2007; Paiardini and Muller-Trutwin, 2013). Th1l cells usually interact with macrophages to
promote cellular immunity against pathogens found intracellularly. Th2 cells interact with B cells
to promote humoral immunity against pathogens found extracellularly. A very small percentage
of CD4" T effector cells (CD27, CD57) are cytotoxic.

A fraction of T-cells become memory cells which includes effector memory T-cells (TEM) as well
as central memory T-cells (TCM) (Sallusto et al., 1999) . The TEM retain effector functions and
cytotoxic potential while the TCM are longer-lived but have decreased effector functions. The
memory T-cells migrate to secondary lymphoid tissue. Upon a second presentation of the antigen,
memory T-cells can initiate a more efficient immune response compared to the first presentation,
with regards to time of response and strength of response (Iwasaki and Medzhitov, 2010). They
also have a high proliferative ability and the ability to persist long term without antigens via
homeostatic proliferation driven by IL-7 and IL-15 (Williams and Bevan, 2007; Jameson and
Masopust, 2009; Virgin et al., 2009).
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1.4.2. T-cell inhibition

Sustained cellular activation beyond the first few weeks of infection may be associated with
immune dysfunction. T-cell mediated immunity is strongly regulated through the mechanisms of
expression of T-cell inhibitory signalling molecules, and apoptosis regulatory T-cells (Tregs) also

regulate the inflammatory immune response.

A wide-ranging spectrum of inhibitory co-receptors are expressed on the surface of T-cells. These
co-receptors regulate T-cell activation negatively and include CTLA4, PD-1, TIM-3, BTLA,
CD160 and LAGS3. In some instances, these inhibitory co-receptors bind to the same receptors
used during secondary signalling and T-cell activation. In this thesis we included the inhibitory
CTLA4 and PD-1 signals and their ligands on the list of candidate genetic loci influencing CD4"
T-cell recovery after ART. We will focus on markers that had associations in previous studies and

with strong linkage on chromosomes.

During T-cell activation, the T-cell CD28 is bound to CD80 on the APC, while during T-cell
inhibition CTLA-4 (CD152), a CD28 homologue, binds to CD80 instead. CD28, a T-cell
costimulatory protein, is homologous to CTLA-4. Due to being homologous both the molecules
are able to bind to CD80 (alternatively known as B7-1) and CD86 (alternatively known as B7-2)
on the APC. CTLA4- binds CD80 and CD86 with an increased affinity and an increased avidity.
The increase in affinity and avidity enable CD28 to outcompete CD28 for its ligands. Thus, CTLA-
4 competes directly with CD28 ligands; hence potentially inhibits CD28-mediated T-cell

activation.

Increased expression of CTLA-4 is caused by T-cell activation through the T-cell receptor and
CD28 (Shin et al., 2011). Upon activation (maximum 2-3 days post in vitro activation) naive T-
cells upregulate CTLA-4. Non-activated T-cells express nearly undetectable levels of CTLA-4.
Both CD4" T-cells and CD8" T-cells express CTLA-4 upon activation in vitro. CD4" T-cells have
shown higher CTLA-4 expression levels compared to CD8* T-cells (Sledzifiska et al., 2015).

Another subset, natural regulatory T-cells (Treg) express constant high levels of CTLA-4 on the
surface of the cell. The high expression levels of CTLA-4 on Treg cell surfaces may suggest a vital
role of CTLA-4 in suppression that is mediated by Tregs. Inhibition of effector T-cells, and

priming and/or differentiation are some of the crucial functions of Treg cells (Josefowicz et al.,
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2012). The decreased expression of CTLA-4 specifically on Treg cells is adequate enough for the
potential development of systemic autoimmune disease (Josefowicz et al.,, 2012). Hence,
confirming the important role of CTLA-4 inhibiting apparent immune response (Josefowicz et al.,
2012).

Programmed cell death protein 1 (commonly referred to as PD-1 or CD279) receptor found of the
cell surface belonging to the superfamily known as the immunoglobulins. Predominant expression
of PD-1 occurs on T-cells and pro-B cells. PD-1, a CD28-family member, is vital in regulating T-
cell activation and T-cell tolerance. Although naive T-cells lack PD-1 expression, PD-1 is highly
expressed on the cell-surface of activated T-cells (in addition to other cell types). PD-1 expression
can be initiated via TCR signalling and by some interleukins, namely IL-2, IL-7,IL-15 and IL-21
(Chen and Flies, 2013).

PD-1 binds two ligands, PD-L1 (also referred to as B7-H1) as well as PD-L2 (also known as B7-
DC). Distinctive expression patterns of one of the PD-1 ligands is seen by the broad expression of
PD-L1 (B7-H1; PD-L1) occurring on both professional and non-professional APCs; whereas PD-
L2 expression only occurs DCs and macrophages in an inducible manner (Chen and Flies, 2013).
PD-1 ligands have different expression patterns, and cross-linking of its ligands results in the down
regulation of T-cell responses. This occurs due to PD-1 ligands being able to mediate programmed
cell death and subsequently inhibits T-cell proliferation. PD-1/PD-L binding acts as an immune
checkpoint allowing for guarding against autoimmunity. The concurrent promotion of apoptosis
in antigen specific T-cells in the lymph nodes and the reduction of apoptosis in Tregs causes a dual
binding mechanism for PD-1 and PD-L (Okazaki and Honjo, 2007). T-cell exhaustion levels are
measured by expression of PD-1 on CD4" T-cells and CD8* T-cells (Nakanjako et al., 2011;
Paiardini and Muller-Trutwin, 2013)

Soluble PD-1 (sPD-1) is encoded by the PD-1 mRNA splice variant, PD-1Aex3, which lacks a
transmembrane domain (Nielsen et al., 2005). It is not usually observed in the plasma of healthy
individuals (Zhu and Lang, 2017) but has been observed in many types of cancer (Sledzinska et
al., 2015; Tao et al., 2017) and in diseases where there is chronic immune activation such as
chronic hepatitis B (Zhang et al., 2014). The soluble form regulates the PD-1/PD-L1 signalling
pathways. The promotion of activation of T-cells and reversal of T-cell exhaustion is inhibited by

the interaction of sPD-1 with PD-L within the signalling pathways (Khaitan and Unutmaz, 2011).
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CTLA4 and PD-1 are also critical for the maintenance of central and peripheral tolerance,
respectively (Chen and Flies, 2013). A study exhibiting hyperactivation of the immune system
indicated the potential link between PD-1 deficiency and autoimmunity in PD-1 deficient mice.
The hyperactivation was indicated by an enlarged spleen and in vitro augmentation of proliferation
of B cells (Okazaki and Honjo, 2007).

Both CTLA4 and PD-1 negatively regulates anti-tumour immune responses and have been
explored as targets for immunotherapy. CTLA4 is the target of Bristol-Myers Squibb’s melanoma
drug Yervoy, which was approved by the FDA in March 2011 (Fellner, 2012). Several drugs
targeting PD-1 are being developed to be used as a treatment strategy for lung cancer including
BMS-936558 (also known as MDX-1106 and oN0-4538) (Topalian et al., 2012). Drugs targeting
both CTLA4 and PD-1 are being explored as co-treatment in HIV infection, where they potentially
can restore the immune responses and/or facilitate HIV eradication (Kaufmann and Walker,
2009a). During chronic HIV infection, expression of PD-1 on T-cells are elevated. The HIV
specific CD8" Tc-cells and CD4" Th-cells exhaustion status has been associated with increased
PD-1 receptor expression. These T-cell populations are vital in limiting viral replication and
fighting the virus (Kaufmann and Walker, 2009b). The immune blockade by PD-1 resulted in
reestablishment of the immune system by restoring T-cell inflammatory phenotypes that are

necessary to combat the progression of disease (Kaufmann and Walker, 2009a).

1.4.3. Apoptosis and activation-induced cell death (AICD)

For most infections, once the antigen has been cleared, T effector cells die by the induction of
apoptosis in a process referred to as activation-induced cell death (AICD). AICD is programmed
cell death as a result of the interaction of Fas receptor (CD95) and the Fas ligand (FasL, CD95
ligand). Activated T-cells expressing both Fas and FasL are destroyed either by themselves or by
interaction with other activated T-cells. We did not focus on genetic variation in Fas/FasL in the
current study since HIV antigen is seldom completely cleared and regular AICD does not occur in
HIV infection (Février et al., 2011).

AICD is negatively regulates the activated T lymphocytes resulting from continual stimulation of
the T-cell receptors (TCR) (Xing and Hogquist, 2012). AICD helps to maintain peripheral immune

tolerance (Xing and Hogquist, 2012). By 48 to 96 hours, there is a clonal deletion involving antigen
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specific T-cells (Xing and Hogquist, 2012). Subsequently after clonal deletion, for approximately
4-6 weeks there is a period of unresponsiveness or tolerance to specific antigens (Xing and
Hogquist, 2012). A balance between death-promoting and death-inhibiting gene expression is
crucial in lymphocytes. The balance results in lymphocyte populations that are regulated in order
to maintain a persistent level of T and B cells even in the absence of infection. This may be despite

the production and cellular death of many lymphocytes each day (Janeway, 2001).

1.4.4. T-cell exhaustion

If an antigen is not cleared, the normal processes of apoptosis and AICD described above cannot
occur. Instead T-cell exhaustion occurs. T-cell exhaustion typically occurs after persistent
exposure to antigens and/or inflammatory signals experienced during chronic infections or cancer.
HIV infection is a good example of chronic infection causing ongoing immune system activation
and exhaustion (Kahan et al., 2015).

Exhausted T-cells arise from cells which initially gained effector or memory function, but then
lost some or all of their functions due to continuous stimulation from ongoing antigen exposure
(Wherry & Kurachi 2015, Figure 1.3.). A longer duration of viral infection in the body can hence
lead to more severe exhaustion (Virgin et al., 2009) and even sometimes physical deletion of

antigen —specific T-cells (Zajac et al., 1998)
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Figure 1.3. Development of exhausted T-cells after T-cell differentiation. Activation due to antigen
encounter results in a naive T-cell becoming activated. This causes the cell to proliferate, and
acquire effector functions such as CTLs, Thl or Th2 effector functions (seen in the red box). Some
activated cells differentiate to either TEM or TCM. Exhausted T-cells develop due to repeated
antigen exposure and continual activation. The effector T-cells may have a loss of effector
function/s and memory T-cells have loss of proliferative capacity. (Adapted from Khaitan &
Unutmaz, 2011).

T-cell exhaustion means the antigen-specific T-cell is physically present but is not, or minimally
functional. Both CD4" T-cells and CD8" T-cells can become exhausted (Chen and Flies, 2013).
Exhaustion includes progressive effector function loss and polyfunctionality; loss of proliferative
capacity in memory T-cells; altered transcriptional programme; production of inhibitory cytokines
such as IL-10 and TGF-B; and change in metabolism or energy phenotype (Wherry and Kurachi,
2015). Elevation in the expression levels of co-inhibitory receptors such as PD-1, TIM3, CTLA4,
BTLA, CD160, LAG3 and 2B4 is indicative of T-cell exhaustion. The level of expression of these
co-receptors is highly correlated with the T-cell level of non-responsiveness. More severe

exhaustion is associated with higher expression levels of the inhibitory receptors (Yi et al., 2010).

T-cell exhaustion is said to be a natural mechanism for the limitation of immune pathology,
although it may be necessary to avoid this mechanism to help eradicate viral reservoirs or tumours.

Immune exhaustion can be assessed by measuring the expression of PD-1 or other inhibitory
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markers on CD4" T-cells and CD8" T-cells (Nakanjako et al., 2011; Paiardini and Muller-Trutwin,
2013).

1.4.5. T-cell homeostasis

T-cell dependent immunity and homeostasis are maintained by balancing proliferation and
reduction of antigen-specific T-cell populations (Okoye and Picker, 2013). Homeostasis can be
defined as the immune system’s ability maintain normal T-cell counts as well as simultaneously
restoring T-cell numbers following the expansion or the depletion of the T-cell population (Sprent
and Surh, 2011). These processes are directed by extrinsic signals, mainly cytokines such as IL-7
and IL-15 (Sprent and Surh, 2011). In the current study, we included IL7 receptor (IL7-R) on our
list of loci that could influence CD4" T-cell recovery during ART.
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Figure 1.4. Antigenic stimulation activates naive T-cells to produce cytokines for T-cell growth.
T-cell homeostasis is maintained through balance of proliferation and contraction of antigen
specific T-cell populations. Cytokine deprivation or withdrawal or TCR-restimulation can lead to
programmed cell-death.
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IL-7 is a key role player to homeostatic survival and proliferation of mature CD4* T-cells and
CD8" T-cells. The hematopoietic growth factor, IL-7, is secreted in the bone marrow and thymus,
however it is not produced by normal lymphocytes. However IL-7 has a great effect on T-cell
development, T-cell survival, proliferation, maturation and homeostasis (Pellegrini et al., 2011;
Fulgencio et al., 2015). T-cell proliferation and production of protective memory cells during
chronic infections depend on the availability and receptivity of IL-7 (Sprent and Surh, 2011). All
T-cells receive a continuous signal from IL-7, unlike the case with activation cytokines. This
continuous signal provides survival signals to naive T-cells. On the contrary, IL-7 signalling during
homeostasis of CD8" T-cell must be intermittent in order to promote cell survival as opposed to
cell death.

IL-7 cytokine levels are detected by the IL7R, or CD127 found on B cells (O’Dobherty et al., 2009).
The IL7R is a protein found on the surface of B cells, it is a heterodimer consisting of subunits IL-
7Ro and IL-7Ry. Regulation of IL-7Ra expression and signalling are vital for IL-7 controlled T-
cell functions. The development of autoimmunity and immune failure in AIDS patients has been
correlated with abnormal expressions of soluble and membrane bound IL-7R (Fulgencio et al.,
2015). In AIDS patients, specifically in those with a failure to reconstitute their CD4" T-cell
counts, IL-7 promoted T-cell functions become impaired and indicated T-cell exhaustion (Wherry
et al., 2007; Khaitan and Unutmaz, 2011; Flicek et al., 2014).

1.5.  Summary of T-cell activation, exhaustion and IL-7 in HIV infection and ART

In HIV infection, the activated CD8" T-cell response starts within 1 — 3 days of detection of plasma
viral load and peaks by approximately 3 weeks after the first detection of viremia (Cockerham et
al., 2014). The activated CD8" T-cell response contracts and reaches steady state about 80 days
post infection (Krebs and Ananworanich, 2016a). T-cell responses against HIV are dominated by
CD8" T-cells however CD4" T-cells play an important role in maintaining CD8" T-cells responses
(Douek et al., 2009; Krebs and Ananworanich, 2016a). Acute HIV-infection occurs immediately
after infection, characterized by viremia, typically with undetectable HIV-RNA (Tindall and
Cooper, 1991; Simon et al., 2006). Acute infection is considered to be the first phase up to 6

months. Chronic HIV infection is the stage between acute HIV infection and the onset of AIDS.
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During this phase, HIV-RNA levels increase and CD4" T-cell counts decrease (Tindall and
Cooper, 1991; Simon et al., 2006).

HIV-infected individuals display many increased expression of markers on CD8" and CD4* T-
cells of activation and/or apoptosis, as well as B cells, NK cells and monocytes, as well as high
levels of pro-inflammatory cytokines (Neuhaus et al., 2010; Krebs and Ananworanich, 2016a).
Activation of T-cells in the acute HIV infection stage is also accompanied by high innate immune

activation and an increase in soluble inflammatory markers (Krebs and Ananworanich, 2016a).

In HIV there is selective infection of activated CD4" memory T-cells, especially those in the gut
and are killed by apoptosis, however this account of only a small percentage of CD4" T-cell loss
during HIV infection. Pyroptosis is a strong inflammatory form of programmed cell death. During
this process there is a release of cytoplasmic contents and pro-inflammatory cytokines, and this is
the mechanism by which 95% of CD4" T-cell death occurs during HIV infection, triggered by
abortive viral infection (Doitsh et al., 2014). Pyroptosis may affect HIV pathogenesis by increasing
immune activation. It appears to be a cycle whereby dying CD4" T-cells and other immune cells
release inflammatory signals recruiting more cells to the infected lymphoid tissues. This
inflammatory response produces chronic inflammation and possible tissue injury. Further immune
activation during HIV infection is also due to circulating microbial products such as LPS, that are

derived from the gastrointestinal tract via microbial translocation (Brenchley et al., 2004).

As previously mentioned, chronic immune activation and exhaustion are well known features of
HIV infection, that can better predict disease outcome than plasma viral load (Brenchley et al.,
2004). An association between markers of T-cell activation and dysfunction and plasma HIV RNA
level in antiretroviral untreated individuals has been established (Cockerham et al., 2014). Markers
that confirm T-cell dysfunction include CD38, CD69, HLA-DR, CCRS5 and PD-1 (Cockerham et
al., 2014). PD-1 is significantly upregulated in T-cells from ART-naive HIV infected individuals,
and expression has been correlated with reduced HIV specific CD8* T-cell function in addition to
being used as a predictor of disease progression, directly relational with plasma viral load and
indirectly relational with CD4* T-cell count (Day et al., 2006). Holm et al.(2008) found that PD-1
expression strongly correlated to CD4" T-cell loss rate and that PD-1 did not interrelate with other

variables.
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During HIV infection IL-7 induces Fas expression and increases Fas mediated apoptosis of T-cells
and can contribute to T-cell activation in HIV infected patients (Estaquier et al., 1996). Markers
of HIV/AIDS disease severity and other chronic viral infections have been associated with reduced
expression of IL-7Ra. In HIV infection, reduced CD4" T-cell counts has been associated with
decreased IL-7Ra expression on T-cells as well as increased viral replication and immune
activation (Crawley et al., 2010) . IL-7 levels are decreased during HIV infection (Pellegrini et al.,
2011), but exogenous IL-7 therapy can increase CD4" T-cell and CD8" T-cell counts in peripheral
blood and decrease HIVV-mediated inflammation with patients on ART (Lévy et al., 2012; Sereti
etal., 2014). Additionally, the soluble form of IL-7Ra (sIL-7Ra) has been increasingly expressed
in HIV infection (Crawley et al., 2010). The development of autoimmunity and immune failure in
AIDS has been associated with irregular expression patterns of sIL-7R and the membrane-
associated molecules of IL-7R (Lundtoft et al., 2017).

Several studies have shown a clear relationship between markers of immune activation and viral
replication (Ostrowski et al., 2008; Hatano et al., 2013); however, it is presently unclear whether
immune activation during ART drives viral persistence or whether viral persistence drives immune
activation or both, as reviewed in Krebs and Ananworanich (2016). Immune exhaustion is an
important factor influencing both rate of HIV disease progression and response to ART (Kaufmann
and Walker, 2009).

The complete phenomenon of immune activation observed cannot be solely due to HIV-1 infection
and the resultant stimulus by HIV antigens. Gut microbial translocation, co-infections such as
hepatitis, tuberculosis and sexually transmitted diseases, and reactivation of existing coinfections
like CMV, have been suggested as factors influencing the persistent activation status before ART
or in ART despite viral suppression (Pierre and Ngandu, 2009). other factors affecting immune
activation are microbial translocation due to persistent dysfunction of lymphoid tissues, co-
infections with other viruses (cytomegalovirus or hepatitis C), activation of plasmacytoid dendritic
cells (pDC’s) and altered ratios of Tregs and Th17 cells (Figure 1.5.).

However very few studies have considered the role of genetic variation in genes of the immune

activation/exhaustion pathways in ongoing immune activation in HIV and ART.
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Figure 1.5. Schematic responses of the potential cause of chronic immune activation in HIV-
infected individuals. Potential factors contributing to exhaustion include microbial translocation,
persistent HIV infection, co-infections, activation of plasmacytoid DC and altered Treg and/or
Thl7.

Immune activation related to HIV infection is usually decreased with the use of ART (Hunt et al.,
2003b) . T-cell activation generally declines with ART but remains significantly greater compared
to HIV-negative individuals (Hunt et al., 2003b). Immune activation and exhaustion may remain
elevated in patients on ART with a lower CD4" T-cell recovery despite viral suppression (Paiardini
and Mauller-Trutwin, 2013). Early ART initiation seems to reduce T-cell activation more
effectively than initiation of ART during chronic infection (Jain et al., 2013). In ARV-treated HIV-
infected adults, an association between the rate of activated CD4" T-cell and CD8" T-cells and the
remaining HIV viral reservoir has been reported (Cockerham et al., 2014).

Ongoing immune activation / exhaustion assessed by PD1 expression has also been reported in
immunological non-response after ART. A study in a Ugandan cohort grouped participants
according to the difference between baseline and absolute CD4" T-cell counts after 48 months of
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ART. They found that CD4" T-cell and CD8" T-cell activation was significantly higher in
immunological non-responders compared to responders (p<0.001); and PD-1 expression on T-
cells was significantly higher in the same cohort of non-responders compared to responders
(p<0.001) (Nakanjako et al., 2011).

1.6. Measuring immune activation/exhaustion phenotypes and IL-7 related phenotypes

The ideal way to measure cellular immune activation or inhibition directly is by the technique of
flow cytometry, which assesses cell phenotype i.e. quality and quantity of cell surface markers by

use of fluorescent antibodies (Zaritskaya et al., 2010) however these methods may be costly.

An alternative is to measure soluble markers of immune activation, which are substances found in
the plasma and could include soluble receptors or other substances produced by the activation or
inhibition of innate or adaptive immune response against HIV. Assays for soluble substances using
ELISA or Luminex flow cytometry are generally easier and cheaper than flow cytometry. Soluble
products related to secondary signals during T-cell activation/inhibition or activation of innate
cells which occur during HIV infection, including sCD27, sPD-1 and sCTLAA4.

other typical soluble cytokine markers of activation produced during HIV infection include
cytokines such as IL-7, IL-15, IL-2, IFN-y, IL-4, IL-10, TNF-o and IL-12 (Fahey, 1998). Further
soluble markers of activation that are increased in HIV infection and may remain high after ART
include IL-6, D-dimer and CRP (Neuhaus et al., 2010).

In the current study, we assessed one soluble marker of T-cell immune activation (sCD27), one
soluble marker of T-cell inhibition (sPD-1) and one soluble marker of T-cell homeostasis (sCD127
/ sIL7-Ra). In addition, we also considered two soluble markers of innate immune activation,
sCD14 and sCD163. Each of these soluble markers and their occurrence in HIV/ART is discussed

further below.

sCD27 (soluble TNF receptor)

CD27 (on T-cells) and CD70 (on APC) are one of the costimulatory (secondary signalling)
receptor/ligand pairs involved in T-cell activation. Increased levels of CD27 expression result from
the activation of the TCR/CD3 complex. The soluble form of CD27 (sCD27) is formed after
proteolytic cleavage and hence can be detected in the blood and bodily fluids (Widney et al., 1999).
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Plasma levels of soluble CD27 (sCD27) are increased in diseases characterized by T-cell activation
and are used as a marker of immune activation (Hendriks et al., 2000; Atlas et al., 2004). There is
good correlation between sCD27 plasma levels and surface markers of activation on T-cells
(Hendriks et al., 2000; Atlas et al., 2004).

Plasma sCD27 is significantly higher in HIV infected populations as compared to healthy subjects,
and levels are particularly high in HIV subtype-C infection compared to other HIV subtypes (Atlas
et al., 2004). Baseline sCD27 levels pre-ART are correlated to HIV viraemia, inversely correlated
to CD4" T-cell count (De Milito et al., 2002) and are also correlated with AIDS-defining illness or
death post-ART (Kalayjian et al., 2012). Plasma sCD27 can be used as a marker to monitor
immune activation and efficacy of treatment during HAART (Atlas et al., 2004).

sPD-1

In our study we chose to study sPD-1 instead of measuring T-cell surface PD-1 expression, a well-
known marker of immune activation/exhaustion in HIV infection (Day et al., 2006), since flow
cytometry was too costly. A parallel increase has been seen in the expression of PD-1Deltaex
3mRNA (encoding sPD-1) and full length PD-1 mRNA expression upon cellular activation
(Nielsen et al., 2005), suggesting that sPD-1 may be used as a proxy for measuring PD-1 cell
surface expression under circumstances of chronic immune activation. sPD-1 may indirectly
further allow T-cell activation to occur; it prevents T-cell inhibition by binding to PD-L1
receptors, thus preventing PD-L1 / PD-1 inhibitory signalling (Figure 1.2). Soluble PD-1 plasma
level is not a classical soluble marker of immune activation since it may not be found in all
individuals (Day et al., 2006).

Levels of sPD-1 have not previously been characterised in cohorts of HIV infected individuals off
or on ART or with different responses to ART. However, several studies have shown in cell lines
or animal models (Freeman et al., 2006) that blockade of the PD-1/ PD-L1 pathway using sPD-1
or mAb against PD-1 can restore function to HIV-specific T-cells (Velu et al., 2015). The use of
sPD-1 in a vaccine against HIV has also been suggested (Wang et al., 2013). It is therefore of
interest to investigate the role of natural sPD-1 levels in CD4+ T-cell recovery after ART.
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sCD127

IL-7Ra (CD127) forms part of the receptor chain for IL-7 on T-cells and is hence crucial in the T-
cell homeostasis pathway. sCD127 is the soluble form found in plasma, with an affinity similar to
the membrane bound form leading to sCD127-mediated inhibition of IL-7 signalling in T-cells.
During HIV infection, immune activation of the CD4" T-cell and CD8" T-cells leads to profound
decrease in IL7Ra expression (Hartling et al., 2017). During HIV infection, decreases in both
membrane bound IL-7Ra protein and soluble mRNA expression have been observed (Hartling et
al., 2017). However, another study found that sCD127 plasma concentrations were elevated in
HIV-positive individuals compared to HIV-negative individuals associated with IL-7 levels and
remained unaffected in HIV+ individuals after a year of ART (Crawley et al., 2010).

sCD14

Several serum components that reflect microbial translocation are available for use as biomarkers
of immune activation. one of these is soluble CD14 (sCD14), a marker of monocyte activation,
which is an important predictor of HIV outcome and is the only one correlated with all-cause
mortality (Sandler et al., 2011). Elevated plasma levels of SCD14 are associated with an increased
risk for morbidity and mortality (Shive et al., 2015). Increased plasma sCD14 can persist even in
patients on ART and is associated with low CD4" T-cell counts (Shive et al., 2015)

sCD163

CD163 is a scavenger receptor for the haptoglobin-haemoglobin complex and is expressed on
monocytes/macrophages and neutrophils. Pro-inflammatory stimuli result in the shedding of the
extracellular portions of CD163 which circulates in the blood as a soluble protein (sCD163).
Soluble CD163 (sCD163) is a marker of activated macrophages, particularly the M2 macrophage
phenotype (Burdo et al., 2011). Even though the function/s of SCD163 are undetermined up to
date, increased levels of expression of SCD163 have been seen in several chronic inflammatory
diseases including HIV infection (Knudsen et al., 2016a). Within a cohort of HIV-infected
individuals, plasma sCD163 levels were independently associated with all-cause mortality
(Knudsen et al., 2016a). Quartile increases in SCD163 levels have been significantly associated

with increased risk of mortality. Based on this study, SCD163 could potentially be used as a marker
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to identify ongoing inflammation despite successful ART (Knudsen et al., 2016b). Increased levels
of sCD163 in plasma have been associated with neurocognitive impairment in HIV infection
(Knudsen et al., 2016a) and with coronary plaque and atherosclerosis in HIV infection (Burdo et
al., 2011).
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1.7.  Hypothesis, Aims and objectives

The focus of this thesis was to explore the role of genetic variation influencing CD4" T-cell
recovery after ART initiation. Since T-cell immune activation/exhaustion and T-cell homeostasis
are major variables underlying CD4" T-cell recovery, our aims therefore extended to exploring
genetic variation underlying T-cell secondary signalling and IL-7R production. We chose to focus
on the following candidate genes: CD28, CTLA4, ICQOS, PD-1, PD-L1 and IL-7Ra. This study
identified SNPs in these genes and related them to immune activation levels and CD4" T-cell

recovery during ART in a southern African cohort.

The study of genetic variation offers a potential tool for understanding or predicting occurrence
of immune exhaustion, and variation in CD4" T-cell recovery after ART. Finding the key events
that contribute to persistent immune activation in HIV and ART may allow the design of new

approaches aimed at achieving HIV remission and reduced morbidity and mortality after ART.
We hypothesized:

1. that variation in genes encoding T-cell co-stimulatory and/or inhibitory receptors and their
ligands (CD28, CTLA4, PD-1, PD-L1, ICOS), as well as genetic variation in IL7Ra, will associate
with CD4* T-cell recovery after ART.

2. that variation in genes encoding T-cell co-stimulatory and/or inhibitory receptors and their
ligands (CD28, CTLA4, PD-1, PD-L1, ICOS) as well as variation in IL7Ra, will associate with

soluble measures of T-cell activation/exhaustion in HIV positive individuals on ART

1.7.1. Aim:

1. Determined the associations between genetic variations in candidate genes linked to T-cell
signalling and homeostasis, and CD4* T-cell recovery in a southern African cohort on ART.

2. Determined the associations between genetic variations in candidate genes linked to T-cell
signalling and homeostasis, and five soluble markers of immune activation /exhaustion or T-cell
homeostasis (sSCD27, sPD-1, sIL7Ra, sCD14, sCD163).
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1.7.2.

Objectives:

Used longitudinal CD4" T-cell data to classify southern African participants of the
WRHI001 clinical trial as immunological responders and non-responders

Identified potential SNPs to be genotyped within the candidate genes (CD28, CTLA4, PD-
1, PD-L1, ICOS, IL7Ra), using data obtained via bioinformatics tools as well from the
literature

Genotyped selected SNPs in southern African cohort using Sequenom methods
Phenotyped five soluble markers of immune activation/exhaustion or T-cell homeostasis
(sCD27, sPD-1, sIL7Ra, sCD14, sCD163) in selected participants of the WRHIO01 clinical
trial

Analysed associations between genotypes and CD4" T-cell counts after 2 years of
treatment in the WRHI001 cohort

Analysed associations between genotypes and selected soluble marker phenotypes
Analysed associations between soluble markers and CD4* T-cell counts after 2 years of
treatment in the WRHI001 cohort
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2. Methodology
2.1.  WRHI001 Cohort

For this study, stored samples from the WRHI001 clinical trial were used which compared the use
of low-dose stavudine (20 mg d4T twice a day) with tenofovir use (300 mg TDF once daily). Both
low-dose d4T and TDF were used in combination with lamivudine (150 mg twice daily) in addition
to efavirenz (600 mg once daily) in HIV positive ART-naive patients in South Africa, Uganda and
India from 2012 until 2015. The trial was completed by December 2015 and data unblinding

occurred in 2016.

Patients were recruited from Charlotte Maxeke Johannesburg Academic Hospital. In order to be
included in the study, participants had to be of an age above 18 years, had no previous exposure
to ART, and CD4" T-cell counts <400 cells/uL. Women could not be pregnant or breast-feeding.
Ethics approval was gained from the Human Research Ethics Committee (Medical) for cross
sectional collection (No. 111112, Appendix 5.1). Written informed consent was received from all
participants. Demographic data was collected including ethnicity, age, gender and height. Clinical

data was collected including CD4" T-cell count and VL.

Blood samples from the 383 of the 600 individuals enrolled in this trial in Johannesburg were

collected for immunogenetic analyses with approval from the Wits HREC including:

e Longitudinal samples from 113 individuals sampled at 7 time points over a period of 96
weeks

e A further 270 cross-sectional samples collected at exit visit

2.2.  Preparation of whole blood samples for storage

Whole blood samples in 4ml EDTA purple top tubes were collected from participants. The tubes
were centrifuged at 1000 x g for 10 minutes to separate whole blood into red blood cells (RBCs),
buffy coat (white blood cells) and plasma. The plasma was removed and stored at -80°C. The RBCs
plus buffy coat in each 4ml tube were poured into a 50ml tube, lysed with 30ml ammonium

chloride lysis solution; the tube was incubated on ice for 10 minutes and then spun at 400 x g for
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10 minutes. The white cells pelleted to the bottom and red blood cells lysed in solution. The red
blood cells were poured off and the wash step was repeated using 10ml lysis solution. White blood
cells were stored at -80°C. For the 113 samples collected over multiple time points, PBMC
(peripheral blood mononuclear cells) were separated and subsequently isolated from whole blood
by a commercial company, Contract Lab Services (CLS) using a validated in-house procedure.

Samples were stored in liquid nitrogen and supplied to our lab on request.

2.3. CD4* T-cell data

Individuals with CD4* T-cell count <400 cells/fmm?® were eligible for the trial. CD4* T-cell counts
were measured by means of flow cytometry at eight time points during the trial. CD4" T-cell
testing was done using Beckman Coulter FC500 machine at the NHLS in Johannesburg. Viral load
was measured at eight time points during the trial by PCR at the Viral Load Unit of the NHLS in

Johannesburg.

In most analyses, continuous CD4* T-cell count data from EOS (96 weeks after ART initiation)
was used as our phenotype of interest. Continuous data allowed us to include all participants
instead of classifying responders and non-responders. This may provide increased statistical power

to find associations.

CD4* T-cell counts were compared to demographic variables to identify possible factors
influencing CD4" T-cell recovery after ART. IBM SPSS Statistics 24 software was used to perform
the statistical analyses. Analysis was done using two-tailed t-tests, Chi-squared or Fishers exact
test, or regression. Any significant factors identified here, were used later as covariates in the

genetic analyses.

2.4. DNA Extraction

DNA was extracted from stored buffy coats or from stored PBMC using the MasterPure DNA
Purification Kit from Whitehead Scientific. To lyse any remaining red blood cells, 600 ul of Red
Cell Lysis Solution was added directly to the tubes. The bottom of the tubes were inverted three
times and the bottom of the tubes flicked to resuspend any cells into solution. Tubes were incubated
at room temperature (RT) for 5 minutes followed by a brief vortex and additional incubation at RT

for another 5 minutes. The cells were pelleted by centrifugation for 1 minute at 11000 x g. Most
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of the supernatant was removed and 25 pul of supernatant remained. Pellet was resuspended by
brief vortexing. The white blood cells were resuspended in a solution of 300 ul of Tissue and Cell
Lysis Solution in addition to 1 pl of Proteinase K. Cells were briefly vortexed followed by
incubation at 65°C for 15 minutes with vortexing at every 5-minute mark. Samples were held on
ice for 5 minutes for DNA precipitation after which 275 ul of MPC Protein Precipitation Reagent
was aliquoted per tube and tubes were vortexed vigorously for 10 seconds. Centrifugation at 4°C
for 10 minutes at 10 000 x g using a microcentrifuge resulted in cell debris becoming pelleted. The
supernatant was then transferred to a new microcentrifuge tube and the pellet discarded. To
precipitate the DNA, 750 ul of ice-cold 90% ethanol was added to each tube and inverted 30 — 40
times. The tubes were then centrifuged again at 4°C for 10 minutes at 10 000 x g to pellet the DNA.
The ethanol was carefully poured off and discarded, and the pellet was rinsed with 2x with 70%
ethanol. Any residual ethanol was removed and 35 pl of TE buffer was added.

Sample DNA concentration at A260nm was then measured using a NanoDrop, as well as the
A260/A280 ratio for quality of DNA.

2.5.  SNP Selection in six candidate genes

Candidate genes included those encoding CD28, CTLA4, ICOS, PD-1, PD-L1 and IL7Ra. The
genes are further described in Table 2.1 below. Interestingly the genes encoding CD28, its
inhibitory ligand CTLA4 and the inducible costimulatory ICOS are all located close together on
chromosome 2933 within a 250kb window.

Table 2.1. Candidate gene loci properties and characteristics

Protein Gene Locus Length of gene | Number of
(kb) exons
CD28 CD28 2033.2 33.282 4
CTLA4 CTLA4 2033.2 6.173 4
ICOS ICOS 2033.2 24.830 5
PD-1 PDCD1 2037.3 9.028 6
PD-L1 PD-L1 9p24.1 20.065 8
IL-7Ra IL7-Ra 5pl13.2 22.729 8
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SNPS in these genes and their associations with immune-related disease, HIV or CD4* T-cell

counts in the literature were reviewed and prioritised for use in this study as follows:

2.6.

1.

In the literature review we looked for descriptions of SNP functional effects (such as
changes in gene expression) or relevant phenotypic associations (such as associations with
poor CD4" T-cell recovery, disease phenotypes, autoimmune disease, and cancer).

A tagSNP represents other linked SNPs within a region of a genome with LD. The tagSNPs
were only considered if more than two other SNPs were tagged with an LD of r? > 0.8.
SNPs that tagged many other SNPs in Kenyan Luhya (LWK) samples in 1000 Genomes
data (a proxy population for the South African black population) were also chosen if no
SNP functional information was available. TagSNPs were identified using Ensembl
Linkage Disequilibrium (Flicek et al., 2014) viewer in the LWK population.

Following the literature review we tried to prioritise SNPs with a MAF >0.05, using the
LWK population as a proxy population using ENGINEs (Amigo et al., 2011) and 1000
Genomes (Abecasis et al., 2012) to check MAF.

SNPs were also selected according to suitability for multiplex analysis on the genotyping
platform. Some SNPs were rejected for multiplexing as the system could not find optimal

primer designs as some SNPs have pseudogenes in other regions.

Sequenom MassARRAY genotyping

This Sequenom MassARRAY platform is commercially available (Gabriel et al., 2009). The assay

uses locus-specific PCR reactions which amplify the DNA region around the SNP. This is followed

by PCR using one extension primer that anneals directly upstream of the SNP or polymorphic site

of interest. Nucleotides that are complementary to the SNP site are used for primer extension by

using mass-modified dideoxynucleotide terminators (Gabriel et al., 2009). Using the mass

spectrometry technique Matrix Assisted Laser Desorption lonization Time-of-Flight (MALDI-
TOF), the SNP is identified using the distinctive mass of the extended PCR product (Gabriel et al.,

2009).

Genotyping was performed by staff at Ingaba Biotech (Pretoria, South Africa) using the Agena

MassARRAY mass spectrometry. DNA was submitted to Inqaba in 96 well plates at 20 ng/pl.
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Genotyping of the final list of 33 SNPs was performed in two multiplexes and four plates. The

results were returned in Excel format.

2.7. Data Analysis

Statistical analysis was done using PLINK software (Purcell et al., 2007), GraphPad Instat
(GraphPadSoftware, 2015) and IBM SPSS Statistics 24 (IBM Corp, 2015).

Descriptive statistical analyses were performed using IBM SPSS Statistics 24 and demographic
characteristics were described for continuous and categorical variables. Associations between
CD4" T-cell count and demographics were analysed by regression analysis; or by t-test if data was
parametric or Mann-Whitney if data was non-parametric. Any demographic characteristics that
were significantly associated were used as co-variates in the multivariate analyses of association

between genetic data and CD4" T-cell count.

Similarly, associations between continuous plasma marker data and demographics were analysed
by regression analysis; or by t-test if data was parametric or Mann-Whitney if data was non-
parametric. Associations between categorical data and plasma markers were analysed by Chi-
squared or Fishers exact tests. Any demographic characteristics that were significantly associated
were used as co-variates in the multivariate analyses of association between genetic data and

plasma markers.
For all data P< 0.05 was considered significant.

SNP data was analysed using Plink v1.07 (Purcell et al., 2007). Files were formatted into correct
file types namely .ped files and .map files. All SNP data was checked to meet minimum
requirements of <10% missing genotype data, <10% missing individual data and Hardy-
Weinberg P-value <0.05. After quality check, allele and genotype frequencies within the
genotyping cohort were calculated by observing directly. Haplotypes and linkage disequilibrium
was calculated using Plink v1.07 and HaploView v4.20 (Barrett et al., 2005) in the case of more
than one SNP in a gene being analysed. The sliding window method in Plink v1.07 was used to
generate haplotypes of 2-3 SNPs. The LD blocks generated by HaploView (Barrett et al., 2005)
used the Plink v1.07 (Purcell et al., 2007) .PED input file. Default settings were used in
HaploView (Barrett et al., 2005) while generating LD blocks. Allele frequencies from our
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southern African cohort were compared to LWK MAFs using data from 1000 Genomes via
ENGINES (Amigo et al., 2011).

Plink was used to analyse any associations between candidate SNPs and CD4* T-cell counts
measured two years after ART initiation, or associations between candidate SNPs and plasma
markers measured at two years after ART initiation. Both univariate and multivariate analyses
were performed in PLINK. P values <0.05 either from Wald t-tests. Corrections for multiple
analysis were performed using Bonferroni method which multiplies the P-value by the number of
tests performed or alternatively by the number of SNPs examined. Empirical P-values (pEMP)
were generated using PLINK. This performs 1 x 10° simulations and generates both uncorrected
(EMP1) and corrected (EMP2) empirical P-values. EMP2 calculates the proportion of
permutations in which any of the test statistics exceeded that specific observed statistic. This

method is stringent but is the preferred method for data analysis within SNPs.

2.8. Soluble Markers Methods

A subset of individuals from the WRHI001 cohort were used for analysis of five soluble markers
of activation, sCD14, sCD163, sCD27, sPD-1 and sIL7Ra. We defined “low CD4" T-cell counts
individuals” of poor immunological recovery as having a CD4* T-cell count <250 cells/mm?
despite complete viral suppression at EOS (these were the 40 individuals with the lowest CD4" T-
cell EOS counts in this cohort). We compared soluble markers of activation in plasma from these
40 individuals to 40 individuals with CD4" T-cell count higher than 500 at EOS.
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«WRHI001 trial: South

WRHI trial .
African arm

320 enrolled +113 longitudional
participants «270 cross-sectional

80 CD4* T-cell
counts (40

highest and 40
lowest)

Figure 2.1. Summary of cohort and subsets of WRHI001 trial. The South African arm of the
WRHI001 trial consisted of 600 individuals. The last enrolled 320 were used for genotyping. A
further subset of the 40 highest and the 40 lowest CD4" T-cell counts.

Demographic variables between low CD4" T-cell counts and high CD4" T-cell counts in these 80
individuals were again compared to identify possible factors influencing plasma markers of
activation. These statistical analyses were performed using IBM SPSS Statistics 24 software,
analysis done using two-tailed t-tests, Chi-squared or Fishers exact test, or regression. Any
significant factors identified here, were used later as covariates in the genetic analyses of this

subset of individuals.

2.8.1. sCD14, sCD27 and sCD163 quantification using Luminex

Three soluble markers of immune activation were quantified simultaneously using the R&D
Systems® Luminex Assay Human Premixed Multi-Analyte Kit (Kit Lot number: 1448730) and
diluted samples from trial participants collected at their exit visit (EOS).

The Luminex Bead-based Multiplex Assay uses colour-coded beads, pre-coated with analyte-
specific capture antibody for the specific molecule of interest. The antibodies then capture the
analyte of interest. Once the biotinylated detection antibodies are added an antibody-antigen
sandwich is formed. Phycoerythrin (PE)-conjugated streptavidin is added, PE-streptavidin binding
is directly related to the amount of bound analyte. The beads are read on dual-laser flow-based
detection instrument, R & D Luminex 200. One laser determines the analyte by classifying the

bead that is being detected while the second laser determined the magnitude of the PE-derived
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signal. The three soluble markers multiplexed in this experiment were sCD14, sCD27 and sCD163.

The assay was prepared as follows.

2.8.1.1. Preparation:

Samples from 33 low CD4* T-cell counts individuals (EOS CD4* T-cell count <250 cells/mm?
and VL <100 copies/ml at EOS) and 36 high CD4" T-cell counts individuals (EOS CD4" T-cell
count >500 cells/mm?3) were multiplexed. Plasma samples from exit visit (EOS) were thawed and
diluted in a 2-fold dilution by using 75 ul of sample and 75 ul of Calibrator Diluent RD6-52.
Samples were mixed thoroughly using a vortex. The 7 standards, the blank and the samples were
loaded in duplicate onto the plates. The first two assays were run as half plates (48 wells) and the
last assay was a full 96-well plate, making a total of 3 plates.

A. Wash Buffer.

500ml of Wash Buffer was prepared by addition of 20ml of Wash Buffer Concentrate to 480ml

deionized or distilled water.
B. Standard Cocktails.

We prepared a 3-fold dilution series consisting of 7 dilutions for each standard. Standards D (Lot
number: 1417618), E (Lot number: 1387478) and | (Lot number: 1431114) were used.

For this lot number, the maximum (undiluted) concentration of sCD14 was 51030 pg/ml, for
sCD27 was 41460 pg/ml and for sCD163 was 1262520 pg/ml which were D, E and | respectively.

Standards D, E and | were prepared by reconstituting standard D and | in 0.25 ml of Calibrator
Diluent RD6-52 and reconstituting Standard E in 0.2 ml of Calibrator Diluent RD6-52. Each
standard was allowed to sit for 15 minutes with gentle agitation before preparation of standard
dilutions. 100 ul of each standard was pipetted into a polypropylene tube. The following 6 tubes
had 200 pl of Calibrator Diluent RD6-52 pipetted into each. 100 ul was pipetted from each

previous tube into the next numerical tube and mixed thoroughly.
C. Diluted Microparticle Cocktail Preparation.

The Microparticle Cocktail vial was centrifuged for 30 seconds at 1000 x g prior to removing the
cap. The Microparticles were resuspended after gentle vortexing of the vial. The Microparticle
Cocktail was diluted using Diluent RD2-1 in the mixing bottle provided. For a 48 well plate, 250
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ul of Microparticle Cocktail was diluted with 2.50 ml of Diluent RD2-1, and for a 96 well plate,
500 ul of Microparticle Cocktail was diluted with 5.00 ml of Diluent RD2-1. Microparticles were
protected from light during handling and used within 30 minutes of preparation.

D. Diluted Biotin Antibody Cocktail Preparation.

The Biotin Antibody Cocktail vial was centrifuged at 1000 x g for 30 seconds before opening the
vial. The vial was gently vortexed. Biotin Antibody cocktail was diluted using Diluent RD2-1 and
mixed gently. For a 48-well plate, 250 ul Biotin Antibody Cocktail was diluted with 2.50 ml
Diluent RD2-1, and for a 96-well plate, 500 pl of Biotin Antibody Cocktail was diluted with 5.00
ml of Diluent RD2-1.

E. Streptavidin-PE Preparation.

The Streptavidin-PE vial was centrifuged for 30 seconds at 1000 x g before removal of the cap.
The vial was gently vortexed and diluted to a 1X concentration from the 100X stock. 55 ul of
Streptavidin-PE was diluted with 5.5 ml of Wash Buffer.

F. Instrument Settings.

Microparticle region for analytes was assigned (sCD14 — region 64, sCD27 — region 94 and
sCD163 — region 62). Parameters were set at 50 events/bead, 0 Minimum events, 60 pl/minute

Flow rate, 50 ul Sample size and Doublet Discriminator gates at approximately 7500 and 15500.

2.8.1.2. Luminex Assay Procedure:

All reagents, standards, and samples were prepared and brought to RT. The filter-bottomed
microplate was pre-wet as each well was filled with 100 ul of Wash Buffer. The liquid was
removed through the filter by using a vacuum manifold. Microparticle Cocktail was resuspended
by gentle vortexing and 50 pl of the solution was added to each well of the pre-wet plate. Each
well then received 50 ul of standard or sample. The plate was covered securely with a foil plate
sealer and then incubated for 2 hours at RT on a horizontal orbital microplate shaker set at 480
rpm. All liquid was removed by using a vacuum manifold. Plate was washed by adding 100 pl of
Wash Buffer to each well and the liquid was removed using the vacuum manifold. Wash procedure
was performed 3 times. 50 ul of diluted Biotin Antibody Cocktail was added to all wells. Plate was

securely covered with a new foil plate sealer and incubated for 1 hour at RT on the shaker set at
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480 rpm. The wash procedure was then repeated 3 times. The microparticles were resuspended by
adding 100 ul of Wash Buffer to each well and then incubated for 2 minutes at RT on the shaker

set at 480 rpm. Plate was read using R&D Luminex analyser within 90 minutes.

XPONENT software was used to create standard curves for each analyte by generating a five-
parameter logistic (5-PL) curve-fit. Concentrations of samples were calculated by xPONENT from
the standard curve. The programme also generated % recovery values, % CV values used for
quality check. Any results exceeding 70-120% standard recovery, or >10 CV from replicates were

excluded.

2.8.2. sIL7Ra and sPD-1 quantification using ELISA

During a sandwich ELISA, an antibody to a target molecule is immobilized on the surface of
microplate wells and incubated first with the target protein followed by another incubation with
another target protein-specific antibody (labelled with an enzyme). After washing, the activity of
the microplate well-bound enzyme is measured based on colour change and absorbance levels.

Two separate kits were used for ELISA analysis of PD-1 and IL7Ra.

Preparation of samples for ELISA. 36 low CD4" T-cell counts individuals were chosen (based on
EOS CD4* T-cell count <250 cells/mm? and VL <100 copies/ml at EOS) and 40 high CD4* T-cell
counts individuals were chosen based on EOS CD4* T-cell count >500 cells/mm?. Plasma samples
from exit visit (EOS) from a total of 76 samples were thawed and diluted in a 2-fold dilution. Two
separate kits were used for ELISA analysis of sPD-1 and sIL7Ra. Using the Thermo Scientific
Human sPD-1 (PDCD1) ELISA Kit (Lot: 0384101916), samples were diluted 2-fold using the 1
X Assay Diluent A. Using the Sigma-Aldrich Human sIL-7R alpha ELISA Kit (Lot: 1208D2225)
samples were diluted 2-fold using 1 X Assay/Sample Diluent Buffer. Samples were mixed
thoroughly with vortex. All standards, samples and blanks were plated in duplicate. There were

two plates run per plasma marker.
Preparation of reagents for ELISA:

sPD-1: Lyophilized standards were briefly spun and 400ul of Assay Diluent A was added to the
lyophilized standard vial to prepare a 50ng/mL standard. The powder was dissolved thoroughly by
gently mixing. A tube containing 440ul of Assay Diluent A had 60ul of sPD-1/ standard added to
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it to prepare a 6000 pg/mL solution. By pipetting 300ul of Assay Diluent A into each of the 8

standard tubes, a standard dilution series was created of 2-fold dilutions.

sIL-7Ra. Lyophilized standards were briefly spun and 400ul of Assay/Sample Diluent Buffer was
added to the lyophilized standard vial to prepare a 50ng/mL standard. The powder was dissolved
thoroughly by gently mixing. A tube containing 440ul of Assay/Sample Diluent Buffer had 60pl
of IL7Ro/ standard added to it to prepare a 6000 pg/mL solution. By pipetting 300ul of Assay
Diluent A into each of the 8 standard tubes, a standard dilution series was created of 2-fold

dilutions.

ELISA assay. The 20X Wash Buffer was warmed to room temperature and mixed gently until
dissolved. Distilled water was used to dilute 20mL of Wash buffer Concentrate to yield 400mL of
1X Wash Buffer. The Biotinylated Antibody Reagent was briefly spun and 100ul of 1X Assay
Diluent was added into the vial to prepare the biotinylated antibody concentrate and mixed by
gently pipetting up and down creating an 80-fold dilution. The Streptavidin-HRP Reagent vial was
briefly spun and pipetted up and down for mixing and diluted with 1X Assay Diluent to create a
200-fold dilution (a tube with 10mL of 1X Assay Diluent was homogenized with 50ul of HRP-
Streptavidin concentrate). 100ul of each standard and sample was pipetted into appropriate wells
and covered and incubated overnight at 4°C with gentle shaking. Solution was discarded and wells
washed 4 times with 1X Wash Buffer. Washing was done by pipetting 300ul into each well and
removing all liquid. Each well had 100ul of 1 X prepared biotinylated antibody added to it and
then incubated at RT with gentle shaking. The solution was discarded and the wells were each
washed 4 times with 1 X Wash Buffer. Each well had 100ul of Streptavidin-HRP added and
incubated for 45 minutes at RT for three-quarters of an hour. Wells were washed 4 times with 1 X
Wash Buffer and 100ul of TMB substrate was added to each well and further incubated at room
temperature for half an hour in the dark with gentle shaking. 50ul of Stop Solution was added to
each well. The plates were read within 30 minutes of stopping reaction. The ELISA Plate reader

was set at 450nm and absorbance was measured.

Microsoft Excel was used to create standard curves for each analyte by plotting absorbance of
standards versus the concentration and generating the line of regression. Concentrations were

calculated from the line of regression from the standard curve.
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Quality check procedures included calculation of %CV of samples and percentage recovery for
standards. Any results exceeding 70 — 120% standard recovery, or >10% CV from replicates were

excluded.

2.8.3. Analysis of soluble marker data

Soluble marker data were compared to demographic variables in the same subset of individuals to
identify possible factors influencing immune activation status recovery after ART. These statistical
analyses were performed using IBM SPSS Statistics 24 using two-tailed t-tests, Chi-Squared or
Fishers exact test or regressions. Any significant factors identified here were used later as

covariates in the subsequent multivariate case-control analyses.

Results from Luminex and ELISA assays were then compared between low CD4" T-cell counts
and high CD4* T-cell counts in univariate analyses to identify which markers of activation were
significantly different in individuals with poor immunological recovery after ART, using IBM
SPSS Statistics 24. Results from Luminex and ELISA assays were then compared between low
CD4* T-cell counts and high CD4" T-cell counts in multivariate analyses using IBM SPSS

Statistics 24 software.
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3. Results

3.1.  Description of WRHI001 Cohort

A total of 600 individuals living in Johannesburg were enrolled into the South African arm of the
WRHI001 trial. The cohort consisted of 57% South Africans, 38% Zimbabwean nationals and 5%
from other African countries (unavailable for analysis). All samples were included in this study
under the umbrella “southern African” description. Black Africans speaking Bantu languages from
all of these countries are considered to have similar genetic ancestry due to population migrations
within the last 3000 years (Pugach and Stoneking, 2015).

of the enrolled, 57% were female participants and the cohort had a mean age of 33.9 years old with
a standard deviation of 7.7, however 12% of the study participants were above the age of 45 (Table
3.1). CD4" T-cell counts at baseline had a median 208 cells/uL with 8% having cell counts below
50 cells/uL and 13% above 350 cells/uL (as one enrolment criteria was CD4" T-cell count <400

cells/mm?).

Of the 600 enrolled patients, 553 patients reached end of study (EOS) (week 96). Virological
failure defined as VL>40 copies/ml (any detectable VL) was seen in 67 out of 553 patients (12.1%)
at EOS. It is not known what percentage of these were due to drug resistance mutations. The
median CD4" T-cell count after 2 years of treatment was 404 cells/mm? and the range was 11 -
1247.

Immunological failure was defined as the failure to reconstitute CD4* T-cell count >200 cells/mm?
at EOS with complete viral suppression i.e. viral load <40 copies/ml. Therefore, a total of 50
patients (9%) had true immunological failure, a true failure to reconstitute CD4" T-cell count to

normal levels after 2 years of ART despite having suppressed viral load (as seen in Table 3.1.).

The mean change in CD4* T-cell count by EOS in n=552 was 211 cellsymm? with a standard
deviation of 157. The highest change in CD4* T-cell count was 1033 cells/mm? from BL to EOS,

the lowest was a decline in CD4* T-cell counts of 424 cells/mm?3.
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Table 3.1. Demographic data in the WRHI001 cohort at EOS

Variable Count Percentage Median | Range
cohort
(n=553)
Gender Female 317 57% - -
Male 236 43% - -
Treatment d4T/3TC+EFV 278 50.3% - -
TDF/3TC+EFV 275 49.7% - -
Age - - 34 20-58
Weight - - 64.1 365 -
135.1
Viral loads at | Undetectable 488 88.4% - -
EOS Detectable (>40 | 64 11.6% - -
copies/ml)
CD4" T-cell | At baseline | - - 199 2-789
counts (n=600)
At EOS - - 404 11 - 1247
Immunological 50/553 9%
failure at EOS
CD4" T-cell <200
cells/mm? and VL
<40 copies/ml
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3.2.  Demographic factors influencing CD4* T-cell recovery in the genotyped cohort
(n=320)

We analysed genetic variation in 320 individuals from the WRHI001 clinical trial (The individuals
chosen were the last 320 of the 600 individuals stills in the study once we received ethics
clearance).The demographic and some clinical characterisation of this set of individuals is shown
below in Table 3.2 and Figure 3.1.

The cohort consisted of 158 females (49.4%) and 162 males (50.6%). The median age was 34
years old with a range of 20-58 years. The median baseline CD4* T-cell count was 198 cells/mm?
with a range of 2 - 789 cells/mm?3 and the median EOS CD4* T-cell count was 397 cells/mm?3 with
a range of 28 -1238 cells/mm?. There were 156 (48.8%) individuals on the d4T treatment plan and
164 individuals (51.2%) on the tenofovir treatment plan. There were 18 patients (5.6%) in this
cohort that were classified as immunological non-responders, a true failure to reconstitute CD4*
T-cell count to normal levels after 2 years of ART despite having suppressed viral load (CD4" T-

cell count ,200 cells/mm? at EOS and a VL <40 copies/ml).

Gender and treatment plan were both statistically significantly associated with CD4" T-cell counts
after two years of treatment (P<0.0001 and P=0.035 respectively). Females had significantly lower
CD4" T-cell, and TDF was associated with a better CD4" T-cell recovery. Age (P=0.009), weight
(P=0.036) and baseline CD4" T-cell count (P<0.0001) were all statistically significantly associated
with EOS CD4" T-cell. Increasing age was associated with a lower CD4" T-cell recovery count, a
higher baseline count was associated with better CD4" T-cell recovery and increasing weight is
associated with an increasing CD4" T-cell recovery. Gender, treatment plan, age, weight and
baseline EOS were therefore used as co-variables during multivariate analysis of the association

between genetic variation and CD4" T-cell count after ART.
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Table 3.2. Demographic and clinical characterisation of genotyped cohort (n=320)

Variable Count % Median P value | Test used

CD4* T-cell | (association

(range) in | with EOS

total cohort | CD4* T-cell

count)

Gender Female 158 49.4% 447 (61 - | P<0.0001 Mann

962) Whitney

Male 162 50.6% 359 (28 -

1238)
Treatment d4T 156 48.8% 432 (61 - | P=0.035 Mann

952) Whitney

tenofovir | 164 51.2% 379 (28 -

1238)

Variable Median CD4* T-cell (range) in | P value (association with | Test used
total cohort EOS CD4* T-cell count)

Age  (median, | Whole 34(20 -58) P=0.009 Regression;
range) cohort r’=0.021
Weight (median, | Whole 63.9 (36.5-116.7) P=0.036 Regression;
range) cohort r’=0.011
CD4* T-cell | Baseline | 202 (2 —789) P<0.0001 Regression;
count (median, r°=0.202
range) EOS 402 (28 — 1238) NA NA
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Figure 3.1. Relationship between demographic variables and EOS CD4* T-cell counts in 320
genotyped individuals. A. Gender: The male gender had a higher EOS CD4" T-cell count,
significantly statistically different to females (P<0.0001 using Mann-Whitney test). B. Age: A
younger age is significantly statistically associated with an increased EOS CD4" T-cell count

(P=0.009 using regression test). C. Treatment regimen: Tenofovir treatment was significantly
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statistically associated with an increased EOS CD4* T-cell count (P=0.035 using Mann Whitney
test). D. Baseline CD4" T-cell count: An increased CD4" T-cell count was significantly statistically
associated with increased EOS CD4" T-cell counts (P<0.0001 using regression test). E. Weight:
An increase in weight is significantly statistically associated with an increased CD4" T-cell count

(P=0.036 using regression test).

3.3. Results of DNA Extraction

DNA was extracted from 336 samples and eluted into 30 ul of DNA buffer. Stock DNA was
quantified and stored at -20° C. The mean extracted concentration was 340 ng/ul with a mean
A260/A280 ratio of 1.81, however the lowest ratio was 0.90 and the highest 2.00 indicating a large
range of DNA quality. The lowest extracted concentration was 19.20 ng/ul and the highest
concentration was 2938.40 ng/ul. The standard deviation for concentration was 424.76 and for the
A260/A280 ratio was 0.11.

3.4. SNP Choices

| reviewed genetic variation in the literature for the six candidate genes encoding CD28, CTLA4,
ICOS, PD-1, PDL-1 and IL7Ra. With the exception of IL7Ra, very little work has been published
regarding the influence of genetic variation in most of these genes and subsequent effects on HIV
infection, immune activation levels, or CD4" T-cell count before or after ART.

SNPs in candidate genes were chosen and prioritised according to the criteria described in Methods

and Materials.

In total 38 SNPs of interest were identified (Table 3.3). Five of these met our SNP inclusion criteria
(including association with a relevant functional effect in literature, MAF >0.05 in LWK, and in
some cases, also being a tagSNP) but were not compatible with the MassARRAY method. They
were found to either have pseudogenes or could not fit into the multiplexes used in this study.
These SNPs included rs10204225, rs41386349 and rs10204525 in PDCD1, rs3194051 in IL7Ra
and rs1559931 in PD-L1. Two of these SNPs in particular were of interest to this study since they
were associated with HIV/ART related outcomes as shown below; it would be of interest to

genotype these SNPs using other methods:
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e 153194051 in IL7Ra (associated with faster CD4" T-cell count recovery after ART in
African patients) (Rajasuriar et al., 2012).

e 13541386349 in PDCD1 that has previously been associated with HIV long term non-
progression (Nasi et al., 2013)

The exclusion of these five SNPs from MassARRAY methods left us with 33 SNPs that were
used for Sequenom MassARRAY genotyping (Table 3.3) including5 SNPs in PDCD1, 3 SNPs
in PD-L1, 5 SNPs in CTLA4, 9 SNPs in IL7Ra, 5 SNPs in CD28 and 6 SNPS in ICOS.

Of these 33, 27 SNPs met all our SNP inclusion criteria, including association with a functional
effect in the literature, MAF >0.05 in LWK, and in some cases, also being a tagSNP. Table 3.3
shows the associations of these SNPs with disease states or changed in gene function in the
literature. Many of these associations were with chronic viral infections such as HBV, various
cancer types or some autoimmune diseases. Very few of these SNPs have previously been
investigated in the context of CD4" T-cell counts or other HIV/ART outcomes with the

exception of:

e 1511568821 in PDCD1 associated with an increased CD4* T-cell count in the absence of
ART in HIV-positive Africans (Nasi et al., 2013).

e 56897932 in IL7Ra has been associated with decreased IL7Ra expression and with
decreased CD4" T-cell recovery after ART (Rajasuriar et al., 2012; Hartli ng et al.,
2014;Guzman-Fulgencio et al., 2015a). This SNP is also a tagSNP for 26 other SNPs in
LWK in the IL7-Ra gene.

e 15987106 in /L7Ro has been associated with liver fibrosis in HIV/HCV coinfection
(Fulgencio et al., 2015)(Fulgencio et al., 2015)

The 33 genotyped SNPs included six SNPs that failed our initial criterion of MAF 0.05 in LWK
or had unknown allele frequencies in African populations. We proceeded with genotyping these

six SNPs for the following reasons:

e They all had functional associations in the literature and could be easily multiplexed within
the two plexes used in this study.

e 1511568821 in PDCD1 (defining the PD 1.3. allele). This SNP was only present in 0.005
of LWK but was the only T-cell signalling SNP in the literature that was previously found
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to be associated with higher CD4" T-cell count in the absence of ART (Nasi et al.,
2013)(Nasi et al., 2013). We were interested in determining the MAF in a southern African
cohort.

rs2227982 in PDCD1 (defining the 1.9 allele). This missense SNP influencing PD-1
activity through altering structure and hence function (Tang et al., 2015)(Tang et al., 2015)
has not previously been genotyped in LWK or a southern African population (MAF
unknown), therefore it was of interest to determine its frequency in our cohort.
rs606231422 in CTLA4. This missense SNP associated with an immune dysregulation
syndrome (Kuehn et al., 2014)(Kuehn et al., 2014) has not previously been genotyped in
LWK or a southern African population (MAF unknown), therefore it was of interest to
determine its frequency in our cohort.

rs3116496 in CD28. This SNP was present at a still reasonable frequency in LWK
(MAF=0.026) and in addition tagged 16 other SNPs in LWK, therefore was of interest in
our study.

rs4143815 in PDCD1 and rs5742909 in CTLA4. While the MAF for both of these SNPs
was 0 in LWK, rs5742909 is a promoter mutation associated with decreased T-cell
response and increased viral persistence in chronic HBV infection (Thio et al., 2004)(Thio
et al., 2004) and rs4143815 is associated with increased risk for ovarian cancer, poor
prognosis in adenocarcinoma and increased risk of gastric adenocarcinoma (Wang et al.,
2013)(Wang et al., 2013) and is associated with low expressions of PD-1 and PD-L1 (Tan
etal., 2017)(Tan et al., 2017). We wanted to check the MAF in a southern African cohort.
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Table 3.3. SNPs identified for genotyping based on functional effects and previous literature associations

Gene rs number | Alternative | Effect of SNP/ Function/ | Reference MAF TagSNP
name Association (LWK) (number  of
SNPs tagged in
LWK)
PDCD1 | rs36084323 | PD-1.1; - | Showed significant associations with | Peng et al., 2015 0.057 Yes -4
606G/A the risk for HBV-related cirrhosis and
hepatocellular carcinoma
PDCDL1 | rs11568821 | PD-1.3; Associated with an increased CD4* T- | Prokunina et al., | 0.005 Yes—3
Ll.?'sG_A in cell count in the absence of ART in | 2002, 2004; Nasi et
HIV-positive  Africans; associated | al., 2013
with rheumatoid arthritis and systemic
lupus erythematosus
PDCD1 | rs2227981 PD-1.5C/T | Associated with decreased risk of | Hua et al.,, 2011; | 0.495 No
breast cancer, gastric cancer and colon | Mojtahedi et al.,
cancer in Asian populations. 2012; Dong et al.,
2016
PDCD1 | rs10204525 | PD-1.6 Associated with higher viral load and | Zhang et al., 2014 | 0.428 No

decreased mRNA expression levels in

chronic HBV infection.
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Gene rsnumber | Alternative | Effect  of SNP/ Function/ | Reference MAF TagSNP
name Association (LWK) (number  of
SNPs tagged in
LWK)
PDCD1 | rs2227982 PD-1.9; SNP in exon 5 influencing PD-1 | Tang etal., 2015 Not No
*7625C>T activity through altering structure and genotyped
hence function; chronic inflammation
and ankylosing spondylitis in Asians
PD-L1 |rs4143815 Associated with increased risk for | Wang et al., 2013; | O No
ovarian cancer, poor prognosis in | Tanetal., 2017
adenocarcinoma and increased risk of
gastric adenocarcinoma and s
associated with low expressions of
PD-1 and PD-L1.
PD-L1 |rs2297136 Significantly associated with better | Lee et al., 2016 0.588 No
chemotherapy response
PD-L1 |rs10815225 Significantly associated with gastric | Tao et al., 2017 0.273 Yes — 27
CTLA4 | rs231775 49A-G; fsr;%ecriated with Hashimoto | Gu et al., 2010; | 0.485 Yes—5
Thrl7Ala

thyroiditis in Han Chinese population,
diabetes, susceptibility to
hepatocellular carcinoma and Chronic

HBV.

Dong et al., 2014;

Ting et al., 2016
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Gene rsnumber | Alternative | Effect  of SNP/ Function/ | Reference MAF TagSNP
name Association (LWK) (number  of
SNPs tagged in
LWK)
CTLA4 | rs3087243 60 A-G The G allele is significantly associated | Weizhen 0.113 Yes — 10
with an increased risk of Grave’s | 2015
disease development.
CTLA4 | rs231777 Associated with risk for Grave’s | Invernizzi 0.784 Yes—18
disease, primary biliary cirrhosis, | Gershwin,
contributes to severe pulmonary | Juran et al., 2008;
tuberculosis. Thye et al., 2009;
Li-qun et al., 2010
CTLA4 | rs5742909 -318 CT | Associated with higher immune | Wang et al. 2002; | 0.113 Yes - 10
promoter activation, higher IL1b, higher CD28+ | Pérez-Garcia et al.,
SNP T-cell counts; increased CTLA4 | 2013
transcription.
CTLA4 | rs606231422 Autosomal dominant immune | Schubert et Not Unavailable
dysregulation syndrome. 2014 genotyped
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Gene rsnumber | Alternative | Effect  of SNP/ Function/ | Reference MAF TagSNP
name Association (LWK) (number  of
SNPs tagged in
LWK)
IL7Ro. | rs6897932 1244T TT genotype associated with faster | Hartling et al., | 0.052 Yes -3
CD4" T-cell recovery during ART in | 2014; Parathyras et
Danish cohort, 6 months after ART | al., 2009; Guzman-
initiation. Fulgencio et al.,
2015
IL7Ra | rs1494558 [le66 Thr Possible association with increased | Puel et al., 1998 0.711 No
risk for severe combined
immunodeficiency
IL7Ro. | rs1494555 lle128Val Associated with prognostic | Lan et al., 2006; | 0.892 Yes - 15
significance in allogenic stem-cell | Shamimetal., 2013
transplantation
IL7Ro. | rs11567705 Associated with increased risk for | Raji, et al.2012. 0.247 Yes - 19
Multiple sclerosis in Iranian patients.
IL7Ro. | rs7718919 -1085 This SNP located in the promoter | Haj, et al., 2015 0.093 Unavailable

region was associated with an
increased risk for development of
multiple sclerosis in an Eastern

Iranian cohort.
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Gene rsnumber | Alternative | Effect  of SNP/ Function/ | Reference MAF TagSNP
name Association (LWK) (number  of
SNPs tagged in
LWK)
IL7Ro. | rs1389832 Associated with increased risk of | Mahajan et al., | 0.892 Yes -8
development of gastric cancer 2008
IL7Ra | rs987107 Associated with increased risk of | Liuetal., 2017 0.227 Yes—13
multiple sclerosis in a Caucasian
cohort
IL7Ra | rs987106 Associated with liver fibrosis in | Limouetal., 2012 | 0.454 Yes—33
HIV/HCV patients
IL7Ro. | rs1494571 Associated with MS; haplotypes | Kim et al., 2014; | 0.794 Yes -4
associated with proportion of the | Mckay et al., 2008
mRNA encoding the soluble isoform
of CD127
CD28 | rs3116496 Associated with development of | Baek et al., 2015 0.026 Yes — 16
sporadic breast cancer in Han Chinese
population
CD28 | rs1879877 Associated with Type 1 diabetes in | Zouidi et al., 2014 | 0.381 No

Tunisian cohort
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Gene rsnumber | Alternative | Effect  of SNP/ Function/ | Reference MAF TagSNP
name Association (LWK) (number  of
SNPs tagged in
LWK)
CD28 | rs3116494 Associated with increased risk for | Bouwhuis et al., | 0.753 Yes—31
sporadic breast cancer and malignant | 2010; Chen et al.,
melanoma 2012
CD28 | rs1980422 In combination with IRF5 SNP | Vernerova et al., | 0.186 Yes - 41
(rs10488631) associated with | 2016
seropositivity in rheumatoid arthritis
CD28 | rs3181098 Associated with increased risk for | Bouwhuis et al., | 0.186 Yes-1
malignant melanoma 2010
ICOS rs10183087 Possible association with disease | Karabon et al., | 0.485 Yes — 32
dynamics  of  B-cell  chronic | 2011
lymphocytic leukaemia in Polish
population
ICOS rs4404254 Associated with occurrence and | Wu et al., 2015 0.485 Yes — 36
progress of colorectal cancer
ICOS rs1559931 Associated with higher susceptibility | Hu et al., 2015 0.485 Yes -5

to HBV infection in Chinese Han

population
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Gene rsnumber | Alternative | Effect  of SNP/ Function/ | Reference MAF TagSNP
name Association (LWK) (number  of
SNPs tagged in
LWK)
ICOS rs4675379 Associated with higher susceptibility | Hu et al., 2015 0.165 Yes -4
to HBV infection in Chinese Han
population
ICOS rs11571323 Associated with reduced survival in | Bouwhuis et al., | 0.129 No
melanoma. 2010
ICOS rs6761201 Associated with rheumatoid arthritis | Govind et al. 2014 | 0.129 Yes—8
in South Africans
PDCD1 | rs10204225* | PD-1.6 Possible SLE protective factor; Gao et al., 2017 0.428 Yes—1
PDCD1 | rs41386349* | PD-1.7; HIV LTNP Nasi et al., 2013 0.139 Yes - 17
-7209
PDCD1 | rs10204525* | PD-1.3 Associated with disease course of | Zhang etal., 2014 | 0.428 No
HBV infection, miRNA-4717 binding
site
IL7Ro. | rs3194051* Associated  with  autoimmunity; | Guzman-Fulgencio | 0.294 No
associated with CD4* T-cell count | et al., 2015;
after ART (Rajasuriar et al.,
2012)
ICOS rs1559931* Associated with HBV recovery Hu et al., 2015 0.485 Yes - 42

*Could not be multiplexed
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3.5.  Quality check of genetic data

The genotyping data from n=320 and 33 SNPs from the Sequenom MassARRAY was filtered for
quality criteria and missing data using PLINK Genotyping Software. A total of 58 individuals were
removed from the analysis due to >10% missing data. Although we tested DNA quality with the
NanoDrop this can be misleading as nucleotides, RNA, ssDNA and dsDNA all absorb at 260nm
and can affect the quality of the sample. The Sequenom assay DNA should preferably be tested
with Quibit fluorescence.

A total of 4 SNPs were removed due to >10% missing data (rs4143815; rs1389832; rs1494555;
rs7718919) and 1 SNP (rs2227981) was removed due to significant deviation from Hardy-
Weinberg equilibrium P<0.0001, however all remaining SNPs had P-values > 0.05. The total
sample number was reduced from 320 to 262 of which 126 were female and 136 were male. There

were 28 SNPs that remained after filtering.

3.6. Allele Frequencies

Allele frequencies were calculated in 262 individuals and 28 SNPs. There were 24 SNPs that had
a MAF>0.01 (Table 3.4). The MAFs ranged from 0 to 0.416. SNP rs11568821 in PDCD1 reported
at a frequency of 0.005 in LWK, was found at a frequency of 0.006 in our cohort. The SNPs,
rs606231422 and rs5742909 in CTLA4 and rs2227982 in PDCD. that had an unknown frequency
in LWK were not present in the SA cohort, and rs4143815 in PD-L1 with frequency of 0 in LWK
failed QC in our cohort.

Comparisons were then made between the MAF in the LWK population and our southern African
data, as the LWK population may share common ancestry with the southern African population.
Using Fishers exact test, there were significant differences in MAF between WRHI001 and LWK
population in a total of 8 out of 28 SNPs, including 2 SNPs in CD28, 1 SNP in CTLA4, 1 SNP in
PDCD1, 3 SNPs in ICOS and 1 SNP in I7Ra (Table 3.4) and were generally comparable to MAF
reported in South African Bantu by Butty et al. (2007).
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Table 3.4. Minor allele frequencies of 28 SNPs in the Kenyan population (LWK) and southern

African WRHI001 cohort

Gene SNP ID Minor MAF P-value MAF
Allele | WRHI001 | LWK (this study | Bantus | San

(this vs. LWK) | (Butty | (Butty
study) et al,|et al,
n=262 2017) | 2017)

PDCD1 | rs2227982 0 0.000 Not known | -

PDCD1 |rs10204525 | T 0.391 0.428 P=0.233

PDCD1 |rs11568821 | T 0.006 0.005 P=1.00

PDCD1 |rs36084323 | T 0.029 0.057 P=0.025

CD28 rs1879877 T 0.319 0.381 P=0.033 0.83 0.14

CD28 rs3181098 A 0.297 0.186 P<0.0001

CD28 rs3116494 G 0.220 0.247 P=0.306

CD28 rs3116496 C 0.050 0.026 P=0.053 0.03 0.14

CD28 rs1980422 C 0.193 0.186 P=0.100

CTLA4 | rs5742909 0 0.000 0 P=1.00

CTLA4 | rs231775 G 0.410 0.485 P=0.015 0.36 0.14

CTLA4 | rs231777 T 0.235 0.216 P=0.547 0.23 0.50

CTLA4 | rs606231422 | 0 0.000 Not known | -

CTLA4 | rs3087243 A 0.134 0.113 P=0.290 0.10 -

ICOS rs11571323 | A 0.115 0.129 P=0.570

ICOS rs10183087 | C 0.411 0.485 P=0.016 0.53 0.50

ICOS rs1559931 A 0.414 0.485 P=0.021

ICOS rs4675379 C 0.162 0.165 P=0.933 0.25 0.29

ICOS rs4404254 C 0.414 0.485 P=0.022

ICOS rs6761201 G 0.141 0.129 P=0.588

IL7Ra rs11567705 | G 0.308 0.247 P=0.027

IL7Ra rs1494558 T 0.252 0.289 P=0.186

IL7Ra | rs6897932 T 0.067 0.052 P=0.295

IL7Ra | rs987107 A 0.241 0.227 P=0.609

IL7Ra | rs987106 A 0.416 0.454 P=0.212

IL7Ra rs1494571 C 0.221 0.206 P=0.547

PD-L1 |rs10815225 |C 0.317 0.273 P=0.123

PD-L1 | rs2297136 G 0.401 0.412 P=0.706
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3.7. LD and haplotype analysis in genotyped cohort (n=262).

Using Haploview (Barrett et al., 2005) and the data generated from PLINK (Purcell et al., 2007),
we generated LD blocks among SNPs on the same chromosome (r? values in Appendix 5.2.).

As seen in Figure 3.2, there were unexpectedly low LD-values across the 3 genes CD28-CTLA4-
ICOS on chromosome 2, despite their separation by only 260 kb from the start of the CD28 gene
to end ICOS. Four LD blocks were generated in chromosome 2. LD blocks 1 (rs1879877-
rs3181098) and 2 (rs3116498 and rs1980422) were from the 5’ end and 3’ end of CD28
respectively. In block 3 the two SNPS, rs231775 and rs231777, are from the CTLA4 gene. In block
4, the four SNPS rs11571323, rs10183087, rs1559931 and rs4675379 are from the ICOS gene.

There was high LD within most of the ICOS gene, but not with the SNP rs6761201 (Chr2:
203948869), even though this SNP is very closely located to the next SNP studied rs11571323
(Chr 2: 203954121). There was no LD with the last SNP in the ICOS gene rs4404254,

Figure 3.2. shows a very strong linkage (D'=1.00) between the two CD28 SNPs rs1879877 and
rs3181098. This is higher than in the LWK cohort (D'=0.70). In block 2 the two SNPS rs3116498
and rs1980422 are located in the CD28 gene and were in strong linkage (D'=1.00); there is no
linkage found between these two SNPs in the LWK to date. In block 3 the two SNPS, rs231775
and rs231777, are both located in the CTLA4 gene and are in strong linkage (D'=0.97); which is
similar to the LWK data (D'=0.99). In block 4, the four SNPS rs11571323, rs10183087, rs1559931
and rs4675379 are located in the ICOS gene are in very strong linkage with each other (D'=1.00
for all interactions except rs10183087 and rs1559931 D’=0.99), which is the same as in LWK
(D'=0.99 for all interactions except rs10183087 and rs1559931 D'=0.91).

The most common haplotypes observed across these four LD blocks were GG at a frequency of
0.385 (block 1), TT at a frequency of 0.807 (block 2), GC at a frequency of 0.408 (block 3) and
GAGG at a frequency of 0.584 (block 4) (Figure 3.2c).

Variation in the PDCD1 gene, being considerably further along chromosome 2 than the above

three genes, was not in LD with them (Figure 3.2a, b).
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Figure 3.2a. Location of SNPs studied in genes CD28, CTLA4, ICOS and PDCD1 on chromosome
2.

Figure 3.2.b Linkage disequilibrium blocks for SNPs on chromosome 2. Colours represent D’
values where dark red indicates high inter-SNP D’, white indicates a low inter-SNP D’ and blue

indicates a statistically ambiguous D’.
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Figure 3.2.c. The most frequent haplotypes across LD blocks on chromosome 2. The most common
haplotype in block 1 was GG. The most common haplotype in block 2 was TT. The most common

haplotype in block 3 was GC. The most common haplotype in block 4 was GAGG.

As seen in Figure 3.3a, there was very high LD across the IL7R gene on chromosome 5. One LD
block was generated in chromosome 5. There was statistical ambiguity between SNP rs1494558
and rs6897932, and between rs6897932 and rs1494571.

Figure 3.2 shows a very strong linkage (D'=1.00) between the six IL7R SNPs rs11567705 —
rs1494571, which is the same as in LWK (D’=1.00) except for the interactions between rs6897932
and rs987107 which was statistically ambiguous in LWK, and rs6897932 and rs987106 which was

also statistically ambiguous in LWK.

The most common haplotypes observed across this LD block were CTCGAG at a frequency of
0.252, GCCGTG at a frequency of 0.244 and CCCATC at a frequency of 0.219 (Figure 3.3b).

There was a low inter-SNP linkage found between the two SNPs in the PD-L1 gene (Figure
3.4a). The weak linkage (D'=0.66) was similar to the linkage in LWK (D’=0.69).
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Figure 3.3b. The most frequent haplotype across LD blocks on chromosome 5. The most frequent
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haplotypes were CTCGAG (Frequency = 0.252), GCCGTG (Frequency = 0.244) and CCCATC

(Frequency = 0.219).
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Figure 3.4. Linkage disequilibrium plot for SNPs in PD-L1 on chromosome 9. Colours represent
D' values where dark red indicates high inter-SNP D', white indicates a low inter-SNP D’ and blue
indicates a statistically ambiguous D’'.
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3.8 Associations between allele, genotypes or haplotypes and CD4* T-cell data

3.8.1 Univariate Associations between allele, genotypes or haplotypes and CD4* T-cell data

We conducted a linear regression test of associations between alleles of 28 SNPs and CD4" T-cell
counts at EOS in 262 individuals (Table 3.5). One SNP in CD28 (rs3181098) was statistically
significantly associated with an increased CD4" T-cell count (P=0.008; R?= 0.027; beta= 43.1) and
one SNP in ICOS (rs6761201) that was statistically significantly associated with an increased
CD4* T-cell count (P=0.028; R?= 0.018; beta=21.18). However, after corrections for multiple

testing neither of these SNPs were still statistically significant.

We next conducted a linear regression test of associations between genotypes of 28 SNPs and
CD4* T-cell counts at EOS in 262 individuals (Table 3.6). Significant associations were observed
for genotypes of the same two SNPs seen in allelic association with CD4* T-cell count. More
specifically, significant associations were seen between CD4* T-cell counts and the CD28 SNP,
rs3181098, in the dominant model (P=0.008) and the genotypic model (P=0.023) and between
CD4* T-cell count and the ICOS SNP, rs6761201, in the recessive (P=0.022) and genotypic
(P=0.032) models. In addition, there was a statistically significant association with the PD-L1 SNP,
rs10815225, in the dominant model (P=0.038) and genotypic model (P=0.010). However, after
correction for multiple testing, none of the SNPs were statistically significant in the genotype

models.

In the haplotype associations, the CD28 SNP rs3181098 appeared within five different haplotypes
associated significantly with CD4* T-cell count (Table 3.7). The haplotype containing the
rs3181098 G- allele had a strong negative relationship with CD4* T-cell counts (B=-119), where
the rs3181098 A-containing haplotypes had a strong positive relationship with CD4* T-cell counts
(B=108 and B=36.6). The ICOS SNP rs6761201 appeared in 4 different haplotypes associated
significantly with CD4" T-cell count. The rs6761201 G-containing haplotype was associated with
a strong positive relationship with CD4" T-cell counts (f=51.8; =66 and p=87) and the rs6761201
A-containing haplotype was associated with a strong negative relationship (p=-45.5). Another four
haplotypes in the ICOS region were also significantly associated with CD4" T-cell count and these
all contained rs44024254.
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Table 3.5. Univariate linear association test between alleles and CD4" T-cell count in whole cohort at EOS (n=262)

Gene SNP ID BETAvalue |SE R2 Wald P-value | EMP1 EMP2
CD28 rs3181098 43.1 16.06 0.027 0.008 0.009 0.162
ICOS rs6761201 46.88 21.18 0.018 0.028 0.022 0.429
Table 3.6. Univariate linear association with genotypes and CD4* T-cell recovery using three genotype models (n=262
Gene SNP ID Minor Allele | Genotypic class | BETA value | SE Wald P-value | EMP1 | EMP2
PD-L1 rs10815225 C Dominant 44.87 21.55 0.038 0.031 0.538
PD-L1 rs10815225 C Genotypic NA NA 0.010 0.794 1.000
CD28 rs3181098 A Dominant 55.89 20.75 0.008 0.007 0.161
CD28 rs3181098 A Genotypic NA NA 0.023 0.046 0.598
ICOS rs6761201 G Recessive 174.90 75.91 0.022 0.026 0.296
ICOS rs6761201 G Genotypic NA NA 0.032 0.018 0.274
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Table 3.7. Linear association (univariate) between 3-SNP haplotypes and CD4* T-cell count recovery (n=262). SNPs highlighted in

bold also occurred in allelic or genotypic associations with CD4* T-cell count

Gene SNPs Haplotype | F BETA value | STAT | Wald P-value | EMP1 | EMP2
CD28 rs1879877 rs3181098 | rs3116494 | GAG 0.030 | 108.000 4.490 | 0.035 0.035 | 0.780
CD28 rs1879877 rs3181098 | rs3116494 | GAA 0.266 | 36.900 4550 | 0.034 0.029 |0.770
CD28 rs3181098 rs3116494 | rs3116496 | GGC 0.022 | -119.000 4.400 | 0.037 0.037 |0.801
CD28 rs3181098 rs3116494 | rs3116496 | AGT 0.030 | 108.000 4510 | 0.035 0.034 |0.779
CD28 rs3181098 rs3116494 | rs3116496 | AAT 0.266 | 36.600 4500 | 0.035 0.029 | 0.780
CD28 rs3116494 | rs3116496 | rs1980422 | GCC 0.023 | -118.000 4.800 | 0.029 0.035 |0.722
CTLA4/1ICOS | rs606231422 | rs3087243 | rs6761201 | CGG 0.099 | 51.800 4.030 | 0.046 0.045 | 0.859
CTLA4/1ICOS | rs606231422 | rs3087243 | rs6761201 | CGA 0.767 | -45.500 6.450 | 0.012 0.016 | 0.439
CTLA4/ICOS | rs3087243 | rs6761201 | rs11571323 | GGG 0.073 | 66.000 4.880 | 0.028 0.023 | 0.705
ICOS rs6761201 rs11571323 | rs10183087 | GGA 0.068 | 87.000 7.440 | 0.007 0.008 | 0.297
ICOS rs1559931 rs4675379 | rs4404254 | GGT 0.586 | 29.600 3.810 | 0.052 0.048 |0.891
ICOS/PDCDL1 | rs4675379 rs4404254 | rs10204525 | GTT 0.194 | 45.900 5.150 | 0.024 0.018 | 0.659
ICOS/PDCD1 | rs4404254 rs10204525 | rs2227982 | CTG 0.198 | -57.800 7.600 | 0.006 0.004 | 0.284
ICOS/PDCD1 | rs4404254 rs10204525 | rs2227982 | TTG 0.193 | 45.900 5.140 | 0.024 0.018 | 0.663
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3.8.2 Multivariate Analysis for CD4+ T-cell data

Gender, treatment plan, age, weight and baseline CD4" T-cell count were used as co-variables
during multivariate analysis of the association between genetic variation and CD4" T-cell count
after 2 years of ART. We conducted a linear regression test between alleles and CD4" T-cell count
including covariates gender, treatment plan, age, weight and baseline CD4" T-cell count. There
were no statistically significant associations between alleles and CD4* T-cell count with CD4* T-
cell count. We conducted a linear regression test between genotypic models and CD4* T-cell count
(Table 3.8) including covariates gender, treatment plan, age, weight and baseline CD4" T-cell
count. There were statistically significant associations with genotypes of three ICOS SNPs:
rs1018308 in the dominant model and CD4" T-cell count (P=0.045); rs1559931 in the dominant
model (P=0.050); and rs4404254 in the dominant model (P=0.050). These were not the same SNPs
in ICOS that were significantly associated with CD4* T-cell in the univariate allelic and genotypic
analyses. There was a statistically significant association with the IL7-Ra SNPs rs1156770 in the
recessive model (P=0.021; EMP1=0.028) and the genotypic model (EMP1=0.027). However, none
of these SNPs were still statistically significantly associated with CD4" T-cell counts after
corrections for multiple testing.

We then conducted a linear multivariate association between 3-SNP haplotypes and CD4* T-cell
count recovery (Table 3.9). Three haplotypes in the ICOS region were significantly associated with
CD4* T-cell count, including CTLA4/ICOS haplotype CGA, ICOS haplotype GGA and
ICOS/PDCD1 haplotype CTG (Table 3.9). These same three haplotypes were also associated with
CD4* T-cell count in univariate analyses (Table 3.8). Two of these haplotypes (CGA and GGA)
included ICOS rs6761201 that was associated with CD4" T-cell count in univariate analyses in
allelic and genotypic models. One haplotype (CGA) also included rs10183087 of the ICOS gene
which was statistically significantly associated with CD4* T-cell counts (B=65.2) in the
multivariate dominant genotypic model. The ICOS/PDCD1 haplotype CTG included rs4404254
of the ICOS gene, which was also present in haplotypes identified as statistically significantly
associated with CD4" T-cell counts during univariate testing (Table 3.8). After corrections for
multiple testing, none of these SNPs were still statistically significantly associated with CD4"* T-
cell count (Table 3.9).
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Table 3.8. Multivariate linear association test between genotypic models and CD4* T-cell count in whole cohort (n=262)

Gene SNP Genotypic Model | BETA SE STAT Wald P-value | EMP1 EMP2
ICOS rs10183087 Dominant -40.340 20.000 -2.017 0.045 0.107 0.871
ICOS rs1559931 Dominant -39.480 20.020 -1.972 0.050 0.116 0.892
ICOS rs4404254 Dominant -39.390 19.970 -1.973 0.050 0.117 0.889
IL7Ra rs11567705 Recessive 78.460 33.720 2.327 0.021 0.028 0.317
IL7Ra rs11567705 Genotypic NA NA 5.410 0.067 0.027 0.359
Table 3.9. Linear association (multivariate) between 3-SNP haplotypes and CD4* T-cell count recovery (n=262)
Chr. | Gene SNPs Haplotype | F BETA | STAT | Wald P-value | EMP1 | EMP2
2 CTLA4/ICOS | rs606231422 | rs3087243 | rs6761201 | CGA 0.767 | -429 |7.16 |0.008 0.008 |0.329
2 ICOS rs6761201 | rs11571323 | rs10183087 | GGA 0.068 | 65.2 5.04 ]0.026 0.037 | 0.694
2 ICOS/PDCDL1 | rs4404254 rs10204525 | rs2227982 | CTG 0.198 | -49.8 | 7.11 |0.008 0.002 |0.343
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3.9 Results Section 2: Associations between genetic data and plasma markers.

3.9.1 Description of subset of cohort (n=76) used for analysis of soluble markers of immune
activation

We analysed five soluble markers of activation in a subset of 76 individuals from the WRHI001
clinical trial. Therefore, the demographic and some clinical characterisation of this set of
individuals is shown below in Table 3.10.

The cohort consisted of 37 females (45.1%) and 39 males (54.9%). The median age was 38 years
old with a range of 28 — 57 years. The median baseline CD4" T-cell count was 178 cells/mm?® and
the median EOS CD4" T-cell count was 241 cells/mm?3, There were 35 (43.4%) individuals on the
d4T treatment plan and 43 individuals (56.6%) on the tenofovir treatment plan. The cohort
included 36 individuals who had CD4* T-cell count <250 cellss/mm® at EOS (the lowest
recoveries), 40 individuals who had a CD4* T-cell count >500 cells/mm? (the highest recoveries
in the full cohort) at EOS.

Table 3.10. Demographic and clinical characterisation of cohort used for plasma analysis (n=76)

Total cohort n=76

CD4* T-cell count (x109/L) Baseline Count (median, 178 (5-504)

range)

End of Study Count (median, | 567.5 (61 - 1238)

range)
Age (median, range) 38 (28 - 57)
Weight (median, range) 61.2 (98.7 —116.7)
Gender Female 37 (47%)

Male 39 (53%)
Treatment d4aT 35 (46%)

TDF 41 (54%)
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3.9.2 sCD14, sCD27 and sCD163 Quantification

sCD14, sCD27 and sCD163 are soluble plasma markers of immune activation and/or exhaustion.
sCD27 relates to T-cell activation, whereas SCD14 and sCD163 relate to innate immune activation.
Using the Luminex assay and plasma samples, the levels of sCD14, sCD27 and sCD163 were
measured in 69 individuals; including 36 individuals with poor CD4* T-cell recovery and 36
individuals with high CD4* T-cell counts with high CD4* T-cell recovery.

The average recovery percentage for sCD14, sCD27 and sCD163 for the standards were 115.7%,
102% and 118.4% respectively which is higher than expected and indicates possible impurities.
The average %CV for the sample replicates was 11.7% for sCD14, 6% for sCD27 and 8.3% for
sCD163 are all below the accepted standard of <20.

The standard curves were generated with a Logistic 5P Weighted formula. The first assay produced
good standard curves for sCD14 (r?=0.93) and sCD163 (r>=0.97) but an average standard curve
for sCD27 (r>=0.8) with a lower r? value. The second assay produced good standard curves for
sCD14 (r’=0.94) and sCD163 (r?=0.98) and an average standard curve for sCD27 (r>=0.87). The
third assay produced good standard curves for sCD14 (r?=0.99), sCD27 (r>=0.98) and sCD163
(r?=0.98). The best suited standard curve for each plasma marker was chosen for representation
(Figure 3.6 — 3.8).

The Luminex generated the mean fluorescence intensity (MFI) for the three soluble markers in 36
individuals with low CD4" T-cell counts and 36 individuals with high CD4* T-cell counts with
background values already subtracted. The MFI results were used with the standard curves, which

then returned the concentration (pg/ml).
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Figure 3.5. Standard curve for sCD14. Standard curves generated by analysing mean intensity

fluorescence from 7 standards in duplicate.
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Figure 3.6. Standard curve for sCD27. Standard curves generated by analysing mean intensity

fluorescence from 7 standards in duplicate.
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Figure 3.7. Standard curve for sCD163. Standard curves generated by analysing mean intensity

fluorescence from 7 standards in duplicate.
The median result for sCD27 was 11014.75 pg/ml and range 3863 — 45545 pg/ml, with a mean of
12340 pg/ml, and a standard deviation of £7172. The values were very high, higher than the highest

point on the standard curve hence many points were extrapolated.

The median result for sSCD163 was 469260 pg/ml and range 97009 — 1118712 pg/ml, with a mean
of 525528 pg/ml and a standard deviation of +223929 (Table 3.11). The values were very high,

higher than the highest point on the standard curve hence many points were extrapolated.

The sCD14 results from the Luminex could not be used as there was too much missing data. This
was due to a high concentration in the samples that were much higher than the highest point on the

standard curve however the concentrations were too large to be extrapolated.

It would have been preferable to dilute samples to a range that would have fallen within normal
range however due to budget this was not an option. The results are shown for exploratory

purposes.
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Table 3.11. Concentrations (pg/ml) using Luminex technique for sCD163 and sCD27

Plasma Markers

sCD27 (pg/ml) sCD163 (pg/ml)
Whole cohort Whole Cohort
Sample Size 71 71
Median result 11014.75 469260.94
Range 3863 - 45545 97009 - 1118712

3.9.3 sIL7Ra and sPD-1 Quantification

sIL7Ra and sPD-1 were quantified using ELISA techniques. There were 40 individuals with low

CD4* T-cell counts and 40 individuals with high CD4" T-cell counts quantified. Standard curves

were generated to calculate the concentrations from the absorbance. The standard curves for

sIL7Ra were good with high r? values (r?=0.92 and r?=0.95) and the standard curves for sPD-1
(r?=0.99 and r?=0.99) produced were of good standard. The mean %CV for the samples for sIL7Ra

was 17.7% which is below the accepted standard of <20, and the mean %CV for sPD-1 was 33.8%

which is above the accepted standard of <20.
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Figure 3.8. Example of a standard curve for sSIL7Ra.
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Figure 3.9. Example of a standard curve for sPD-1.
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Table 3.12. Summary of data for quantification of SIL7Ra and SPD-1 concentrations (pg/ul) using

ELISA technique (n=76)

Soluble Markers

SPD-1 (pg/ul) SIL7Ra (pg/ul)
Whole cohort Whole Cohort
Sample Size 76 76
Median result 156.09 3340.25
Range 102.25 - 449.5 1784.4 — 4223.93
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3.9.4 Demographic factors influencing soluble plasma markers of immune activation
(n=76)

In the 76 individuals, we compared demographic variables to plasma markers in order to identify

co-variates.

Table 3.13. Associations of demographic variables influencing soluble plasma markers

Association | Association | Association | Association
with sCD27 | with sCD163 | with  sIL7- | with sPD-1
Ra
CD4* T-cell | Baseline R?=0.003 R?=0.039 R?=0.003 R?=0.008
count count P=0.648 P=10.099 P=0.644 P=0.434
(x108/L) End of Study | R?=0.022 R?=0.101 R?=0.003 R?=0.055
Count P=0.218 P=0.007 P=10.629 P=10.041
Age R?=0.006 R?=0.142 R?=0.126 R?=0.004
P=10.529 P=10.001 P=10.002 P=0.576
Weight R?=0.0006 R?=0.031 R?=0.050 R?=0.128
P=10.836 P=0.141 P=0.051 P=10.002
Gender Female P=0.561 P=0.757 P=0.719 P=0.124
Male
Treatment daT P=0.502 P=0.213 P=10.928 P=10.879
TDF

*Used linear regression test for continuous data, two-tailed t-test for binary data if normally

distributed and Mann-Whitney test for binary data if non-parametric.
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3.9.5 Comparison of soluble markers between individuals with low CD4* T-cell counts and
individuals with high CD4* T-cell counts with high CD4* T-cell counts

Differences in demographics variables between individuals with low CD4* T-cell counts and
individuals with high CD4" T-cell counts were assessed using t-tests or Mann Whitney tests, with
results shown in Table 3.14 and Figure3.10 for sCD163 and sCD27, and Table 3.15 and Figure
3.11 for sPD-1 and sIL7-Ra.

There were no significant differences found between individuals with low CD4* T-cell counts and
individuals with high CD4" T-cell counts for sCD27 (P=0.717) using Mann-Whitney Test. There
was a significant difference for sCD163 (P=0.018) between individuals with low CD4" T-cell
counts and individuals with high CD4" T-cell counts using a two-tailed t-test. Individuals with low
CD4* T-cell counts had an increased expression of sSCD163 compared to individuals with high
CD4* T-cell counts.

Table 3.14. Comparison between individuals with low CD4* T-cell counts and individuals with

high CD4"* T-cell counts between plasma marker concentrations for sCD163 and sCD27

Soluble markers
sCD163 (pg/ml) sCD27 (pg/ml)
Low CD4" T- High CD4" T- Low CD4* T- High CD4" T-
cell counts cell counts cell counts cell counts
Sample Size 33 36 33 36
Median result 543526 440206 10698 11126
Range 140540 - 97009 - 973326 5705 - 22519 3863 — 45545
1118712
P-value* P=0.018 P=0.717

*calculated using a t-test for normally distributed data and a Mann-Whitney test for non-parametric
data

76



sCD27 n=69

sCD163 n=69

15000001 50000 7
40000 A
10000001
300001

conc
conc

[ ]
500000 1 20000 A °

100001

cases vs controls ° AN

Figure 3.10. Distributions between low and high CD4* T-cell counts for plasma markers sCD163
and sCD27 and EOS CD4" T-cell count. There is a significant difference between low CD4" T-
cell counts and high CD4" T-cell counts for sCD163 as individuals with low CD4" T-cell counts
have a higher sCD163 concentration compared to individuals with high CD4" T-cell counts
(P=0.018). There was no significant difference between individuals with low CD4" T-cell counts
and individuals with high CD4* T-cell counts for sCD27 concentrations (P=0.717).

sPD-1 had a statistically significant difference between low CD4" T-cell counts and high CD4" T-
cell counts (P=0.006) tested using Mann-Whitney test. sIL7-Ra was normally distributed but was
not statistically significant between low CD4" T-cell counts and high CD4" T-cell counts
(P=0.717) using a two-tailed t-test. The low CD4" T-cell count individuals had a lower sPD-1
concentration compared to the high CD4" T-cell count individuals, as the low CD4" T-cell counts
median concentration was 143.60 pg/ul and the high CD4" T-cell counts was 165.50 pg/pl.

Table 3.15. Comparison between low CD4" T-cell counts and high CD4* T-cell counts between

plasma marker concentrations for sPD-1 and sIL7-Ra

Soluble markers

SPD-1 (pg/ul) SIL7-Ra (pg/ul)
Low CD4" T- High CD4" T- Low CD4" T- High CD4" T-
cell counts cell counts cell counts cell counts
Sample Size 36 40 36 40
Median result 156.09 165.50 3340.60 3340.25
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Figure 3.11. Box and whisker plots showing difference in distributions of plasma markers sPD-1

and sIL7-Ra concentrations in low CD4" T-cell counts and high CD4* T-cell counts. High CD4*

T-cell counts are demarcated by a “0” and low CD4" T-cell counts demarcated by a “1”. There is
a significant difference (P=0.006) between low CD4" T-cell counts and high CD4" T-cell counts
for sPD-1 where low CD4* T-cell counts have a lower sPD-1 concentration, but no significant

difference (P=0.717) for sIL7-Ra.
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3.9.6 Analysis of associations between plasma markers and genetic data

We analysed associations between genetic data and the plasma markers produced by T-cells
described earlier (sPD-1, sIL7Ra, SCD27 and sCD163) and a subset (n=67) of the cohort.

3.9.6.1 sPD-1 analysis

We first analysed univariate association as follows. We tested for a linear association between
alleles and sPD-1 concentrations (Table 3.16). The IL7R SNP rs1494571 was statistically
significantly associated (P=0.04; EMP1=0.04) with sPD-1 concentrations. We tested for linear
association between genotype models and sPD-1 concentrations (Table 3.17). Both SNPs seen in
the allelic associations were seen in the genotypic associations. The SNP rs1494571 was
statistically significantly associated with the recessive model (P=0.000; EMP1=0.002) and the
genotypic model (P=0.000; EMP1=0.013). The SNP rs987107 was statistically significantly
associated with the recessive model (P=0.000; EMP1=0.002) and the genotypic model (P=0.000;
EMP1=0.017). Both the recessive models for rs1494571 and rs987107 were still statistically
significantly associated after corrections for multiple testing (EMP2=0.027 and EMP2=0.027

respectively).

We tested for linear associations between 3-SNP haplotypes and sPD-1 concentrations (Table
3.18). Two haplotypes in the CD28 gene were statistically significantly associated with sPD-1
concentrations although none of the SNPs in the haplotypes were seen in the allelic and genotypic
associations.  The IL7TR  SNP  rs987107 appears in the haplotype ATC
(rs987107|rs987106|rs14945741) with statistically significant associations with sPD-1
concentrations (P=0.042; EMP1=0.037). However, none of the haplotypes were still statistically

significantly associated after corrections for multiple testing.
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Table 3.16. Univariate linear association between sPD-1 concentrations and alleles

Gene SNP Minor Allele BETA SE Wald P-value | EMP1 EMP2
IL7Ra rs1494571 C 31.31 10.7 0.042 0.044 0.568
IL7Ra rs987107 A 26.23 15 0.086 0.090 0.824
Table 3.17. Univariate linear association between sPD-1 concentrations and SNPs in three genotypic models
Gene SNP ID Genotype Model BETA SE STAT Wald P-value | EMP1 | EMP2
IL7Ra rs1494571 Recessive 290.800 | 45.85 6.343 | 0.000 0.002 0.027
rs1494571 Genotypic NA NA 39.760 | 0.000 0.013 0.052
IL7Ra rs987107 Recessive 290.800 NA 6.343 | 0.000 0.002 0.027
rs987107 Genotypic NA 27.52 40.390 | 0.000 0.017 0.057
Table 3.18. Univariate linear association between 3-SNP haplotypes and sPD-1 concentrations
Chr. Gene SNPs Haplotype |F BETA | STAT | Wald P-value | EMP1 | EMP2
2 CD28 rs1879877 | rs3181098 | rs3116494 | GAG 0.040 | 51.200 | 4.110 | 0.047 0.031 | 0.846
2 CD28 rs3181098 | rs3116494 | rs3116496 | AGT 0.045 | 52.600 | 4.510 | 0.038 0.029 |0.798
5 IL7Ra rs987107 | rs987106 | rs1494571 | ATC 0.139 | 31.300 | 4.310 | 0.042 0.037 |0.824
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Next, we performed multivariate analysis of associations between sPD1 levels and genetic data.
EOS CD4" T-cell count and weight were used as co-variables during multivariate analysis of the
association between genetic variation and sPD-1 concentrations after ART. There were no
statistically significant associations between alleles and sPD-1 concentrations in a multivariate

analysis.

We tested for linear associations between genotypic models and sPD-1 concentrations (Table
3.19). The SNP rs1879877 in the CD28 gene had a statistically significant association in the
recessive model (P=0.049) and sPD-1 concentrations. The SNP rs231775 in the CTLA4 gene had
a statistically significant association with the recessive model (P=0.045; EMP1=0.041) and the
genotypic model (P=0.022). In the IL7R gene rs1494571 was statistically significantly associated
with the recessive (P=0.00; EMP1=0.001) and the genotypic model (P=0.000; EMP1=0.002); and
rs987107 was statistically significantly associated with the recessive model (P=0.000;
EMP1=0.001) and the genotypic model (P=0.000; EMP1=0.002). Only the IL7R SNPs rs1494571
and rs987107 were still statistically significantly associated with sPD-1 concentrations after

corrections for multiple testing.

We tested for a linear association between 3-SNP haplotypes and sPD-1 concentrations (Table
3.20). The AAT haplotype in CD28 (rs3181098|rs3116494|rs3116496) was statistically
significantly associated with sPD-1 concentrations (EMP1=0.05). This haplotype is associated
with a decreased sPD-1 concentration (f=-21.5). However, after correcting for multiple testing

was no longer statistically significantly associated.
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Table 3.19. Multivariate linear association test between genotypic models and sPD-1 concentrations

Gene SNP Genotype Model | BETA SE STAT Wald P-value EMP1 EMP2
CD28 rs1879877 Recessive 41.460 20.630 2.009 0.049 0.070 0.574
CTLA4 rs231775 Recessive 32.900 16.010 2.054 0.045 0.041 0.550
CTLA4 rs231775 Genotypic NA NA 7.640 0.022 0.341 0.997
IL7R rs1494571 Recessive 287.400 48.270 5.953 0.000 0.001 0.049
IL7R rs1494571 Genotypic NA NA 34.820 0.000 0.002 0.045
IL7R rs987107 Recessive 287.400 48.270 5.953 0.000 0.001 0.049
IL7R rs987107 Genotypic NA NA 35.100 0.000 0.002 0.046
Table 3.20. Multivariate linear association between 3-SNP haplotypes and sPD-1 concentrations
CHR SNPs Haplotype | F BETA | STAT |Wald | EMPl1 | EMP2
P-
value
2 CD28 rs3181098 | rs3116494 | rs3116496 | AAT 0.259 -21.5 3.9 0.053 |0.050 |0.855
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3.9.6.2. sIL7-Ra analysis

We first analysed univariate associations between sIL7Ra levels and genetic data. We tested for a
linear association between alleles and sIL7-Ro. concentrations (Table 3.21). Two SNPs in the
CD28 gene, rs1980422 and rs3116494, were statistically significantly associated with sIL7-Ra
concentrations (P=0.026; EMP1=0.030 and P=0.016; EMP1=0.024 respectively); one SNP in the
IL7R gene rs6897932 (P=0.029; EMP1=0.039) and one SNP in the PDCD1 gene rs11568821
(P=0.041; EMP1=0.040). However, after corrections for multiple testing none of the SNPs were
statistically significant.

We tested for a linear association between genotype models and sIL7-Ra concentrations (Table
3.22).  There was one SNP in the PDCD1 gene rs11568821 that was statistically significantly
associated with the dominant model (P=0.041; EMP1=0.030); two SNPs in the CD28 gene
rs1980422 was statistically significantly associated with the dominant model (P=0.025;
EMP1=0.026), and rs3116494 was statistically significantly associated with the dominant
(P=0.036; EMP1=0.037) and the genotypic model (P=0.048; EMP1=0.019); one SNP in the ICOS
gene rs6761201 was statistically significantly associated with the dominant (P=0.05) and the
genotypic model (P=0.029; EMP1=0.027). However, after corrections for multiple testing none of

the SNPs were statistically significant.

We tested for a linear association between 3-SNP haplotypes and sIL7-Ra concentrations (Table
3.23). The TGG haplotype in the CD28 gene (rs1879877|rs3181098|rs3116494) was statistically
significantly associated with sIL-Ra concentrations (P=0.001; EMP1=0.003; EMP2=0.032).
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Table 3.21. Univariate linear association between sIL7-Ra concentrations and alleles

Gene SNP Minor Allele | BETA STAT Wald P-value | EMP1 EMP2
CD28 rs1980422 C 291.5 2.281 0.026 0.030 0.4086
CD28 rs3116494 G 239.5 2.477 0.016 0.024 0.2767
IL7R rs6897932 T -550.4 -2.24 0.029 0.039 0.4376
PDCD1 rs11568821 T -1116 -2.093 0.041 0.040 0.5395
Table 3.22. Univariate linear association between sIL7-Ra concentrations and SNPs in three genotypic models

Gene SNP Test BETA SE STAT Wald P-value | EMP1 EMP2
PDCD1 | rs11568821 Dominant -1116 533.4 -2.093 0.041 0.030 0.571
CD28 rs1980422 Dominant 315.2 136.7 2.305 0.025 0.026 0.401
CD28 rs3116494 Dominant 293.6 136.7 2.147 0.036 0.037 0.526
CD28 rs3116494 Genotypic NA NA 6.070 0.048 0.019 0.320
ICOS rs6761201 Dominant 346.9 156.7 2.214 0.031 0.032 0.468
ICOS rs6761201 Genotypic NA NA 6.006 0.050 0.961 1.000
IL7R rs6897932 Dominant -550.4 245.7 -2.240 0.029 0.027 0.448
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3.23. Univariate linear associations between sIL7-Ra concentrations and 3-SNP haplotypes

CHR | Gene SNPs Haplotype F BETA | STAT | Wald P-value | EMP1 | EMP2
2 CD28 rs1879877 | rs3181098 |rs3116494 | TGG 0.130 | 516 12.400 | 0.001 0.003 | 0.032
2 CD28 rs3181098 | rs3116494 |rs3116496 | GGT 0.185 | 295 6.600 | 0.013 0.015 | 0.432
2 CD28 rs3116494 |rs3116496 | rs1980422 | GTC 0.136 | 406 8.650 | 0.005 0.003 |0.191
2 CD28 rs3116494 | rs3116496 | rs1980422 | ATT 0.694 | -226 5.350 | 0.024 0.038 | 0.650
2 CD28/CTLA4 | rs3116496 | rs1980422 | rs5742909 | TCC 0.172 | 325 6.120 | 0.016 0.016 | 0.515
2 CD28/CTLA4 | rs3116496 | rs1980422 |rs5742909 | TTC 0.787 | -292 5.200 | 0.026 0.031 | 0.676
2 CD28/CTLA4 | rs1980422 | rs5742909 | rs231775 CCA 0.200 | 282 4590 |0.036 0.044 | 0.773
2 ICOS rs6761201 | rs11571323 | rs10183087 | GGC 0.028 | 851 4510 |0.038 0.033 |0.780
5 IL7R rs11567705 | rs36084323 | rs6897932 | GCT 0.041 | -550.000 | 5.020 | 0.029 0.024 |0.707
5 IL7R rs1494558 | rs6897932 | rs987107 CTG 0.041 | -558.000 | 5.070 | 0.028 0.025 | 0.697
5 IL7R rs6897932 | rs987107 rs987106 TGT 0.041 | -550.000 | 5.020 | 0.029 0.024 | 0.707
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Next, we analysed the multivariate associations between sIL7Ra and genetic data. Age was used
as a co-variable during multivariate analysis of the association between genetic variation and sIL7-
Ra concentration after ART. We tested for a linear association using age as a co-variate between
alleles and sIL7-Ra concentrations (Table 3.24). One SNP in PDCD1 was statistically significantly
associated with sIL7-Ra concentrations (P=0.045); two SNPs in the CD28 gene rs1980422
(P=0.017; EMP1=0.020) and rs3116494 (P=0.006; EMP1=0.008); and one SNP in the IL7R gene
(P=0.015; EMP1=0.014). However, after corrections for multiple testing, none of the associations

were still significant.

We tested for a linear association using age as a co-variate between genotype models and sIL7-Ra.
concentrations (Table 3.25). The two CD28 SNPs rs1980422 showed associations between the
dominant model (P=0.012; EMP1=0.017) and the genotypic model (P=0.034) and rs3116494
showed associations between the recessive model (P=0.028; EMP1=0.029), dominant model
(P=0.019; EMP1= 0.023) and the genotypic model (P=0.019; EMP1=0.023); one SNP in IL7R
rs6897932 showed associations with the dominant model (P=0.015; EMP1=0.017); and one SNP
in PDCD1 rs11568821 showed associations with the dominant model (P=0.045; EMP1=0.047).

However, after corrections for multiple testing none of the associations were still significant.

We tested for a linear association between 3-SNP haplotypes and sIL7-Ra concentrations (Table
3.26). The TGG haplotype in CD28 (rs1879877|rs3181098|rs3116494) was statistically
significantly associated with sIL7-Ra concentrations. This haplotype is statistically significantly
associated with an increased sIL7-Ra concentration (f=498). The CD28 SNP rs3116494 was
statistically significantly associated with all three genotypic models and is statistically significantly
associated with 4 haplotypes. The G allele is associated with increased sIL7-Ra concentration
(B=498; =334 and B=408) and the A allele is associated with a decreased sIL7-Ra concentration
(B= -236). However, the rs3116494 haplotypes were no longer significant after correction for
multiple testing. The IL7R SNP rs6761201 was associated with a dominant genotype model and is
statistically significantly associated within 3 haplotypes. The T allele is associated with a
decreased sIL7-Ra concentration (B= -582; = -588; = -582). The CD28 SNP rs1980422 was
associated with the dominant and genotypic models and is statistically significantly associated with

3 haplotypes. The T allele is associated with a decreased SIL7-Ra concentration (p=-236 and =-
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297) and the C allele is associated with a decreased sIL7-Ra concentration (B=313). However, the

associations were no longer statistically significant after corrections for multiple testing.
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Table 3.24. Multivariate linear association between alleles and sIL7-Ra concentrations

Gene SNP Minor allele | BETA SE STAT Wald P-value | EMP1 EMP2
PDCD1 rs11568821 T -1046 509.7 -2.052 0.045 0.052 0.571
CD28 rs1980422 C 297.4 121 2.458 0.017 0.020 0.279
CD28 rs3116494 G 257.3 90.97 2.828 0.006 0.008 0.117
IL7R rs6897932 T -582.4 232 -2.51 0.015 0.014 0.258
Table 3.25. Multivariate linear association between genotype models and sIL7-Ra concentrations

Gene SNP Genotype Model | BETA SE STAT Wald P-value | EMP1 EMP2
CD28 rs1980422 Genotypic NA NA 6.767 0.034 0.735 1
CD28 rs1980422 Dominant 336.4 129 2.609 0.012 0.017 0.221
CD28 rs3116494 Recessive 454.9 201.7 2.255 0.028 0.029 0.383
CD28 rs3116494 Genotypic NA NA 7.927 0.019 0.015 0.143
CD28 rs3116494 Dominant 313.1 129.2 2.424 0.019 0.023 0.318
IL7R rs6897932 Dominant -582.4 232 -2.51 0.015 0.017 0.278
PDCD1 rs11568821 Dominant -1046 509.7 -2.052 0.045 0.047 0.621
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Table 3.26. Multivariate linear association between 3-SNP haplotypes and sIL7-Ra concentrations

CHR | Gene SNPs Haplotype |F BETA | STAT |WaldP- | EMP1 | EMP2
value
2 | CD28 rs1879877 | rs3181098 |rs3116494 | TGG 0.13 498 12.8 0.001 0.001 0.039
2 | CD28 rs3181098 | rs3116494 |rs3116496 | GGT 0.185 334 9.66 0.003 0.003 0.139
2 | CD28 rs3116494 | rs3116496 |rs1980422 | GTC 0.136 408 9.76 0.003 0.005 0.135
2 | CD28 rs3116494 | rs3116496 |rs1980422 | ATT 0.694 -236 6.53 0.013 0.013 0.430
2 | CD28/CTLA4 | rs3116496 | rs1980422 | rs5742909 | TCC 0.172 313 6.26 0.015 0.012 0.465
2 | CD28/CTLA4 | rs3116496 | rs1980422 |rs5742909 | TTC 0.787 -297 6.04 0.017 0.020 0.497
2 | CD28/CTLA4 | rs1980422 | rs5742909 | rs231775 CCA 0.2 294 5.58 0.022 0.021 0.577
2 | ICOS rs6761201 | rs11571323 | rs10183087 | GGC 0.0279 771 4.02 0.050 0.057 0.858
5| IL7R rs11567705 | rs1494558 |rs6897932 | GCT 0.041 | -582 6.3 0.015 0.019 0.461
5| IL7R rs1494558 | rs6897932 |rs987107 CTG 0.0406 -588 6.32 0.015 0.019 0.460
5 | IL7R rs6897932 | rs987107 rs987106 TGT 0.041 -582 6.3 0.015 0.019 0.461
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3.9.6.3 sCD27 analysis

Using univariate tests, we analysed the association between alleles and sCD27 concentrations
(Table 3.27). There was a statistically significant association in the ICOS SNP rs6761201 and
sCD27 concentrations (P=0.002; EMP1=0.005). After corrections for multiple testing the
association showed a strong trend (EMP2=0.070).

We tested for a linear association between genotype models and the sSCD27 concentrations (Table
3.28). In the ICOS gene SNP rs6761201 had statistically significant associations with all three
genotype models: recessive model (P=0.007; EMP1=0.040); dominant model (P=0.009;
EMP1=0.012) and genotypic model (P=0.002; EMP1=0.033). However, none of the associations

were significant after corrections for multiple testing.

We tested for a linear association between 3-SNP haplotypes and sCD27 concentrations (Table
3.29). The CD28 SNP was significantly associated with two haplotypes, both containing the A
allele and having strong positive pB-values (B=13400; p=13600). The ICOS SNP rs6761201 was
seen in 5 haplotypes statistically significantly associated with sCD27 concentrations. The G allele
is associated an increased sCD127 concentration (f=5290; p=4520; p=5160), the A allele is
associated with a decreased sCD127 concentration (f=-4600; 3=3320).

Multivariate analyses were not performed since no demographic factors were significantly
associated with sCD27 levels (Table 3.13).
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Table 3.27. Univariate linear association between sCD27 concentrations and alleles

Gene SNP Minor allele BETA SE STAT Wald P-value | EMP1 EMP2
CD28 rs3181098 A 2621 1535 -0.272 0.094 0.088 0.854
ICOS rs6761201 G 5900 1777 3.321 0.002 0.005 0.070
Table 3.28. Univariate linear association between sCD27 concentrations and SNPs in three genotypic models
Gene CHR SNP Genotype Model | BETA SE STAT Wald P-value | EMP1 EMP2
CD28 2 rs3181098 Dominant 3492 2009 1.738 0.089 0.081 0.802
ICOS 2 rs6761201 Recessive 14540.00 | 5135 2.832 0.007 0.040 0.316
2 rs6761201 Dominant 5990.00 2220 2.698 0.009 0.012 0.152
2 rs6761201 Genotypic NA NA 12.15 0.002 0.033 0.270
Table 3.29. Univariate linear association between sCD27 concentrations and 3-SNP haplotypes
CHR | Gene SNPs Haplotype | F BETA | STAT | Wald P-value | EMP1 | EMP2
2 CD28 rs1879877 rs3181098 | rs3116494 | GAG 0.040 | 13400 | 21.400 | 0.000 0.007 | 0.059
2 CD28 rs3181098 | rs3116494 | rs3116496 | AGT 0.045 | 13600 | 23.300 | 0.000 0.005 |0.048
2 CD28 rs3116494 rs3116496 | rs1980422 | GTT 0.093 | 5490 |5.770 | 0.020 0.033 |0.593
2 CTLA4/ICOS | rs606231422 | rs3087243 | rs6761201 | CGG 0.108 | 5290 | 6.830 |0.012 0.030 |0.487
2 CTLA4/ICOS | rs606231422 | rs3087243 | rs6761201 | CGA 0.767 | -4600 | 8.890 | 0.004 0.007 | 0.306
2 CTLA4/ICOS | rs3087243 rs6761201 | rs11571323 | GGG 0.107 | 4520 | 4.850 | 0.032 0.046 |0.736
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CHR | Gene SNPs Haplotype | F BETA | STAT | Wald P-value | EMP1 | EMP2
2 CTLA4/ICOS | rs3087243 rs6761201 | rs11571323 | GAG 0.683 | -3320 | 5.020 | 0.029 0.030 |0.704
2 ICOS rs6761201 | rs11571323 | rs10183087 | GGA 0.107 | 5160 | 6.310 |0.015 0.031 |0.539
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3.9.6.4 sCD163 analysis

Univariate tests were performed first as follows. We tested for a linear association between alleles
and sCD163 concentrations (Table 3.30). Three SNPs in the ICOS gene were statistically
significantly associated with sD163 concentrations, rs1018308 (P=0.041; EMP1=0.041)
rs1559931 (P=0.041; EMP1=0.040) and rs4404254 (P=0.041; EMP1=0.040); and one SNP in the
PDCD1 gene (P=0.032; EMP1=0.023). However, after correcting for multiple testing none of

these SNPs were statistically significant anymore.

We tested for a linear association between genotype models and sCD163 concentrations (Table
3.31). Three SNPs in the ICOS gene were statistically significantly associated with the recessive
model, rs10183087 (P=0.037; EMP1=0.036), rs1559931 (P=0.034) and rs4404254. The PDCD1
SNP rs36084323 was statistically significantly associated with the dominant model (P=0.032;
EMP1=0.025). However, after corrections for multiple testing, none of the associations were

statistically significant.

We tested for a linear association between 3-SNP haplotypes and sSCD163 concentrations (Table
3.32). The ICOS SNP rs10183087 was statistically significantly associated with 3 haplotypes. The
A allele contributes to a decreased sCD163 concentration (B=-92400; =-92400), the C allele
contributes to an increased sCD163 concentration (f=103000); rs1559931 was statistically
significantly associated with 2 haplotypes. The A allele contributes to an increased sCD163
concentration, the G allele contributes to a decreased sCD163 concentration. The PDCD1 SNP
rs36084323 was statistically significantly associated with 2 haplotypes. The T allele contributed
to an increased sCD163 concentration and the C allele contributed to a decreased sCD163

concentration. After corrections for multiple testing, none of the associations were significant.
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Table 3.30. Univariate linear association between sCD163 concentrations and alleles

Gene SNP Minor Allele | BETA SE STAT Wald P-value | EMP1 EMP2
ICOS rs10183087 C 93190 44340 | 2.102 0.041 0.041 0.535
ICOS rs1559931 A 92450 44010 | 2.101 0.041 0.040 0.535
ICOS rs4404254 C 92450 44010 | 2.101 0.041 0.040 0.535
PDCD1 rs36084323 T 263600 119400 | 2.207 0.032 0.023 0.436
Table 3.31. Univariate linear association between sCD163 concentrations and three genotypic models
Gene CHR SNP Genotypic BETA SE Wald P-value | EMP1 EMP2
Model
ICOS 2 rs10183087 Recessive 174300 81480 | 0.037 0.036 0.471
2 rs10183087 Genotypic NA NA 0.082 0.031 0.415
ICOS 2 rs1559931 Recessive 175900 80590 | 0.034 0.036 0.409
2 rs1559931 Genotypic NA NA 0.077 0.030 0.401
ICOS 2 rs4404254 Recessive 175900 80590 | 0.034 0.036 0.409
2 rs4404254 Genotypic NA NA 0.077 0.030 0.401
CD28 2 rs3116496 Dominant 210300 10900 | 0.059 0.065 0.706
PDCD1 2 rs36084323 Dominant 263600 119400 | 0.032 0.025 0.502
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Table 3.32. Univariate linear association between sCD163 concentrations and 3-SNP haplotypes

CHR | Gene SNPs Haplotype | F BETA | STAT | Wald P-value | EMP1 | EMP2
2 ICOS rs11571323 | rs10183087 | rs1559931 | GAG 0.582 | -92400 |4.410 | 0.041 0.043 |0.793
2 ICOS rs10183087 | rs1559931 | rs4675379 | CAG 0.262 | 103000 | 4.290 | 0.043 0.037 | 0.816
2 ICOS rs10183087 | rs1559931 | rs4675379 | AGG 0.582 | -92400 | 4.410 | 0.041 0.043 |0.793
2 ICOS rs1559931 | rs4675379 | rs4404254 | AGC 0.262 | 103000 | 4.290 | 0.043 0.037 |0.816
2 ICOS rs1559931 | rs4675379 | rs4404254 | GGT 0.582 | -92400 | 4.410 | 0.041 0.043 |0.793
2 PDCDL1 | rs2227982 | rs11568821 | rs36084323 | GCT 0.033 | 264000 | 4.870 | 0.032 0.027 |0.722
2 PDCDL1 | rs2227982 | rs11568821 | rs36084323 | GCC 0.959 | -264000 | 4.870 | 0.032 0.027 |0.722
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EOS CD4" T-cell count and weight were used as co-variables during multivariate analysis of the
association between genetic variation and sCD163 concentration after ART. We tested for a linear
association between alleles and sCD163 concentrations (Table 3.33). Three SNPs in ICOS gene
were statistically significantly associated: rs101803087 (P=0.042; EMP1=0.037); rs1559931
(P=0.042; EMP1=0.037) and rs4404254 (P=0.042; EMP1=0.037). One SNP in the PDCD1 gene
rs36084323 was statistically significantly associated (P=0.026; EMP1=0.027) with sCD163

concentrations. After correcting for multiple testing, none of the associations were significant.

We tested for a linear association between genotype models and sCD163 concentrations (Table
3.34). The ICOS SNP rs10183087 was statistically significantly associated with the recessive
model (P=0.033; EMP1=0.039); rs1559931 was statistically significantly associated with
recessive (P=0.030; EMP1=0.037) and rs4404254 was statistically significantly associated with
the recessive (P=0.030; EMP1=0.037) and with the genotypic model (P=0.073; EMP1=0.028).
The PDCD1 SNP rs36084323 was statistically significantly associated with the dominant model
(P=0.026; EMP1=0.027). However, after corrections for multiple testing none of the associations

were significant.

We tested for a linear association between 3-SNP haplotypes and sCD163 concentrations (Table
3.35). The ICOS SNP rs1559931 was statistically associated with two haplotypes, where one
haplotype also contained rs4404254. The A allele of rs1559931 contributed to an increasing
sCD163 concentration (f=104000). The PDCD1 SNP rs36084323 was found in two haplotypes,
where one contained the T allele contributing to an increasing sCD163 concentration (=23400)
and the other containing the C allele contributing to a decreasing sCD163 concentration (p=-
23400). However, after correcting for multiple testing none of the SNPs were statistically

significant.
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Table 3.33. Multivariate linear association between sCD163 concentrations and alleles

Gene SNP Minor Allele | BETA SE STAT Wald P-value | EMP1 EMP2

ICOS rs10183087 C 91910.000 44120.000 2.083 0.042 0.037 0.549
ICOS rs1559931 A 91260.000 43750.000 2.086 0.042 0.037 0.546
ICOS rs4404254 C 91260.000 43750.000 2.086 0.042 0.037 0.546
PDCD1 | rs36084323 T 271900.000 118300.000 2.298 0.026 0.027 0.383

Table 3.34. Multivariate linear association between sCD163 genotype models and sCD163 concentrations

Gene SNP Genotype Model | BETA SE STAT Wald P-value | EMP1 EMP2

ICOS rs10183087 Recessive 177400.000 80850.000 2.194 0.033 0.039 0.413
ICOS rs1559931 Recessive 178600.000 79910.000 2.235 0.030 0.037 0.382
ICOS rs1559931 Genotypic NA NA 5.245 0.073 0.028 0.394
ICOS rs4404254 Recessive 178600.000 79910.000 2.235 0.030 0.037 0.382
ICOS rs4404254 Genotypic NA NA 5.245 0.073 0.028 0.394
PDCD1 | rs36084323 Dominant 271900.000 | 118300.000 2.298 0.026 0.027 0.430
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Table 3.35. Multivariate linear association between sCD163 concentrations and 3-SNP haplotypes

CHR | Gene SNPs Haplotype | F BETA | STAT | Wald P-value | EMP1 | EMP2
2 | CD28 rs1879877 | rs3181098 | rs3116494 | GAG 0.0404 | 268000 5.83 0.020 | 0.020 | 0.542
2 | CD28 rs3181098 | rs3116494 | rs3116496 | AGT 0.0446 | 269000 6.13 0.017 | 0.021| 0.492
2 | 1ICOS rs10183087 | rs1559931 | rs4675379 | CAG 0.262 | 104000 | 4.91 0.031| 0.030| 0.713
2 | 1COS rs1559931 | rs4675379 | rs4404254 | AGC 0.262 | 104000 | 4.91 0.031| 0.030| 0.713
2 | PDCDL1 | rs2227982 | rs11568821 | rs36084323 | GCT 0.0328 | 234000 | 4.18 0.046 | 0.047 | 0.845
2 | PDCDL1 | rs2227982 | rs11568821 | rs36084323 | GCC 0.959 | -234000 | 4.18 0.046 | 0.047 | 0.845
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4. Discussion

The aims of this study were to determine associations between genetic variation in candidate genes
linked to T-cell signalling and homeostasis, and CD4" T-cell recovery in a southern African cohort
on ART; and to determine the associations between genetic variation in candidate genes linked to
T-cell signalling and homeostasis, and five soluble markers of immune activation/ exhaustion or
T-cell homeostasis (sSPD-1, sIL7-Ra, sCD27 and sCD163).

Even though most associations did not withstand correction for multiple comparison, due to the

exploratory nature of the study we will analyse and discuss data with uncorrected associations.

4.1. Immunological failure in a southern African cohort

Immunological failure after ART initiation is associated with increased morbidity and mortality.
Considering that South Africa has the largest antiretroviral programme in the world (Parathyras et
al., 2009) it is of interest to study the occurrence of immunological failure on southern Africans
on ART, and to determine the factors associated with poor CD4" T-cell recovery. Immunological
failure has been defined in various ways (Kelly et al. 2016); in this study we defined it as failure
to achieve a CD4" T-cell count of 200 at 2 years after ART initiation. In the cohort of 553
individuals of southern African ancestry that we examined, we found that 9% experienced
immunological failure. This is substantially lower than previous estimates of immunological
failure in other South African cohorts (18-40%; (Parathyras et al., 2009; Julg et al., 2012; Muzah
et al., 2012)). Our observation can be taken as support for the “test-and-treat” programme which
aims to start ART as soon as an individual is diagnosed (National Institute of Health, 2015), since
in our study individuals with CD4" T-cell counts of 400 and below were eligible for ART whereas
in the previous studies, individuals started ART with lower CD4" T-cell counts. However, the
differences could also arise from differences in definitions of immunological failure or differences

in the cohorts, and the issue remains to be explored more fully.

We found that male gender, younger age, use of tenofovir, higher weight and increased CD4" T-
cell count at baseline were significantly associated with higher CD4" T-cell count after two years
of ART. Many of these associations have been reported in other cohorts (Hunt et al., 2003a;
Kaufmann et al., 2003; Moore and Keruly, 2007; Jiang et al., 2009; Kelley et al., 2009). The
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tenofovir association appears to be novel with no previous studies on the relation to CD4* T-cell

recovery but would need to be validated in future cohorts.

4.2 Genetic variation in T-cell secondary signalling genes influences CD4" T-cell
count after ART in a southern African cohort

CD28, CTLA4, and ICOS have opposite effects in controlling the expansion and differentiation of
T lymphocytes during the immune response. CD28 and ICOS are stimulatory (Wherry et al., 2007)
whereas CTLA4 and PDCD1, together with PD1-L1, have inhibitory effects (Duan et al., 2011,
Gaardbo et al., 2012). Variation in these genes is well known to associate with autoimmune
diseases and with cancer (Table 3.3), but their role in infectious disease is less clear. T-cell
activation and exhaustion is a characteristic of immunological non-response during ART (Gaardbo
et al., 2012; Paiardini and Miller-Trutwin, 2013; Wilson and Sereti, 2013). We hypothesized that
variation in these genes could influence T-cell activation and exhaustion and therefore associate
with CD4"* T-cell recovery during ART. We explored 22 genetic variants in five candidate genes
from the T-cell secondary signalling pathway: CD28, ICOS, CLTA4, PDCD1 and PD-L1 (PD1-
L1) and their association with CD4" T-cell count two years of ART.

Of the 22 SNPs examined in the T-cell secondary signalling pathway, three were monomorphic
and one SNP, rs11568821, had a MAF = 0.006. Of the remaining 18 SNPs, seven were
significantly different in frequency from MAF in LWK, suggesting that LWK data cannot be used
as proxy genetic data for southern African populations. Analysis of LD patterns of genes on
chromosome 2 (CD28, CTLA4, ICOS and PDCD1) in the cohort showed strong linkages within
genes but not across genes. Two LD blocks were identified within CD28 with LD patterns that
were different to those observed in LWK population, while the LD blocks in CTLA4 and 1COS
were similar to those seen in LWK. The LD block identified in ICOS was consistent with the
presence of a strong recombination hot spot identified previously within the first intron of ICOS
(Butty et al. 2017).

Our data suggested a strong association between variation within the ICOS gene and CD4"* T-cell
recovery after ARTSs. This is a novel finding not previously reported in the literature. However,
the exact SNP within ICOS underlying this association remains unclear. Univariate and
multivariate analyses identified different SNPs within ICOS that associated with CD4" T-cell
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recovery in various genetic models. These included rs6761201 associated in univariate analyses
with CD4" T-cell counts in allelic, recessive, genotypic and haplotypic models, but rs10183087,
rs1559931 and rs4404254 associated in multivariate analyses with CD4* T-cell counts in dominant
and haplotypic models. A set of three haplotypes within or around the ICOS gene were
consistently associated with CD4* T-cell recovery both in univariate and multivariate analyses.
These three haplotypes included one or more of the ICOS SNPs rs6761201, rs4404254 or
rs10183087.

The SNP rs6761201 is found in the intronic region of the ICOS gene, rs4404254 or rs10183087
are both 3 prime UTR variants, and their effect on ICOS function is not known. The intronic SNP
rs6761201 has previously been associated with rheumatoid arthritis in black South Africans
(Govind, 2013), while rs4404254 has been associated with the occurrence and progress of
colorectal cancer (Wu et al., 2015) and rs10183087 has been associated with possible disease

dynamics of B-cell chronic lymphocytic leukaemia in a Polish population (Karabon et al., 2011).

One possible explanation for our results is that the causative SNP within ICOS that truly associates
with CD4" T-cell count has not been identified but is in LD with some of the variants identified
during our analysis. The strong LD observed between most of the SNPs in ICOS in our cohort
supports this suggestion. However, rs6761201 was not in strong linkage disequilibrium with any
other SNPs in ICOS possibly indicating that this SNP influences CD4" T-cell count independently
of other ICOS variation. Further fine mapping of ICOS variation in relation to CD4* T-cell

recovery is warranted.

The mechanism behind the association between genetic variation in ICOS and CD4* T-cell
recovery was postulated to be via increased levels of T-cell activation / exhaustion. We did see
strong associations between 1COS rs6761201 and sCD27 levels an indicator of T-cell activation,
supporting this hypothesis. However, in this study, we failed to observe raised levels of sCD27
(i.e. raised T-cell activation) in the subset of those with low CD4" T-cell count compared to those
with high CD4" T-cell count. It is possible that SCD27 needs to be examined in the larger cohort.
It remains unclear if ICOS-mediated T-cell activation as indicated by sCD27 is the mechanism
underlying poor CD4" T-cell recovery in this cohort. ICOS variation was not associated with sPD-

1, another soluble marker of T-cell activation / exhaustion examined in this work.
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ICOS genetic variation may also mediate lack of CD4" T-cell recovery via other mechanisms, such
as via the innate immune system. We observed strong association between variation in ICOS
(rs10183087, rs1559931, rs4404252) with sCD163 levels in both univariate and multivariate
analyses. These are the same three SNPs in ICOS that were associated with CD4" T-cell count in
our multivariate analyses. SCD163 is a marker of macrophage activation, and therefore genetic
variation in ICOS could influence CD4" T-cell count via macrophage activation and its
consequences. It is known that ICOS plays a role in innate cell function and survival (Maazi et al.,
2015). ICOS plays a role in the development of Tth cells, the loss of Tth cells in ICOS-knockout
mice resulted from a reduction in C-Maf transcription and IL-21 secretion by the Tfh cells
(Bauquet et al., 2009). Both c-Maf and IL-21 are necessary for Tth cells development. Therapeutic
manipulation of the ICOS pathway in humans could be used in the treatment of autoimmune
diseases.

Variation in other T-cell signalling genes examined here (PDCD1, CD278, CD28 and CTLA4) was
not strongly associated with CD4" T-cell count in our cohort. While variation in CD28, particularly
rs3181098, seemed to be associated with CD4* T-cell count in the univariate analyses, this
association did not remain in the multivariate analysis, suggesting the distribution of rs3181098 in
the cohort may have been linked to one of the covariates such as gender, age, etc. The SNPs
previously found in literature to be associated with CD4" T-cell counts (rs11568821 in PDCD1
(Prokunina et al., 2002, 2004; Nasi et al., 2013)) was extremely rare in our cohort and was not

statistically significantly associated with CD4" T-cell counts in our study.

4.3 Genetic variation in IL7Ra influences CD4" T-cell count after ART in a southern
African cohort

Several studies have suggested that genetic variation in IL7Ra is associated with CD4" T-cell
recovery after ART (Rajasuriar et al., 2012; Hartling et al., 2014; Guzman-Fulgencio et al., 2015a).
Hartling et al. (2014) showed that rs6897932 TT genotype was associated with faster CD4* T-cell
recovery after 6 months of ART in a Danish cohort 0-6 months after initiation of ART and
similarly Guzman-Fulgencio et al., (2015) showed that rs6897932 TT genotype was associated
with CD4* T-cell >500 cells/mm3 after 48 months of ART. Rajasuriar confirmed this asscoiation
in an African (Ugandan) cohort, showing that rs6897932 was associated with slower CD4" T-cell

recovery (time taken to achieve the first of two consecutive CD4" T-cell counts of 500 cells/mm3).
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Guzman-Fulgencio et al., (2015b) showed that IL7Ra rs10491434 TT genotype was associated
with higher CD4" T-cell count after 48 months ART; this SNP was alo found to be asscoaited
with rapid HIV disease progression before ART (Limou et al. 2012). Rajasuriar et al. (2012) also

found rs3194051 was associated with faster CD4" T-cell recovery in Ugandans.

We examined six SNPs in the IL7Ra gene and their association with CD4" T-cell count after ART
in southern Africans. These included rs6897932 (described above) as well as rs11567705,
rs1494558, rs987107, rs987106 and rs1494571. We did not examine rs3194051 due to
incompatibility with genotyping platform. The MAF of these SNPs were >0.05, one of which was
significantly different to frequency in LWK. The six SNPs were in strong LD with each other,
with three haplotypes observed at roughly equal frequency ~0.2 (CTCGAG, CCGTG and
CCCATOC).

Data from our study supports a role for genetic variation in IL7Ra in CD4" T-cell recovery after
ART in southern Africans, albeit a different SNP from those implicated in the literature. While
univariate analyses did not show association between SNPs in IL7Ra and CD4* T-cell count, the
multivariate analyses indicated a significant association between rs11567705 and CD4" T-cell
recovery in a recessive model of inheritance. rs11567705, an intron variant, has previously been
described as associated with an increased risk for multiple sclerosis in Iranian patients (Raji et al.,
2012). This SNP was in strong LD with all the other SNPs in IL7Ra examined in our cohort and

therefore may not be the causative SNP underlying association with CD4" T-cell count.

rs6897932 previously found in literature to be associated with CD4* T-cell counts after ART was
not statistically significantly associated with CD4* T-cell counts in our study. However, rs6897932
was very strongly associated with decreased sIL7-Ra plasma levels in our cohort in both univariate
and multivariate analyses in allelic, dominant genotype and haplotypic models. The association
between rs6897932 and decreased sIL7-Ra levels was also previously reported in an African
cohort by Rajasuriar et al. (2012). This SNP regulates the splicing of exon-6 from the IL-7Ra gene
to produce the soluble sIL7Ra protein (Booth et al. 2003). The SNP rs14914571, reported in the
literature to associate with sIL7Ra levels in a multiple sclerosis cohort (Booth et al., 2005) did not

associate with sIL7Ra levels in our cohort.

103



4.4 Lack of associations between soluble markers related to T-cell activation /
exhaustion, or homeostasis and low CD4" T-cell count.

We assessed the state of T-cell activation / exhaustion by two soluble plasma markers, sCD27 and
sPD-1, in a cohort of 76 individuals. We found no association between sCD27 and CD4" T-cell
count two years after ART, suggesting no increased T-cell activation in individuals with low CD4*
T-cell counts two years after ART in our cohort. We also assessed soluble IL7Ra, a plasma marker
of T-cell homeostasis, and found no association between this marker and CD4* T-cell recovery
after ART.

We observed significant associations between sPD1 levels with CD4" T-cell counts after two years
of ART.

Several studies have demonstrated increased PD-1 expression on the surface of T-cells in
immunological non-responders (Hunt et al. 2003; Nakanjako et al., 2011; Grabmeier-

Pfistershammer et al. 2011).

However, we observed significantly decreased sPD-1 in individuals with poor CD4" T-cell
recovery after ART in our cohort, sSPD-1 competes with cell surface PD-1 for binding to the PD-
L1 and therefore blocks PD-1/PD-L1 inhibitory T-cell signalling. (This is also the basis for PD-1
pathway blockade by anti-PD-L1 antibodies to restore T-cell function (Tao et al., 2017)). Increased
PD-1 pathway blockade is associated with increased T-cell activation (Okazaki and Honjo, 2007).
The decreased sPD-1 in individuals with poor CD4+ T-cell counts in our cohort could theoretically
indicate decreased T-cell activation / relatively increased T-cell inhibition in these individuals.
This results are different to those in the literature that found increased T-cell activation in in
immunological non-responders (Hunt et al. 2003; Nakanjako et al., 2011; Grabmeier-

Pfistershammer et al. 2011).

In addition: a parallel increase has been seen in the expression of PD-1Aex 3mRNA (encoding
sPD-1) and full length PD-1 mRNA expression upon cellular activation (Nielsen et al., 2005),
The decreased sPD1 observed in our study in individuals with poor CD4" T-cell recovery could
therefore suggest decreased T-cell surface PD-1 , and would again therefore be different to the

studies that demonstrated increased PD-1 expression on the surface of T-cells in immunological
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non-responders (Hunt et al. 2003; Nakanjako et al., 2011; Grabmeier-Pfistershammer et al.
2011).

Our results therefore do not support the occurrence of increased T-cell activation / exhaustion in
immunological non-responders. It would be preferable to confirm our results with flow cytometry

measuring T-cell surface markers.

These results could indicate that CD4* T-cell recovery after ART are not influenced by soluble T-
cell activation markers or soluble T-cell homeostasis markers, which would be contrary to our
hypothesis that genetic variation in the candidate genes could influence CD4" T-cell count, is via

changes in T-cell activation / exhaustion / homeostasis.

Our results could reflect issues with our choice of marker, technique, timing of test using samples
at two years post ART, or study performed in just a small subset of individuals. Most studies used
flow cytometry to measure plasma markers and, in our study, we used the ELISA technique.
Alternate markers in the T-cell activation path could be studied such as PD-1, CD38, CD69, HLA
—DR, or alternate markers in the T-cell homeostasis pathway such as IL-15 (Yi et al., 2010).

4.5 Increased sCD163 in those with low CD4* T-cell count.

As previously mentioned it would have been preferable to dilute samples to a range that would
have fallen within normal range however due to budget this was not an option. The results are
shown for exploratory purposes. In order to obtain a more reliable data set, samples would need to
be diluted further to bring readings within the concentration range that could be measured by the

standard provided in the Kit.

A possible mechanism of action for T-cell exhaustion is an inflated innate activation state in CD4*
T-cell low responders. One such marker is sCD163, a macrophage- and monocyte specific
scavenger receptor (Knudsen et al., 2016a). SCD163 upregulation is a main role player in the
macrophage changes to alternate activated phenotypes in inflammation (Etzerodt and Moestrup,
2013). A study found that increased sCD163 expression levels were found in individuals with
lower CD4* T-cell counts and was associated with mortality (Knudsen et al., 2016a). Our study
supports these findings as we also found higher expression of SCD163 levels in individuals with

low CD4" T-cell recovery. As mentioned above, our observed relationship between ICOS genetic
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variation, CD4" T-cell counts and sCD163 levels could show that innate immune activation

underlies immunological non-response after ART.

Another potential marker for innate activation is sCD14. Although we initially planned on
analysing this marker, our experiment did not work as we had concentrations above the algorithm
threshold. One study found an inverse relationship between sCD14 and CD4" T-cell recovery
(Eller et al., 2011). Another potential marker is sIL-6, which is released in response to activation
of innate cells. A study found an inverse relationship between sIL-6 and CD4" T-cell recovery and

a positive correlation with viral load (Eller et al., 2011).

4.6. Genetic variation vs plasma markers

The focus of our study was detecting genetic variation that could influence CD4* T-cell count via
T-cell or innate immune activation. Our data have also revealed some incidental results regarding
genetic variation in the candidate genes and soluble markers regardless of CD4" T-cell counts.
These are summarised below. Several of our results make sense in direct models of association,
for example variation in IL7Ra gene affected sIL7Ra plasma levels, or variation in ICOS, a T-cell
activation gene influenced sCD27, a T-cell activation marker. However, we also identified several
associations that were not so directly linked, for example between genetic variation in CD28 which
stimulates T-cell activation, and sIL7RA, a marker of T-cell homeostasis. These results could be
explained by the inter-related pathways as CD28 differentially activated IL7-Ra (Alves et al.,
2008). Further understanding of the mechanism behind these relationships is required.

4.6.1 sPD-1

sPD-1 is a marker of T-cell exhaustion in HIV infection (Zhu and Lang, 2017). sPD-1 levels
were influenced by EOS CD4" T-cell count and baseline weight. Variation in the PDCD1 gene
was not significantly associated with sPD-1 levels in this study. In both univariate and multivariate
models, genetic variation in IL7Ra (rs1494571 and rs987107), as well variation in CD28
(rs1879877) were significantly associated with sPD-1 levels (regardless of CD4" T-cell count).
The association between genetic variation in CD28 and sPD-1 has an obvious mechanistic

explanation, since changes in CD28 could influence T-cell activation status and therefore sPD-1
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production by T-cells. This hypothesis would have to be tested. This CD28 SNP has previously
been associated with Type 1 diabetes in a Tunisian cohort (Zouidi et al., 2014) but no associations

with HIV or CD4" T-cell recovery in the literature.

The association between the IL7Ra SNPs rs1494571 and rs987107, and sPD1 levels was very
strong and in fact were the only SNPs that maintained significance in this study when stringent
corrections for multiple testing were applied (PEMP2<0.05). The mechanism underlying the
relationship between IL7-Ra genetic variation and sPD-1 is not immediately obvious. These two
IL7Ra SNPs have previously been associated with risk of multiple sclerosis (Kim et al., 2014; Liu
etal., 2017), and rs1494571 has previously been associated with levels of sSIL7Ra mRNA (Mckay
et al., 2008)The significance of our observed relationship between IL7Ra SNPs and sPD1 levels

remains to be elucidated.
4.6.2 sCD27

sCD27 is a soluble marker of T-cell immune activation. sCD27 levels were not influenced by any
demographic factors. In univariate models, genetic variation in ICOS (rs6761201) and genetic
variation in CD28 (rs3181098) were significantly associated with sCD27 levels (regardless of
CD4" T-cell count). These associations have an obvious mechanistic explanation, since changes
in CD28 and ICOS could influence T-cell activation and therefore sSCD27 production by T-cells.
This hypothesis would have to be tested. These SNPs have previously been associated with
rheumatoid arthritis in South Africans (Govind, 2013) and increased risk for malignant melanoma

respectively (Bouwhuis et al., 2010).
4.6.3 sIL7Ra (sCD127)

sCD127 forms part of the receptor chain for IL-7. sIL7Ra levels were influenced by age and
weight. In univariate and multivariate analyses, genetic variation in the IL7RA gene (rs6897932)
was significantly associated with sIL7Ra levels (regardless of CD4" T-cell count). These
associations have an obvious mechanistic explanation, since changes in the IL7Ra gene could
influence IL7Ra expression and soluble IL7Ra production. This SNP has previously been

associated with faster CD4" T-cell recovery during ART in a Danish cohort (Hartling et al., 2014).

In addition, genetic variation in the CD28 gene (rs1980422, rs3116494), and in the PDCD1 gene
(rs11568821) were significantly associated with sIL7Ra levels (regardless of CD4" T-cell count).

107



rs1980422 has previously been associated with seropositivity in rheumatoid arthritis (in
combination with rs10488631 from the IRF5 gene) (Vernerova et al., 2016); rs3116494 has been
associated with an increased risk for sporadic breast cancer and malignant melanoma (Bouwhuis
et al., 2010; Chen et al., 2012); and rs11568821 has been associated with increased CD4" T-cell
count in the absence of ART in HIV-positive Africans, rheumatoid arthritis and systemic lupus
erythematosus (Hua et al., 2011; Mojtahedi et al., 2012; Dong et al., 2016)

The mechanism underlying these associations is not known.
4.6.3sCD163

sCD163 is a marker of macrophage activation and levels of sCD163 were influenced EOS CD4*
T-cell count and age. In univariate and multivariate analyses, genetic variants in both a T-cell
stimulating gene (ICOS) and a T-cell inhibitory gene (PDCD1) were significantly associated with
sCD163 levels (regardless of CD4" count).  These included three SNPs rs10183087, rs1559931
and rs4404254 in ICOS and rs36084323 in PDCDL.

As sCD163 is a marker for activated macrophages, and ICOS is involved in preventing apoptosis
and leads to production of cytokines. sCD163 is released upon cytokine stimulation of
macrophages. PDCD1 influences the release of sCD163 resulting in increased expression of
sCD163.

The SNP rs10183087 has previously been associated with possible disease dynamics of B-cell
chronic lymphocytic leukaemia in a Polish cohort (Karabon et al., 2011); rs1559931 has been
associated with a higher susceptibility to HBV infection in Chinese Han population (Hu et al.,
2015); rs4404254 has been associated with the occurrence and progress of colorectal cancer (Wu
et al., 2015); and rs36084323 has been associated with the risk for HBV-related cirrhosis and

hepatocellular carcinoma (Peng et al., 2015a).

4.7 Strengths and Weaknesses of this study

The cohort size for genetic association studies was relatively small (n=262) for CD4" T-cell genetic
data. The cohort size for the plasma markers was very small (n=76) and smaller cohorts have lower

statistical power for associations. Future studies should therefore have larger sample sizes.
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Markers of immune activation are usually quantified using flow cytometry however we used
ELISA techniques for sPD-1 and sIL7-Ra. This could have influenced our measurements for these

plasma markers and hence influenced our genetic data.

The LWK population was chosen as a proxy population however more than a third of the MAFs
differed and future studies should maybe compare between LWK and YRI. Our study was not a
true South African study as a large portion of our cohort consisted of Zimbabwean nationals.

Future studies should focus on the South African population

4.8 Future Study Directions

We could consider other definitions of immunological failure in order to be more directly
comparative to other studies in the literature such as Hartling et al. (2014). Genetic association
studies around immune responses and HIV are complex due to the multifactorial nature of what is

being assessed.

Further genetic association studies are warranted. Our study was limited due to budgetary
constraints. It would be beneficial to include more ICOS SNPs for fine mapping using sequencing,
and the same for IL7Ra. Future studies could look at a genetic variation in genes involved in both
innate immunity such as those triggering classical macrophage activation like TLR4/CD14 or
those triggering alternative macrophage activation like IL-4 or IL-10. Other potential genes such
as HLA which is a primary T-cell activation signal and is known to influence HIV progression
before ART should be included in future studies. GWAS could be used as a non-candidate
approach to identify specific markers associated with CD4* T-cell recovery after ART. Replication
of studies that have identified SNPs that are not from the T-cell signalling pathway such as in Haas

et al. (2006). Gene-gene interactions or combinations (additive effects) could be analysed.

Plasma markers in larger cohort should be done as our cohort was small (n=76). However, markers
of immune activation should rather be measured using flow cytometry bearing in mind that some
markers may also be cell type specific. Multiple time points could be considered to measure plasma

marker changes during the course of infection.

Many of the functional mechanisms behind the associations reported here are not understood and

would require work to identify mechanisms.
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There is a possible role of PD-1 inhibitor drugs in altering CD4" T-cell counts. PD-1 blockade
would increase proliferation and secretion of effector cytokines. Studies in cancer have shown
novel therapeutic strategies using PD-1 blockades, such as the study in patients with advanced
melanoma with improved long-term safety profiles (Topalian et al., 2012). There are currently two
studies measuring the efficacy and safety of combined immune checkpoint inhibitors are ongoing
(Kostine et al., 2018). As ART does not fully eradicate HIV and/or fully restore the immune
system, PD-1 is a potential target for treatment. There is still a large number of unknowns with
regards to PD-1 blockade and HIV infection, however there are a number of studies currently on
cancer models and can be evaluated for safety and efficacy in SIV models. Success of this

uncertain but might present as a novel strategy for the future.
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5.2. LD and haplotype analysis in genotyped cohort (n=262).

— . L . -~
' i ' o . 0 = o
= ==} =+ =} o o — & [--] - = = [} () (]
P =] o =] ol Wy [ =+ [=] ) = ) e L [y} oo ™
== = =+ = b P Lol (xl =] - L) = b} I =+ = =+
= - w0 =] = P~ P~ [ — P -~} = 1l =+ = (=] [==]
P ==} — - [==] - - oo w wn - [Tx) P = () s =
== - — - (=] [l [l (=] [ - [=] (3] =) =+ =] -— w
- L] ™ Ly} - o '} Larl w = - - - =t — -— o
e ¢ & ¢ Z @ ¢ o & Z e e b 2 e z @
Elock 1 (0 ki Block 2 (15 kin Block 4 (7 ki
3 5 10 11 12 13 14 15 16 17 19 20
4 3 1} ]
2 20 2 23 10 2 1] ]
11 4 1 11 ] 7 1]
14 1 4 1} 1] 1] 1
3 ] ] ] a ] 1 ]
13 10 2 ] ] 1] ]
2 1 1 1} 1] 1]
] a 3 ] a0
] ] 2 ]
1} 1] 1]
] 1}

Figure 5.2.1. Linkage disequilibrium blocks for SNPs on chromosome 2. Colours represent r?
values where dark grey indicates high inter-SNP r?, white indicates a low inter-SNP r2. A high
inter-SNP r? is seen between SNPs rs10183087 and rs1559931 located in the ICOS gene in block
4,
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Figure 5.2.2. Linkage disequilibrium plot for SNPs in IL7Ra on chromosome 5. Colours
represent r? values where dark grey indicates high inter-SNP r?, white indicates a low inter-SNP

r?. A high inter-SNP r? value is seen between rs987107 and rs1494571.
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Figure 5.2.3. Linkage disequilibrium plot for SNPs in PD-L1 on chromosome 9. Colours

represent r? values where dark grey indicates high inter-SNP r?, white indicates a low inter-SNP
r2.
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5.3. Hardy-Weinberg p-values for genotyped cohort
Gene SNP ID Major | Minor | Genotype Observed | Expected | P-value
Allele | Allele | frequency (HET) (HET)
(Rec/Het/Dom)
PDCD1 rs2227981 | A G 0/182/77 0.703 0.456 | >0.0001
PDCD1 rs2227982 G 0/0/262 0.000 0.000 1.000
PDCD1 rs36084323 | T C 0/15/244 0.058 0.056 1.000
CD28 rs1879877 T G 30/107/125 0.408 0.434 0.323
CD28 rs3181098 | A G 23/109/129 0.418 0.418 1.000
CD28 rs3116494 G A 15/85/162 0.324 0.343 0.371
CD28 rs3116496 C T 0/26/236 0.099 0.094 1.000
CD28 rs1980422 C T 7/87/168 0.332 0.311 0.327
CTLA4 rs5742909 C 0/0/262 0.000 0.000 1.000
CTLA4 rs231775 G A 54/107/101 0.408 0.484 0.015
CTLA4 rs231777 T C 13/97/152 0.370 0.359 0.732
CTLA4 rs606231422 C 0/0/262 0.000 0.000 1.000
CTLA4 rs3087243 | A G 6/58/197 0.222 0.232 0.430
ICOS rs11571323 | A G 4/52/206 0.199 0.203 0.758
ICOS rs10183087 | C A 43/125/89 0.486 0.484 1.000
ICOS rs1559931 | A G 43/130/88 0.498 0.485 0.704
ICOS rs4675379 C G 7/71/184 0.271 0.272 1.000
ICOS rs4404254 C T 43/131/88 0.500 0.485 0.703
ICOS rs6761201 G A 5/64/193 0.244 0.243 1.000
PDCD1 rs10204525 | T C 32/141/89 0.538 0.476 0.051
PDCD1 rs11568821 | T C 0/3/259 0.011 0.011 1.000
IL7Ra rs7718919 0/0/0 nan nan 1.000
IL7Ro. rs11567705 | G C 22/113/120 0.443 0.426 0.659
IL7Ra rs1494558 T C 17/98/147 0.374 0.377 0.871
IL7Ro. rs1494555 G A 1/34/200 0.145 0.142 1.000
IL7Ra rs6897932 T C 1/33/228 0.126 0.125 1.000
IL7Ra rs987107 A G 13/100/149 0.382 0.365 0.611
IL7Ro. rs987106 A T 41/136/85 0.519 0.486 0.310
IL7Ra rs1494571 C G 13/90/159 0.344 0.345 1.000
IL7Ro. rs1389832 A G 0/37/193 0.161 0.148 0.373
PD-L1 rs10815225 | C G 33/90/123 0.366 0.433 0.018
PD-L1 rs2297136 G A 46/118/98 0.450 0.480 0.306
PD-L1 rs4143815 G 0/0/18 0.000 0.000 1.000
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