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ABSTRACT
Chronic kidney disease (CKD) due to HIV-associated nephropathy (HIVAN) remains an
important cause of morbidity and mortality in African HIV-infected individuals. Genetic
susceptibility to HIVAN has been attributed to genetic variations within MYH9 and APOLI on
chromosome 22. The expression of apolipoprotein L1 isoforms B and C coupled with high risk
variants, play a crucial role in the development of kidney disease. The aims of this study were to
determine the prevalence and examine the association of MYH9 and/or APOLI high risk variants
in HIVAN compared to other forms of CKD in HIV-infected individuals in a black South
African population; to profile the pattern of messenger RNA N-ferminal apolipoprotein L1
isoform expression in HIVAN, HIV-positive FSGS, other HIV-positive CKD, HIV-negative
FSGS, other HIV-negative CKD, HIV-associated immune complex kidney disease (HIVICK)
and in normal kidney; and to determine the expression of the N-terminal apolipoprotein L1

isoforms in human embryonic kidney (HEK) 293 cells.

Kidney biopsies from Charlotte Maxeke Johannesburg Academic Hospital were obtained from
adults (aged >18 years) and selected according to histological diagnoses, clinical data were
collected and patients were stratified according to age, gender and clinical presentation. Single
nucleotide polymorphisms (SNPs) within and flanking MYH9 and APOLI genes were selected
by identifying all SNPs documented in 2011 from 1000 base pairs upstream and downstream of
the two genes, and with a minor allele frequency of >0.05 in African populations based on the
International HapMap and 1000 Genomes Projects. SNPs with previous associations to kidney
disease and literature SNPs were included, as was a panel of ancestry informative markers

(AIMs). Genomic DNA was extracted from formalin fixed paraffin embedded (FFPE) kidney



tissues and from whole blood. SNP genotyping was performed using the Illumina BeadXpress
SNP genotyping assay and the TagMan SNP genotyping assay. N-terminal apolipoprotein L1
mRNA expression was performed using Reverse Transcription-Polymerase Chain Reaction (RT-
PCR) method. Expression of N-terminal apolipoprotein L1 isoforms in HEK 293 cells was
performed using PCR-based cloning and transfection techniques. Data analysis was performed
using R program and Stata v11.1. Logic regression, Fisher’s exact test, Kruskal Wallis test and

Student’s ¢ test were employed in the data analysis.

A total of 228 samples [38 HIVAN, 41 HIV (+) CKD, 41 HIV (-) CKD, 54 HIV (+) Controls
and 54 population controls] were successfully genotyped. Of 96 SNPs genotyped, 77 passed
quality control. A total of nine MYH9 and APOLI SNPs were significantly (P< 0.05) associated
with HIVAN and not with other forms of CKD including focal segmental glomerulosclerosis
(FSGS). However, the risk of MYH9 SNPs with P-values < 0.05 could not be determined. Single
MYH9 E1 haplotype SNPs did not show any association, however, E1 haplotype block C-G-C
showed a weaker significant factor with HIVAN (OR 3.45 P=0.008). The APOLI risk alleles
[G1 (0.560), G1 (0.500) and G2 (0.342)] had the highest prevalence among HIVAN individuals.
G 1™ haplotype was the most frequent in HIVAN (0.530). 19/38 (50.0%) of the HIVAN cases
were compound heterozygous for G1 and G2 risk alleles; 11/38 were homozygous for either G1
or G2 risk alleles, 6/38 were heterozygous for a single risk allele and 2/38 were homozygous for
non-risk allele. Thus, 30/38 (79.0%) of HIVAN but only 1/54 (2%) of population controls
carried two risk alleles. Population allele frequencies were 7.3% for G1 and 11.1% for G2. In a
recessive model, individuals carrying two APOLI risk alleles had 89.0-fold higher odds 95% CI
17.68, 911.72; P=1.24x10"" for developing HIVAN. APOLI risk variants were not significantly

associated with other forms of CKD [HIV (+) FSGS (OR=2.13 95% CI 0.03, 44.30; P=0.48) and



HIVICK (OR=5.60 95% CI 0.4, 86; P=0.13) in the HIV (4+) CKD group compared to HIV (+)
controls] and [Primary FSGS (OR=6.30 95% CI 0.04, 248.70; P=0.26) in the HIV (-) CKD
group compared to population controls]. Isoform B N-terminal apolipoprotein LI mRNA levels
were elevated in HIVAN and HIVICK while isoform C N-terminal apolipoprotein LI levels
were elevated in normal kidney. We showed that the three isoforms are not only expressed in
HEK 293 cells but the expression is variable where isoforms B and C N-terminal apolipoprotein
L1 that has a defective secretory domain and lack the secretory domain respectively, are seen to

be more expressed within the HEK 293 cells than isoform A N-terminal apolipoprotein L.

A combination of apolipoprotein L1 isoform B expression with C-terminal risk variants is a
major contributor to the development of HIVAN and possibly other kidney diseases. There is a
striking increase in the prevalence of APOLI risk variants among HIVAN compared to other
forms of kidney disease and we estimate that HIV-infected South African blacks with two
APOLI risk alleles not receiving anti-retroviral therapy (ART) have the greatest risk of
developing HIVAN. Further studies are required to elucidate the mechanism of apolipoprotein

L1-mediated kidney disease in order to develop effective therapeutic measures.
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Chapter 1
1) INTRODUCTION AND LITERATURE REVIEW

1.1Chronic kidney disease
Chronic kidney disease (CKD) is an important worldwide public health problem. According to
the End Stage Renal Disease Patients in 2013: A Global Perspective report, an estimated 3.2
million people were on renal replacement therapy by the end of 2013, approximately 2,522,000
people undergoing dialysis treatment (haemodialysis or peritoneal dialysis) and 678,000 people
living with renal transplants; it is also estimated that CKD incidence grows by approximately
6% annually (ESRD Patients in 2013: A Global Perspective). Chronic kidney disease
encompasses a spectrum of different pathophysiologic processes associated with abnormal
renal function and a progressive decline of the glomerular filtration rate (GFR), resulting in an
irreversible loss of renal function to stage V of CKD or end stage renal disease (ESRD) (<15
ml/min per 1.73m?) and premature death (Kher, 2002). There are striking regional and ethnic
differences in the incidence and prevalence of ESRD, such that, in the US, African Americans
have the highest incidence and prevalence of ESRD (Rostand er al., 1982). Diabetes and
hypertension, which have been considered the two leading aetiologies of CKD together with
differences in conventional clinical, social-demographic or lifestyle factors, are insufficient to
account satisfactorily for the excess risk of ESRD in African Americans (Klag et al., 1997,
Shlush et al., 2010). There is a four-fold increase in CKD among individuals of African descent
and an 18-50 fold increase in kidney disease in human immunodeficiency virus (HIV) positive
African individuals (Genovese et al., 2010; Kopp et al., 2011). Therefore, HIV plays a vital
role in the development of non-diabetic and non-hypertensive kidney disease by acting as a

major environmental factor in causing renal dysfunction. Over the years, Africa has also been



disproportionally burdened by CKD. The increased burden of CKD in Africa could be as a
result of various communicable diseases such as leishmaniasis, schistosomiasis, infectious
glomerulonephritis and importantly, human immunodeficiency virus (HIV) infection
superimposed on non-communicable diseases such as hypertension and diabetes mellitus (Idem,
2005). These infections, coupled with genetic factors, establish CKD as a major problem in
Africa. Hence ESRD is probably the most multi-factorial disease affected by both genetic and

environmental processes.

1.2 Human Immunodeficiency Virus (HIV)
HIV infection was first observed clinically in the United States of America in 1981 (Gallo &
Montagnier, 2003). It is a member of the retrovirus family that causes acquired
immunodeficiency syndrome (AIDS) (Figure 1.1). AIDS is a human condition that causes a slow
destruction of the host’s immune system in turn predisposing infected individuals to fatal

opportunistic infections.
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Figure 1.1: The Structure of HIV. Source: http://www.niaid.nih.gov/

It is spherical in shape with a diameter of 120nm which makes it to appear larger than a normal
virus (Chan et al., 1997). It comprises of single-stranded RNA that encodes the viral protein
p24. It also comprises of the enzymes; protease, reverse transcriptase, integrase and
ribonuclease which are important for the development of the mature virions. The integrity of
the virion is ensured by the fact that the capsid is surrounded by the viral protein p17 in the
matrix. The entire membrane of the virion is surrounded by a layer of phospholipids taken from
the host cell during budding off from the human cell. The virus also comprises of the env

protein which is made up of glycoprotein (gp) 120, and gp 41 molecules that anchor its



structure (Chan et al., 1997). This complex enables the virus to attach and fuse to target cells

(CD4 cells) and initiate infection (Chan ef al., 1997).

1.2.1 Brief Overview of HIV infection
HIV infects CD4 cells, macrophages, and dendritic cells. The infection is facilitated by the
presence of the virion envelope glycoproteins (gp120 and gp41) binding to the CD4 molecule
receptor and chemokine co-receptors, CXCR4 and/or CCRS on the target cells (Figure 1.2).
HIV destroys the cells of the immune system mainly through direct viral killing of infected
cells or by CDS8 cytotoxic lymphocytes that recognize infected cells, killing them in the
process. This leads to low levels of CD4 cells and subsequent high HIV viral load (copies/mL
of plasma), host immunity is lost, followed by progressive exposure to opportunistic infections

(Cunningham et al., 2010; Douek et al., 2009).
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Figure 1.2: Schematic representation of HIV Life Cycle.
This figure shows the mechanism of HIV infection and targets for ARV therapy through steps 1-6. NRTIs:
Nucleoside reverse transcriptase inhibitors. NNRTIs: Non-nucleoside reverse transcriptase inhibitors. Adapted from
HIV binds to the host cell (CD4 and CD4-like molecules) via receptors and co-receptors (CCR5 and CXCR4)
through fusion (1). Fusion is followed by uncoating of the viral core, and deposition of components [viral RNA
genome, reverse transcriptase (RT), integrase (IN), and virion regulatory proteins e.g NF-kB, SP-1, NFAT, AP-1
and Tat] into the host cell cytoplasm. Reverse transcriptase begins assembling (2) of DNA copies, complimentary
DNA (cDNA) of the HIV genome. This is a reverse of the usual transcription in which DNA is the template for
RNA. cDNA enters the host cell nucleus as a complex molecule (comprising cDNA, RT and IN). Once inside the
nucleus, the cDNA integrates into the host-cell DNA forming a proviral DNA (3) which contains blueprint for
creating virus progeny. Proviral DNA is transcribed into messenger RNA which is then transported to the cytoplasm
(4) where it is translated into new viral components, enzymes and genomic elements. An essential viral enzyme that
is synthesized during this process is known as protease (PR). PR influences viral components to associate with host
cell membrane (5) and then bud off as immature virions. Protease also influences the molecular changes that ensure
maturation into fully infectious virions (6). Source: Adapted from http://www.niaid.nih.gov/.




1.2.2 HIV Epidemiology
The joint United Nations programme on HIV/AIDS as at 2011 approximated that, “35.3 million
people were living with HIV globally, including an estimated 3.4 million children of less than
15 years as at 2011 (Figure 1.3). About 2.3 million new infections including about 240,000
children less than 15 years were also reported in that year” (UNAIDS). However, there is a
huge regional variation; “sub-Saharan Africa (SSA) has two thirds of all people living with
HIV and nearly 75% of AIDS-related deaths and an estimated 1.9 million people were infected
in 20117, UNAIDS 2011. The introduction of ART in 1995 averted 2.5 million deaths in low-
and middle-income countries globally by reducing the AIDS-related mortality, mostly from
SSA including more than 350,000 children and mainly women of the reproductive age,”

(Department of Health, 2010; Organization, 2011).
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Figure 1.3: Map of the world showing prevalence rate of HIV in adults and children in 2012.
Sub-Saharan Africa has the highest number of people (25.0 million) living with HIV. (Source: WHO/UNAIDS).
1.2.3 South African HIV Epidemiology
“South Africa is one of the countries most severely affected by the AIDS epidemic. It has more
than 15% of the population aged 15-49 years living with HIV. UNAIDS 2011, estimated that
there are 5.7 million people living with HIV in the country; more than 3 million of these are
women aged 15years and above, and 280,000 are children aged 0-14 years making it the
world’s largest population of people living with HIV”, (UNAIDS, 2011). In 2011, there were
about 250,000 deaths related to AIDS. Although this number reflects the highest number of

deaths that a country has lost over the past, it is approximately 100,000 fewer deaths than in

2001, demonstrating the effectiveness of the treatment scale-up (UNAIDS, 2011). The



prevalence of HIV was about 17.3% among the general population as at 2008; however, this

varied a lot by region with the highest rate of 38.7% in KwaZulu Natal as shown by Figure 1.4.

Swaziland

MNorthern Capa
16.2%

Figure 1.4: Map showing estimated HIV prevalence among South Africans, 2008
Source: The South African National HIV Survey 2008, Human Sciences Research Council (www.hsrcpress.ac.za).
This is the current published data in South Africa.

1.3 HIV and kidney disease
AIDS-associated nephropathy was discovered in AIDS patients in New York and Miami in
1984. This name later changed to HIV-associated nephropathy (HIVAN) after asymptomatic
HIV-infected individuals showed similar clinical and histological features (Rao et al., 1984).
Since then, kidney disease has been a well-known complication of HIV infection. HIV causes
clinical manifestations with a broad spectrum, ranging from an asymptomatic state to severe

immunodeficiency. Even though HIV prevalence and incidence rates have changed since the



roll-out of highly active antiretroviral therapy (HAART), kidney disease remains associated
with considerable morbidity and mortality in HIV-infected individuals (Michelle M Estrella,
2009). Kidney disease occurs in approximately 10% of HIV-positive patients with a GFR < 60
mL/min. About 50-60% of these cases are considered classic HIVAN (Hays T, 2012;
Kalayjian, 2010). This is a clinicopathological condition characterized by proteinuria and
rapidly developing renal failure and histologically, by a collapsing variant of focal segmental
glomerulosclerosis (FSGS) with microcystic tubular dilatation and mild interstitial
inflammation (D'Agati & Appel, 1997; Han et al., 2006; Rao et al., 1984; Wearne et al., 2012).
Risk factors for HIVAN are older age, lower CD4 counts, high viral load, co-morbidity (such
as diabetes mellitus, hypertension and hepatitis C co-infection) (Ray, 2012a) and is present
predominantly in people of African ancestry. A number of other renal histology has been
reported in HIV infected patients (D'Agati & Appel, 1997). These include HIV related FSGS,

HIV immune complex kidney disease (HIVICK) and other histologies as shown in Table 1.1.

Table 1.1: Glomerular disease spectrum in HIV (Fabian et al., 2007).

Glomerular pattern Subtypes

Classic HIVAN Sometimes described as a mixed variant of HIV FSGS
together with proliferative glomerulonephritis

HIVICK (mostly with hepatitis B or C co-infection) Mesangial proliferative
Membranoproliferative (type I and III)
Lupus-like

Crescentic IgA

Membranous

Exudative-proliferative

HIV Thrombotic microangiopathy
Co-morbid disease Diabetic nephropathy

Hypertensive nephrosclerosis

Auto-immune disease such as lupus nephritis

Various glomerulonephropathies (heterogenous group
with different aetiologies) Minimal change
Immunotactoid
Amyloidosis

HIV-associated nephropathy (HIVAN), HIV immune complex kidney (HIVICK) disease and other HIV-associated
histologies).



However, the mechanism by which HIV induces glomerular injury leading to the pathologic
syndrome of HIVAN is not well understood, hence a number of theories have been postulated on
how HIV causes renal injury (Gerntholtz et al., 2006; Ray, 2012b). There have been several
major mechanisms described on how HIV infects renal cells: First, a direct viral infection of
podocytes, renal parenchyma cells, especially the visceral epithelial cells of the glomerulus, and
the tubular epithelial cells and as a result, this elicits cytopathic effects including proliferation
and apoptosis. Secondly, HIV activates the innate immune system (likely infecting the
lymphocytes and macrophages) that enter the kidney, resulting in the release of inflammatory
lymphokines or cytokines which promote injury and fibrosis (Gerntholtz et al., 2006; Kopp &
Winkler, 2003). However, there have been studies that demonstrated that two main HIV co-
receptors, CCR5 and CXCR4, are absent on intrinsic renal cells in HIV associated renal disease,
but are expressed in circulating and infiltrating leukocytes at sites of tubulo-interstitial

inflammation (Eitner et al., 1998; Eitner et al., 2000).

1.4 Genetic variation and disease
Genetic variation is the occurrence of the genetic difference both within and among individuals
and populations (Conrad et al., 2011). It is brought about by demographic and evolutionary
factors including mutation, which is a permanent change in the chemical structure of the gene,
and differences in allele frequency brought about by selection, population size changes,
migration and admixture, as well as by chance referred to as genetic drift. This variation is
important for the survival of a population in the face of dynamic environmental changes
(Ramsay, 2012). The most abundant type of genetic variation found in the human genome is the
single nucleotide polymorphism (SNP). To be described as polymorphic, the rare allele should

occur at a frequency of at least 1% of the population. Some polymorphic variants have been
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implicated in diseases, for instance the sickle cell variant in Central and West African
populations (Ko & Urban, 2013). Many SNPs have been associated with different diseases
through Genome Wide Associated Studies (GWAS) and the information stored in databases that

are easily accessible (NCBI GWAS catalogue http://www.genome.gov/26525384). Genome

Wide Associated Studies such as the Wellcome Trust Case Control Consortium (WTCCC),
helped uncover the associations between individual SNPs and disorders with a heritable
component and identified variants that could be used to determine an individual’s risk of
developing a particular disease (GWAS, Wellcone-Trust, 2007). Single nucleotide polymorphism
allele frequencies differ among populations, and many studies have demonstrated that the
greatest variation occurs among the African populations who have been investigated the least
(Kottgen, 2010; Rosset et al., 2011).

Single nucleotide polymorphisms can also be used as “sign posts” (in linkage disequilibrium) in
mapping other variants that are functionally involved in disease phenotypes and by doing so, are
considered as disease markers. Linkage disequilibrium (LD) is the non-random association of
certain alleles at two or more loci that descend from single, ancestral chromosomes. Single
nucleotide polymorphisms that are adjacent to each other and are highly correlated (in high LD)
allow scientists to map locations of mutations that cause diseases (Reich et al., 2001). Other
genetic variants are insertions-deletions (INDELSs), variable number tandem repeats (VNTRs)
and copy number variants (CNVs), which have also been shown to play an important role in
disease.

Apart from genetic variation, chromosome translocations also play a role in disease development
(Rosset et al., 2011). Genetic recombination also affects the level of association between

different SNPs and the extent to which groups of the neighbouring SNPs are preserved in the
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same combination on parental chromosome. Genetic recombination breaks the allelic
relationship such that some descendants could harbor the wild type at one site and the mutant on
the other as illustrated in Figure 1.5. The resulting combination of alleles in a given population
and inherited together is then referred to as haplotypes (Rosset et al., 2011). If the variants are
close to each other, there is an increase in frequency of the resulting haplotypes. The LD and

haplotype blocks capture the extent of association of specific SNPs in haplotypes.

High LD measures of these SNPs

S S, S S, S—
Y S

Causative mutation

Lower LD measure between these SNPs: Reduction in size of the haplotype blocks

1
A recombination event in a population occurs due to chromosomal crossing-over.

Figure 1.5: Effect of recombination on linkage disequilibrium and haplotype blocks.

When a mutation occurs in a population, it becomes highly associated (in high LD) with neighbouring SNPs which
are inherited together as haplotype blocks. If in any case, such a mutation is a causative mutation or of high disease
risk, then SNPs in the region can be used as markers of its presence. However, as the mutation spreads within a
population, recombination occurs as it passes through the generations and as a result the LD breaks down reducing
the size of the initial haplotype block, in the process creating new haplotypes where two initial haplotypes with six
SNPs give rise to six different haplotypes in the population. Purple and black represents haplotype blocks from
different chromosomes. Permission obtained from Nature Publishing Group © Rosset, S. et al. Nat. Rev. Nephrol. 7,
313-326 (2011). (Rosset et al., 2011). Appendix 15 A
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1.5 Genetic susceptibility, kidney disease and HIV infection
Studies of associations between host susceptibility genes and HIV have concentrated on the
host’s immune defense mechanism and HIV life cycle genes (Dean et al., 1996; Huang et al.,
1996). Due to this, the key viral proteins that determine HIV pathogenesis or drug resistance
have been identified (Kiryluk e al., 2007). In addition, GWAS have successfully determined
genetic variants that influence the outcome of HIV infection. Despite the fact that there is a
high extent of treatment for diabetes and hypertension especially in the African set up, the
incidence and prevalence rates of ESRD continue to increase (Satko et al., 2005). HIVAN is an
important cause of renal dysfunction in Africa and is a distinct pathological complication of
HIV infection. Different ethnic distribution and inter-individual variability of HIVAN with
other forms of ESRD have suggested that host genetic susceptibility is a major contributing
factor to development of ESRD (Kiryluk et al., 2007). In addition, according to the United
States Renal Data System 2013 (USRDS 2013) report, there is an 18-50 fold increased risk of
developing kidney disease among HIV-positive individuals of African descent compared to
other non-African individuals. In general, these individuals have a poorer prognosis than
individuals from the European population. HIVAN is rare among people of European and
Asian descent, suggesting that genetic factors play a vital role in susceptibility (NIDDK, 2012).
Furthermore, not all African populations seem to have the same predisposition to HIVAN. This
is evidence for the genetic diversity of African populations and therefore demonstrate inter-
population heterogeneity with regard to susceptibility to HIVAN (Nochy et al., 1993). Behar et
al., (2011), reported the absence of HIVAN and the APOLI risk variants among HIV-infected
individuals of Ethiopian ancestry. This finding supports a Western rather than Pan-African

ancestry risk for ESRD, and can readily explain the lack of HIVAN among individuals of
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Ethiopian ancestry. This notion was further illustrated in three studies of South Africans where
HIVAN was the commonest histopathological entity observed among HIV-positive individuals
(Gerntholtz et al., 2006; Han et al., 2006; Wearne et al., 2012). However, other HIV-positive
South African blacks also presented with immune-complex glomerulopathy suggesting inter-
individual variation in classic HIVAN susceptibility within the population (Gerntholtz et al.,
2006; Wearne et al., 2012). Racial differences, inter-individual and human genetic variation
strongly suggest the existence of HIVAN or kidney disease-specific genetic susceptibility
factors that are triggered or unmasked in the presence of HIV infection hence postulated that
genetic susceptibility to kidney disease has been attributed to genetic variations within non-
muscle myosin heavy 9 chain (MYH9) and apolipoprotein L1 (APOLI) genes on chromosome
22 (Genovese et al., 2010; Kopp et al., 2011; Kopp et al., 2008; Tzur et al., 2010; Winkler et

al., 2010).

1.6 Overview of Chromosome 22
Chromosome 22 is the second smallest human chromosome comprising 51.3 million base pairs
(Dunham et al., 1999). Dunham et al. (1999), described chromosome 22 to have 507 protein
coding regions, 390 non-coding gene regions, 307 pseudogene counts and 800,598 variations
(Figure 1.6). It was the first human chromosome to be fully sequenced during the Human
Genome Project (HGP) in December 1999. The short arm (22p) contains a number of tandem
repeat structures including genes that encode the structural ribonucleic acids (RNAs) of the

ribosomes while the long arm (22q) contains protein coding genes (Dunham et al., 1999).
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Figure 1.6: Schematic representation of Chromosome 22

It comprises of 507 protein coding regions, 390 non-coding gene regions, 307 pseudogene counts and 800,598
variations. Source; Ensembl (http://www.ensembl.org/Homosapiens/Location/Chromosome?chr=22;r=22:1-
51304566) Accessed on December, 2013.

1.7 MYH9 and APOLI Loci
The epidemiological and clinical observations of non-diabetic and non-hypertensive kidney
disease among the African population prompted researchers to conduct population-based genetic
studies that exploit LD in genome-wide screens (Kopp et al., 2008; Rosset et al., 2011; Shlush et
al., 2010). Mapping by admixture linkage disequilibrium (MALD) studies specifically for the
ESRD susceptibility loci among those of African American decent led to the identification of

association with a specific genomic region on chromosome 22q12 that contains more than 21
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genes including MYH9 and APOLI (Figure 1.7). MALD is basically the mapping of genetic
variants involved in disease by taking advantage of long haplotypes blocks generated by gene

flow in recently admixed populations (M. W. Smith & O'Brien, 2005).
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Figure 1.7: Region of high association with non-diabetic and hypertensive ESRD.
Logarithm of the odds (LOD). The peak LOD score was 9.31, and the 95% CI spanned from 31.388650 to
35.039798 Mb, covering 22 genes. Permission obtained from Nature Publishing Group © Rosset, S. ef al. Nat. Rev.

Nephrol. 7,313-326 (2011) (Rosset et al., 2011). Appendix 15 B
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MYH9 and APOLI are adjacent genes on chromosome 22 in a region that shows maps of recent
selection in the certain African populations (Genovese et al., 2010; Kopp et al., 2011). APOLI is
approximately 20 kilo bases (kb) upstream of MYH9 (O'Seaghdha et al., 2011). It is transcribed

from the forward strand while MYH9 is transcribed from the reverse strand (Figure 1.8).

36.6Mb 36.7Mb 36.8Mb

APOL1 MYH9
D —

Figure 1.8: The position of MYH9 and APOLI on Chromosome 22 (Not drawn to scale).

1.8 MYHY9 Gene
MYH9 is a 107 kb gene located on the long arm of chromosome 22 (22q13.1). It is located from
base pair 36,677,327 to base pair 36,784,063 (Human GRCh 37) and comprises 41 exons. The
MYH9 gene encodes a 1960 amino acid residue non-muscle myosin heavy chain ITA protein
(Myosin IIA). It is expressed in the podocytes and is a widely distributed cellular motor protein
that is essential for cytoskeleton rearrangement, cell motility, division, and cell-cell adhesion
(Winkler et al., 2010). It consists of two heavy chains and four light chains. The heavy chain

consists of a head region and a tail region.

1.8.1 Mechanism of Myosin ITA action on podocytes
Myosin IIA head region, interacts with actin, an important protein that is involved in cell
movement and structure. In the podocyte, the actin-myosin complex is linked to several
important protein complexes, including the slit diaphragm and podocalyxin on the apical domain

and alpha3/betal integrin and dystroglycan complex on the basal domain (Winkler et al., 2010).
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MYH9 exons 1 to 19 encode the myosin globular head containing an actin binding site, and the
ATP binding site while exons 20 to 41 encode the coiled tail domain. The actin-myosin complex
is composed of an actin filament and multimeric myosin assembly (non-muscle myosin ITA and
IIB molecules) and constitutes muscle fibers (Winkler et al., 2010). ATP binds the myosin head
and becomes hydrolyzed by ATPase enzyme to ADP and Pi. This “corks” the myosin head to a
high energy state enabling its release from the actin filament. It then binds to another part of
actin when the site becomes available, generating a power stroke that pushes the actin filament
and simultaneously ADP and Pi are released (Winkler et al., 2010). This is known as the actin-
myosin functional cycle (Figure 1.9). This actin-myosin complex maintains cell tension and
cyto-architecture, and facilitates contraction and migration (Faul er al., 2007; Winkler et al.,

2010).
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Figure 1.9: Model for actin-myosin functioning cycle on podocytes.
(1): The binding of ATP dissociates myosin from actin. (2): ATP hydrolysis then induces a conformational change that displaces the myosin head group.
This is followed by binding of the myosin head to a new position on the actin filament and release of ADP and P,. The binding of the myosin head at new
position drives actin filament sliding. (3) and (4): The cycle continues as the movement takes place. Arrows indicate the movement of actin-myosin

complex filament. Adapted from (Winkler et al., 2010).



1.8.2 MYHO9 related disorders
Many mutations in the MYH9 gene lead to the production of a non-functional protein. A non-
functional myosin-9 protein cannot properly interact with other subunits to form myosin ITA.
There are more than 45 dominant mutations in the MYH9 gene that have been found to cause a
MYH9-related disorder which is characterized by four over-lapping syndromes, described as the
MYH9-related platelet disorder spectrum: May-Hegglin anomaly, Flechtner syndrome, Epstein
syndrome, and Sebastian syndrome (De Rocco et al., 2013; Landi et al., 2012; Savoia et al.,
2010). These MYH9-related syndromes include congenital giant platelets with thrombocytopenia
(bleeding problems) with hearing impairment, renal impairment, and cataracts as someone
matures into adult-hood. Although the pathological mutations span exons 1 through 41, kidney
involvement is noted for missense mutations in exons 16, 25, and 30 (Winkler et al., 2010).
Mutations that are located near the head of the myosin protein tend to lead to a more severe
disorder than mutations that are located toward the tail of the protein. Recurring mutations
involving the amino acid arginine at position 702 in the protein tend to result in many problems,
including a marked decrease in the number of platelets, early-onset renal disease, and hearing

loss in infancy (De Rocco et al., 2013).

1.8.3 MYH9 associations with kidney disease
MYH9 was identified by MALD as a major susceptibility locus for HIVAN, FSGS and ESRD.
MYH9 provides a genetic explanation since MYH9 alleles and the haplotype frequencies known
to strongly associate with kidney disease are frequently found among individuals of African
descent (allele frequencies of approximately 69%) and are infrequent in Europeans (< 4%)

(Kopp et al., 2008; Oleksyk et al., 2010) (Table 1.2). Hence, the effect is easiest to detect in
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populations of African descent where high frequencies and strong effects of the risk alleles
provide excellent statistical power even with small sample sizes (Winkler et al., 2010).

MYH9 SNPs were found to significantly associate with HIVAN and FSGS, any of the three E1l
haplotype SNPs, rs4821480, rs2032487, and rs4821481 (intron 23) and rs3752462 (intron 13)
and have a higher effect than any single SNP for association with kidney disease in African
American populations (Kopp et al., 2008). There are other MYH9 tagging SNPs known to
significantly associate with kidney disease and they are categorized into two main groups;
Protective-E2 haplotype and Neutral-E3, E4 and E5 haplotypes (Figure 1.10). These occur at
different frequencies worldwide, with allele frequencies of the E2 haplotype being the highest
among the European population at 62% and that of neutral haplotypes being the highest among

the Oceania population with 98% (Table 1.2) (Oleksyk et al., 2010).

Table 1.2: Summary of Worldwide distribution of E1, E2, E3, E4 and ES haplotypes (Oleksyk et al., 2010)

Regions Haplotypes
Risk Haplotype (E1) Protective Haplotype Neutral Haplotypes (E3,E4
(E2) and ES5)

African 69% 5% 26%
European 4% 62% 34%
Middle-east 18% 52% 30%
East Asia 0% 20% 80%
South-central Asia 5% 43% 52%
European America 0% 48% 52%
Oceania 0% 2% 98%

Frequencies of MYH9 E haplotypes.

1.8.4 MYH9 E1 haplotype
This MYH9 E1 haplotype spans 14.9kb, extending across two haplotype blocks that span introns
12 to 23. All the MYH9 SNPs that are strongly associated with kidney disease fall within this
extended block (Kopp et al., 2008). The MYH9 E1 haplotype explains most burden of major
forms of kidney disease in African Americans; for instance, the attributable risks are 100% for

HIVAN and 70% for FSGS respectively and a significant percentage for hypertensive
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nephrosclerosis (Freedman et al., 2009b; Kopp et al., 2008; Winkler et al., 2010). The
association of MYH9 risk alleles with HIVAN is of particular concern in sub-Saharan Africa
where risk alleles are at high frequency (Figure 1.10) and more than 25 million adults and

children are living with HIV (Oleksyk et al., 2010).

Figure 1.10: Worldwide distribution of the MYH9 haplotypes frequencies.
(Human Genome Diversity Panel-HGDP). The haplotype proportions represented by the pie charts can also be

found in Table 1.2 The figure was taken from an open-Access freely available online license article and therefore no
permission was required (Oleksyk et al., 2010).
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1.9 APOLI Gene
The APOLI gene is a member of the APOL gene family which is composed of six genes
(APOLI, APOL2, APOL3, APOL4, APOLS5 and APOL6) in humans, grouped within 619kb on
human chromosome 22. Among the six genes, the best studied family member is the APOLI
gene which encodes a 43kD trypanolytic apolipoprotein L1 protein, a minor apoprotein
component of high-density lipoprotein class 3 (HDL3) family which is synthesized in the liver
and many other tissues, including pancreas, kidney, and brain (E. E. Smith & Malik, 2009).
APOLI is a 14.0kb gene located on the long arm of chromosome 22 (22q12.3). More precisely,
the APOLI gene is located from base pair 36,649,056 to base pair 36,663,576 (Human GRCh
37). It comprises seven exons and six introns (Figure 1.11). It has five functional domains: a
secretory domain (SD), pore forming domain (PFD), B-cell lymphoma 2 homology domain 3
(BH3), membrane addressing domain (MAD), leucine zipper domain (LZ) and serum resistant-
associated interacting domain (SRA), listed from the N-terminal to C-terminal respectively

(Figure 1.12).
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Figure 1.11: APOLI gene structure.

It is transcribed on the forward strand of chromosome 22. It contains seven exons and six introns. The SRA binding
domain, the driving force of the APOLI activity is situated in exon seven where the APOL] risk variants (G1 and
G2) are located. Source: PubMed (http://www.ncbi.nlm.nih.gov/gene/8542). Accessed December 2014
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1.9.1 APOLI gene expression
The APOLI gene undergoes alternative splicing during transcription giving rise to four different
messenger ribonucleic acids (mRNAs) splice variants (splice variants 1, 2, 3 and 4) which code
for apolipoprotein L1 isoforms (isoform A, B and C) (Figure 1.12). Splice variants 1 (NCBI
Reference Sequence: NM_003661.3) and 3 (NCBI Reference Sequence: NM_001136540.1)
translate to the predominant/principal isoform A (398 amino acid protein) which contains exons
1 and 3-7, splice variant 2 (NCBI Reference Sequence: NM_145343.2) translates to isoform B
(414 amino acid protein) and contains exons 1-7. The B isoform has 3 sub-isoforms, namely B1,
B2 and B3. Splice variant 4 (NCBI Reference Sequence: NM_001136541.1) translates to
isoform C, a 380 amino acid protein that contains exons 1, 3 and 5-7 as shown in Figures 1.12
and 1.13. The different proteins differ in the N-terminus coding regions where isoform A has the
secretory/signal peptide cleavage site. Splice variant 2 has an alternate in-frame exon in the 5'
coding region and uses an upstream in-frame start codon compared to variant 1. The coded
protein, isoform B has a longer N-terminus compared to isoform A; as a result the signal
sequence cleavage site is too far to promote cleavage. Splice variant 3 uses a different splice site
in the 5' un-translated region (UTR), compared to variant 1. It encodes the same protein as splice
variant 1 (isoform A). Splice variant 4 lacks an alternate in-frame 5'coding segment, compared to
variant 1 resulting in a protein (isoform C) which has a shorter N-terminus as compared to
1soform A and therefore lacks the signal sequence cleavage site. This means exon 4 is lacking in

isoform C. (Figure 1.13). (http://www.ncbi.nlm.nih.gov/gene/8542).
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Figure 1.12: Expression of APOLI showing post-transcription modification and translation to its precursors.
Secretory domain (SD), pore forming domain (PFD), B-cell lymphoma 2 homology domain 3 (BH3), membrane
addressing domain (MAD), Leucine zipper (LZ) domain and serum resistant-associated (SRA) interacting domain.
Splice variant (SV), Exon (E). ApoLI; Apolipoprotein L1protein.

The predominant ApoLl protein is unique among APOL gene family proteins because of the N-
terminal signal peptide that enables it to be secreted outside the cell. Other APOL gene family
proteins do not have this signal peptide and have predicted localizations inside the cell (Page et
al., 2001). The APOLI encoded protein (ApoLl) is also known to lyse pathogenic Trypanosoma
(protozoa that causes Human African Trypanosomiasis) during blood stream infections. Most

other primates lack APOLI gene and do not have trypanolytic activity, except for certain species

of baboons, mandrills, and mangabeys (Lugli et al., 2004).
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A MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAG TSI R
Exon 2 Exon 3 Exon 4 Exon 5 Exon 6
B MRFKSHTVELRRPCSDMEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAG

C MEGAALLRVSVLCIW- = VQQNVPSGTDTGDPQSKPLGDWAAGTHIDEESSIIED RIS

A PHASASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLHEGAKSETAEELKKVAGELEEKENILNNNYKILQADQEL
Exon 7

B PHASASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLHEGAKSETAEERKVAGELEERINILNNNYKILGADGEL

C PHASASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLHEGAKSETAE ELKKVAGELEERINIENNNYKILQADQEL

Figure 1.13: Amino acid sequence showing apolipoprotein L1 isoforms

A (NCBI Reference Sequence: NP_001130012.1), B (NCBI Reference Sequence: NP_663318.1) and C (NCBI Reference Sequence: NP_001130013.1).
Secretory peptide (blue), pore-forming domain (red), BH3 domain (dark yellow), membrane-addressing domain (green), serum resistant associated domain
(yellow) and Leucine zipper domain (grey). The secretory peptide is responsible for the secretion of apolipoprotein L1 outside the cell, BH3 domain is
responsible for apoptosis, MAD responsible for the release of apolipoprotein L1 from the HDL particles into the lysosome, SRA, responsible for the binding of
trypanosomiasis serum associated protein onto apolipoprotein L1 for its activity to be effected and Leucine zipper domain for the binding of DNA. Red caret
indicates predicted signal sequence cleavage site present in A, but absent in C. The site in B may be too far from the N terminus to promote cleavage. Exons 2-7
of APOLI encode the amino acid sequences shown above. All exons are translated only in apolipoprotein L1 isoform B. Amino acid residues shown in between
the exons, are encoded by nucleotides from neighbouring exons.
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1.9.2 Human African Trypanosomiasis (“sleeping sickness™)

Human African Trypanosomiasis (HAT) also known as sleeping sickness, is a parasitic disease
of humans caused by protozoa of the species Trypanosoma brucei rhodensiense in East Africa
and Trypanosoma brucei gambiense in West Africa (Figure 1.14). “The two protozoan species
are morphologically indistinguishable, but have different epidemiological features”, (WHO
2010). “Several species of Tsetse flies (Hematophagous glossina) mostly Glossina palpalis, are
the vectors of these related diseases, and are responsible for cyclical transmission of the parasitic
protozoan between numerous vertebrate hosts” (WHO 2010) and the central nervous system
(CNS) is affected in both forms of sleeping sickness (Enanga et al., 2002; Trenaman et al.,
2013).

“The West African form of trypanosomiasis is the most common form of HAT accounting for
about 95% of reported cases and causes a chronic infection. In contrast, the East African form of
trypanosomiasis is less common, accounting for approximately 5%, and is characterized by rapid
and acute development of the disease”, (Centers for Disease Control and prevention). In both,

untreated patients die within weeks or months of infection.
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Figure 1.14: A. Distribution of Human African Trypanosomiasis (7.b.rhodesiense) and B. T.b.gambiense (W.H.O.
2010).

HAT epidemics were more rampant in the past. However, according to the most recent WHO
estimates, “60 million people are at risk for HAT today with approximately 500,000 people
currently infected and the disease discontinuously spread over 9 million square kilometers and

affects populations across 37 sub-Saharan countries” (Figure 1.14).

1.9.3 Trypanolytic activity of Apolipoprotein L1
A complex co-evolution has occurred between the Trypanosome species and primates/humans
that has led to the emergence of trypanosome-specific defence and counter-defence measures
leading to the first line of defence in humans facilitated by the trypanolytic apolipoprotein-L1
(Capewell et al., 2015). Trypanolytic activity of apolipoprotein L1 is carried out through a class

of HDL particles known as Trypanolytic factor (TLF). There are two main sub-classes of
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trypanolytic factors: TLF1 in the HDL3 which is the densest HDL sub-fraction and a large and
dense TLF2 that is not considered to be a normal HDL particle (Gillett & Owen, 1991; Hajduk et
al., 1989; Wheeler, 2010). These two classes of HDL particles share several protein components
including apolipoprotein L1, apolipoprotein Al and haptoglobin related protein (Hpr) indicating
that one of these is responsible for TLF activity (Tomlinson et al., 1997). However, it has been
shown previously that apolipoprotein Al lacked trypanolytic activity (Owen et al, 1992;
Tomlinson et al., 1997) and therefore, apolipoprotein L1 and Hpr are thought to be responsible
for trypanolysis. Hpr-induced lysis is proposed to occur by oxidative damage to the lysosomal
membrane caused by hydroxyl radicals while apolipoprotein L1-induced lysis is by the

autophagic process (Bishop et al., 2001; A. B. Smith et al., 1995).

Once infected via the vector (tsetse fly of the Glossina species), the Trypanosoma subspecies
(T.b rhodesience or T.b gambiense) in the blood stream endocytose the apolipoprotein L1-
containing HDL3 particles as a means of obtaining both lipids and iron. This process is
facilitated by the presence of a trypanosome surface receptor that recognizes Hpr and HDL-

receptor mediated endocytosis (Figure 1.15).
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Figure 1.15: Apolipoprotein L1-mediated Trypanolytic action.
Apolipoprotein Llcontains a pore-forming domain (red), a membrane-addressing domain (purple) and a serum

resistance associated interacting domain (blue) associated with HDL particles (green) circulating in the blood.
APOLI-HDL3 complex is engulfed by trypanosomes in the bloodstream through HDL-receptor-mediated
endocytosis. Once internalized, HDL particles are taken through the endocytic pathway. Cl-: Chloride ions. DIDS:
4, 4-diisothiocyano-2, 2-disulphonate stilbene. Permission obtained from Nature Publishing Group © Pays, E. et al.
Nature Reviews Microbiology 4, 477-486 (June 2006). (Pays et al., 2006; Vanhollebeke & Pays, 2010). Appendix
15C

The apolipoprotein L1-containing HDL3 particles then follow the endocytic pathway (from early
endosomes with neutral pH~7 to late endosomes with acidic pH~5). Once inside the late
endosomes, the T.b rhodesience or T.b gambiense’s serum resistant associated (SRA) protein
interacts with the apolipoprotein L1 C-terminal SRA-binding domain in order to neutralize the
effect of apolipoprotein L1 and prevent its lytic activity. SRA is a truncated variant surface
glycoprotein (VSG). Due to this pH change, conformational changes in the apolipoprotein L1
MAD domain occur resulting in the opening of a salt-bridge-linked on the lysosomal membrane,

releasing apolipoprotein L1 from the HDL3 particles into the lysosome (Perez-Morga et al.,
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2005). Once inside the lysosome, the apolipoprotein L1 utilizes the PFD to create anion-specific
pores that enables the movement of chloride ions (CI') from the cytoplasm into the lysosome,
creating an anion imbalance resulting in the influx of 4, 4-diisothiocyano-2, 2-disulphonate
stilbene (DIDS) in the cytoplasm to reinstate an osmotic balance destabilized by the efflux of CI’
into the lysosomes. DIDS is an anion channel inhibitor and Perez Morga et al., 2005 showed
that, addition of DIDS to the medium led to a substantial delay in lysis by normal human serum.
This creates an osmotic pressure that leads to the movement of water into the lysosome resulting
in uncontrolled osmotic swelling of the lysosome which increases the intracellular pressure
resulting in damage to the Trypanosome’s membrane, leading to lysis and damage of plasma
membrane, triggering the autophagic response (Perez-Morga et al., 2005; E. E. Smith & Malik,
2009). In addition, there has been some evidence suggesting that trypanolysis involves the

swelling of the entire trypanosome (Thomson & Finkelsteil, 2015).

Apolipoprotein L1 is also believed to initiate programmed cell death (PCD) through apoptosis of
host cells due to the presence of the BH3 protein domain (Figures 1.12 and 1.13). Some studies
have shown that one part of the apolipoprotein L1 is shaped like B-Cell lymphoma- 2 (Bcl-2), a
protein known to regulate apoptosis (Happo et al., 2012; E. E. Smith & Malik, 2009; Wan et al.,
2008). BH3 proteins function as upstream activators of PCD markers [Cysteine Aspartyl-specific
proteases (caspases), Bcl2, Fas and Bax] responding to stimuli such as DNA damage, cytokine
withdrawal, or cell detachment (Strasser, 2005). It is believed that apolipoprotein L1 uses this
pathway to achieve its apoptotic activity. Cell damaging events initiates the mitochondrial
(intrinsic) apoptotic signalling pathway. This is the pathway that pro-apoptotic members of the

Bcl-2 family get activated and translocate to the mitochondria and in the process neutralize anti-
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apoptotic proteins in turn promoting apoptosis (Happo et al., 2012; Rodriguez & Lazebnik, 1999;

Strasser, 2005; Thome & Tschopp, 2001).

1.9.4 Trypanolytic activity of Apolipoprotein L1 in relation to kidney disease
The trypanolytic activity of APOLI could be the driving force of development of kidney disease
as hypothesized in Figures 1.15 and 1.16. Since apolipoprotein L1 is a circulating protein,
component of HDL3, and the function of HDL3 is to protect low density lipoprotein (LDL) from
oxidation, it is postulated although unclear, that apolipoprotein L1 plays a role in this anti-
oxidation process. APOLI G1 and G2 non-synonymous variants described in detail below (1.9.5)
are located on the C-terminal domain in the last exon (exon 7) (residues 342-398) of the
apolipoprotein L1, which is the binding site for the trypanosomal SRA protein (Vanhamme et
al., 2003). The fact that the two pathogenic variants occur at this domain, and being the only
disease-associated APOLI variants that lyse sleeping sickness disease-causing Trypanosoma
brucei rhodesiense (Kronenberg, 2011), could be an indication for the pathogenesis of kidney
disease. The high prevalence of these variants occurring over a period of time in individuals of
African ancestry is mainly attributed to natural selection as a result of Trypanosomiasis endemic
in Africa years ago hence providing an evolutionary advantage. The evolution of these APOLI
variants was a critical survival factor, which on the other hand may have contributed to the high

incidence and prevalence of kidney disease in the African population (Genovese et al., 2010).
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Figure 1.16: Association between APOLI risk variants, trypanolytic ability of apolipoprotein L1 and increased risk
for kidney disease. SRA; serum resistant associated. LD; Linkage disequilibrium. Adapted from (Kronenberg,
2011).

In case of the APOLI gene wild type alleles, the apolipoprotein L1 interacts with the SRA
expressed by the parasites (Figure 1.16) resulting in the inactivation of apolipoprotein L1 (no
longer able to lyse the parasites), hence the parasites manifests themselves and in turn causing
sleeping sickness (Kronenberg, 2011). However, the non-synonymous variants are located
exactly at the site where SRA protein binds apolipoprotein L1 and therefore, in the case of the

mutations at positions 342, 384 and 388-389 (presence of G1 and G2), the SRA protein becomes
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incapable of binding to apolipoprotein L1, allowing apolipoprotein L1 to lyse the parasite
through ionic pore formation in endosomal membranes of the parasite.

It could be through this process that a positive selection for these variants occurred in Africans
since they had a major survival advantage by being resistant to 7. brucei rhodesiense hence
against sleeping sickness. However, these variants are associated with an increased risk for non-
diabetic kidney disease for which the molecular mechanisms have not yet been established

(Kronenberg, 2011).

1.9.5 APOLI association with Kidney Disease
Intensive efforts and analysis of the MYH9 gene were performed in order to find a causative
functional variant within the African ancestry population that predisposes to kidney disease
(Behar et al., 2010; Freedman et al., 2009a; Winkler et al., 2010). However, even after extending
association studies to earlier stages of related kidney disease phenotypes and to groups with
admixed African population (Tzur et al., 2010; Winkler et al., 2010), functional mutations were
not identified in the MYH9 gene. This could be an explanation behind the absence of APOLI risk
variants coinciding with the absence of HIVAN in spite of high frequency of MYH9 risk
haplotype in the Ethiopian population (Behar et al., 2011). This led a group of scientists (Tzur et
al., 2010) to re-examine the region surrounding the MYH9 gene and they found novel missense
mutations with causative functional effects in the neighbouring APOLI gene, which are more
significantly associated with kidney disease than all previously associated MYH9 SNPs. These
missense mutations are 1384M-rs60910145 (G1), S342G-rs73885319 (G1) and a 6 base pair
deletion-rs71785313 ((\TTATAA) - N388_Y389del referred to as G2. These two risk alleles are
mutually exclusive and in negative LD. These coding variants (Gl and G2) are suggested to be

causally related to CKD and provide an explanation for selection of APOLI-associated CKD risk
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polymorphisms as a protective measure against Trypanosomiasis. Studies by Tzur et al., (2010),
Genovese et al., (2010) and Kopp et al., (2011) (Genovese et al., 2010; Kopp et al., 2011; Tzur
et al., 2010), revealed evidence of a strong association within a 10kb region in the exon 7 of the
APOLI gene. The strong signal was found to be at non-synonymous coding variants, rs73885319
and rs60910145 which were in perfect linkage disequilibrium (r* = 1.0). Controlling for the
effects of these two variants exposed a second strong APOLI signal, 12 base pairs from [384M.
This signal is a 6-base pair deletion represented by rs71785313 which removes two amino acid
residues (Asparagine-N and Tyrosine-Y). The odds ratio (OR) of association for carrying at least
one risk (G1-G2) allele was 10.5 (95% confidence interval [CI] 6.0 to 18.4) in the study by
Genovese et al., (2010) (Genovese et al., 2010). Controlling for both G1 and G2 did not result in
significant association with MYH9. However, controlling for MYH9 variants maintained
significant APOLI signal at G1 and G2. Kopp et al., (2011), in a larger FSGS and HIVAN
cohort confirmed the association but this time, a greater association was observed in HIVAN
(OR=29.2 CI 13.1 to 68.5 P=6 x 10°*?) compared to FSGS (OR=16.9 CI 11.0 to 26.5 P=1.3 x 10
*) (Kopp et al., 2011). The authors reported that 50% of African Americans with two APOLI
risk alleles would develop HIVAN if not on antiretroviral therapy. The observed mode of
inheritance of the APOLI risk variants was fully recessive in both FSGS and HIVAN cohorts.
Therefore, the originally described associations between variants within the MYH9 gene alone
had to be revised since the association finding was thought to be caused by the high LD between
the variants in the MYH9 and the APOLI genes (Kronenberg, 2011). These three variants within
the APOLI gene were found to have a very high frequency among African populations (Figure

1.17). G1 and G2 allele frequencies are shown in Table 1.3.
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Data obtained from: Centre d’Etude du Polymorphisme Humain (CEPH), Human Genome Diversity Project
(HGDP), Luhya from Webuye, Kenya (International HapMap Project), African Americans and European American
controls from the National Institutes of Health (NIH) FSGS study cohort. The pie charts represents allele frequencies
of G1 (red), G2 (orange), and wild-type alleles (light blue) in each population overlaid upon a world map (Kopp et
al., 2011). Permission obtained from the American Society of Nephrology publishing group (Journal of the
American Society of Nephrology). Appendix 15 D.
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Table 1.3: Allele frequencies of SNPs that delineate MYH9 E1 and APOLI G1/G2 risk haplotypes.

Genes SNPs Alleles Allele Frequencies
YRI LWK MKK EUR SA
rs4821480 G/T 0.238 0.321 0 0.086 ND
MYH9(Elhaplotype) 152032487 C/T 0.238 0.306 0 0.075 0.3138
rs4821481 C/T 0.273 0.358 0.433 0.075 0.3298
1$3752462 T/C 0.224 0.227 0.314 0.374 0.1862
rs73885319 AIG 0.442 0.037 ND 0 0.04787
APOLI(G1/G2) 160910145 G/T ND ND ND 0 ND
rs71785313 Indel 0.13 0.25 0.25 0 ND

These are frequencies in the general population among the 3 African populations compared to a European
population and a South African black population. Indel; Insertion/deletion, ND; no data meaning the SNP has
not been typed in HapMap or 1000 Genomes project nor was typed in the SA study, 0; Not observed as
polymorphic in this population, YRI; Yoruba in Ibadan, Nigeria, LWK; Luhya in Webuye, Kenya and MKK;
Maasai in Kinyawa, Kenya, EUR; Europeans (http://www.ensembl.org and
http://spsmart.cesga.es/search.php/dataSet=engines), SA; South Africa (May et al., 2013).

1.10 Relationship between MYH9 and APOLI risk variants
Initial studies in early genome-wide mapping, identified African ancestral genetic variants
centered at the genomic region containing MYH9, encoding non-muscle myosin heavy chain IIA
in MYH9 that were strongly associated with kidney disease (Freedman et al., 2009b; Kopp et al.,
2008; Lipkowitz et al., 2013; Winkler et al., 2010). Further studies however, showed that these
SNPs were only “spectators” for APOLI SNPs with stronger association with HIVAN and FSGS
(Kopp et al., 2008; Kronenberg, 2011; Rosset et al., 2011; Tzur et al., 2010). APOLI gene is
located approximately 20.0kb upstream of MYH9, encoding apolipoprotein L1 (Figure 1.18).
However, accumulating evidence now indicates that both genes may independently contribute to
kidney disease susceptibility, and that although APOLI variation probably accounts for a
majority of susceptibility to HIVAN and FSGS, it does not explain a significant concept of
disease (Hays & Wyatt, 2012; Wyatt et al., 2012). The APOLI gene was also strongly associated
with non-diabetic CKD, with statistical associations being stronger than that of MYH9 (Genovese
et al., 2010). This high association was caused by two APOLI risk alleles, G1 (rs73885319 and

rs60910145) consisting of two missense variants (S342G and [384M); and G2 (rs71785313), a 6
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base pair (bp) inframe deletion (N388del:Y389del). It is therefore hypothesized and postulated

that, MYH9 risk variants are in high LD with APOLI risk variants but the causal effect is driven

by the APOLI risk variants.
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Figure 1.18: The position of MYH9 and APOLI risk variants on chromosome 22 showing the relationship between
APOLI and MYH9 genetic variants associated with common forms of kidney disease.

Permission obtained from Nature Publishing Group © Drawz, P. E. & Sedor, J. R. Nat. Rev. Nephrol. 7, 458-468
(2011) (Drawz & Sedor, 2011). Appendix 15 E.

1.11 Rationale for the study
The burden of renal disease associated with HIV infection among black individuals is on the
increase (Estrella et al., 2010; Post & Holt, 2009). According to the ESRD Patients in 2013: A
Global Perspective report, an estimated 3.2 million people are on renal replacement therapy with
an increased prevalence in individuals of African ancestry. This is mainly attributed to the fact
that, other than environmental and socio-economic factors, these individuals also carry 1 or 2
risk alleles of the APOLI gene which codes for an apolipoprotein L.1. Mutants of this protein
have been shown to have trypanolytic factors and therefore it protects against Trypanosomiasis
but at the same time predisposes an HIV infected individual of African ancestry to CKD. Further
studies are therefore needed in order to understand the genetic and molecular mechanism of
apolipoprotein L1 and its role in inducing HIV-associated kidney disease. The dramatic
reduction in the incidence of opportunistic infections as a result of HAART has resulted in a shift

of health concern toward chronic morbidities, including renal dysfunction, however, the burden
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of renal disease associated with HIV infection is increasing exponentially (D'Agati & Appel,
1997; de Silva et al., 2007; Wyatt & Klotman, 2007). The high prevalence of HIVAN and the
impact on morbidity and mortality drives the need to come up with definitive indicators of
disease progression and prognosis. There has been an increase in the number of patients
progressing to ESRD, the majority of who are working-age adults, breadwinners and parents.
Countries cannot afford to lose people in this age group especially in the developing world where
it is not possible to offer renal replacement therapy to all those in need. Data from this study will
enable us to determine the impact of genetic and molecular factors in the pathogenesis of
HIVAN and other forms of HIV CKD and determine their potential role in terms of prediction or
susceptibility to developing kidney disease in the presence of HIV infection. In addition, a better
understanding of the genetic predisposition to kidney disease in a South African population will
assist in alerting clinicians to kidney disease susceptibility in HIV-positive patients and the need
to increase surveillance and possibly adjust treatment. At present, little is known about the
biology of apolipoprotein L1 and its role in kidney disease although it is postulated that since it
has the BH3 domain, it may use a similar mechanism described earlier in trypanolysis to cause
kidney disease. This is the first study of its kind in Africa to functionally characterize

apolipoprotein L1-related kidney disease.

1.12 Hypothesis
Genetic susceptibility to kidney disease in the context of HIV infection is influenced by
variations in the MYH9 and APOLI genes. mRNA isoforms B and C, having a defective
secretory domain and lacking N-terminal secretory peptides respectively are highly expressed in

HIVAN and the expression of high density lipoprotein-binding apolipoprotein L1 isoforms B and
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C coupled with C-terminal risk alleles (G1/G2) play a vital role in induction and development of

HIV-associated kidney disease in individuals of African ancestry.

1.13 Objectives of the study

1. To determine the prevalence of high risk genetic variants in MYH9 and APOLI genes in

HIV AN patients compared to patients with other forms of CKD.

2. To examine the association of these MYH9 and APOLI high risk genetic variants with

HIVAN patients compared to patients with other forms of CKD.

3. To profile the pattern of apolipoprotein L1 messenger RNA N-terminal isoform
expression in HIVAN, HIV-positive FSGS and other CKD, HIV-negative FSGS and other
CKD, HIV-associated immune complex kidney disease (HIVICK) and in normal kidney

using a semi-quantitative reverse transcription polymerase chain reaction method.

4. To determine the expression patterns of the N-terminal apolipoprotein L1 isoforms in
Human embryonic kidney (HEK) 293 cells by developing isoform constructs using PCR-
based cloning technique and transfecting them in HEK 293 cells and using confocal

microscopy to assess their expression levels.
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Chapter 2
2) MATERIALS AND METHODS

2.1 Study population
The Department of Anatomical Pathology, University of the Witwatersrand, Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH) has archived human pathology tissues since 1940s
and kidney biopsy tissues have been archived since 1970s. For our study, archived kidney
biopsies of adults (aged >18years) were retrieved according to their histological diagnosis and
HIV status as shown in Table 2.1. Standard diagnostic criteria were employed in the renal
histological diagnoses. The histology diagnoses were also confirmed by an independent
pathologist (Prof. Agnes Fogo from the University of Vanderbilt Medical Center, Department of
Pathology, Microbiology and Immunology, Division of Renal Pathology/Electron Microscopy,
Nashville, Tennessee, USA). HIVAN was defined by “the presence of glomerular capillary
collapse and glomerular visceral epithelial cell proliferation affecting at least one glomerulus,
together with microcystic tubular dilatation and interstitial inflammation” (Figure 2.1A). HIV-
associated immune complex kidney disease (HIVICK) (Figure 2.1C) was defined by “the
presence of glomerular endocapillary cell proliferation together with an increased deposition of
at least one immunoglobulin”; hence HIV (+) IgA nephropathy was included. Other
histopathology categories included the following: HIV (+) and HIV (-) FSGS (Figure 2.1B),
other glomerulonephritis (membranoproliferative glomerulonephritis and membranoproliferative
glomerulonephritis consistent with C3 glomerulopathy, membranous glomerulonephritis, HIV (-)
IgA nephropathy and lupus nephritis) and other kidney disease (thrombotic microangiopathy,

nodular glomerulosclerosis, minimal change disease, arterionephrosclerosis and benign
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nephrosclerosis, oxalosis and global glomerulosclerosis) Table 2.1. The viral load and CD4 data

was obtained from the patient records.

We collected blood samples from 54 individual volunteers of each of 2 control groups: HIV (+)
individuals without clinical evidence of CKD [HIV (+) Controls] from the HIV clinic at
Charlotte Maxeke Johannesburg Academic Hospital and a population control (PC) group from
the National Health Laboratory Service (NHLS) who were all “healthy” individuals who gave
consent to be enrolled in population genetic studies as control individuals. All HIV (+) case
individuals with CKD were ART-naive. However, 75% of the HIV (+) control group were on
ART. This study was approved by the University of the Witwatersrand Human Research Ethics
Committee (medical) with approval numbers M10745 and MI111185 (Appendix 3) and

prospectively participating patients and controls gave their consent.

2.2 Sample Size
The sample size was based on statistical analysis using effect size and frequency estimates for
Yoruba from Ibadan (YRI) and African Americans from previous studies (Kao et al., 2008; Kopp
et al., 2011; Kopp et al., 2008; Winkler et al., 2010). Assuming the general population risk allele
frequency for the combined two APOLI risk alleles of at least 15% , at least 2.3% of the general
population are expected to be homozygous or compound heterozygotes for the two APOLI risk
alleles; and that among HIVAN cases 30% are risk allele homozyogtes (a conservative estimate),
then a sample of 30 cases in the study group and 50 population controls would provide adequate
power to detect a significant difference between cases and controls with an alpha = 5%, have 1-

beta (power) of 97% with a two tailed test.
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2.3 Participants

The study included 39 biopsies from HIV-positive individuals with HIVAN, 40 HIV-positive

individuals with CKD other than HIVAN [HIV (+) CKD] and 41 HIV-negative individuals with

CKD [HIV (-) CKD] as cases (Table 2.1). The study also included 54 controls from each group;

HIV-positive individuals without CKD [HIV (+) Controls] and Population controls (PC) of black

ethnicity.

Table 2.1: Case study participants

Renal Pathology

Subtype

z

HIVAN

W
O

HIV (+) CKD

HIVICK
FSGS
Benign nephrolosclerosis

Membranous glomerulonephritis

Minimal change disease

Membranoproliferative glomerulonephritis

Membranoproliferative glomerulonephritis consistent with C3 glomerulopathy
Global glomerulosclerosis

Thrombotic microangiopathy

—_
W W

—t OO

HIV (-) CKD

FSGS

Membranoproliferative glomerulonephritis
Membranous glomerulonephritis
IgA nephropathy

Minimal change disease

Lupus nephritis

Global glomerulosclerosis

Benign nephrosclerosis

Thrombotic microangiopathy
Oxalosis

Severe ANS with secondary FSGS
Nodular Glomerulosclerosis
Proliferative glomerulonephropathy

[ Y TN (O IS NG S US IV, RSy N6 WiV o)

Total

120

HIVAN; HIV associated nephropathy. HIVICK; HIV immune complex kidney disease. FSGS; Focal segmental
glomerulosclerosis. ANS; arterial nephrosclerosis.
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Figure 2.1: Light miE:ocopy show
Collapsing glomerulopathy with microcytic dilatation of tubules and interstitial inflammation, characteristic of
HIVAN (Silver methanamine X200); B. FSGS showing increased cellularity in cellular variant caused by
endocapillary hypercellularity (inside the glomerular basement membrane) usually with foam cells (Silver
methanamine X 400) (Thomas et al., 2006); C. Mild mesangial expansion and sub-epithelial immune complex
deposits with a basement membrane reaction (blue arrows), characteristic of HIVICK (Silver methanamine X200).
Photo micrograph courtesy of Department of Anatomical Pathology, University of the Witwatersrand).

44



2.3.1 Inclusion criteria

All study cases and controls had to be black South Africans of 18 years and above with no

evidence of diabetes. Other inclusion criteria were specific for each group:

IIL.

III.

IV.

Group 1: HIV-positive, histologically showing collapsing glomerulopathy with

microcystic tubular dilatation and mild interstitial inflammation (Figure 2.1A). [HIVAN].

Group 2; HIV-positive, histologically showing “non-HIVAN” histology such as FSGS

(Figure 2.1B) and HIVICK (Figure 2.1 C). [HIV (+) CKD]. Table 2.1.
Group 3; HIV negative, with CKD of various histologies. [HIV (-) CKD]. Table 2.1.

Group 4; HIV positive; with normal renal function tests (serum creatinine<100umol/L

and eGFR> 60mL/min/1.73m?). [HIV (+) Controls].

Group 5; Population control; [PC].

2.3.2 Exclusion criteria

These included patients who were younger than 18 years; a history of diabetes; and non-black

non-South Africans.

2.3.3 Variables

These included: age, gender, serum creatinine, viral load, CD4, eGFR and HIV status.
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2.4 SNP Selection

Gene co-ordinates and intron/exon structure of each gene (MYH9 and APOLI) was retrieved

using the web based ENSEMBL genome browser (http://www.ensembl.org/index.html). A 1000

bps upstream and downstream for each gene was included and the longest transcript of each gene
was used (Transcript: MYH9-001, Transcript ID: ENST 00000216181, Length of Transcript:
7501 bps and Transcript: APOLI1-003, Transcript ID: ENST 00000319136, Length of Transcript:
3000 bps). The total number of SNPs present in and around each gene was then generated. The

ENGINES SPSmart Program (http://spsmart.cesga.es/engines.php) was then used to determine

the number of SNPs present in both International HapMap and 1000 Genome projects focusing
on the three African populations; YRI, LWK and MKK (Table 1.3) as proxies for the black
South African population since none of the black South African community had been sequenced
nor genotyped in detail at the time the project began. SNPs with minor allele frequency (MAF)
of equal to or greater than 5% in one of the three African populations mentioned above were
selected. In addition, using the ENSEMBL genome browser, we used sorting intolerant from
tolerant (SIFT) and polymorphism phenotyping (POLYPHEN) options to perform functional
analysis in order to predict and map the potentially functional MYH9 SNPs. Both SIFT and
POLYPHEN use the homology of the sequence to predict missense mutations that could affect
protein function and hence, potentially alter phenotype (Ng & Henikoff, 2001, 2002, 2003; Sim
et al., 2012). This has been applied to variant databases and was able to predict mutations
involved in disease (Ng & Henikoff, 2002). In order to conform to the 96plex Illumina
BeadXpress SNP genotyping system (Illumina, Inc.9885 Town Centre Drive San Diego, CA
92121 USA), we included previously published associated MYH9 and APOLI SNPs including

APOL3 SNP rs11089781, as literature SNPs, having been previously reported to be associated with

46



kidney disease (Tzur er al, 2010). Ancestry informative markers (AIMs) obtained from the
department of Human Genetics, University of the Witwatersrand that had been previously used
in population genetics studies and minor allele frequencies established were also included to
assess whether our sample contained individuals with significant European admixture. These
AlIMs were obtained from HapMap (release 24). Ten of these SNPs were identified by Lao et al.,
2006 as informative of geographic population structure and genetic ancestry while eight of those
SNPs identified by Schlebusch et al., 2012 discriminate among southern African population (Lao
et al., 2006, Lombard et al., 2012, Williams et al., 2015 and Schlebusch et al., 2012). We could
not include tagSNPs as this could go beyond our budget of 96plex Illumina BeadXpress and also
our candidate genes are not big and therefore the above selection process was best suited for our

study. Figure 2.2 shows an illustration of the SNP selection process.
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HapMap International HapMap Internatignal
1000 Genome Project 1000 Genome Project
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MYH9 5 Functional Analysis
litarstips (SIFT and POLYPHEN)
SNPs

lllumina

Compatibility

Figure 2.2: Summary of SNP selection process for [llumina assay compatibility

SIFT; sorting intolerant from tolerant. POLYPHEN; polymorphism phenotyping. AIMs; ancestry informative
markers. M.A.F; minor allele frequency. YRI; Yoruba from Ibadan. LWK; Luhya from Western Kenya. MKK;
Maasai from Kinyawa Kenya. Literature SNP were SNPs previously associated with kidney disease.
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2.4.1 SNP scoring for compatibility with BeadXpress assay
The list of selected SNPs was sent to Illumina for scoring and assay design. All of the selected
SNPs passed the scoring filter with a notable exception of the APOLI G1 (rs73885319 and
rs60910145) and insertion/deletion variant (rs71785313). Custom TaqgMan genotyping assay
(ABI Foster city, California, USA) was used to genotype rs73885319, rs60910145 and
rs71785313 as designed by Genovese et al. (Genovese et al., 2010) and used by Kopp et al.

(Kopp et al., 2011).

2.5 Laboratory procedures
2.5.1 DNA extraction from Formalin Fixed Paraffin Embedded (FFPE) kidney

tissues

Genomic DNA and RNA from kidney tissues were extracted using All Prep QIA amp
DNA/RNA FFPE tissue kit (Qiagen Inc., Chatsworth, CA) according to the manufacturer’s
instructions. This kit is specifically designed for purifying DNA and RNA from FFPE tissue
sections. The kit uses special lysis conditions to release DNA/RNA from tissue sections and to
overcome inhibitory effects caused by formalin cross linking of nucleic acids. The kit also uses
QiaAmp MinElute spin columns for purification of high quality DNA/RNA in small volumes
(Appendix 4). This was done at the University of the Witwatersrand, Medical school (CMJAH)
Molecular Biology Laboratory in the Department of Internal Medicine.

Excess paraffin was trimmed off the sample tissue using a scalpel. Immediately the sections were
placed in 1.5ml microcentrifuge tubes and 320ul of deparafinization solution (Qiagen Inc.,
Chatsworth, CA) added to each tube containing one 20um section of the sample. The lids were
closed and the tubes vortexed vigorously for 10 seconds. This was followed by brief

centrifugation at room temperature to bring the tissue to the bottom of the tube. The tubes were
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then incubated at 56°C for 3 minutes and allowed to cool at room temperature. The tubes were
then centrifuged at full speed (14000rpm) for 2 minutes. The supernatant was removed by
pipetting without disturbing the pellet and any residual deparafinization solution was carefully
removed. The lids were kept open and the tubes incubated for 37°C for 10 minutes to dry the
pellet. The pellet was resuspended in 150ul of PKD (Proteinase K digest) buffer followed by the
addition of 10ul Proteinase K solution and mixed by vortexing. Incubation at 56°C for 15
minutes followed and the tubes were placed on ice for 3 minutes to precipitate nucleic acids. The
tubes were then centrifuged at 14000 rpm for 15 minutes. The supernatant was carefully

removed and added to a different tube for RNA purification leaving the DNA containing pellet.

25.1.1 Purification of genomic DNA

The DNA containing pellets were resuspended in 180ul of ATL buffer (Tissue lysis buffer)
followed by 40ul of Proteinase K solution and mixed thoroughly by vortexing. The tubes were
then incubated at 56°C for 1 hour followed by incubation at 90°C for 2 hours without agitating
the tubes. There was an addition of 200ul of AL buffer added and tubes mixed thoroughly by
vortexing followed by the addition of 200ul of absolute (96-100%) ethanol and mixed
thoroughly again by vortexing. A white precipitate forms after addition of Buffer AL and ethanol
and should be mixed immediately and thoroughly at this step in order to yield a homogenous
solution. The entire sample was transferred to the QiaAmp minElute spin columns (supplied by
the kit) placed in 2ml collection tubes, the lids closed and centrifuged for 1 minute at 10000 rpm.
The collection tubes were then discarded with the flow through. If any of the samples did not
completely pass through the membrane after centrifugation, a further centrifugation was done
again at a higher speed until the QiaAmp minElute spin column was empty. QiaAmp minElute

spin columns were put in new 2ml collection tubes (supplied by the kit) and 700ul of AW1
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buffer (Wash buffer 1) added to the spin columns and centrifuged at 10000 rpm for 15 seconds to
wash the spin column membranes and the flow through discarded. The collection tubes were put
back in the QiaAmp minElute spin columns and 700ul of AW2 buffer (Wash buffer 2) was
added to the spin columns and centrifuged at 10000 rpm for 15 seconds to wash the spin column
membranes and the flow through discarded. The collection tubes were put back in the QiaAmp
minElute spin columns and 700ul of absolute ethanol (96-100%) was added to the spin columns
and centrifuged at 10000 rpm for 15 seconds and the collection tubes containing the flow
through discarded. New 2ml collection tubes were placed to the QiaAmp minElute spin columns,
the lids were opened and centrifuged at full speed (14000rpm) for 5 minutes. The collection
tubes with the flow through were then discarded. The QiaAmp minElute spin columns were
placed in new appropriately 1.5 ml microcentrifuge tubes, dated and labeled with sample 1D
followed by 50ul ATE buffer (Elution buffer) directly to the spin column membranes. The lids
were gently closed, and samples incubated for 1 minute at room temperature. The DNA was

finally eluted by centrifuging the tubes at full speed (14000 rpm) for 1 minute.

25.1.2 Purification of total RNA

The RNA containing supernatants were incubated at 80°C for 15 minutes. This incubation step
partially reverses formaldehyde modification of nucleic acids resulting in maximum RNA yields.
The tubes were briefly centrifuged to remove drops from the inside of the lid and 320 pl of
Buffer RLT was added to adjust binding conditions, and mixed by vortexing. 720 pl of absolute
ethanol (96-100%) was added and mixed well by vortexing. 700 pl of the sample was transferred
to an RNeasy MinElute spin column placed in a 2 ml collection tube. The lids were gently closed
and centrifuged at 10,000 rpm for 15 seconds and the flow-through discarded. The collection

tubes were put back in the RNeasy minElute spin columns and this step repeated until the entire
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sample was passed through the RNeasy MinElute spin column. The collection tubes were re-used
for the next step. 350 ul Buffer FRN was then added to the RNeasy MinElute spin column. The
collection tubes were re-used for the next step. The lids were gently closed, and centrifuged at10,
000 rpm for 15 seconds. The flow-through was then discarded. The collection tubes were re-used
for the next step. 10 ul of DNase I stock solution was added to 70 pl Buffer RDD, mixed gently
by inverting the tubes, and centrifuged briefly to collect residual liquid from the sides of the
tubes. 80 ul of the DNase I incubation mix was added directly to the RNeasy MinElute spin
column membrane, and placed on the benchtop (20-30°C) for 15 minutes. 500 ul of Buffer FRN
was added to the RNeasy MinElute spin column, the lids closed gently and centrifuged for 15
seconds at 10,000 rpm. The flow-through was saved for use in the next step since it contained
RNA including small RNAs. The RNeasy MinElute spin column were placed in new 2 ml
collection tubes and the flow-through from the previous step applied to the spin column. The lids
were gently closed and centrifuged for 15 seconds at 10,000 rpm. The flow through was then
discarded. The collection tubes were re-used for the next step. 500 pl Buffer RPE was then added
to the RNeasy MinElute spin column. The lids were gently closed and centrifuged for 15 seconds
at 10,000rpm to wash the spin column membrane. The flow through was then discarded. The
collection tubes were re-used for the next step. This was followed by 500 pl Buffer RPE onto the
RNeasy MinElute spin column. The lids were gently closed and centrifuged for 15 seconds at
10,000rpm to wash the spin column membrane. The flow through was then discarded. RNeasy
MinElute spin columns were then placed in new 2ml collection tubes, the lids opened, and
centrifuged at full speed (14,000 rpm) for 5 minutes. The flow through was then discarded.

To avoid damage to their lids, the spin columns were placed into the centrifuge with at least one

empty position between columns and orientated the lids so that they point in a direction opposite
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to the rotation of the rotor. The RNeasy MinElute spin columns were then placed in new 1.5 ml
collection tubes and 30 pl of RNase-free water was added directly to the spin column membrane.
The lids were gently closed, and incubated for 1 minute at room temperature (15-25°C) followed
by centrifugation at full speed (14,000 rpm) for 1 minute to elute the RNA.

The DNA and RNA concentrations and purity were checked by spectrophotometry using the
NanoDrop (Thermo Scientific, 3411 Silverside Road Bancroft Buliding Wilmington, DE 19810
USA).

The eluted genomic DNA and RNA were stored at -70°C until they were required for the

purposes of this study.

2.5.2 DNA Extraction from Human Nucleated Cells in blood samples

Salting out method was used for high yield DNA extraction from whole blood. This was done at
the University of the Witwatersrand, Medical School (CMJAH) Molecular Biology Laboratory
in the Department of Internal Medicine. The procedure was modified from Nasiri et al.(Nasiri et
al., 2005 & Miller et al., 1988) and is described in detail in Appendix 5.

Lysis buffer dissolved the cell membrane while Proteinase K digests proteins, while chelating
agents like 10% Sodium dodecyl sulphate (SDS) bind to bivalent cations of nuclease cofactors
and thereby prevent DNA degradation by these enzymes. Finally, DNA was precipitated using
absolute (96-100%) ethanol and dissolved in 1X Tris-EDTA (TE) buffer (Nasiri et al., 2005).
The DNA concentration and purity were checked by spectrophotometry using the NanoDrop
(Thermo Scientific, 3411 Silverside Road Bancroft Buliding Wilmington, DE 19810 USA). The

eluted genomic DNA was stored at -70°C until it was required for the purposes of this study.

53



2.5.3 Custom TagMan SNP Genotyping Assay
All genomic DNA samples were genotyped for SNPs rs73885319, rs60910145 and rs71785313
using the TaqMan® minor groove-binding (MGB) based allelic discrimination (AD) assay
(Applied Biosystems). TagMan® AD Assay is a multiplexed, robust and highly reproducible
assay. It utilizes the 5’ to 3° Taq DNA polymerase exonuclease activity (Livak, 1999). A unique
pair of fluorescent dye detectors is used for each sample in an AD assay, for instance, two allele-
specific TagMan® probes labelled with a different 5° fluorophore dye (either VIC or FAM dye)
and a 3’ quencher dye together with a primer pair to target a SNP site (Figure 2.3). The
fluorophore’s signal using Forster fluorescence resonance energy transfer (FRET) is eliminated
by the close proximity of the dyes. In order to improve the hybridization process, the DNA
double helix is bound onto the MGB molecule hence stabilizing the MGB-probe/template
complex. Detection is determined by the exonuclease cleavage of a 5’ allele-specific dye label
that generates a permanent assay signal. All the MGB probes include a non-fluorescent quencher
(NQF). This eliminates the background fluorescence providing a greater signal-to-noise ratio for
hence improving assay sensitivity (Kamau et al., 2012). One fluorescent dye detector represents
a match to the wild type (allele 1) and the other fluorescent dye detector represents a match to the
mutation (allele 2). The presence of two fluorescent dye detectors (primer/probe) pairs in each
reaction allows genotyping of the two variants at that particular SNP site. The AD assay
therefore classifies the unknown samples as; Homozygotes (samples having only allele 1 or

allele 2) and Heterozygotes (samples having both allele 1 and allele 2).
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Figure 2.3: Schematic illustration of TagMan Allelic Discrimination Assay.

Achieved by the selective annealing of TagMan MGB probes. Source: www.Appliedbiosystems.com
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2.5.3.1 Materials

2.5.3.1.1 Genomic DNA
Each DNA sample was diluted (normalized) to 20ng/ul and 11.25ul per well was aliquoted into

96-well reaction plates. The following controls were also included on each plate:
e Known genotype: this included three controls with known genotypes
e No template control: this did not contain DNA template hence fluorescence levels were

due to the uncleaved probe

2.5.3.1.2 SNP genotyping assays

The SNPs (rs73885319, rs60910145 and rs71785313) genotyping assay were supplied as 40X
assay and contained:
e 5 VIC® dye and a 3’ quencher (tetramethylrhodamine) labelled to a TagMan® probe to
detect the allele 1 sequence
e 5 FAM® (6-carboxyl-fluorescein) dye and a 3’ quencher (tetramethylrhodamine)
labelled to a TaqMan® probe to detect the allele 2 sequence
e Forward and reverse primers to amplify the sequences of interest that represents the
polymorphisms
The SNP genotyping assays were diluted to 20X using 1X TE buffer before preparing the Master
Mix.
2.5.3.1.3 Universal PCR Master Mix
This is a 2X single reaction buffer that contains (AmpliTaq Gold DNA polymerase, reaction
buffer and dNTPs) for the TaqMan® assay. It facilitates the synthesis of a new DNA strand from
the dNTPs using single-stranded DNA after denaturation. The annealed primers are used for

initiation of synthesis.
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2.5.3.2  Procedure
2.5.3.2.1 Master Mix preparation
The total master mix for each assay, was prepared in a sterile centrifuge tube, mixed well by
vortexing gently and centrifuged to settle the components in the tube. The volume of each

component needed for per well of the 96-well plate reaction plate are shown in Table 2.2.

Table 2.2: TagMan® master mix components

PCR Components Volume per well (ul)
2X) TaqMan® Universal PCR Master Mix 12.50

20X SNP Genotyping Assay Mix 1.25

TOTAL 13.75

A template for a single sample used to calculate the reaction volumes. In our calculations we scaled-up master mix
reactions accordingly.

2.5.3.2.2 Reaction plate preparation

For the SNP assays, 13.75ul of the master mix was pipetted into each well of the 96-well plate.
This was followed by 11.25ul of DNA to make a total reaction volume of 25.0 ul. All wells were
inspected for uniformity of volume and the plate sealed with an adhesive cover. It was vortexed
to mix the reactions and centrifuged briefly to bring down the contents and eliminate air bubbles.
The plates were then placed in the Applied Biosystems 7500 Fast Real-Time PCR System

specifying a TaqMan® AD assay. The thermocycling conditions are shown in Table 2.3 below;

Table 2.3: Thermocycling conditions for the TagMan® assay

AmpliTaq Gold™ (40 cycles)
Enzyme activation
HOLD Denature Anneal/Extend
10 minutes at 95°C 15 seconds at 92°C 1  minute at 60°C

2.5.3.2.3 Allelic discrimination plate read

Sample IDs were entered in the template on the machine computer and reaction volume per well
(25.0ul) specified. Applied Biosystems 7500 Fast Real-Time PCR System Sequence Detection

System Software measured the intensity of the fluorescent signal. The plotted fluorescent signals
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were used to call the genotypes for each sample. An increase in signal of either FAM® or VIC®
indicated homozygous for the FAM®-specific or VIC®-specific allele while an increase in both

signals indicated heterozygous for both FAM® and VIC®.

2.5.4 TagMan Quality Control
The DNA samples tested for SNPs rs73885319, rs60910145 and rs71785313 were tested in
duplicate and sequencing of selected samples was used for confirmation of the genotypes.
Further validation of the genotypes was conducted in Dr. Cheryl Winkler’s lab at NIH, NCI
Molecular genetics unit in Frederick, Maryland, USA (our collaborator). The genotype

frequencies were also tested for deviation from Hardy Weinberg Equilibrium (HWE).

2.5.5 Custom Illumina® GoldenGate BeadXpress SNP Genotyping Assay

Mlumina®

is a flexible pre-optimized assay that provides the ability to design custom panels for
high-throughput, two-color laser detection bioassay system that allows you to scan large
numbers of VeraCode assays in a wide range of multiplex levels. This assay targets specific
SNPs in genomic DNA and it is based on sequence-sequence extension and ligation of

hybridized oligonucleotides distinguished by their shared primers sites (Fan et al., 2006). This is

illustrated in Figure 2.4.
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Figure 2.4: Golden Gate BeadXpress overview and workflow assay.

This assay uses allele-specific extension and ligation between annealed locus-specific oligonucleotides (LSOs) and
allele-specific oligonucleotides (ASOs) for genotype calling, enabled by an enzymatic discrimination step.
Subsequent PCR amplification step is used to amplify the appropriate product using “built in” primers in the ASO
and LSO sequence sites. The products are then hybridized and read out on an array of universal-capture illumicodes
(Fan et al., 2006).
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All genomic DNA samples were normalized to a concentration of 50ng/ul and genotyped for 96
SNPs that passed SNP scoring using the BeadXpress SNP Genotyping system (Illumina,
Inc.9885 Town Centre Drive San Diego, CA 92121 USA) according to the manufacturer’s
instructions. Each normalized genomic DNA (5ul) sample was hybridized simultaneously to a
pool of primers (OPA) attached to beads in solution and after allele specific primer extension and
ligation, followed by the addition of a set of fluorescently labeled universal primers (Cy3 and
CyS5 labeled P1 and P2 respectively), PCR was carried out using conditions shown in Table 2.4,

generating multiple labeled amplicons representing different SNPs.

Table 2.4: Thermocycling conditions for the Illumina® GoldenGate BeadXpress assay

Temperature Time
37°C 10 minutes
Denaturation 95°C 3 minutes
95°C 35 seconds
PCR (34 cycles) { 56°C 35 seconds
72°C 2 minutes
Final Extension 72°C 10 minutes
Hold 4°C 5 minutes

PCR amplicons containing strands with fluorescent signals were isolated and hybridized to
VeraCode beads (rod-shaped glass microbeads measuring ~240 x 28um). These VeraCode beads
are inscribed digitally with novel barcodes, with their surface available for attachment of an
oligonucleotide complimentary to the specific sequence on the beads. After hybridization, the
VeraCode beads were washed and scanned on the BeadXpress Reader calling alleles for each
genotype based on the identity of the VeraCode bead and the fluorescence label.

Appendix 6 contains the detailed procedure for Illumina® GoldenGate Assay.
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2.5.5.1  BeadXpress Quality control

This was performed using the BeadStudio software package used to cluster the fluorescence data
and generate genotypes for each sample and each SNP. Assay performance was first assessed
using the inbuilt sample-dependent, sample independent and contamination controls. These
assessed the overall performance of the samples, reagents, equipment, and BeadChips. The

inbuilt controls used were:

I. Allele Specific Extension tests the extension efficiency of properly matched versus mismatched
allele specific oligos (ASO). Failures in this control could indicate either a processing failure at
the Make ASE or Make MEL steps or poor DNA sample quality. Samples with a theta between

0.2 — 0.8 were excluded.

I. PCR Uniformity tests the PCR amplification efficiency for high AT and high GC regions of
DNA. Low signal intensities could indicate either a problem with the PCR amplification process
or low sample quality. Samples with a theta between 0.2 — 0.8 were excluded. Extension Gap
tests the efficiency of the 15 base extensions from the 3’ end of the ASO to the 5° end of the
locus specific oligos (LSO). Processing the Make MEL step or poor DNA sample quality could

impact the behaviour of these controls. Samples with R < 1000 were excluded.

III. First Hybridization tests for the specificity of the annealing ASO with different melting
temperatures (Tm) to the different DNA loci. Observed effects to signal intensity or clustering
could indicate either a general processing failure at Make ASE step or poor DNA sample quality.

Samples with R < 1000 were excluded.
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IV. Second Hybridization tests the specificity of synthetic oligo targets to probes present on the
beads. Issues related to hybridization of samples to BeadChips or VeraCode beads could lead to

unexpected behaviour of these controls. Samples with R < 1000 were excluded.

Contamination dashboard was viewed to make sure that one colour was displayed meaning there

was no contamination of the samples.

GC 10% which is a measure of the fluorescence intensity and distance of the call to the centre of
the cluster was performed and GC below 0.15 was considered poor and therefore samples falling

in that category were excluded.

All samples with a low call rate of less than 0.95 and low 10% GC were excluded. Samples with
poor genotyping performance were highlighted before evaluating the quality of SNP clusters.
The GenCall (GC) score which is a quality metric ranging from 0-1 was calculated for each
genotype. The sample data points that appeared to be further from the center of the cluster had
low GenCall score and were therefore excluded. In order to identify SNPs that need to be
manually edited or zeroed (excluded), we evaluated newly reclustered SNPs using the metrics
listed in the “SNP Table”. These metrics provide the overall performance information for each
SNP. Each SNP was evaluated based on the angle, dispersion, and overlap of clusters and
intensities. In order to find SNPs that might have needed editing or exclusion, we started by
determining hard cut offs and grey zones. We sorted data one column at a time, exploring values
at the extremes of the ranges. Hard cut offs levels below and above including the grey zones
were defined to contain loci with 80-90% successful and were improved by manual editing.

Otherwise, all the other SNPs were zeroed and excluded from the final analytical data set.
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Cluster separation was used to evaluate individual SNPs for overlapping clusters. SNPs with
overlapping clusters were zeroed and excluded from the project while SNPs which were well
separated, were manually edited. The AB mean for intensity (R) - ABR mean, was used to
identify all SNPs with intensities too low for genotypes to be called reliably. All those with low
intensities were zeroed. AB mean for theta — ABT mean, ranging from 0-0.2 and 1-0.8 were
evaluated in order to identify SNPs where the heterozygote cluster shifted towards the
homozygote cluster. SNPs falling between the two clusters were not reliably separated, were
zeroed and excluded from the analysis. A call rate and call frequency of 95% was used on all the
SNPs that passed quality control. During manual editing, any changes made were consistent with
principles of population genetics in order to prevent introduction of subjective bias into the data
set and make sure that we remained with data of the highest quality. We also excluded SNPs that
did not respect the Hardy-Weinberg equilibrium at p<10'3, The final genotyping data were then
exported from Bead Studio software using the “Final Report Wizard” for further downstream

analysis.

2.5.6 Estimated Glomerular filtration rate (eGFR)
This was calculated using the simplified Modification of Diet in Renal Disease (MDRD)
equation: (eGFR (ml/min/1.73 m?) = 186x (serum creatinine) ~'**xage™**** (x0.742 if female)

(x1.210 if black) (Foundation, 2002; Levey et al., 1999).

2.6 Population stratification
Population substructure (stratification) was assessed based on a total of 42 SNPs including the
AIMs SNPs and the selected chromosome 22 SNPs using the Principal Components Analysis

(PCA) module of Eigensoft software (Price et al., 2006). For these analyses, chromosome 22
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SNPs were limited to > < 0.05 with each other, and APOL] risk allele SNPs were excluded from
the population stratification analyses in order to prove that the strong association seen with

APOLI SNPs is not as a result of population substructure but due to the APOLI high risk alleles..

27 Messenger RNA (mRNA) expression profile of the N-terminal

apolipoprotein L1 isoforms

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) was used to profile the expression
patterns of mRNA N-terminal apolipoprotein L1 isoforms. RT-PCR is a sensitive method for
detection of transcript expression in total RNA extracted from limited tissue samples such as
biopsy material (Marone et al., 2001). This method was adopted over quantitative RT-PCR due
to the difficulty in designing a PCR strategy that could accommodate the small size difference
and the extent of overlap between the N-terminals. We profiled specific apolipoprotein L1
mRNA transcripts/isoforms of various kidney disease types as represented in (Table 2.5). To
ensure standardization of results all the samples were processed at the same time under the same

conditions.
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Table 2.5: Histology diagnoses, HIV status and number of risk alleles of samples selected for mRNA N-ApoLl
isoform profiling

Diagnosis HIV status Genotypes No. of risk alleles
1 HIVAN HIV positive G1/G1 2
2 HIVAN HIV positive G1/G2 2
3 HIVAN HIV positive G0/G1 1
4 HIVAN HIV positive G2/G2 2
5 HIVAN HIV positive G0/GO 0
6 HIVAN HIV positive GO0/GO 0
1 FSGS HIV positive G2/G2 2
2 FSGS HIV positive G0/G2 1
3 FSGS HIV positive G0/GO 0
4 FSGS HIV positive G0/GO 0
5 FSGS HIV positive G0/GO 0
6 FSGS HIV positive G0/GO 0
1 HIVICK HIV positive G1/G2 2
2 HIVICK HIV positive G0/GO 0
3 HIVICK HIV positive GO0/G1 1
4 HIVICK HIV positive G0/GO 0
5 HIVICK HIV positive G0/GO 0
6 HIVICK CKD HIV positive G0/G2 1
1 Membranous glomerulonephritis Cases HIV positive G0/G2 1
2 Global glomerulosclerosis HIV positive G1/G1 2
3 Membranous glomerulonephritis HIV positive G0/GO 0
4 Membranous glomerulonephritis HIV positive G0/GO 0
5 Thrombotic microangiopathy HIV positive G0/GO 0
6 Minimal change HIV positive G0/GO 0
1 FSGS HIV negative | G1/G2 2
2 FSGS HIV negative | GO/GO 0
3 FSGS HIV negative | G0/G2 1
4 FSGS HIV negative | GO/G1 1
5 FSGS HIV negative | GO/GO 0
6 FSGS HIV negative | GO/GO 0
1 Minimal change HIV negative | GO/GO 0
2 Benign Nephrolesclerosis HIV negative | GO/GO 0
3 Membranous glomerulonephritis HIV negative | GO/G1 1
4 Nodular glomerulosclerosis HIV negative | GO/GO 0
5 Membranous glomerulonephritis HIV negative | GO/G2 1
6 Minimal change HIV negative | GO/GO 0
1 Control 1 (Normal kidney) HIV negative | GO/GO 0
2 Control 2 (Normal kidney) HIV negative | G0/GO 0
3 1740 (Normal kidney) Controls | HIV negative | G0/GO 0
4 2389 (Normal kidney) HIV negative G0/GO 0
5 8279 (Normal kidney) HIV negative | GO/GO 0

HIVAN; HIV associated nephropathy. HIVICK; HIV immune complex kidney disease. FSGS; Focal segmental
glomerulosclerosis.
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The controls used in this experiment were from nephrectomy kidney samples archived at
Department of Anatomical Pathology, University of Witwatersrand. The normal histology from

these kidney tissues was confirmed by a pathologist.

2.7.1 Primer design for APOLI gene N-terminal domain
APOLI gene primers were designed specifically for the APOLI gene transcripts that hybridize to
homologous sequence in the N-terminal region of the gene (Figures 1.13 and 2.5). Messenger
RNA sequences for the apolipoprotein L1 isoforms (A, B and C) were retrieved from NCBI
website

(http://www.ncbi.nlm.nih.gov/nuccore/NG 023228.1 ?report=genbank&from=5001&to=19461)

and primers were designed at the N-terminal region of the gene using PubMed primer-blast tool

(http://www.ncbi.nlm.nih.gov/tools/primer-blast/) synthesized by Integrated DNA Technologies

(IDT) (Whitehead Scientific, Cape Town). GAPDH primers were also designed and used as a

reference control gene. The sequences of the primers are shown in Table 2.6.

Table 2.6: Primer sequences for N-terminal APOLI gene

Primer Sequence Melting temperature
(O

APOLI Forward Isoforms A/C 5’-GGAGCTGCTTTGCTGAGAGT-3’ 59.90

APOLI Reverse Isoforms A/C/B  5’-AGTCACCGAGGGGCTTACTT-3’ 60.13

APOLI Forward Isoform B 5’-ATGAGATTCAAAAGCCACACTG-3’ 59.24

GAPDH Forward 5’-TGCACCACCAACTGCTTAG-3 57.98

GAPDH Reverse 5’-GGATGCAGGGATGATGTTC-3’ 55.73
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Iso B ATGAGATTCAAAAGCCACACTGTGGAATTGAGGAGGCCCTGCAGCGAC, ATGGAGGGAGCTGCTTTGCTGAGAGTCTCTGTCCTCTGCATCTGG ATGAGTGCACTTTTCCTTGGTGTGGGAGTGAGGGCAGAGGAAGCTGGAGCGAGGGTGC

o 1

L

Iso form B Forward primer E E
Iso A .?-\TGGAGGGAGCTGCTTTGCTGAGf\GTCT CTGTCCTCTGCATCTGG iL\TGAGTGCACTTTTCCTTGGTGTGGGAGTGAGGGCAGAGGAAGCTGGAGCGAGGIGTGC
i Iso forms A/C Forward primer i i
Iso C ATGGAGGGAGCTGCTTTGCTGAGAGTCTCTGTCCTCTGCATCTGG GTGC

Iso B AACAAAACGTTCCAAGTGGGACAGATACTGGAGATCCTCAAAGTAAGCCCCTCGGTGACTGGGCTGCTGGCACCATGGACCCAGAGAGCAGTATCTTTATTGAGGATGCCATTAAGTATTTCAAGGAAAAAGTGAGC

<
<

Isoforms A/C/B Reverse primer

Iso A AACAAAACGTTCCAAGTGGGACAGATACTGGAGATCCTCAAAGTAAGCCCCTCGGTGACTGGGCTGCTGGCACCATGGACCCAGAGAGCAGTATCTTTATTGAGGATGCCATTAAGTATTTCAAGGAAAAAGTGAGC

Is‘oforms A/C/B Reverse primer
Iso C AACAAAACGTTCCAAGTGGGACAGATACTGGAGATCCTCAAAGTAAGCCCCTCGGTGACTGGGCTGCTGGCACCATGGACCCAGAGAGCAGTATCTTTATTGAGGATGCCATTAAGTATTTCAAGGAAAAAGTGAGC

Isoforms A/C/B Reverse primer

Figure 2.5: N-terminal sequence of APOL]I isoforms A, B and C.

Isoform B, NCBI Reference Sequence: NM_145343 (Red), has an alternate in-frame exon in the 5' coding region and uses an upstream in-frame start codon
compared to Isoform A, NCBI Reference Sequence: NM_003661 (Green) hence Isoform B has a longer N-terminus compared to isoform A. Isoform C, NCBI
Reference Sequence: NM_001136541 (Blue) lacks an alternate in-frame 5'coding segment, compared to Isoform A hence resulting in a protein that has a shorter
N-terminus as compared to isoforms A and B. Source:

(http://www.ncbi.nlm.nih.gov/nuccore/NG 023228.1?report=genbank&from=5001&to=19461). Accessed in July 2014.
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2.7.2 cDNA synthesis
To measure the mRNA expression of N-terminal apolipoprotein L1 isoforms in kidney tissues, a
total of 6 RNA samples previously isolated according to manufacturer’s instructions [The All
Prep QIA amp DNA/RNA FFPE tissue kit (Qiagen Inc., Chatsworth, CA) as described in 2.5.1.2
and Appendix 4] from FFPE kidney biopsies of each kidney disease type [HIVAN, HIV (+)
FSGS, HIVICK, HIV (-) FSGS, HIV (+) other kidney diseases, HIV (-) other kidney diseases
and normal kidney] (Table 2.5) were used as templates for cDNA synthesis using random
primers according to the template seen in Table 2.7. We used a high capacity cDNA reverse

transcription kit (ABI Biosystems Foster city, CA 94404).

Table 2.7: RT-PCR master mix

RT-PCR Components (Applied Biosystems) Volume per reaction (ul)
(10X) RT Buffer 2.0

100uM dNTP mix 0.8

(10X) Random primers 2.0

Reverse Transcriptase (50U/ul) 1.0

RNAse free water 13.2

RNA template (100ng) 1.0

TOTAL 20.0

This template is for a single sample and was scaled up for the total number of samples in the experiment.

The reaction tubes containing the RT-PCR reaction components were then placed in the
thermocycler, MJ mini' . Gradient Thermocycler (BioRad laboratories, 1000 Alfred Noble drive
Hercules, CA 94547, USA) under the following conditions (Table 2.8) in order to synthesize

cDNA.

Table 2.8: Thermocycler conditions for RT-PCR reaction synthesis of cDNA

Temperature Time
25°C 10 minutes
37°C 2 hours
85°C 5 minutes
4°C Hold (o)
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2.7.3 Polymerase Chain Reaction
Polymerase chain reaction (PCR) was performed using APOLI gene-specific primers designed

as described in Table 2.6 and the reactions set up according to the template represented in Table

2.9.

Table 2.9: PCR master mix components

PCR Components Volume per reaction (ul)
(2X) KAPA 2G robust HotStart Readymix 6.250

APOLI F primer (10uM) 0.625

APOLI R primer (10uM) 0.625

RNAse free water 3.000

cDNA (20ng) 2.000

TOTAL 12.5

This template is for a single sample and was scaled up for the total number of samples in the experiment.

The reaction tubes containing the PCR components were then placed in the thermocycler, MJ
mini  Gradient Thermocycler (BioRad laboratories, 1000 Alfred Noble drive Hercules, CA

94547, USA) under the following conditions (Table 2.10) for PCR to take place.

Table 2.10: Thermocycler conditions

Temperature Time
Denaturation 95°C 3 minutes
95°C 15 seconds
PCR (40 cycles) { 62°C 15 seconds
72°C 15 seconds
Final Extension 72°C 1 minute
Hold 4°C o)

10ul of the amplified PCR products were run on 5% acrylamide gels (set up as described in
Appendix 7 A) and the Gene Ruler Low Range DNA Ladder, Ready-to-Use 25-700 bp
(ThermoScientificTM, Bishop Meadow Road, Loughborough, Leicestershire, LE11 SRG, United
Kingdom) used as the molecular weight marker. The gels were then stained in ethidium bromide
solution (3ul of ethidium bromide in 100mL 1X TBE solution) for 5 minutes followed by

viewing under ultra violet (UV) light using Gel Doc™ EZ Imaging system (BioRad laboratories,
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1000 Alfred Noble drive Hercules, CA 94547, USA). Images of the gels were captured and the
different isoforms identified based on their different molecular weights. ImagelJ v1.48

(http://rsb.info.nih.gov/ij/docs/menus/analyze.html#gels) was used to determine the intensity of
bands and a student t test was used to determine the correlation between N-ApoLl mRNA

expression in cases and controls.

2.74 Imagel
Imagel is a public domain Java image processing program developed by the National Institutes
of Health Image. It can be used as either an online or downloadable application. This tool was
used to compare the density or intensity of bands captured from the acrylamide gels. The file
images were opened using File>Open in Image]. The Rectangular Selections tool was chosen
from the ImageJ toolbar and a rectangle of an area of 0.032 drawn next to each band to establish
the background of the individual bands. Measurements were taken using Analyze>Measure

measurements.

The same size rectangle was drawn around each PCR fragment band and band intensities
measurements of each band recorded using Analyze>Measure. The area of the rectangle was
retained throughout the measurements of all the bands on acrylamide gels. The background
measurement values were subtracted from the band measurement values to give the actual band

intensity values of each band. These values were then used in the subsequent analysis.

2.8 Developing an expression system for Apolipoprotein L1 isoform

expression in Kidney cells

Proteins are transported to appropriate destinations in the cell or out of the cell depending on the

sequence of the N-terminal domain. Proteins can be targeted to organelles, different
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intracellular membranes, the plasma membrane, or for secretion outside of the cell through
specific targeting signals or signal peptides. To elucidate the effect of the N-terminal domain on
apolipoprotein L1 isoform trafficking, a series of fluorescently labeled ApoLl N-terminal
isoform (A, B and C) constructs were created to be utilized in confocal microscopy. A two-step
PCR-based cloning strategy was adopted to create fluorescently tagged ApoLl N-terminal

isoform constructs.

2.8.1 Cloning of ApoLI N-terminal isoforms into pJET 1.2/blunt vector
pJET1.2/blunt is a linearized cloning vector that accommodates inserts from 6bp to 10kb. This
vector also contains a lethal gene that is disrupted by ligation of a DNA insert into the multiple
cloning site (MCS), hence only cells with recombinant plasmids are able to propagate for easier

positive screening of colonies and eliminate expensive blue/white screening.

Isoform A, B and C products previously obtained from the mRNA isoform expression analysis in
2.7 were ligated into the general donor plasmid, pJETI.2/blunt expression vector (2974bp)
according to manufacturer’s instructions (ThermoScientific™, USA). The plasmid map and
features of the pJET 1.2/blunt cloning vector is shown in Appendix 8. Since the KAPA 2G
robust HotStart Ready-mix used in RT-PCR of APOLI mRNA isoform expression gave rise to
PCR products with 3’-dA overhangs, the sticky-end cloning protocol of the pJET 1.2/blunt
cloning kit (ThermoScientific™, USA) was used. A blunting reaction was set up according to the

reaction conditions below (Table 2.11).
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Table 2.11: Blunting reaction.

Components Volume per reaction (ul)
2X Reaction Buffer 10.0

Non-purified PCR product/sticky-end fragment 1.0

Water, nuclease-free water Upto 17.0

DNA blunting Enzyme 1.0

TOTAL 18.0

A template for a single sample used to calculate the reaction volumes. The reaction volume was scaled up for the
total number of blunting reactions required.

The above mixture was vortexed and centrifuged briefly followed by incubation at 70°C for 5

minutes and chilled on ice thereafter.

The following ligation reaction (Table 2.12) was added to the blunting reaction mixture above in
order to ligate the PCR products onto the pJET1.2/blunt vector. This brought the total volume to

20.0ul.

Table 2.12: Ligation reaction

Components Volume per reaction (ul)
pJET 1.2/blunt Cloning Vector (50ng/ul) 1.0

T4 DNA Ligase (5U/ul) 1.0

TOTAL 20.0

The reaction volume for one reaction is represented.

The contents of the tubes were then vortexed and centrifuged briefly to collect drops on the top
and sides of the tubes. The tubes containing the ligation mixture were then incubated at room
temperature for 15 minutes and then transformed into Escherichia coli (E. coli) DH50 competent

cells.

The DH50 competent cells were prepared according to the protocol described in Appendix 9.

2.8.1.1 Transformation into already prepared E. coli DH5a competent cells

50 ul of freshly prepared competent cells were thawed on ice and placed in chilled 1.5ml
microcentrifuge tubes and 4 pl of ligation mixtures added, mixed gently and incubated on ice for

30 minutes. The tubes were then heat shocked by shifting the chilled mixture to 42°C water bath
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for 2 minutes, and then chilled on ice for further 2 minutes. To this 950 ul of Super optimum
culture (SOC) medium (Appendix 10 A) was added and incubated at 37°C in a shaking incubator
at 150 rpm for 1 hour 30 minutes in order for the bacteria to recover and express the antibiotic
marker encoded by the plasmid. The culture was then centrifuged at 3,000 rpm for 3 minutes and
~700 pul of supernatant discarded and the pellet dissolved in the remaining ~300 ul supernatant.
50 pl, 100 pl and 150 pl of the transformed cells were plated up and spread on Luria Burtani
(LB) agar (Appendix 10 B) containing 100pug/ml Ampicillin (Amp100) and incubated overnight

at 37°C.

2.8.1.2 Screening for positive clones

After an overnight incubation, colonies were picked and streaked on LB agar plates with
Amp100 and screened for recombinants (vectors with N-APOL] isoform inserts) by colony PCR
using the reaction template below (Table 2.13). The plates were then incubated at 37°C

overnight.

Table 2.13: Colony PCR reaction

Components Volume per reaction (ul)
(2X) KAPA 2G robust HotStart Readymix 10.0

pJET 1.2 Forward sequencing primer (10uM) 0.4

pJET 1.2 Reverse sequencing primer (10pM) 0.4

Water, nuclease-free 9.2

TOTAL 20.0

A single reaction is represented.

The contents in the tubes were then mixed and 20ul aliquoted in labelled PCR tubes on ice.
Colonies streaked on the plates above were re-suspended in corresponding labelled PCR tubes
and placed in a thermocycler, MJ mini" Gradient Thermocycler (BioRad laboratories, 1000
Alfred Noble drive Hercules, CA 94547, USA) under the following conditions (Table 2.14), in

order to amplify the region containing the inserts/isoforms.
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Table 2.14: Thermocycler conditions

Temperature Time
Denaturation 95°C 3 minutes
94°C 30 seconds
PCR (25 cycles) { 600C 30 seconds
72°C 30 seconds
Final Extension 72°C 1 minute
Hold 4°C o0

10ul of the colony PCR reactions were then analyzed on 2.5% agarose gel (set up as described in
Appendix 7 B) stained with ethidium bromide [3ul of ethidium in 2.5% agarose solution (2.5g of
agarose in 100mL of 1X TBE solution)] followed by viewing under ultra violet (UV) light using
Gel Doc™ EZ Imaging system (BioRad laboratories, 1000 Alfred Noble drive Hercules, CA
94547, USA). The images were captured and the isoform insert identified based on their different

molecular weights.

Once positively identified, two of each clone were incubated in LB broth (Appendix 10 C)
containing Amp100 at 37°C in an incubator and agitated at 100 rpm on a shaker (Orbital shaker

incubator, LM-510) for bacterial propagation.

2.8.1.3 Plasmid DNA purification

DNA plasmid purification was performed using The Zyppy™ Plasmid Miniprep Kit (Zymo
Research 17062 Murphy Ave., Irvine, CA 92614, and U.S.A.) This kit employs a pellet-free
modified alkaline lysis method that has an advantage of bypassing the centrifugation and re-
suspension steps common to classic plasmid preparation procedures. This entails addition of the
uniquely formulated 7X Lysis Buffer directly to the bacterial culture, followed by a
neutralization step and then plasmid purification using Fast-Spin column technology. The
coloured buffers included in the kit helps in the visualization and identification of complete

bacterial cell lysis and neutralization. The resulting plasmid DNA is of the high quality and is
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well suited for use in downstream applications such as transfections, bacterial transformations,
restriction endonuclease digestions, DNA ligations, PCR, transcriptions and DNA sequencing. A

detailed protocol is described in Appendix 11.

2.8.2 Sub-cloning apolipoprotein L1 isoforms into the pDsRed2-N1 vector
pDsRed2-N1 (4680bp) encodes Discosoma sp. red fluorescent protein 2 (DsRed2) derived from
the Discosoma sp. red fluorescent protein 583 (drFP583). It has a series of non-synonymous
base-pair mutations which play an important role in the high expression in mammalian cells. It
also contains six amino acid substitutions: VI05A, 1161T, and S197A, that result in rapid
appearance of red fluorescence in transfected cell lines and R2A, KSE, and K9T, that prevent the
protein from aggregating. Due to these characteristics, this protein is well tolerated by
mammalian cell cultures. These transfected mammalian cell cultures show no obvious signs of
reduced viability and are similar in morphology and in the manner they grow as non-transfected
cell cultures. The plasmid map and features of the pDsRed2-N1 cloning vector is shown in

Appendix 12.

2.8.2.1 Digestion of DNA insert/isoform from pJET 1.2/blunt vector

FastDigest® Bglll (Fermentas, Life Sciences, USA) was found to be the most suitable restriction
enzyme to use to restrict the isoform inserts from the recombinant pJET1.2/blunt vector since we
could not find any BglII restriction sites within the isoform inserts using RestrictionMapper
version3.0 program and the vector has two BglII sites that enables the double-digest of the insert
from the vector resulting in 3’dA overhang sticky-ends. BglIl is a type II restriction

endonuclease enzyme isolated from certain species of Bacillus globigii that recognizes
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5...A*GATCT...3’ sites and cuts best at 37°C in 5-30 minutes. The restriction digest was

performed according to the following reaction below in Table 2.15:

Table 2.15: BgllII restriction digest recombinant pJET1.2 vector

Components Volume per reaction (ul)
10X FastDigest® Buffer 2.0

Plasmid DNA 2.0 (1pg)

Water, nuclease-free 15.0

FastDigest® Enzyme 1.0

TOTAL 20.0

Reaction conditions for a single digest are represented and were scaled up accordingly.

The reaction tubes were mixed and incubated at room temperature for 20 minutes to ensure
complete digestion of the insert of interest from the pJET 1.2 cloning vector. The resulting
inserts have 3° dA overhang sticky-ends and following purification, were used in ligation

reactions to linearized and dephosphorylated pDsRed2-N1 vector.

2.8.2.2  Fast simultaneous pDsRed2-N1 linearization and dephosphorylation

The circularized plasmid, pDsRED2-N1 was linearized and dephosphorylated in preparation for
cloning of the inserts derived from the restriction digests (2.8.2.1). Linearization of the
pDsRED2-N1 was carried out using the restriction enzyme FastDigest® BglIl (Fermentas, Life
Sciences, USA). Bglll restriction was followed by dephosphorylation of the vector by the
addition of the FastAP alkaline phosphatase (Fermentas, Life Sciences, USA). This reaction was
carried out simultaneously in the same reaction tube according to the reaction outlined in Table

2.16 below:
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Table 2.16: Fast simultaneous pDsReD2-N1 linearization and dephosphorylation reaction

Components Volume per reaction (ul)
10X FastDigest® Buffer 2.0

Plasmid DNA (Empty pDsRED2-N1) 1.0

FastDigest® Enzyme (Bglll) 1.0

FastAP® Alkaline phosphatase (5U/ul) 1.0

Water, nuclease-free 15.0

TOTAL 20.0

A template for a single sample used to calculate the reaction volumes. In our calculations we scaled-up our master

mix according to the required reactions

The contents in the tubes were mixed thoroughly and incubated at 37°C for 10 minutes followed

by 65°C for 15 minutes in order to de-activate alkaline phosphatase.

2.8.2.3 Ligation of isoform into linearized and dephosphorylated pDsRed2-N1

vector

The digested DNA insert/isoforms above were ligated into linearized and dephosphorylated

pDsReD2-N1 vector according to the following reaction (Table 2.17):

Table 2.17: Ligation reaction

Components Volume per reaction
Linearized and dephosphorylated pDsReD2-N1 vector 20 ng

DNA insert-isoforms (A/B/C) 4:1 ratio over vector
10X T4 DNA Ligase Buffer 2.0 ul

T4 DNA Ligase 1.0 ul

Water, nuclease-free Up to 20.0ul
TOTAL 20.0ul

A template for a single sample used to calculate the reaction volumes. In our calculations we scaled-up our master
mix.

The reaction mixtures containing all the three isoforms were then incubated at room temperature
for 10 minutes and 5ul of each ligation reaction (containing Isoforms A, B and C) was used for

transformation into E. coli DH5a competent cells.

2.8.2.4  Transformation into already prepared E. coli DH5a competent cells

The transformations were carried out as described previously (2.8.1.1). 50 ul, 100 pul and 150 pl
of the transformed cells were plated up and spread on LB agar (Appendix 10 B) plates containing

50ug/ml of the selectable marker kanamycin (Kan50) and incubated overnight at 37°C.
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2.8.2.5 Screening for positive clones

After an overnight incubation, colonies were picked up and streaked on LB plates with Kan50
and screened for recombinant vectors as described previously (2.8.1.2) but this time using
APOLI-specific primers as seen in the table below (Table 2.18). The plates were then incubated

at 37°C overnight, for multiplication.

Table 2.18: Colony PCR for Isoforms A, B and C reaction

Components Volume per reaction (ul)
(2X) KAPA 2G robust HotStart Readymix 6.250

APOLI Iso A/C/B Forward primer 0.625

APOLI Iso A/C/B Reverse primer 0.625

Water, nuclease-free 5.0

TOTAL 12.5

A template for a single sample used to calculate the reaction volumes. In our calculations we scaled-up our master
mix.

The contents in the tubes were then mixed well and 12.5ul aliquoted in labelled PCR tubes on
ice. The colonies streaked on plates were re-suspended in corresponding labelled PCR tubes and
placed in thermocycler, MJ mini  Gradient Thermocycler (BioRad laboratories, 1000 Alfred
Noble drive Hercules, CA 94547, USA) under the following conditions (Table 2.19) in order to

amplify the region containing the inserts/isoforms.

Table 2.19: Thermocycler conditions

Temperature Time
Denaturation 95°C 3 minutes
95°C 15 seconds
PCR (35 cycles) { 60°C 15 seconds
72°C 15 seconds
Final Extension 72°C 1 minute
Hold 4°C 0

The colony PCR reactions were then analyzed on 2.5% agarose gel as described earlier (2.8.1.2)
and images were taken of the different insert/isoforms which were identified based on their

different molecular weights.
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Once positively identified, each clone containing the required insert was incubated in LB broth
that contains Kan50 at 37°C in a shaking incubator (Orbital shaker incubator, LM-510) at 100

rpm overnight for effective growth.

2.8.2.6  Plasmid DNA purification

This was performed as described earlier (2.8.1.3) and Appendix 11.
The recombinant pDsRed2-NlIplasmids containing the N-terminal region of the different
isoforms A, B and C were used for transfection of human embryonic kidney cells 293 (HEK

293) cells.

2.9 Culturing of Human Embryonic Kidney (HEK) 293 cells

Human Embryonic Kidney (HEK) 293 cells were thawed and propagated in Dullbecco’s
modified Eagle medium (DMEM) supplemented with 10% Foetal bovine serum (FBS) and 1 %
penicillin and streptomycin (pen-strep).

The cells were then incubated and maintained at 37°C with 5% CO, until 60-80 % confluent (~5
Days). On the 5t day, with the cells 80% confluent, the growth medium was discarded, cells
rinsed with 1X phosphate buffer saline (PBS), followed by 2ml of Trypsin EDTA and a brief
incubation at 37°C in order to detach the cells from the surface of the flask. 2ml of fresh medium
was then added and mixed up and down on the surface of the flask until all the cells have
detached and lumps dispersed. 2ml of the cells were then taken out in a separate tube to be used
in cell counting and seeding. 8ml of fresh medium was then added to the remaining 2ml in the

flask and placed in the incubator at 37°C.
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2.9.1 Determining the Cell number and viability

Cell number and viability is important in standardization of culture conditions and performance
of accurate experiments. This was done using a hemacytometer and trypan blue staining. A ratio
of 1:1 of the cell suspension to trypan blue was mixed in a tube and left to stand for 5 minutes
before loading to the hemacytometer. Using a sterile pipette, the trypan blue stained cell
suspension was transferred to the edge of the hemacytometer counting chamber by holding the
tip of the pipette under the coverslip and dispensing one drop of the suspension. The suspension
was then drawn under the coverslip by capillary action. The cells were allowed to settle for a few
minutes before counting and the excess liquid blotted off. The slide was viewed under the
microscope, Olympus U-TV 0.5 C-3 (Olympus Corporation) at 40X magnification. The slide
was positioned to view the large central area of the grid which is bordered by a set of three
parallel lines. Non-viable cells normally take up the dye while live cells are impermeable to dye.
A hand-held counter was used to count viable cells in each of the four corners and central
squares (quadrants). Cells touching the middle line of the triple lines on the bottom or right side
of the square were not counted. In order to determine the number of viable cells per milliliter
(cells/ml), the following formula was used:

Cells/ml= Number of cell counts/number of the quadrants X 10,000 X dilution factor. Cells
were seeded at 125,000 cells per well on cover slips in 3 well plates for the three isoforms (A, B

and C) and placed at 37°C in preparation for transfection the following day.

2.9.2 Transfection of HEK 293 cells with APOLI expressing constructs
On the day of transfection, the growth medium was removed from cells and replaced with 2ml of
complete growth medium. For each well of cells to be transfected, we diluted 0.5 pg of plasmid

DNA expressing different N-terminal isoforms A, B and C in 150 pl of Opti-MEM® I Reduced
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Serum Media without serum. For each well of cells, we added 6.0ul of Lipofectamine 2000®
Reagent into the above diluted Opti-MEM®: DNA solution mixed gently and incubated for 5
minutes at room temperature to form DNA- Lipofectamine 2000® Reagent complexes. After 5
minutes incubation, 275ul of the DNA- Lipofectamine 2000® Reagent complexes were added to
each well containing and mixed gently by rocking the plate back and forth. The cells were
incubated at 37°C in a CO; incubator for 72 hours post-transfection before assaying for transgene

expression. The media was changed after the 6 hours.

2.9.3 Immunofluorescence staining of transfected HEK 293 cells and confocal

microscopy

293.1 Cell preparation

The cells were removed from the incubator and the DMEM media discarded and the cells
attached on the coverslips were washed three times in PBS, pH 7.2-7.4. Excess solution was

rinsed off gently from the coverslips using a paper towel.

2932 Cell fixation

The coverslips were then placed on appropriately labelled slides with the side containing the
cells facing up. The coverslips were then fixed in chilled methanol at -20°C for 10 minutes. They
were then washed three times in phosphate buffer saline (PBS), pH 7.2-7.4. Excess solution was
rinsed off gently from the coverslips using a paper towel. DAPI (4', 6-diamidino-2-phenylindole)
solution (1:1000) was added onto the slides in order to stain them followed by a three-time wash
in phosphate buffer saline (PBS), pH 7.2-7.4 and distilled water. Excess solution was rinsed off
gently from the coverslips using a paper towel. The coverslips were then mounted with Dako

fluorescence (An Agilent Technologies Company, Dako North America, Inc. 6392 Via Real
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Carpinteria, CA 93013) mounting medium and inverted onto new and dry glass slides. They
were then incubated at room temperature in the dark for 1 hour and inspected under the confocal
microscope (Carl Zeiss cell observer CD). The images were then captured in accordance with the

manufacturer’s manual of instructions.

2.10 Statistical Analysis

The Kruskal Wallis test was used to test for the association of the clinical (serum creatinine,
eGFR, viral load and CD4) data among the groups using Stata v11.1. The quality controlled
genotypic data and clinical outcome files were merged using R program version 2.15.2. Tests for
single SNP associations with the three kidney diseases [HIVAN, HIV (+) CKD, and HIV (-)
CKD] were first performed using logistic regression analysis adjusting for age and gender. We
then fitted logistic regression models in which the highly associated SNPs [APOLI (rs73885319,
rs60910145, rs71785313, rs7284919, rs136147), MYH9 (rs4821480, rs4821481, rs3752462,
1s16996648, rs16996668, rs16996672, rs16996674, rs16996677, rs5750252) and APOL3
(rs11089781)] with HIVAN. The predictor variable values were coded as follows: equal to the
number of copies of the minor allele (0, 1, 2) in the additive model, presence of at least one copy
of the minor allele (1 or 2) in the dominant model or presence of the two copies of the minor
allele in the recessive model.

In order to determine possible associations between the HIVAN and various configurations of
multiple SNPs and also validate the association of MYH9 E1 haplotype SNPs (rs4821480,
rs4821481, rs3752462) with HIVAN since this has been shown to be associated with kidney
diseases in other studies (Freedman et al., 2009a; Kopp et al., 2008; Tayo et al., 2013; Winkler et

al., 2010), we performed haplotype association analysis of the highly associated SNPs using
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logistic regression models adjusting for age and gender and also correcting for multiple
comparisons.

We used the software Haploview (Barrett et al., 2005) to compute the estimates of linkage
disequilibrium for each pair of SNPs by the standard r* method and to determine the haplotype
blocks, regions with no evidence of historical recombination events, but significant levels of LD.
The haplotype blocks were defined by the four-gamete test as implemented in Haploview.

We also performed Fisher’s exact test to determine the effect size of the G1 (rs73885319 and
rs60910145) and G2 (rs71785313) alleles with HIVAN, HIV (+) CKD and HIV (-) CKD, where
we stratified the analysis by comparing individuals with two risk alleles (G1 or G2) versus zero
or one risk alleles using the recessive model. A similar analysis was performed comparing the
haplotypes.

Fisher’s exact test and Logistic regression were used to test the effect of APOLI risk alleles on
the kidney disease phenotypes, adjusting for age, sex and the first two eigen values obtained
from a PCA of population substructure. We also tested recessive models (comparing individuals
with two risk alleles, i.e. G1/G1, G1/G2, or G2/G2, against all others), but also tested other
models (recessive; and 1 vs. 0, 2 vs. 0, 2 vs. 1, and 2 vs. 1 or O risk alleles). Comparisons were
made between HIV (+) cases and HIV (+) controls and between HIV (-) cases and Population
Controls, comparing the distribution of two risk alleles (explanatory exposure) to O or 2 risk
alleles (no exposure). To test for homogeneity of the odds ratios between the South African and
African American FSGS populations, a Woolf test was used.

The Student’s ¢ fest was used to determine the level of significance between cases and controls in
the N-terminal mRNA ApoLl isoform expression patterns. P-values less than 0.05 were

considered significant.
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Chapter 3
3) RESULTS

3.1 Clinical Characteristics
This study was composed of 228 adult individuals of black African ancestry from Johannesburg,
South Africa. The clinical characteristics are summarized in Table 3.1. The mean age for
HIVAN group was 34.6 + 8.3 years, HIV (+) CKD group was 36.1 + 9.3 years, HIV (-) CKD
was 36.4 years, HIV (+) Control group was 38.8 + 7.1 years and among the population control
group was 38.5 £+ 8.6 years. The presence of glomerular capillary collapse and glomerular
visceral epithelial cell proliferation affecting at least one glomerulus, together with microcystic

tubular dilatation and interstitial inflammation differentiated HIVAN from HIV (+) FSGS.

Serum creatinine levels were observed to be highest in the HIVAN group with a median of
534.0umol/L and, as expected, lowest (in the normal range) among the HIV positive with no
CKD at median of 66.0 umol/L. Elevated serum creatinine was also observed among the HIV (+)
CKD (median of 233.0umol/l) and HIV (-) CKD (median of 155.0umol/l). Median estimated
glomerular filtration rate (eGFR) was observed to be lowest in HIVAN (11.9mL/min/ 1.73m2)
with HIV (+) CKD and HIV (-) CKD groups having 33.5 and 56.6mL/min/1.73m” respectively.
All the CKD patients had eGFR<60.0mL/min/ 1.73m> However, among HIV (+) Controls, eGFR
was 121.6mL/min/1.73m?. The association of the clinical (serum creatinine and eGFR) data
among groups was statistically significant (p<0.0001) when comparing HIV (+) CKD and HIV
(+) controls. The population control group was assumed to be “healthy” individuals since they
lacked measures of kidney function. They however, gave consent to be enrolled for population

genetic studies as control individuals. There was no significant difference by age (34.6, 36.1,
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36.4 and 38.8 years respectively) and gender at biopsy or study enrollment (P >0.05) between
the CKD groups and HIV (+) control group (Table 3.1). HIVAN showed the highest median
viral load (Logl0O copies/ml) levels (5.1 log copies/ml) compared to HIV (+) CKD (4.7 log
copies/ml). Undetectable median levels were observed in HIV (+) controls. HIVAN also showed
the lowest median CD4 counts HIVAN (92 cells/mm3) compared to HIV (+) CKD (244.5

cells/mm3) and HIV (+) controls (371.0 cells/mm3); Table 3.1.

Table 3.1: Demographic characteristics of the study population

HIVAN' HIV (+) HIV (+) P HIV (-) Population
Characteristic (N=39) CKD’ Controls’ value® CKD’ controls®
B (N=40) (N=54) (N=41) (N=54)
Sex, N (%)
Male 16.0 (41.0) 18.0(42.9) 15.0 (28.0) 0.069 24.0 (58.1) 24.0 (44.4)
Female 23.0(59.0) 22.0(57.1) 39.0 (72.0) 0.726 17.0 (41.9) 30-0(35.6)
Age, Mean (SD) 34.6(8.3) 36.1(9.3) 38.8 (7.1) 0.623 36.4 (11.0) 38.5(8.6)
Viral Load (Log
copies/ml) * 5.1 (4.5- i 8 i i
Median (IQR) 5.3) 4.7 (3.8-4.9) UD 0.001
CD4 (cells/mm’*)” 371.0
. 92.0 244.5
Median (IQR) ae-195)  ars3sts)  gipr o M0 ]
¢GFR (ml/min/1.73m?) 121.6
. 11.9 33.5 56.6
Median (IQR) (7.522.6)  (15.9-68.8) (114063'93)' 0001 31017y NA
Serum Creatinine 534.0
(nmol /L) (262 0- 233.0 66.0 0.001 155.0 NA
Median (IQR) 799 (')) (106.0-388.0)  (55.0-77.0) (91.0-778.0)

"HIV-associated nephropathy (collapsing FSGS); “Chronic kidney disease (see Table 3 for histological diagnosis);
*HIV positive controls with no kidney disease; “Kruskal Wallis test comparing HIV positive CKD cases to HIV
positive controls. "HIV negative chronic kidney disease (see Table 3); °Population controls were from NHLS; NA;
Not available. ” eGFR calculated according to the modified MDRD formula. 8UD; undetectable. *HIVAN (N=30),
HIV (+) CKD (N=27), HIV (+) Controls (N=45). "HIVAN (N=26), HIV (+) CKD (N=32), HIV (+) Controls
(N=41). Permission obtained from the American Society of Nephrology publishing group (Journal of the American
Society of Nephrology). Appendix 15 F.
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3.2 SNP Selection

The SNP selection process resulted in a total of 97 SNPs from non-synonymous coding,
synonymous coding intron and splice site, 5’ and 3’UTRs, upstream, downstream near start of
transcription sites of the MYH9 and APOLI genes including the AIMs (Figure 3.1). However,
after, subjecting the SNPs to standard quality control procedures described in Chapter 2, 20
SNPs did not pass quality control procedures and therefore 77 SNPs (17 APOLI SNPs, 41 MYH9
SNPs, 1 APOL3 SNP and 18 AIMs) were eligible for analysis. The full SNP list is found in
Table A13.1 (Appendix 13). The gene structure of the 59 (APOLI, APOL3 and MYH9) SNPs

(Chromosome 22) is shown in Figure 3.2.

3.3 SNP Genotyping Quality Control
A total of 228 samples [39 HIVAN, 40 HIV (+) CKD and 41 HIV (-) CKD cases and 54 HIV (+)
controls and 54 Population control (PC)] were genotyped (Table 2.1). After the initial assay
performance was assessed using the inbuilt sample-dependent, sample independent and
contamination controls (Allele Specific Extension, PCR Uniformity, Extension Gap, First
Hybridization and Second Hybridization) and a scatter plot of the call rate as a function of the
sample number against a 10% GC score, 4 samples that did not meet the quality assurance
requirements were excluded. Therefore, a total of 224samples [38 HIVAN, 39 HIV (+) CKD and

39 HIV (-) CKD cases and 54 HIV (+) controls and 54 PC)] were eligible for analysis.
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Ensemble: BioMart
N=1162
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APOL1

Ensemble: BioMart

N=233

HapMap International
1000 Genome Project
N=766
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1000 Genome Project
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M.A.F > 0.05 in atleast one
African population
(YRI, LWK, MKK)
N=129

M.A.F > 0.05 in atleast one
African population
(YRI, LWK, MKK)
N=20

MYH9
Literature
SNPs
N=20

Figure 3.1: Schematic diagram showing selected SNPs

v

Functional Analysis
(SIFT and POLYPHEN)
N=35

Final SNP list

<.—

APOL1 Literature
SNPs
N=4

AIMs N=18

N=97

SIFT; sorting intolerant from tolerant. POLYPHEN; polymorphism phenotyping. AIMs; ancestry informative
markers. YRI; Yoruba from Ibadan, Nigeria. LWK; Luhya from Kenya. MKK; Maasai from Kenya. Literature SNP

were SNPs previously associated with kidney disease.
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Figure 3.2: Gene structure and linkage disequilibrium plot of MYH9 and APOLI SNPs.

59 APOLI, APOL3 and MYH9 SNPs. Inter SNP D’ values are displayed on the plot. SNPs marked with asterix are the G1/G2 risk alleles which represent
independent strong associations.
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3.4 Frequencies and associations of MYH9 and APOLI SNPs and

APOLS3 literature SNP
3.4.1 Frequencies of MYH9 SNPs

The frequencies of the alleles of the individual 41 MYH9 SNPs differed across CKD cases
[HIVAN, HIV (+) CKD and HIV (-) CKD) and controls (HIV (+) controls and PC group]
(Appendix 14). Risk alleles had higher frequencies in HIVAN cases when compared to HIV (+)
controls than other CKD case groups [HIV (+) CKD and HIV (-) CKD] when compared to HIV
(+) controls and population controls respectively. These included MYH9 E1 risk haplotype SNPs
as shown in Table 3.2. More details on allele frequencies are found in Tables A14.1, A14.2 and

Al4.3.

3.4.2 Associations of MYH9 SNPs
We compared HIVAN and HIV (+) CKD cases with the HIV (+) controls, and the HIV (-) CKD
cases with the PC group. The MYH9 individual SNP association with different forms of kidney
disease revealed no significant association with HIVAN, HIV (+) CKD or HIV (-) CKD groups,
using logistic regression adjusted for age and gender except for rs16996648, rs5756152,
r$16996668, rs16996672, rs16996674 and rs16996677 with higher odds ratios as shown in Table 3.3.
These SNPs are however not part of the risk haplotypes that have been shown to predispose to
kidney disease and therefore considered to have no possible effect on kidney disease. MYH9 E1
haplotype also showed no association with any of the case groups (Table 3.2). Since this
observation was a unique MYH9 association with the HIVAN in our population, our focus was
narrowed down to HIVAN in subsequent analysis. We performed the covariate-adjusted

case/control analyses considering the three genetic modes of associations (dominant, recessive
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and additive) in HIVAN in order to find out whether there could be an association with other

genetic modes, and we still did not find significant association even after correcting for multiple

comparisons (Table 3.4). More details on the associations of the individual MYH9 SNPs are

found in Appendix 14. We also validated the association of MYH9 E1 haplotype SNPs known to

have been associated with kidney disease in other studies (Freedman et al., 2009a; Kopp et al.,

2008; Tayo et al., 2013; Winkler et al., 2010) by including them in our combined haplotype

analysis (Figure 3.6 and Table 3.10).

Table 3.2: Logistic regression analysis showing MYH9 E1 haplotype individual SNP association with HIVAN, HIV
(+) CKD and HIV (-) CKD cases

Risk allele frequency p-values
Gene SNPs Risk Cases Controls Odds Unadjusted | Adjusted
Allele Ratio

HIVAN MYH9 | 34821480 G 0.6667 0.4583 0.68 1.0000 0.9450
MYH9 | rs4821481 C 0.6364 0.4490 0.67 1.0000 0.9547

MYH9 | 133752462 T 0.9677 0.9387 1.94 1.0000 0.4329

HIV (+) CKD | MYH9 | rs4821480 G 0.6756 0.4583 0.25 0.3129 0.0948
MYH9 | rs4821481 C 0.6757 0.4489 0.24 0.3102 0.0907

MYH9 | 153752462 T 0.9722 0.9388 2.26 0.6341 0.6184

HIV (-) CKD | MYH9 | rs4821480 G 0.6206 0.5208 0.69 0.7383 1.0000
MYH9 | rs4821481 C 0.6000 0.5106 0.59 0.5216 1.0000

MYH9 | 153752462 T 0.9677 0.9574 1.33 1.0000 1.0000

Allele frequencies and association obtained from linear regression in the dominant model. Adjusted for age and

gender. SNPs: Single nucleotide polymorphisms
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Table 3.3: Logistic regression analysis showing Individual SNP association of rs16996648, rs5756152, rs16996668,
1$16996672, 1516996674, 1s16996677 with HIVAN, HIV (+) CKD and HIV (-) CKD cases compared to their

respective controls.

Risk allele frequency p-values
Gene SNPs Risk Cases Controls Odds Ratio | Unadjusted Adjusted
Allele
MYH9 | rs16996648 C 0.4706 0.2128 3.81 0.0099 0.0056
MYH9 | rs5756152 A 0.5000 0.1875 5.34 0.0017 0.0027
HIVAN MYH9 | rs16996668 C 0.4571 0.1735 5.15 0.0006 0.0011
MYH9 | 1s16996672 T 0.4722 0.2083 3.67 0.0070 0.0102
MYH9 | 1516996674 T 0.4722 0.1383 6.78 9.40x10™° 0.0003
MYH9 | 1s16996677 A 0.7333 0.3878 4.26 0.0050 0.0084
MYH9 | rs16996648 C 0.0294 0.0000 1.06 1.0000 0.9760
MYH9 | rs5756152 A 0.3529 0.3542 0.99 1.0000 0.8118
HIV (+) CKD MYH9 | 1rs16996668 C 0.0541 0.0204 1.40 0.5011 0.9062
MYH9 | 1516996672 T 0.4865 0.4167 1.32 0.6603 0.9485
MYH9 | 1516996674 T 0.4054 0.2766 1.77 0.2489 0.6225
MYH9 | rs16996677 A 0.4412 0.3878 1.24 0.6559 0.8585
MYH9 | 1316996648 C 0.0385 0.1111 0.47 0.2051 1.0000
MYH9 | rs5756152 A 0.4286 0.3830 1.21 0.8084 1.0000
HIV (-) CKD MYH9 | 1rs16996668 C 0.0968 0.0208 0.95 1.0000 1.0000
MYH9 | 1516996672 T 0.4000 0.3958 1.02 1.0000 1.0000
MYH9 | 1s16996674 T 0.3333 0.3261 1.03 1.0000 1.0000
MYH9 | 1s16996677 A 0.4333 0.4043 1.13 0.8169 1.0000

Allele frequencies
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Table 3.4: Logistic regression analysis showing MYH9 SNP associations with 38 HIVAN cases and 54 HIV (+) Controls

Risk Allele Frequencies P Values
Gene SNP Risk Cases Controls Association OR (95% CI) Unadjusted Adjusted Corrected*
Allele Mode
MYH9 rs16996648 C 0.4706 0.2128 Dominant 3.69(1.32-10.30) 0.0068 0.0127 0.1059
Recessive Inf (0.00-Inf) 0.9981 0.9980 1.0000
Additive 4.36 (1.78-10.68) 0.0077 0.0013 0.0069
MYH9 rs16996668 C 0.4571 0.1735 Dominant 6.28 (2.17-18.20) 0.0007 0.0007 0.0039
Recessive 11.77 (1.22-113.30) 0.0233 0.0328 0.0589
Additive 493 (2.01-12.12) 0.0003 0.0005 0.0019
MYH9 rs16996672 T 0.4722 0.2083 Dominant 4.40 (1.57-12.36) 0.0064 0.0050 0.0379
Recessive Inf (0.00-Inf) 0.9980 0.9979 1.0000
Additive 4.84 (1.95-12.01) 0.0006 0.0007 0.0029
MYH9 rs16996674 T 0.4722 0.1383 Dominant 9.17 (2.98-28.18) 0.0001 0.0001 0.0009
Recessive Inf (0.00-Inf) 0.9980 0.9979 1.0000
Additive 8.34 (2.95-23.55) 4.03x10 6.27x10™ 0.0009
MYH9 rs16996677 A 0.7333 0.3878 Dominant 6.18 (2.04-18.79) 0.0033 0.0013 0.0079
Recessive Inf (0.00-Inf) 0.9980 0.9978 1.0000
Additive 6.42 (2.34-17.42) 0.0003 0.0003 0.0019
MYH9 rs5756152 A 0.50 0.1875 Dominant 5.46 (1.86-16.03) 0.0011 0.0020 0.0139
Recessive 14.28 (1.54-132.00) 0.0104 0.0191 0.0269
Additive 4.56 (1.89-10.98) 0.0003 0.0007 0.0039
MYH9 rs4821480 G 0.6667 0.4583 Dominant 0.41 (0.15-1.12) 0.0330 0.0832 0.5574
Recessive 2.10 (0.07-60.99) 0.8369 0.6651 1.0000
Additive 0.50 (0.20-1.25) 0.0598 0.1375 0.7263
MYH9 rs4821481 C 0.6364 0.4490 Dominant 0.48 (0.18-1.27) 0.0487 0.1376 0.7463
Recessive 2.13 (0.07-62.78) 0.8254 0.6608 1.0000
Additive 0.60 (0.22-1.39) 0.0821 0.2081 0.8691
MYH9 rs3752462 T 0.9677 0.9387 Dominant 0.20 (0.05-0.74) 0.06423 0.0160 0.1399
Recessive 0.18 (0.02-1.98) 0.5149 0.1596 0.5435
Additive 0.27(0.10-0.79) 0.0864 0.0166 0.1359

Adjusted for age and gender, SNP: Single nucleotide polymorphism, OR: Odds ratio, CI: Confidence Interval, NE: Not Estimated, *P values corrected for
multiple comparisons
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3.4.3 Frequencies of the APOLI and APOL3 SNPs
The allele frequencies of each of the APOLI 17 SNPs including G1-rs73885319, G1-rs60910145
and G2-rs71785313 SNPs and 1 literature SNP of the APOL3 region, differed in cases [HIVAN,
HIV (+) CKD and HIV (-) CKD] and controls [HIV (+) Controls and PC groups] as shown in
Appendix 14. We compared HIVAN and HIV (+) CKD cases with the HIV (+) controls, and the
HIV (-) CKD cases with the PC group. As would be expected, the risk allele was more frequent
in cases than in controls for example, in four SNPs of the APOLI region (G1-rs73885319, G1-
rs60910145, G2-rs71785313, rs136147) with a notable difference in rs7284919 and one literature
SNP, rs11089781 of the APOL3 region with HIVAN (Table 3.5). The frequencies of the risk
allele in HIV (+) CKD and HIV (-) CKD in correspondence with their respective control groups,
was not significantly different (P>0.05) as shown in Tables A14.2 and A14.3 respectively in

Appendix 14 and in Table 3.5.

Table 3.5: Logistic regression analysis showing association of APOLI and APOL3 SNPs with HIVAN, HIV (+)
CKD and HIV (-) CKD

Risk allele frequency p-values
Gene SNPs Risk Cases Controls Odds Unadjusted  Adjusted
Allele Ratio
APOLI | 1573885319 G 0.5556 0.0370 98.56 1.61x10™  7.203x10™7
APOLI | rs60910145 G 0.4872 0.0370 46.08 431x10" 2.832x10"
HIVAN APOLI | rs71785313 D 0.3421 0.1667 2.08 0.0060 0.0067
APOLI rs7284919 C 0.0143 0.0938 0.14 0.0446 0.0336
APOLI rs136147 T 0.6806 0.3370 29.39 6.39x107% 0.0006
APOL3 | rs11089781 A 0.4286 0.1170 6.08 0.0004 0.0023
APOLI | rs73885319 G 0.0110 0.0370 2.77 0.0493 0.1252
APOLI | 1s60910145 G 0.1163 0.3704 2.62 0.0341 0.1346
APOLI | rs71785313 D 0.1744 0.1667 0.97 0.8865 0.9282
HIV (+) CKD APOLI rs7284919 C 0.0278 0.000 1.66 0.4300 0.6279
APOLI rs136147 T 0.4412 0.5116 0.76 0.6472 0.6708
APOL3 | rs11089781 A 0.1351 0.2340 0.52 0.2793 0.0435
APOLI | rs73885319 G 0.0909 0.0648 1.41 0.4943 0.5289
APOLI | rs60910145 G 0.0652 0.0556 1.15 0.7743 0.8204
HIV (-) CKD APOLI | rs71785313 D 0.0889 0.1111 0.75 0.6054 0.5584
APOLI rs7284919 C 0.0183 0.0958 2.03 0.2630 1.0000
APOLI rs136147 T 0.6250 0.5833 1.19 0.8025 1.0000
APOL3 | rs11089781 A 0.1379 0.3043 0.37 0.1641 1.0000

Allele frequencies and association obtained from linear regression in the dominant model. Adjusted for age and gender.
SNPs: Single nucleotide polymorphisms
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Since G1 and G2 risk alleles had been shown to be highly associated with kidney disease in other
studies, we chose to focus on the same risk alleles and determine their frequencies as well as
their impact on kidney disease in our black South African population.

APOLI G1 and G2 genotypes were determined for 96.7% of CKD cases [HIVAN, N=38; HIV
(+) CKD, N=39; and HIV-negative (-) CKD, N=39] and 100% of controls [HIV (+) controls,
N=54 and population controls, N=54] (Table 3.6). Genotype distributions did not differ
significantly from Hardy-Weinberg equilibrium expectations in HIV (+) and population control
groups (P >0.05). SNP and haplotype frequencies are shown in Figure 3.3. The genotype G1/G2
was most frequent in HIVAN and half (19/38; 50.0%) of the HIVAN cases had both G1 and G2
risk alleles and 30/38 (79.0%) had a total of two risk alleles (Table 3.6). The prevalence of the
risk alleles of each of the SNPs differed in CKD cases [HIVAN, HIV (+) CKD and HIV (-)
CKD] and controls [HIV (+) controls and PC]. The risk allele was more frequent in HIVAN
cases than controls. However, the frequencies of G1 and G2 risk alleles were highest in HIVAN
than in other forms of kidney diseases and controls. G1 (rs73885319), G1 (rs60910145) and G2
(rs71785313) allele frequencies were 56.2%, 50.0% and 34.2% respectively in HIVAN (Figure
3.3). The two control groups [HIV (+) Controls and PC] were not significantly different to one

another as was the case for the HIV (+) CKD and HIV (-) CKD groups.
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Table 3.6: APOLI G1 and G2 genotypes in cases and controls.

HIV (+) cases and controls

HIV (-) cases and controls

HIV +)

HIVAN" CKD* CKD" Population Controls
Controls

Genotype N (%) N (%) N (%) N (%) N (%)
0 risk allele
G0/GO 2(5.3) 22 (56.4) 34 (63.0) 25 (64.1) 36 (66.7)
1 risk allele 6 (15.8) 11 (28.2) 18 (33.3) 13 (33.3) 17 (31.5)
G0/G1 5(13.2) 4 (10.3) 4(74) 6 (15.4) 7 (13.0)
G0/G2 1 (2.6) 7(17.9) 14 (25.9) 7(17.9) 10 (18.5)
2 risk alleles 30 (78.9) 6 (15.4) 2(3.7) 1(2.6) 1(1.9)
G1/G1 8 (21.0) 2(5.1) 0 (0.0 0 (0.0) 0 (0.0)
G1/G2 19 (50.0) 2(5.1) 0 (0.0 1(2.6) 0 (0.0)
G2/G2 3(7.9) 2(5.1) 2(3.7) 0 (0.0) 1(1.9)
Total 38 39 54 39 54

The distribution of APOLI genotypes and fractions with 1 or 2 risk alleles for the study groups. 'One patient did not
pass genotyping. *The single HIV (+) CKD subject carrying the G1™ (A-G-I) haplotype is excluded from the table
and one patient did not pass genotyping. "Two patients did not pass genotyping. (Permission obtained from the

American Society of Nephrology publishing group). Appendix 15 F

*Refer to Figure 3.3 for haplotype notation.

The five G1 and G2 haplotypes are shown in Figure 3.3. The common haplotype (G0O) containing
non risk alleles for G1 and the 6-basepair insertion/deletion (A-T-I) was most common in other
forms of CKD and controls [HIV (+) CKD (71.8%), HIV (-) CKD (83.7%), HIV (+) Controls
(79.6%) and PC (82.4%)]. However, it was least frequent in HIVAN (13.7%). The haplotype
containing two risk alleles at G1 and the non-risk allele at G2 (G1°™), was most frequent in
HIVAN (52.6%) followed by haplotype containing non risk alleles at G1 and 6 bp deletion at G2
(33.7%). The G1°* haplotype was rare and observed in the heterozygous state only in six
individuals [three with HIVAN, two in HIV (-) CKD and one in PC] as shown in Figure 3.3 with
haplotype frequencies of 3.8%, 1.5% and 0.9% respectively (Figure 3.3). This haplotype

accounted for less than 1% of the APOLI haplotypes in the combined control groups. There was
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one individual with HIV (+) CKD with FSGS who had a unique haplotype G1™ (A-G-I). This
haplotype did not feature in any of the other groups. This is the first time such a combination is
reported. This novel haplotype was confirmed by Sanger sequencing of the PCR product and was
observed as a compound heterozygote (G1™/G1™) in a single HIV-positive FSGS case. It has
however been found that (Kopp et al., 2011) the effect size of the G1°™ and G1°* haplotypes are
equivalent and so the renal risk of G1™ could not be determined hence we excluded this

individual from further analysis in this study.

3‘ Haplotype Frequency
© © g <
3 /4 I3
2o s 2L .
2y 5§ g8 HIVAN HIV(+)CKD  HIV(-)CKD HIV(+) Population
g'? 8= ,\?5’ Controls Controls
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GO A y T y ! , 0.14 0.72 0.84 0.80 0.82
G1oM _G:'| 0.53 0.11 0.08 0.04 0.06
G16* &i:l 0.04 0.00 0.02 0.00 0.01
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G1*M [ | — 1 0.00 0.01 0.00 0.00 0.00
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Figure 3.3: Distribution of APOLI haplotypes and risk alleles.
Five APOLI haplotypes were observed. The ancestral haplotype, denoted as GO, has three ancestral alleles; the

G1°™ haplotype has two missense alleles; the G1* haplotype has one missense risk allele at rs73885319; the G1*™
has one missense variant at rs60910145; the G2 haplotype has the 6 bp deletion risk allele at rs71785313. The risk
allele and haplotype frequencies are shown for HIVAN, HIV (+) CKD and HIV (-) CKD cases and HIV (+) controls
and population controls (PC). (Permission obtained from the American Society of Nephrology publishing group).
Appendix 15 F
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3.4.4 Associations of the APOLI and APOL3 SNPs
In the association analysis, we compared the HIVAN and the HIV (+) CKD cases with HIV (+)
controls and the HIV (-) CKD case with the population control (PC) group. We found 5/17
APOLI individual SNPs and 1 APOL3 individual SNP were not significantly associated with
different forms of kidney disease except HIVAN. The strongest signal was for the two-locus
allele, rs73885319 G1, rs60910145 G1 (P:].6]x]0‘14 and P=4.31x10"" respectively) in the last
exon of APOLI (Figure 3.4). SNP rs71785313 G2 risk haplotype on the same exon also showed
a significant association with HIVAN (Table 3.5). These SNPs had the highest association with
HIVAN and no association with HIV (+) CKD or HIV (-) CKD using the logistic regression
model adjusting for age and gender (Table 3.5). The covariate-adjusted case/control analyses
considering the three genotypic modes of associations (dominant, recessive and additive) within
the HIVAN group, showed significant genetic associations with individual SNPs for the two G1
(rs73885319 and rs60910145) and one G2 (rs71785313) variant allele under dominant and
additive models of associations even after correcting for multiple comparisons (Table 3.7). The
reason why we could not detect an association using logistic regression in a recessive model
could be because half of the individuals (19/38) within the HIVAN group were compound
heterozygotes (Table 3.6). Variants rs73885319 and rs60910145 had larger effects under the
dominant mode, with the strongest effect being with rs73885319 (OR=123.10 95% CI 20.57-
737.00 P=5.99X10"%. This was followed by rs60910145 (OR= 58.25 95% CI 13.43-252.60
P=2.92X 1 0‘09) as shown in Table 3.7. These two variants are in almost perfect LD (D’=1.00,
rZ:O.SO) as shown in Figure 3.4A and therefore if adjusted for either one, the association of the

other disappears. G2 association with HIVAN was OR=2.64 95% CI 1.05-6.65 P=0.004.
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Table 3.7: Logistic regression analysis showing significant SNP Associations with 38 HIVAN cases and 54 HIV (+) controls

Risk Allele Frequencies P Values
Gene SNP Risk Cases Controls Association OR (95% CI) Unadjusted Adjusted Corrected*
Allele Mode

APOLI | 1s73885319 G 0.5556 0.03704 Dominant 123.10 (20.57-737.00) 5.99x107° 1.35x10" 0.0009
Recessive Inf (0.00-Inf) 0.9981 0.9979 1.0000
Additive 98.56 (16.04-605.60) 6.10x10™ 7.20x10"7 0.0009

APOLI | 1560910145 G 0.4872 0.03704 Dominant 58.25 (13.43-252.60) 2.915x10" 5.61x10™ 0.0009
Recessive Inf (0.00-Inf) 0.9981 0.9980 1.0000
Additive 46.08 (10.68-198.90) 2.26x10 2.83x10" 0.0009

APOLI | 1571785313 D 0.3421 0.1667 Dominant 2.64 (1.05-6.65) 0.0038 0.0399 0.2897
Recessive 1.49 (0.22-10.02) 0.3933 0.6861 1.0000
Additive 2.08 (0.95-4.54) 0.0076 0.0667 0.4665

APOLI 157284919 C 0.0143 0.0938 Dominant 0.11 (0.01-1.00) 0.0564 0.0500 0.3596
Recessive NE NE NE NE
Additive 0.11 (0.01-1.00) 0.0564 0.0501 0.3586

APOLI 15136147 T 0.6806 0.3370 Dominant 20.73 (3.08-113.00) 0.0004 0.0005 0.0029
Recessive 3.05 (0.99-9.36) 0.0148 0.0509 0.1039
Additive 3.98 (1.79-8.85) 0.0002 0.0007 0.0029

APOL3 | r1s11089781 A 0.4286 0.1170 Dominant 6.43 (2.13-19.43) 0.0002 0.0010 0.0060
Recessive Inf (0.00-Inf) 0.9981 0.9981 1.0000
Additive 5.80 (2.11-15.96) 9.71x10.05 0.0007 0.0029

Adjusted for age and gender, SNP: Single nucleotide polymorphism, OR: Odds ratio, CI: Confidence Interval, NE: Not Estimated, *P values corrected for
multiple comparisons
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Figure 3.4: SNP association using logistic regression analysis.

A: SNP association between HIVAN cases vs HIV (+) Control B: SNP Association between HIV (+) CKD vs HIV (+) Controls. C: SNP Association between
HIV (-) CKD cases vs Population Control. On the x and y —axes, genomic position and —log of the unadjusted P values are shown respectively.
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The effect size and statistical significance for carriage of 1 or 2 APOLI risk variants by
comparing the distribution of 2 vs. 1 or 0 copies of APOLI G1 and G2 risk alleles in cases and
controls in a recessive model (Table 3.8) was assessed using Fisher’s exact test by stratifying the
analysis with the other allele adjusting for age and gender. There was no significant association
with HIV (+) CKD and the HIV (-) CKD case groups. There was a marginally significant
association when carrying one copy of either allele with HIVAN and because of the complete
negative LD, an individual cannot carry more than two copies of G1 and/or G2. The association
of APOLI risk alleles with HIVAN fitted best a recessive model using Fisher’s exact test,
consistent with other studies. Carriage of 2 copies of APOLI renal risk alleles was a strong
predictor of HIVAN (OR=89.1 95% CI 17.68, 911.72 P:].24x]0'14). This effect size was so
strong that carriage of even 1 renal risk allele increased the risk of HIVAN with a considerable
statistical support (OR 5.49 95% CI 0.87, 61.14 P=0.05) (Table 3.8). The results for HIVAN

remained highly significant after adjusting for age, gender, and genetic ancestry (Table 3.8).
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Table 3.8: APOLI risk allele associations with HIVAN, HIV-associated FSGS, and HIV (-) FSGS (primary FSGS)

HIV (+) CKD Case Groups (N=51) vs. HIV (+) Controls (N=54) Primary FSGS (N=9) vs. All FSGS (N=22) vs. All
Population Controls (N=54) controls (N=108)

HIVAN HIV(+) FSGS Primary FSGS HIV(+) FSGS (N=13) and
N=38 N=13 N=9 primary FSGS (N=9)

No. of risk OR (95%CI) Prer P+ OR (95%CI)  Pggr OR (95%CI) Prer OR (95%CI) Prer

alleles

1vs.0 5.49 0.05 0.13 0.63 0.74 1.3 1.00 0.86 1.00
(0.87, 61.14) (0.10, 2.98) (0.18,7.42) (0.25, 2.64)

2vs. 0 200.87 1.5x10™  1.9x10° 1.85 0.53 6.70 0.26 3.27 0.22
(27.62,3119.17) (0.03, 39.57) (0.08, 577.00) (0.25, 31.46)

2vs. 1 40.50 1.8x10™ 2.82 0.44 5.0 0.34 3.74 0.20
(7.09, 446.94) 8.7x10% (0.04, 73.20) (0.05, 467.90) (0.26, 40.67)

2vs.1lor0 89.1 1.2x10™  1.5x10° 2.13 0.48 6.30 0.26 3.45 0.20

Recessive (17.68, 911.72) (0.03, 44.30) (0.04, 248.70) 0.27,32.23)

Model

Shown are odds ratios (OR) and confidence intervals (CI) for association between APOLI risk alleles and particular glomerular diseases. Analyses were adjusted
for age, sex, and ancestry. Pggr. P values from Fisher’s exact test. Permission obtained from the American Society of Nephrology publishing group (Journal of the
American Society of Nephrology. (Permission obtained from the American Society of Nephrology publishing group). Appendix 15 F
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We also showed the distribution of APOLI G1 and G2 risk alleles among the different
histologically diagnosed kidney phenotypes HIV (+) and HIV (-) CKD cases in Table 3.9.
Among the HIV (+) CKD, there was no significant association between APOLI risk alleles and
“HIV (+) FSGS (OR=2.13 95% CI 0.03, 44.30 P=0.48) and HIVICK (OR=5.60 95% CI 0.4, 86
P=0.13) compared to HIV (+) controls”. Among the HIV (-) CKD, there was also no significant
association for “primary FSGS (OR=6.30 95% CI 0.04, 248.70 P=0.26) compared to population
controls” (Table 3.8). We combined HIV (+) FSGS (N=13) and primary FSGS (N=9) and
compared this to all controls (N=108) to increase statistical power, and still no significant
association with APOLI G1 and G2 alleles in a recessive model (OR=3.45 95% CI 0.27, 32.23
P=0.20) was observed (Table 3.8). We used a Woolf test for homogeneity to determine if the
odds ratios for APOLI association with primary FSGS and HIVAN from our study were
significantly different to odds ratios from those reported in Kopp et al (Kopp et al., 2011) since
the point odds ratios differed between the two studies. The odds ratios in our study were higher
for HIVAN and lower for FSGS compared to the ratios observed in African Americans.
However, the differences were not statistically significant (P=0.56 and 0.21 for FSGS and
HIVAN respectively). “We also compared odds ratios for HIV (+) FSGS seen in this study to
data from Fine et al (Fine et al., 2012), for African Americans with HIV (+) FSGS compared to a
population control group from Kopp et al.(Kopp et al., 2011) (OR = 24.5 95% CI 9.7-65.1 P=
4.3X10"y". Woolf test gave a P value of 0.067 indicating that there was no significant
association. The effect sizes (odds ratios) of G1 and G2 alleles shown in Figure 3.5 clearly
indicated the effect size of G2 was weaker than G1. However, we should note that the effect

G1/G2 compound heterozygotes is equivalent in effect size to G1/G1.
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Table 3.9: Association between APOLI risk alleles and various glomerular diseases

HIV positive cases and controls HIV negative cases and controls
Number of APOLI risk alleles  OR (95% CI)  P'™ Number of APOLI risk alleles  OR (95% P™"
CI)
APOLI risk allele distribution 0 1 2 2vslorOrisk P! 0 1 2 2vslor0 PMET
alleles risk alleles
Controls (N=108) 34 (63%) 18 (33%) 2 (4%) - - 36 (67%) 17 (32%) 1 (2%) - -
HIVAN (N=38) 2 (5%) 6 (16%) 30 (79%) 89 (17.7,912) 12X10™" |- - - - -
Other CKD (N=78) 22 (57%) 11 (28%) 6 (15%) 3.8 (0.6,42) 0.13 25(64%) 13(33%) 13%) 1.4 (0.02, 1.0
11)
FSGS (N=22) 9 (69%) 3 (23%) 1 (8%) 2.1 (0.03, 44) 0.48 5 (56%) 3 (33%) 1 (11%) 6.3(0.08, 0.26
527)
HIVICK (N=12) 4 (33%) 5 (42%) 3 (25%) 5.6 (0.4, 86) 0.13 - - - - -
Other glomerulonephritis 7 (70%) 3 (30%) 0 (0%) 0.0 (0, 30) 1.0 10 (59%) 17 (41%) 0 (0%) 0 (0, 124) 1.0
(N=27)
Other kidney diseases (N=17) 2 (50%) 0 (0%) 2 (50%) 21 (0.2, 2029) 0.11 10 (77%) 3 (23%) 0 (0%) 0 (0, 210) 1.0

APOLI genotype frequencies and associations, tested with the Fisher exact test (FET), for various glomerular diseases among HIV+ and HIV- subjects and
general population controls. The only glomerular disease that showed a significant association with APOLI risk alleles was HIVAN. Of note, HIV+ FSGS, HIV-
FSGS, and HIV immune complex disease (HIVICK) were not significantly associated with APOLI risk alleles, although group sizes were small. Analyses were
adjusted for age, sex, and ancestry. P™' denotes probability by Fisher exact test. Other Glomerulonephritis (HIV positive; Membranoproliferative
glomerulonephritis N=1, Membranoproliferative glomerulonephritis consistent with C3 glomerulopathy N=1, Membranous glomerulonephritis N=8. HIV
negative; IgA nephropathy N=1, Lupus nephritis N=3, Membranoproliferative glomerulonephritis N=2, Membranous glomerulonephritis N=11). Other kidney
diseases (HIV positive; Benign nephrosclerosis N=1, Global glomerulosclerosis N=1, Minimal Change disease N=1, Thrombotic microangiopathy N=1. HIV
negative; Benign nephrosclerosis N=1, Oxalosis N=1, Global glomerulosclerosis N=2, Minimal Change disease N=5, Nodular Glomerulosclerosis N=1, Severe
arterial nephrosclerosis (ANS) with secondary FSGS N=1, Thrombotic microangiopathy N=2). Permission obtained from the American Society of Nephrology
publishing group (Journal of the American Society of Nephrology. (Permission obtained from the American Society of Nephrology publishing group). Appendix
ISF
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Figure 3.5: Odds ratios for the effect sizes for HIVAN.

Odds ratios with confidence intervals for association of different strata of G1-G2 genotypes with HIVAN cases
compared with subjects carrying no G1 or G2 risk alleles (+/+). For G1/G1 and G1/G2, the odds ratio is infinity,
since these genotypes were only observed in cases. Permission obtained from the American Society of Nephrology
publishing group (Journal of the American Society of Nephrology. (Permission obtained from the American Society
of Nephrology publishing group). Appendix 15 F

3.5 Combined haplotype analysis of the MYH9 and APOL1 SNPs
Haplotype analysis is the type of analysis that tests for the closely linked SNPs in LD within the
genes or chromosome region. In order to validate the effect of the MYH9 E1 haplotype SNPs
(rs4821480, rs4821481 and rs3752462) since they showed no individual significant association,
we included them together with SNPs that showed individual significant association with
HIVAN in a combined haplotype analysis of the MYH9 and APOLI. In total, there were 15 SNPs
from both MYH9 and APOLI gene regions that were involved in combined haplotype analysis
(Tables 3.4 and 3.7). There were a total of twelve haplotypes each with a frequency of at least

0.10 (Figure 3.6). Five SNPs (APOL3-rs11089781, APOLIG2-rs71785313, MYH9-1rs3752462,
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rs16996668 and rs5756152) were not included in any of the blocks. Therefore, there were three
blocks, one block consisting of four APOLI SNPs and two blocks consisting of three MYH9
SNPs each. The results of the covariate-adjusted haplotype associations are presented in Table
3.10 showing haplotype frequencies which range from 0.012 to 0.676 in the study sample. The
association results indicated that T-T-G-G haplotype consisting of APOLI SNPs rs7284919-
1s136147-rs73885319-rs60910145, showed the highest significant risk factor for HIVAN (OR=
52.20 P=2.75x10"") after correcting for multiple comparisons. This haplotype consists of two
GI risk alleles and this could explain its high association with HIVAN since has been shown in
Figure 3.4 where the G1 risk allele had the highest association with HIVAN and also using
logistic regression models in both dominant and additive association models (Table 3.7). The T-
T-G-T haplotype of the same APOLI SNPs rs7284919-rs136147-rs73885319-rs60910145,
indicated significant protective association with HIVAN (OR=3.30 P=0.999). This shows that,
as much as there is no significant high risk for HIVAN for individuals carrying the zero or one
risk allele G1: T-T-G-T, there might be a potential of developing HIVAN considering the odds
ratio of 3.30. After accounting for multiple testing, we observed a significant association of
haplotype block C-G-C association consisting of MYH9 SNPs rs16996648-rs4821480-
rs4821481, two of which are E1 haplotype SNPs, showed a significant risk to HIVAN (OR=3.45
P=0.003) as shown in Table 3.10. We also observed haplotype C-C-G of MYH9 SNPs
1s16996672-16996674-16996677, indicated significant protective association with HIVAN
(OR=0.25 P=0.0007). However, haplotype T-T-A of the same SNPs, indicated a high
association for HIVAN (OR=5.87 P=6.81x10""). The implication is that, there is a significantly

high risk for HIVAN for those individual carrying risk alleles, T-T-A (Table 3.10). These MYH9
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SNPs (rs16996672-16996674-16996677) do not pose a significant threat since, they do not form

part of the risk haplotype, hence not predisposing to kidney disease.
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Figure 3.6: Gene structure and haploview linkage disequilibrium plot.

Generated by 15 SNPs associated with HIVAN from the APOL3, APOLI and MYH9 gene regions (at the top) and
their haplotypes (below). This is an indication of the position of the SNPs along with the diagram of the block
structure of the region. The LD blocks were identified with a strong LD. Red and Pink colour indicates the
computed pairwise D’ value; deeper pink indicates a higher D’ value. The blue blocks indicate a higher LD but a
lower LOD values. Inter SNP D’ values are displayed on the plot.
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Table 3.10: Combined haplotype association with 38 HIVAN and 54 HIV (+) Controls.

Haplotype Blocks Haplotypes Haplotype Frequencies P values
APOLI SNPs Cases  Controls All OR Unadjusted Adjusted  Corrected**
rs7284919 rs136147 rs73885319  rs60910145 T-G-A-T 0.302 0.579 0.462 0.265 0.005 0.007 0.005
rs7284919 rs136147 rs73885319  rs60910145 T-T-G-G 0.486 0.041 0.229 52.20 1.76x10"7 2.75x10™ 0.001
rs7284919 rs136147 rs73885319  rs60910145 T-T-A-T 0.153 0.286 0.229 0.385 0.039 0.031 0.133
rs7284919 rs136147 rs73885319  rs60910145 C-G-A-T 0.017 0.094 0.062 0.14 0.055 0.060 0.245
rs7284919 rs136147 rs73885319  rs60910145 T-T-G-T 0.042 0.000 0.018 3.30 0.999 0.999 1.000
MYHY9 SNPs
rs16996648 rs4821480 rs4821481 T-G-C 0.377 0.498 0.447 0.53 0.079 0.018 0.222
rs16996648 rs4821480 rs4821481 C-G-C 0.442 0.217 0.312 345 0.002 0.003 0.008
rs16996648 rs4821480 rs4821481 T-T-T 0.167 0.258 0.235 0.47 0.059 0.079 0.219
rs16996672  rs16996674 rs16996677 C-C-G 0.528 0.786 0.676 0.25 0.0006 0.0007 0.001
rs16996672  rs16996674  rs16996677 T-T-A 0.472 0.151 0.287 5.87 4.73x10"”  6.81x10" 0.001
rs16996672 rs16996674  rs16996677 T-C-A 0.000 0.042 0.024 0.46 0.994 0.994 1.000
rs16996672 rs16996674  rs16996677 T-C-G 0.000 0.021 0.012 7.40 0.999 0.999 1.000

Adjusted for age and gender, SNP: Single nucleotide polymorphism, OR: Odds ratio, CI: Confidence Interval, **P values corrected for multiple comparisons,
rs4821480 and rs4821481 SNPs (MYH9 E1 risk haplotype)
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3.6 Population stratification
We performed population stratification analyses using the HIVAN cases and HIV (+) controls in
order to make sure that the high association of APOLI risk alleles was as a result of genetic
variation in the gene and not as a result of population substructure. Population stratification
analyses using HIVAN and HIV (+) controls showed that the distribution of HIVAN cases and
HIV (+) controls group was not significantly different along the top two Eigen axes (P > 0.05) as
shown in Figure 3.7, hence confirming that the high association of APOLI risk alleles with

HIVAN was as a result of genetic variation in the gene and not population substructure.
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Figure 3.7: Principal component analysis of all study participants along the top two eigen values.

The distribution of HIVAN cases and HIV (+) control groups was not significantly different along the top two eigen
axes (P > 0.05) suggesting that the high association observed is not due to an undetected population substructure. PC
(Population Controls). HIVAN (HIV-associated Nephropathy). CKD (Chronic kidney Disease). (Permission
obtained from the American Society of Nephrology publishing group). Appendix 15 F
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3.7 mRNA expression profiles of N-terminal-apolipoprotein L1 isoforms

3.7.1 N-terminal APOLI mRNA isoform expression patterns
The N-terminal-apolipoprotein L1 mRNA isoform expression was determined using the RT-PCR
method. Isoform A (Iso A) amplified as a 177bp product, isoform B (Iso B) a 225bp product and
1soform C (Iso C), 123bps. The N-terminal-apolipoprotein L1 expression differed among kidney
disease phenotypes and controls. All isoforms were expressed in all the cases and controls
although the pattern of expression appeared to be different. There was no significant difference
in expression of Iso A between cases and controls (Figure 3.8). However, there was a notable
highly significant expression Iso B in HIVAN (P=0.012) and HIVICK (P=0.010) cases
compared to controls (Figure 3.8A and D). Iso C N-terminal mRNA levels were elevated in
normal kidney compared to cases. There was no correlation in terms of the mRNA N-terminal
isoform expression and the number of risk alleles, since individuals with zero risk alleles also

expressed all the three mRNA isoforms.
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Figure 3.8: mRNA expression of the N-terminal-apolipoprotein L1 in kidney disease phenotypes.

(A) The band intensity values for Iso B mRNA at 177bp significantly increased in HIVAN compared to controls (n=6, P=0.012). There was no significant
elevation of mRNA expression in (B) HIV (+) FSGS and in (C) HIV (-) FSGS. (D) The band intensity values for Iso B mRNA was significantly increased in
HIVICK compared to controls (n=6, P=0.010). There was no significant elevation of mRNA expression in (E) HIV (+) other CKD and in (F) HIV (-) other
CKD. Iso A; Isoform A. Iso B; Isoform B. Iso C; Isoform C. * indicates that there is significant difference in mRNA expression. HIV (+) other CKD and HIV (-)
other CKD; see Table 2.5 for detailed diagnosis and genotype of each individual. GAPDH was used as a reference gene.
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3.8 Expression of the N-terminal- apolipoprotein L1 isoforms in kidney
cells

3.8.1 Screening of clones expressing N-terminal-ApoLl isoforms in pJET 1.2/blunt

vector

We examined the expression of N-terminal-ApoL!l isoforms in HEK 293 cells by creating a
series of isoform-DsRed2-N1 fusion constructs using a stepwise PCR-based cloning approach.
To achieve this all the N-terminal-ApoLl isoforms PCR products were initially successfully
cloned into the pJETI.2/blunt vector. N-terminal-ApoLl isoforms A, B and C were successfully
cloned as shown in Figure 3.9. Colony PCR using pJET specific primers was used to identify
clones containing the correct size of inserted isoform PCR product: Isoform A (294bp), isoform

B (342bp) and isoform C (240bp) from the colony PCR (Figure 3.10).

Figure 3.9: Colonies grown on LB-Ampincilin agar plate. Positive colonies are circled in red.
N-terminal-ApoL! Iso A and B colonies are shown on plate (A) while N-terminal-ApoL! Iso C colonies are shown
on plate (B).
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Figure 3.10: Positive clones from pJet1.2/blunt vector of the N-terminal-apolipoprotein L1 isoforms A, B and C.
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One positive colony of each isoform was grown overnight on LB agar (Appendix 10 B) with
Ampl00 at 37°C for plasmid propagation thereafter grown in LB media (Appendix 10 C)

overnight at 37°C in preparation for plasmid extraction.

Purified plasmids were subjected to Sanger sequencing (Figure 3.11) to verify the successful
cloning of Isoform A, B and C in the pJET 1.2/blunt vector. The recombinant plasmids were then
digested with BglII restriction enzyme in order to restrict the isoform inserts from the vector in

preparation for the ligation into the linearized, phosphorylated pDsred2-N1 vector.
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Flgure 3.11: Sanger sequencing to verify successful clonmg of 1sof0rms A B and C )
(A) Nucleotide sequence for N-terminal-ApoLIlsoform A inserts. (B) The nucleotide sequence for N-terminal-ApoLIIsoform B inserts. (C) The nucleotide
sequence for the N-terminal-ApoLIIsoform C insert.
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3.8.2 Screening of clones expressing N-terminal-ApoLl isoforms in pDsRed2-N1
vector

Colony PCR using N-terminal-APOLI gene-specific primers amplified bands of the predicted

size for each isoforms [Isoform A (177bp), isoform B (225bp) and isoform C (123bp)]. The

following figures show the successful PCR cloning of the N-terminal-ApoLl isoforms into

pDsred2-N1 vector:

A

Figure 3.12: Colonies grown on LB-Kanamycin agar plate. Positive colonies are circled in red.
N-terminal-ApoLl Iso A colonies are shown on plate (A), N-terminal-ApoL1 Iso B colonies are shown on plates (B)
and (C) while N-terminal-ApoLl Iso C colonies are shown on plate (D).
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Figure 3.13: PCR amplification of positive clones in pDsred2-NIcontaining the N-terminal-apolipoprotein L1
isoforms A, B and C.

C: Colonies

Only one plasmid expressing each N-terminal-ApoLl isoform was purified according to
“Plasmid DNA extraction protocol” in Appendix 11 and used for transfection of 80% confluent

HEK 293 cells.
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3.8.3 Transfected HEK 293 cells
The seeded HEK 293 cells (125,000cells/ml) were transfected with each plasmid expressing the
N-terminal-ApoL1 isoforms and after 72 hour incubation at 37°C, we viewed the transgene
expression of the different N-terminal-ApoLl isoforms in cells using confocal microscope (Carl
Zeiss cell observer CD). There were more cells expressing N-terminal-ApoLl isoforms B and C

compared to N-terminal-ApoLl isoform A (Figure 3.14) after 72 hours post transfection.

DAPI

N-ApoL1 Isoform A

DAPI

N-ApoL1 Isoform B

N-ApoL1 Isoform C

Figure 3.14: N-terminal apolipoprotein L1 (ApoLI) expression in HEK 293 cells.
There were more cells that expressed N-terminal ApoLl isoform B and C compared to isoforms A. The cells were

stained with DAPI (4', 6-diamidino-2-phenylindole).
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Chapter 4
4) DISCUSSION

High risk APOLI variants have been shown to predispose to HIV-associated nephropathy,
probably as a result of APOLI gene and APOLI-gene environment interactions. This has been
driven by positive selection of APOLI high-risk variants of with a combination of a high
frequency and strong effect size (Friedman & Pollak, 2011). In this study, we first show findings
from a case-control association analysis with variants in the APOLI and MYH9 genes in a South
African black population. This is the first report to statistically test the association of biopsy-
proven forms of kidney diseases in a case-control study in Africa using DNA from formalin-
fixed paraffin embedded kidney tissues. APOLI and MYH9 variants are known to be associated
with non-diabetic CKD among African Americans and Hispanic Americans (Genovese et al.,
2010; Kopp et al., 2011; Kopp et al., 2008; Kopp & Winkler, 2003; Tzur et al., 2010; Winkler et
al., 2010). However, none of these variants had been shown previously to be associated with
kidney disease in Southern Africa, a region with high prevalence of HIV-1 subtype C.

Our study was unique in that we explored SNPs from APOLI and MYH9 genes covering 1000
basepairs upstream and downstream through a very stringent and thorough bioinformatic process
described in chapter 2. We also included SNPs that had been previously used in other studies
(Freedman et al., 2009a; Freedman et al., 2012; Kopp et al., 2008; Oleksyk et al., 2010; Winkler
et al., 2010), as well as ancestry informative markers to test for the possibility of bias in the

strong association with HIVAN in this population.
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4.1 MYHY association
The MYH9 gene was found to be the leading gene responsible for mapping by admixture linkage
disequilibrium signal highly associated with a large and important group of ESRD risk
phenotypes regarded as MYH9-associated nephropathies (Bostrom & Freedman, 2010) in
African Americans (Figure 4.1). These included HIVAN and FSGS. In our population,
individual MYH9 SNPs including SNPs constituting the MYH9 E1 haplotype, showed no
association with either of the kidney disease forms. This is in contrast to other studies (Cooke et
al., 2012; Freedman et al., 2009a; Kopp et al., 2008; Kopp et al., 2010; O'Seaghdha et al., 2011).
However, in the haplotype analysis, the block (C-G-C) containing MYH9 E1 haplotype SNPs
(rs16996648-rs4821480-rs4821481) showed a weaker association. This showed that MYH9 could
be having some potential effect on kidney disease in our population. Further studies that included
extending the MYH9 association analyses to earlier stages and related kidney disease phenotypes
and intensive re-sequencing of the MYH9 gene, with the expectation of finding a functional
African ancestry causative variant, were not successful (Freedman er al., 2010; Kopp et al.,
2008; Tzur et al., 2010). This led to a conclusion that there must be a region close to the MYH9
that could be carrying the higher effect of predisposition to kidney disease. This region was later
discovered to be the APOLI gene (Tzur et al., 2010). Risk variants in this gene are said to be in
high linkage disequilibrium with those of MYH9 and this could probably be the reason why
MYH9 risk variants had been earlier thought to be responsible in the predisposition to kidney
disease. Figure 4.1 shows the history of the timeline of the discovery of the genetic association

with CKD in individuals of African ancestry.
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4.2 APOLI association
This study demonstrated the highest association of HIVAN against other forms of kidney
diseases, including FSGS and HIVICK, with APOLI risk variants in a black South African
population by correlating genotype with clinical phenotype. This is due to the fact that the
APOLI region has been found to harbor novel missense mutations with predicted functional
effects specifically found in the African genome and that are more significantly associated with
ESRD than all previously reported SNPs. This significant association with HIVAN is the
strongest so far reported for common variants with complex diseases (Hindorff et al., 2009). We
established the highest association of HIVAN with two APOLI risk variants by determining the
effect size of the combined APOLI G1 and G2 risk alleles for HIVAN with an OR of 89 (95%
CI 17.68-911.72; P=].24X]0'14) in a recessive model. This association was higher than that
found in the African American population (OR 29.2, 95% CI 13.1-68.5; P=6.0X10"*?) (Kopp et
al., 2011) despite the fact that the confidence intervals overlap, there is no statistical difference
between effect sizes in South Africans with HIVAN compared to African Americans with
HIVAN. From our study, both the frequencies of APOLI risk alleles (79%) and OR (89) were
elevated compared to that of African American population in the United States (72% and 29
respectively). This suggests that APOLI may have a strong gene-environment interaction in this
HIV-1 subtype C setting. This HIV-1 subtype is the dominant strain in Southern and Eastern
Africa and South Asia. HIV-1 subtype A is common in West Africa and subtype B is dominant
in Europe, Australia, and the Americas (Hemelaar et al, 2006). HIV-1 subtype C is highly
virulent and accounts for up to 98% of HIV infections in South Africa, with corresponding
higher viral loads (Novitsky et al., 2011) and lower CD4 cells with the development of HIVAN.

Late initiation of ART in resource-limited settings also has a part to play in predisposing at risk
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individuals to HIVAN since previous studies have shown that effective roll-out of ART could
reduce the occurrence of HIVAN (Hays T, 2012; Kalayjian, 2010; Wearne et al., 2012). There
could also be the possibilities of other environmental exposures, nutrition, genetic factors that are
unique to or more common in this population coupled with other infections that may modify the

effects of APOLI variants on the kidney.

In addition, our study also showed a weak effect with one APOLI risk allele (G1 or G2) in
HIVAN (OR 5.49, 95% CI 0.87-61.14; P=0.05), which is consistent with previous studies
(Genovese et al., 2010; Kanji et al., 2011; Kopp et al., 2011). This suggests that there is a gain of
injury and/or toxicity of these risk variants on kidney cells which is driven by an environmental
factor such as HIV infection. Notably, there was no significant APOLI association with other
forms of CKD (histology phenotypes), HIV (+) CKD and HIV (-) CKD including FSGS
although previous studies on African Americans have shown significant associations of two
APOLI risk alleles with primary FSGS with odds ratios of 10.5 (95% CI 6.0-18.1) and 17 (95%
CI 11-26.5; P=1.3X10") (Genovese et al., 2010; Kopp et al., 2011). Other studies have also
shown APOLI associations with FSGS (Fine et al., 2012; Papeta et al., 2011). One of the reasons
that could explain lack of APOLI risk alleles association with FSGS in our study is the high
prevalence of HIV-1 in this setting such that, susceptible HIV-infected ART naive individuals
may develop HIVAN and not FSGS. Others have suggested that FSGS may be part of the
spectrum of histology in response to HIV infection (Meehan ef al., 2012) or that HIV could be an
incidental finding to primary FSGS in our population since FSGS is the commonest form of
histology reported in adults and children with kidney disease (Marone et al., 2001; Zou et al.,

2003). We also found that APOLI risk alleles were not associated with HIVICK. This was in
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concordance with a study on African Americans that observed two APOLI risk alleles in only

one of the thirty one cases of HIVICK (Fine et al., 2012 & Foy et al., 2013).

In the general population, individuals carrying two APOLI risk alleles occurred at a prevalence
of 2-4% which was lower than the prevalence of 12-14% in the African American general
population (Kopp et al., 2011). In addition, it has been previously estimated that 50% of ART
naive HIV infected individuals with 2 APOLI risk alleles will develop HIVAN in their lifetime,
supporting the magnitude of the interaction (Kopp et al., 2011). However, it is worth noting that
not all ART naive HIV infected individuals with two risk alleles develop HIVAN and that
approximately 20% of patients with HIVAN carry one or no APOLI risk allele, suggesting that
there are additional factors to be considered.

There are distinct distributions of APOLI G1 and G2 risk alleles among various African and
African-derived populations. We established the G1 allele (rs73885319) frequency to be
approximately 7.3%, which is much lower than that reported in West Africa, in whom the
frequencies are ~50% for Yoruba and 23.3% for Igbo or in African Americans where the G1
frequency is ~20% (Kopp et al., 2011; Ulasi et al., 2013). This could be as a result of selection
pressure caused by trypanosomiasis or any other pathogens that could have been present in
regions inhabited by ancestors of this South African population, or could be as a result of the
APOLI variant alleles introduced into southern African populations as a result of gene flow from
the Bantu expansion (de Filippo et al., 2011; Thomson et al., 2014). Due to host-pathogen
interactions, these APOLI mutations provided a selective advantage to carriers of the risk alleles
while at the same time increasing the risk for kidney disease. Genovese et al. (2010) (Genovese
et al., 2010), demonstrated the trypanolytic effect of serum from carriers of APOLI G1 and G2

risk alleles compared to serum from individuals lacking the risk alleles. They reported that
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apolipoprotein L1 with both G1 and G2 risk variants restored the lytic activity of the serum,
hence providing a selective advantage to carriers against Trypanosomiasis as a result of infection
with Trypanosoma brucei rhodesiense. In addition, evidence of recent evolution of APOLI risk
variants occurring in the past 10,000 years suggest that these variants were selected within Africa
since they conferred protection against lethal Trypanosomiasis at a cost of increased
susceptibility to kidney disease (Freedman et al., 2010; Genovese et al., 2010). This could also
explain the high frequencies of these nephropathy risk variants in our HIVAN patients. G1
and/or G2 risk variants have been reported to be present in more than 30% of the African
American chromosomes, approximately half of the 60% frequency for the MYH9 E1 haplotype
previously reported in this group. However, the effect of APOLI risk variants is approximately
three-times greater (Freedman et al., 2010; Genovese et al., 2010).

Kopp et al. (2011) (Kopp et al, 2011) showed that the effect size of the GI™ and G19*

1™ cannot be determined and therefore the

haplotypes are equivalent and the renal risk of G
individual with the rare haplotype G1™ (A-G-I) detected in the heterozygous state (GIGM/G1+M)
among the HIV (+) CKD group was excluded from the analyses. This rare haplotype had also not
been reported in the 1000 Genomes Project or in other previous studies of African populations,
summarized in Thomson et al. (2014) and Limou et al. (2014) (Limou et al., 2014; Thomson et
al., 2014).

The effect of APOLI risk variants is also shown in the combined haplotype analysis. APOLI and
MYH9 SNPs (T-T-G-G haplotype consisting of APOLI SNPs rs7284919-rs136147-rs73885319-
rs60910145), showed the highest significant risk factor for HIVAN (OR 52.20; P=2.75x1 0'06).

This haplotype consists of two G1 risk alleles and this could explain its high association with

HIVAN. In addition, the T-T-G-T haplotype of the same APOLI SNPs rs7284919-rs136147-
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rs73885319-rs60910145, indicated significant protective association with HIVAN (OR 3.30
P=0.999). This shows that, as much as there is no significant high risk for HIVAN for
individuals carrying zero or one risk allele G1: T-T-G-T, there might be a potential of developing
HIVAN considering the odds ratio of 3.30. The highly associated G1 (rs73885319) risk variant
with HIVAN, makes the haplotype consisting of the missense risk allele at rs73885319 (G1°%)
able to complement the G1°™ haplotype containing both the G1 risk alleles in the pathogenesis
of HIVAN. This proves that HIV infection interacts strongly with APOL]I variants, although the
molecular mechanism is unknown. This interaction is similar in South Africa and the USA. In
addition to the APOLI association with HIVAN, we also observed a significant association of
rs11089781 SNP in the APOL3 gene with HIVAN under dominant and additive modes of
association but not recessive mode. This is a very important association and it could be taken
into consideration in future studies where an interaction effect from APOL3 could be examined
in addition to its single risk association parameters.

The molecular mechanism by which APOLI variants cause kidney disease remains unclear.
Apolipoprotein L1, a protein that is part of high density lipoprotein (HDL) class 3 family, and
absent in other classes, circulates in the body and is responsible for a number of functions,
among them protection of low density lipoprotein from oxidation. However, whether APOLI has
a definitive role in the anti-oxidation is still unclear (Davidson et al., 2009). This protein is also
expressed in the kidney cells of HIVAN and FSGS biopsies but it remains to be determined
whether circulating apolipoprotein L1, kidney-expressed apolipoprotein L1, or both, are involved
in kidney injury (Madhavan et al., 2011). G1 and G2 are located in the C-terminal domain
(residues 342 to 398) of apolipoprotein, the binding region of the trypanosomal serum resistant

associated (SRA) protein (Vanhamme et al., 2003) and therefore it suggests that this domain
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with APOLI risk variants act by gain-of-injury or toxicity mechanism on podocytes or vascular
cells even though its main function is still unknown.

During apolipoprotein L1 expression, there is alternative splicing that takes place at the
transcription level where three isoforms (A, B and C) are expressed (Nichols et al., 2014).
Isoform A is the predominant/principal isoform with a signal secretory peptide in the N-terminal
region. Isoform C lacks this signal secretory peptide while in Isoform B the signal secretory
peptide is too far from the N terminus to promote cleavage. N-terminal signal sequences dictate
the secretory and membrane proteins to the endoplasmic reticulum (ER) in a signal recognition
particle (SRP)-dependent manner. The signal sequence of genes consists of a hydrophobic core
region (h-region), and the signal peptidase (SPase) cleavage site where cleavage occurs, resulting
in cleaved signal sequences termed as signal peptides. Signal sequences are variable in their
length and in their amino acid composition. This variability affects the characteristics of the
protein including ER targeting, translocation, signal peptidase and post-targeting function
cleavage, among others. Some signal peptides are processed by an intramembranous cleaving
protease known as signal peptide peptidase (SPP), resulting in the N-terminal signal peptide
fragments that are released into the cytosol. Alternatively, signal peptides remain membrane-
inserted or are released from the ER membrane. These signal peptides are known to have wide-
spread functions, either together with or independent of their corresponding mature proteins
(Hegde & Bernstein, 2006; von Heijne, 1983).

In our study, not only do we show that the three isoforms can be expressed in HEK cells but we
also show that there was high expression of isoforms B and C as opposed to isoform A in the
HEK cells. The high expression seen in cells transfected with isoforms B and C suggest that

these are the isoforms that are retained in the cell offering an environment that best suits the
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development of kidney disease in the presence of the C-terminal risk alleles. However, it was
beyond the scope of this thesis to show the trafficking and the localization of this protein within
the HEK 293 cells which is an area that needs to be explored in future studies. Assuming
apolipoprotein L1 uses the same mechanism on kidney cells as its trypanolytic effect, isoform A
could be exported outside the cell while Isoforms B and C are retained within the cell and
exported to the lysosome where they could utilize the pore forming domain (PFD) to create
anion-specific pores that enable the movement of chloride ions (CI) from the cytoplasm into the
lysosome creating an anion imbalance. This leads to the movement of water into the lysosome,
resulting in uncontrolled osmotic swelling of the lysosome which increases the intracellular
pressure resulting in damage to the kidney cells, hence lysis and damage of plasma membrane,
triggering the autophagic response manifestation of kidney disease. This could effectively occur
in the presence of risk alleles in the last exon of the gene. Following this explanation, we
demonstrate that the splice variant isoforms B and C that lack an effective signal peptide , have
elevated expression in the kidney at the mRINA level in the presence of HIV infection as seen in
the HIVAN case group and also following transfection of HEK 293 cells. This could possibly be
explained in the cases of HIVAN and HIVICK, where there was a significantly high mRNA
expression of isoform B, which coupled with the high frequency of APOLI risk alleles in the last
exon, could have triggered the development of these diseases although there could be other

factors involved that put HIVAN ahead of HIVICK in the severity of the diseases.

Expression of mRNA isoforms B and C in normal kidney suggest that, these individuals are at
risk of developing kidney disease. However, lack of risk alleles at the last exon, and
environmental factors such as HIV and other pathogens, limits the development of kidney

disease suggesting a two-hit model for APOLI-associated kidney disease.
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Although a gene’s mRNA expression does not usually predict its protein level, it is equally
important for its quantification. It is important to note that the cell can control the levels of
protein at both the transcription and translation levels and the variability of mRNA expression is
an indication that the cell controls mRNA expression at different points of the cell cycle. There
are reasons why the two cannot be correlated; there could be a number of complex steps that are
controlled by the cells during post-transcription that affect the ultimate protein levels.
Greenbaum et al. (2003) found that the open reading frames (ORFs) that showed a large degree
of variation in their expression, resulted in a high correlation (r=0.89) between the mRNA and
the respective ORFs protein levels while there was low variation (r=0.20) between the mRNA
and respective ORFs protein levels among the ORFs that showed minimal variation in their
expression (Greenbaum et al., 2003). There could also be substantial difference in the half-lives
of different proteins in vivo hence affecting their ultimate levels of expression in cells.

A recent study showed that there is evidence suggesting that APOLI risk variants act as toxic
gain-of-function mutations and that HIV triggers the immune system by activating exogenous
and endogenous interferons such as interferon-gamma (IFN-y) and tumor necrosis factor- alpha
(TNF-a), which in turn increase the expression of apolipoprotein L1 Isoforms B and C in cells,
leading to the development of kidney disease (Nichols et al., 2014). This therefore shows that
HIV is a powerful driver of APOLI-related nephropathy especially in individuals with HIVAN
who carry two risk alleles. In addition, having carried out this study in a setting of high HIV
prevalence with HIV-1 subtype C, explains the environmental factor inducing the expression of
Isoforms B and C, hence leading to APOLI-mediated kidney disease. This supports a two-hit

model for APOLI-associated disease expression (Freedman & Skorecki, 2014).
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4.3 Suggestion for future study
The molecular mechanism of how apolipoprotein L1 causes kidney disease, especially in the
context of HIV, is an area of research that still needs to be explored. Our results give a positive
direction towards the link between APOLI high risk variants, apolipoprotein L1 isoforms and
specific clinical entities such as HIVAN, HIVICK and possibly, other kidney diseases. Most
importantly, our study highlights the areas of focus in determining the mechanism of HIV-
associated apolipoprotein L1-mediated kidney disease. However, it is beyond the scope of this
thesis to look at the effects of distinct pathways by specific pathogens in different cell
compartments and/or cell types in specific APOLI phenotypes and also to look at the localization
and trafficking of these isoforms which is an area that needs to be explored. In addition, for
effective explanation of full-range apolipoprotein L1-mediated kidney disease, an exploration in
many systems including clinical studies, human cells and animal models would be required. It is
also important to note that there may be more than one means by which the mutant
apolipoprotein L1 leads to pathology despite the presence of high risk genotypes. It is also
important to look broadly at the roles of viral recognition pathways in the upregulation of the
retained apolipoprotein L1 that contains risk variants, hence understanding pathways governing

its expression that could help determine therapeutic interventions.
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Figure 4.1: Timeline showing the discovery of genetic association to CKD in African ancestry populations and how an effective ART rollout has reduced
HIVAN incidence and the plateaued increase of HIV infection prevalence.

*Kopp et al. (2008) (Kopp et al., 2008); Kao et al. (2008) (Kao et al., 2008). Freedman et al. (2010) (Freedman et al., 2010); Genovese et al. (2010)
(Genovese et al., 2010);Tzur et al. (2010) (Tzur et al., 2010). ‘Genovese et al. (2013) (Genovese et al., 2013). dKasembeli et al. (2015) (Kasembeli et al.,
2015). © Freedman et al. 2014(Freedman & Skorecki, 2014). 'UNAIDS report on global AIDS epidemic(UNAIDS). éVermeulen A. MMed, University of the
Witwatersrand, 2014. JHB; Johannesburg. APOLI; Apolipoprotein L1 gene. MYH9; non-muscle myosin heavy chain 9 gene. ART; Antiretroviral therapy.
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4.4 Proposed pathogenesis of APOLI-mediated nephropathy
Several studies have affirmed that APOLI gene play a vital role in the development and faster
progression of kidney disease. Having N-terminal apolipoprotein L1 isoforms B/C coupled with
two APOLI risk alleles in the C-terminal of the same gene, being HIV-infected and of African
descent, confers a greater risk of developing CKD as illustrated in Figure 4.2. Presence of HIV
infection with other environmental factors increases the chance of developing HIVAN by 89-fold
in our population. Thirty-three years after AIDS was first reported, HIVAN remains an important
kidney disease in HIV-infected individuals (Gerntholtz et al., 2006; Han et al., 2006; Rao et al.,
1984). The pathogenesis could involve direct HIV infection of the kidney and infection of the
lymphocytes and macrophages that enter the kidney resulting in the release of inflammatory
lymphokines or cytokines such as IFN-y which promote injury and fibrosis (Eitner et al., 1998;
Eitner et al., 2000). This warrants close attention because South Africa has the highest number of
people living with HIV. Without ART, genetically high risk HIV infected individuals would
develop HIVAN which progresses rapidly to ESRD and death. Several studies have shown that
effective roll-out of anti-retroviral (ARV) drugs can reduce the occurrence of HIVAN
(Kalayjian, 2010; Wearne et al., 2012; Wyatt & Klotman, 2007; Wyatt et al., 2012) (Figure 4.1).
Reasons that could explain the high effect size in HIVAN in South Africa compared to African
Americans could possibly be due to co-infections with other pathogens and an ART treatment

effect since the roll-out in the United States was earlier than the South African one.
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Proposed pathogenesis of APOLI-mediated nephropathy

N-ApoL1-isoforms B/C ‘
+
C-ApoL]1 risk variants

. G1 and G2
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African Ancestry

HIVICK/
HIV (+) FSGS

Figure 4.2: Proposed pathogenesis of APOLI-mediated nephropathy.

APOLI: Apolipoprotein L1 gene. N-ApoLl: N-terminal apolipoprotein L1 protein. C-ApoLI: C-terminal apolipoprotein L1 protein. HIVAN: HIV-
associated nephropathy. HIVICK: HIV immune complex kidney disease. FSGS: Focal segmental glomerulosclerosis. ESRD: End stage renal disease.
Adapted from Bostrom and Freedman et al. 2010 (Bostrom & Freedman, 2010).
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LIMITATIONS OF THE STUDY

Since there is diversity in the African population, the SNPs selected from the International
HapMap and 1000 genomes Project, of the Yoruba from Ibadan Nigeria, Luhya from Webuye,
Kenya and Maasai from Kinyawa, Kenya, could not be the perfect proxies for the black South
African population. We did not have sufficient numbers of primary or HIV (+) FSGS cases in
order to detect the effects of the G1 and G2 risk alleles. We required a sample size of 95 FSGS
cases and 95 controls in order to have 80% power to detect an OR 5, alpha 0.05. Our healthy
population controls in the genetic study lacked clinical data hence assumed to have normal
kidney function. It is in accordance to use random controls in genetic studies and it is unlikely
that healthy individuals in this group had undetected glomerulopathy especially given the low
frequency of individuals carrying two APOLI renal risk alleles in this group. It is also

theoretically possible that undetected renal disease could reduce power.
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CONCLUSIONS

Our data suggest that there is a strikingly higher prevalence of APOLI risk variants among
HIVAN as compared to other forms of kidney disease, including FSGS, and we demonstrated
that HIV-infected South African blacks with two APOLI risk alleles, not receiving ART, have
the greatest risk of developing HIVAN. Our study also highlights the importance of HIV as an
environmental factor that triggers the expression of apolipoprotein L1 isoforms B and C that are
retained in the cells hence acting as the initiating factors that lead to development of kidney
disease. There is a need for HIV screening, implementation of World Health Organization
(WHO) recommendations in order to initiate ART earlier to reduce the burden of other forms of
HIV-related kidney disease in Africa especially HIVAN. Currently, the treatment of HIV
infection guidelines for South Africa suggest that ART should be initiated in individuals with
clinical stage 3 and 4 of HIV disease and HIV-specific manifestations (like HIV-related
malignancies, kidney or other organ involvement, and hepatitis B and C infection) and in all
HIV-positive individuals with CD4 counts <500 cells/uL (Society, 2012). We also demonstrated
high isoform B mRNA levels in HIVAN and HIVICK individuals indicating high levels of
apolipoprotein L1 isoform B expression in these patients. The high expression of the N-terminal
region of APOLI gene for isoforms B and C in kidney cells compared to that of isoform A
indicating that due to the secretory domain sequence cleavage site being too far to promote
cleavage in isoform B, and lack of the secretory domain in isoform C, enables these two isoforms
to be retained in the cell resulting in the process of cell damage manifested by the presence of
risk variants at the C-terminal region. Furthermore, having the fluorescently labelled isoform

constructs we would be able to study the dynamics of apolipoprotein L1 trafficking in the cell.
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Genetic susceptibility to kidney disease in the context of HIV infection is influenced by
variations in the APOLI gene in black South Africans and HIV could be a trigger in the
expression of apolipoprotein L1 isoforms B and C that play a very crucial role in the
development of kidney disease. Further studies would be required to assess the clinical utility of
APOLI genetic testing and if at all in future, a patient’s genetic risk profile could be established,
to determine whether increased surveillance and early detection could alter the clinical course of
the disease and prompt clinicians to initiate ART early in patients who otherwise would not meet
the criteria for treatment. By doing this, complications of HIV infection could be controlled
resulting in reduction of the expression of apolipoprotein L1 isoform B and C. These studies
should be focused in regions with the highest HIV prevalence and where high frequencies of
these risk alleles pose a greater need for the earlier initiation of ART. This potentially makes the

APOLI gene variants a good candidate for personalized medicine in sub Saharan Africa.
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APOL1 Risk Variants Are Strongly Associated with
HIV-Associated Nephropathy in Black South Africans
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ABSTRACT

APOL1 variants are associated with HV-associated nephropathy and FSGSin African Americans. The prevalence
of these variants in African populations with CKD in HIV-1 infe ction has not beeninvestigated. We determined the
role of APOL1 variants in 120 patients with HIV-associated nephropathy and CKD and 108 controls from a South-
African black population. Patients with CKD were selected on the basis of histology. Genotypes were successfully
determined for APOL1 G1 and G2 variants and 42 single nucleotide polymorphisms, including 18 ancestry in-
formative markers, for 116 patients with CKD (96.7%; 38 patients with HIV-associated nephropathy, 39 patients
with HIV-positive CKD, and 39 patientswith HIV-negative CKD), and 108 controls (100%). Overall, 79% of patients
with HIV-associated nephropathy and 2% of population controls carried two risk alleles. In a recessive model,
individuals carrying any combination of two APOL1 risk alleles had 89-fold higher odds (5% confidence interval,
18 to 912; P<<0.001) of developing HIV-associated nephropathy compared with HIV-positive controls. Population
allele frequencies were 7.3% for G1 and 11.1% for G2. APOL1 risk alleles were not significantly associated with
other forms of CKD. These results indicate HIV-positive, antiretroviral therapy—naive South-African blacks with
two APOL1 risk alleles are at very high risk for developing HV-associated nephropathy. Further studies are
required to determine the effect of APOLT risk variants on kidney diseases in other regions of sub-Saharan Africa.
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glomerular collapse, hypertrophy and hyperplasia of visceral
glomerularepithelial cells, and severe tubulointerstitial disease.”
In the absence of effective antiretroviral therapy (ART), approx-
imately 50% of patients with HIVAN progress to ESRD within 2
years.®’ The introduction of ART has led to a substantial decline
in the incidence of HIVAN in the United States.®” In sub-Saharan
Africa, HIVAN is the most common cause of kidney disease mor-
bidity and mortality in HIV-positive ART-naive patients.®?

Mapping by admixture linkage disequilibrium studies for
FSGS,HIVAN, and nondiabetic ESRD among African Americans
led to the identification of a genomic region on chromosome
22q12with very strongassociation with HIVAN, FSGS, and other
forms of nondiabetic and hypertension-attributed ESRD, 011
Further studies identified three codon-changing variants in the
APOLI gene, encoding ApolLl, with extremely strong associa-
tions with HIVAN (odds ratio [OR], 29; 95% CI, 13.1 to 68.5),
FSGS (OR, 17;95% CI, 11 to 26.5), and ESRD (OR, 7; 95% (I,
6 to 10) for homozygotes or compound heterozygotes carrying
two risk alleles in Americans with African ancestry.'>* APOLI
renal risk variants have been shown to increase the rate of pro-
gression to ESRD in persons with CKD, including FSGS, diabetic
CKD, and hypertension-attributed CKD.!*!>

The APOLI risk alleles comprise two tightly linked mis-
sense variants G1 (rs73885319; p.5342G and rs60910145;
p-1384M) and G2, a 6-bp in-frame deletion removing two amino
acids (rs71785313; p.N388del:Y389del) in the last exon of the
APOLI gene.'” The G1 and G2 alleles range in frequency from
0% to approximately 45% for G1 and to approximately 20%
tor G2 in different geographical regions of sub-Saharan Africa
with the lowest frequencies in East Africa and the highest fre-
quencies observed in West Africa. 314~ The prevailing hypoth-
esis is that the G1, and to a lesser extent G2, alleles have been
under recent selection in West Africa by trypanosomes or other
extracellular pathogens.'? This study aimed to determine the
prevalence of APOLI risk variants and the effect of these variants
on HIVAN and CKD in black South Africans in a setting of high
HIV-1 prevalence.

RESULTS

This study included 228 adult individuals of black African
ancestry from Johannesburg, South Africa. Characteristics of
the CKD patient groups, all of whom were verified by histology,
and HIV-positive controlsare presented in Table 1. HIVAN was
distinguished from HIV-positive FSGS by the presence of glo-
merular capillary collapse and glomerular visceral epithelial
cell proliferation affecting at least one glomerulus, together
with microcystic tubular dilation and interstitial inflamma-
tion. Median eGFR was significantly lower in patients with
HIVAN (11.9 ml/min per 1.73 m) compared with all other
patients with CKD (33.5 ml/min per 1.73 m” and 56.6 ml/min
per 1.73 m” for HIV-positive and HIV-negative patients, re-
spectively) and HIV-positive controls ( P=0.001 ). Measures of
kidney function were not available for the population control
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group; they were all apparently healthy individuals who gave
consent to be enrolled for population genetic studies as con-
trol participants. The CKD patient groups and HIV-positive
control group did not differ significantly by age (34.6, 36.1,
36.4, and 38.8 years, respectively) and sex at biopsy or study
enrollment (P=0.05) (Table 1). All HIV-paositive patients with
CKD were ART naive; however, 75% of the HIV-positive con-
trol group had been initiated on ART before recruitment into
the study. Median viral load (logl0 copies/ml) levels were
highest in patients with HIVAN (5.1 log copies/ml) compared
with HIV-positive patients with CKD (4.7 log copies/ml) and
undetectable median levels in HIV-positive controls. Median
CD4 counts were lowest in patients with HIVAN (92 cells/mm?)
compared with HIV-positive patients with CKD (244.5
cells/mm’) and HIV-positive controls (371.0 cellsymm*)
(Table 1). APOLI genotypes were determined for 96.7% of
patients with CKD (HIVAN, n=38; HIV-positive CKD, n=39;
and HIV-negative CKD, n=39) and 100% of controls (HIV-
positive controls, n=54; and population controls, n=54)
(Table 2). Genotype distributions did not differ significantly
from Hardy—Weinberg equilibrium expectations in HIV- positive
and population control groups (P=0.05). Single nucleotide
polymorphism (SNP) and haplotype frequencies are shown
in Figure 1. Two infrequent haplotypes were observed for GlI;
these were confirmed by Sanger sequencing and by a repeat of
the TagMan assay. Because of the close proximity of the two G1
SNPs, recombination between them is a rare event. The hap-
lotype G-G-I (G1SM), comprising the derived allele at both
1573885319 (p.S342G) and rs60910145 (pI384M) and the an-
cestral insertion (I) allele at rs71785313, was the most frequent
G1 configuration (6.4% in the population controls and 52.6%
in the HIVAN group). A novel haplotype, G1™ (A-G-I), con-
firmed by Sanger sequencing of the PCR product, was ob-
served as a compound heterozygote (GI™/G1"™) in a single
HIV-positive patient with FSGS. Although Kopp et al.!?
showed that the effect size of the G1°™ and G1%* haplotypes
are equivalent, the renal risk of G1 M annot be determined;
therefore, we excluded this individual from further analysis in
this study.

In the population control group, the allele frequencies were
7.3% for the G1 risk allele for rs738853 19 and 11.1% for the G2
deletion allele (Figure 1). The combined frequency of the G1
and G2 risk alleles was highly enriched in patients with HIVAN
(90.6%) compared with HIV-positive controls (20.8%)
(P=8.0x10""") and the population control group (18.4%)
(P=8.0%10"*) (Figure 1). Similar distortions were observed
for carriage of two APOLI risk alleles; 78.9% of the patients
with HIVAN were homozygous (G1/GI or G2/G2) or com-
pound heterozygotes (G1/G2) compared with 3.7% of the
HIV-positive controls (P=1.210" "'} and 1.9% of the popu-
lation controls (P=8.9% 10 ') (Table 2). The distribution of
G0, G1,and G2 genotypes and risk alleles among patients with
CKD and controls are shown in Table 2. The distribution of
genotypes was not statistically different when comparing the
HIV-positive patients with CKD with HIV-positive controls or
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Table 1. Characteristics of study participants and controls
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i HIVAN HIV-Positive HIV-Positive HIV-Negative Population
Characharistic (n=39)¢ CKD (n=40) Controls (n=52)f T ¥alue®  yp ::iu- g (n=54}"
Sex, n (%)
Men 16.0 (41.0) 18.0(42.9) 15.0(28.0) 0.07 24.0 (58.1) 240 (44.4)
Women 23.0(59.0) 22.0(57.1) 39.0(72.0) 073 17.0 (41.9) 300 (55.6)
Mean age (SD) 34.6(8.3) 36.1 (9.3) 38.8(7.1) 0.62 36.4(11.0) 385 (8.6)
Viral load (log 5.1(4.5-53) 47 (3849 Undetectable 0.001 - K
copies/mi)®
CDA4 [cells/mm®®  92.0 (76-195) 2445 (715-351.5)  371.0(2150-5450)  0.001 - =
eGFR [ml/min 11.9(75-22.6) 335(159-68.8)  121.6(1033-1469)  0.001 56.6 (8.3-101.7) Not available
per 1.73 m?y°
Serum creatinine  534.0(2620-799.0) 2330 (106.0-388.00  66.0(55.0-77.0) 0001  1550(91.0-7780)  Not available
(el /L)

Data are given as the median (interquartile range) unless otherwise indicated.

“Patients with HIVAN {n=30), HIV-positive patients with CKD (n=27), and HIV-positive controls (n=45]).
EPatients with HIVAN (n=26), HIV-positive patients with CKD {n=32), and HI\-positive controls {n=41).
“eGFR was calculated according to the modified Modification of Diet in Renal Disease formula.

“HIV-associated nephropathy {collapsing FSGS).

“See Table 3 for histologic diagnosis for HIV-positive and HIV-negative CKD.
H IV-positive controls with no kidney disease.

“Kruskal-Wallis test comparing HN-positive patients with HN-positive controls.

"PDpuIatiDn contro ks were from the Division of Human Genetics, National Health Laboratory Service, School of Pathology, Faculty of Health Sciences, University of

the Witwatersrand.

Table 2. APOL1 genotype distribution among patients with HIVAN, HIV-
positive patients with CKD, HIV-negative patients with CKD, and controls

was also no significant association for pri-
mary FSGS in the HIV-negative group
(OR, 6.30; 95% CI, 0.04 to 248.70; P=0.26)

HIV-Positive Patients and HIV-Negative Patients and compared with population controls (Tables
FERE Controls Controls 3 and 4). To increase statistical power, we
e G HIV-Positive e Population combined HIV-positive patients with FSGS
Controls Controls (n=13) and primary FSGS (n=9) and com-
0 risk alleles pared this with all controls (n=108) and still
GO/GO 2 (5.3) 22 (56.4) 34 (63.0) 25 (64.1) 36 (66.7) did not observe any significant association
1 risk allele 6(15.8) 11(28.2) 18(33.3) 13(33.3) 17 (31.5) with APOLI G1 and G2 alleles in a recessive
GO/G1 5033 4(103) 47.4) 6(15.4) T(13.0) model (P=0.20) (Table 4). Because the point
G0/G2 1(2.6) 70179 14 (25.9) 7(17.9) 10 (18.5) ORs for APOLI association with primary
2 ”';:‘faélfles 3 g?g 2251;” ;:33 ;Egg; ;:éz; FSGS and HIVAN dltferfd in this Slgud}’
i 19.(50.0) 2(5.1) 00.0 1026) 0(00) from those reported by Kopp _eI al.,? we
used a Woolf test for homogeneity to deter-

G2/G2 379 2(5.1) 2(3.7) 0 (0.0) 1(1.9) _ R &
Total 38 39 54 39 54 minewhether the ORs were significantly dif-

Data are given as n{3%). The distnbution of APOL 1 genotypes and fractions with one or two nisk alleles

for the study groups is shown.
“One patient did not pass genotyping.

“The single HIV-positive patient with CKD carrying the G1™ (A-G-I) haplotype is excluded from this

table and one patient did not pass genotyping.
“Two patients did not pass genotyping.

comparing HIV-negative patients with CKD with population
controls (Tables 2).

We explored the distribution of APOLI G1 and G2 alleles
among the histologically diagnosed HIV-positive and HIV-
negative patients with CKD (Table 3, Supplemental Table 1).
For the HIV-positive group, there was no significant association
between APOLI genotypes and HIV-positive patients with FSGS
(OR, 2.13; 95% CI, 0.03 to 44.30; P=0.48) and HIV-associated
immune complex kidney disease ( HIVICK) (OR=5.60; 95% CI,
0.4 to 86; P=0.13) compared with HIV-paositive controls. There
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ferent. Although the ORs in this study were
higher for HIVAN and lower for FSGS com-
pared with the ratios observed in African
Americans, the differences were not statisti-
cally significant (P=0.56 and P=0.21 for
FSGS and HIVAN, respectively). We also
compared ORs for HIV-positive FSGS seen
in this study with data from Fine et al.** for African Americans
with HIV-positive FSGS compared with a population control
group from the study by Kopp et al.** (OR, 24.5; 95% confidence
interval [95% CI], 9.7 to 65.1); P=4.3x 10~ '*); the Woolf test
gave a P value of 0.07.

We assessed the effect size and statistical significance for
carriage of one or two APOLI risk variants by comparing the
distribution of two versus one or zero copies of APOLI G1 and
G2 risk alleles in patients and controls in a recessive model
(Table 4). Consistent with previous studies, the association of

APOL1 and HIV CKD in South Africa 3
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Haplotype Frequency

;'5; '_:}'3 g & HIVAN HIV(+)CKD HIV(-)CKD HIV(+) Population
g“" &= gﬂ‘ Controls Controls
Haplotype & & =
A T ]
GO0 [ I [ ¥ 0.14 0.72 0.84 0.80 0.82
G10M “:II 0.53 0.11 0.08 0.04 0.06
G116+ ﬁi‘:‘l 0.04 0.00 0.02 0.00 0.01
A G I
G1°M [  E— o ) 0.00 0.01 0.00 0.00 0.00
G2 :A& 0.34 0.16 0.08 0.17 0.11
HIVAN 0.56 0.50 0.3a
HIV{+)CKD 011 0.12 016 — Ancestral allele
HIV(-}cKD o10 o008 008 = Derived/Riskallele
HIV[+]Cantrals 0.04 o.0a 0.17
Fop. Contrals 0.07 0.06 0.11

Risk allele Frequency

Figure 1. Distribution of APOLT haplotypes and risk alleles. Five APOL1 haplotypes are observed. The ancestral haplotype, denoted
as (G0, has three ancestral alleles. The G1°M haplotype has two missense alleles. The G1%7 haplotype has one missense risk allele at
rs7388531%. The G1*™ has one missense variant at rs60910145. The G2 haplotype has the 6-bp deletion risk allele at rs71785313. The
risk allele and haplotype frequencies are shown for patients with HIVAN, HIV-positive patients with CKD and HIV-negative patients with
CKD, and HIV-positive controls and population controls (PCs).

APOLI genotypes with HIVAN best fits a recessive genetic  marginal statistical support (OR, 5.49; 95% CI, 0.87 to 61.14;
model. Carriage of two copies of APOLI renal risk alleles  P=0.05) (Table 4). The results for HIVAN remained highly signif-
was a strong predictor of HIVAN (OR, 89.1; 95% CI, 17.68 to  icant after correcting for age, sex, and genetic ancestry ( Table 4).

911.72: P=1.24x10" ). The predictor was so strong that carriage Examination of the independent effect sizes (ORs) of the
of even one renal risk allele increased the risk of HIVAN with  G1 and G2 alleles (Figure 2) indicated that the effect size of

Table 3. Association between APOLT risk alleles and various glomerular diseases

HIV-Positive Patients and Controls HIV-Negative Patients and Controls
Glomerular No.of APOL1 Risk Alleles OR (95% CI) PValue No. of APOL1 Risk Alleles OR (95% CI) P Value
Disease 0 1 2 2v?-rsus1or0 0 1 2 2w‘1-r:us1or
risk alleles 0 risk alleles
Controls (n=108) 34(63) 18(33) 204 —_ —_ 36 (67) 17 (32) 1(2) —_ —_
HIVAM (n=38) 2(5) 6(18  30(79) B89(17.7teMM2) 1.2x107" —_— —_ —_ —_ —_
Other CKD (n=78 22 (57) 11 (28) 6(15) 3.8(0.61042) 0.13 25 (64) 13 (33) 1(3) 1410021011) =099
FSGS (n=22) ?(69) 3(23) 1(8 2.1(0.03t04d4) 0.48 5(56) 3(33) 1(11) 60.3(0.08to527) 0.26
HIVICK (n=12) 4(33 5 (42) 3(25) 5.6(0.4to86) 0.13 —_ —_ —_ —_ —_
Other GN (n=27)" 7(70) 3 (30) O  0.0(0 to 30) >0.99 10 (59) 7 (41) 0{0) 0(0to 124) >0.99
Other kidney 2 (50 oo 2(50) 21(0.2to 2029) 0.1 10(77) 3(23) 0(0) 0(0to 210) =0.99

diseases (n=1 ?}h
Diata are given as n (%) unless otherwise indicated. The APOLT genotype frequencies and associations, tested with the Fisher exact test, are shown forvarous
glomerular diseases among HIV-positive and HIV-negative patients and general population controls. The only glomerular disease that showed a significant as-
sociation with APO L1 risk alleles was HIVAN. Of note, HN-positive F5G5, HN-negative FSGS, and HIVICK were not significantly associated with APOL 1 risk alleles,
although group szes were small. Analyses were adjusted for age, sex, and ancestry. P values indicate probability by the Fisher exact test.
“Other GN is asfollows: HIV-positive: membranoprolferative GN (n= 1), membmnoprolferative GM consistent with C3glomermnulopathy (n=1), and membranous GN
(n=8); and HIV-negative: IgA nephropathy (n=1), lupus nephntis {[n=3), membranoproliferative GM {n=2), and membranous GN (n=11).
EOther kidney diseases are as follows: HIV-positive: benign nephmosclersis (n=1), global glomerulosclerosis (n=1}, minimal change disease (n=1), and thrombotic
microangiopathy (n=1); and HIV-negative: benign nephrosclerosis (n=1), oxalosis (n=1), global glomemlosclernsis (n=2), minimal change disease (n=5), nodular
glomerulosclerosis (n=1), severe arterial nephrosclerosis with secondary FSGS (n=1), and thrombotic microangiopathy (n=2).
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1 wversus 0
2 versus 0

0.22
0.20
0.20

3.27 (0.25 to 31.46)

0.26
0.34

0.2

1.85 (0.03 to 39.57)

374 (0.26 to 40.67)
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6.30 (0.04 15 248.70)
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123107 15x10°% 213 (0.03 to 44.30)

ORs (%5% Cls) are shown for the association between APOLT risk alleles and particular glomerular diseases. Pvalues are from Fisher's exact test unless otherwise noted.

40.50 (7.09 to 446.94)
“Analyses were adjustad for age, sex, and ancastry.

2 versus 1

3.45 (0.27 t0 32.23)

b

89.1 (17.68 t0 911.72)

2 versus 1 or 0 recessive model

www jasn.org | CLINICAL RESEARCH

G2 was weaker than G1; however, it is worth noting that G1/G2
compound heterozygotes are equivalent in effect size to
Gl/GL.

Population stratification analyses using a principal compo-
nents analysis (PCA) showed that the distribution of patients
with HIVAN and HIV-pasitive control groups was not significantly
different along the top-two eigen axes (P=0.05), confirming that
the high association observed is not due to an undetected popu-
lation substructure that might cause false positive associations
(Supplemental Figure 1).

DISCUSSION

This is the first study that correlates genotypic information with
phenotypes in HIV-associated CKD in Africa, a region with the
highest prevalence of HIV-1 infection.”' The study shows an
extremely strong association between APOLI variants, found
only on African chromosomes, and biopsy-confirmed HIVAN,
an aggressive form of kidney disease that rapidly progresses to
ESRD if untreated. Among the patients with HIVAN, 79%
carried two copies of APOLI risk alleles compared with 2%
in the general population. Notably, the effect size of APOLI
risk alleles for HIVAN in black South Africans (OR, 89.1; 95%
CI, 17.8 to 911.72; P=1.2410 ') was numerically higher
than in African Americans (OR, 29.2; 95% CI, 13.1 to 68.5;
P=6.0%10"""), although the Cls overlapped.®* To our knowl-
edge, this is the strongest effect size ever reported for common
variants with complex diseases.?

Although there is no statistical difference between effect
sizes in South Africans with HIVAN compared with African
Americans with HIVAN,'* both the frequency of APOLI risk
alleles (79% versus 72%) and ORs (89 versus 29) are elevated
in South Africa. Although these differences may reflect statistical
fluctuation, APOLI may also have a stronger gene—environment
interaction in this setting, which warrants further investigation.
First, this strong effect might be related to HIV-1 subtype C.
HIV-1 subtype Cis the dominant strain in Southern and Eastern
Africa and South Asia, whereas HIV-1 subtype A is common in
West Africa and subtype B is dominant in Europe, Australia, and
the Americas.** HIV-1 subtype C ishighly virulent and accounts
tor approximately 50% of all HIV infections worldwide and 98%
of HIV infections in South Africa, with corresponding higher
viral loads.”?* High HIV RNA levels are correlated with a de-
cline in CD4 T cells and with the development of HIVAN in
individuals of African ancestry.?* Second, in resource-limited
settings, late initiation of ARTmay predispose at-risk individuals
to HIVAN; several studies have shown that effective rollout of ART
can reduce the occurrence of HIVAN 279 Furthermore, all of the
HIV-positive patients with CKD in this study were ART naive.
Third, there are regional differences in nutrition, environmental
exposures, and other viral infections that may modify the effects
of APOLI variants on the kidney. Fourth, there might be other
genetic variants unique to or more common in this population
that interacts with APOLI-driven susceptibility to HIVAN.

APOL1 and HIV CKD in South Africa 5
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markedly lower in the South-African (2%—
4%) compared with the African-American
general population (12%—14%).'* It was
previously estimated that 50% of HIV-
positive patients with two APOLI risk al-
leles who do not receive ART will develop
HIVAN in their lifetime, suggesting the
magnitude ofthe interaction.!* Neverthe-
less, it is worth noting that HIV-positive
patients with two risk alleles do not neces-

sarily develop HIVAN and that approxi-
mately 20% of patients with HIVAN carry
one or no APOLI risk allele, suggesting
that there are more factors to be considered.
Clearly, HIV infection interacts strongly with
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Figure 2. ORs for the effect sizes for HIVAN with different combination of APOL1 G1
and G2 alleles. ORs with Cls for association of different strata of G1-G2 genotypes
with HIVAN patients compared with participants carrying no G1 or G2 risk alleles
(+/+). For G1/G1 and G1/GZ, the OR is infinity, because these genotypes were only

observed in patients.

This study also showed a weak effect with one APOLI risk
allele in HIVAN (OR, 5.49; 95% CI, 0.87 to 61.14; P=0.05),
consistent with previous studies.!2!#26 Aneffect from one risk
allele would be consistent with a gain of injury and/or toxicity
of these variants in kidney cells that manifests with a strong
environmental insult, such as HIV infection, as opposed to a
purely recessive effect that might suggest a loss of function.

There was little or no significant APOLI association with
multiple histologic phenotypes of HIV-positive patients with
CKDand HIV-negative patients with CKD. Previous studies in
African Americans have reported ORs for primary FSGS with
two APOLI risk alleles as 10.5 (95% CI, 6.0 to 18.1) and 17
{95% CI, 11 to 26.5; P=1.3x10"*%).121* In addition, other
studies also demonstrated higher association of APOLI risk
alleles with FSGS.2*7 It is possible that HIV infection is an
incidental finding to primary FSGS in black South Africans,
with FSGS being the commonest histology reported in chil-
dren and adults worldwide.”#** However, others have sugges-
ted that FSGS may be part of the spectrum of histology in
response to HIV infection.®® It is also possible that due to
the high HIV prevalence in South Africa, susceptible HIV-
infected individuals who are ART naive may develop HIVAN
and not FSGS. In addition, we found that APOLI risk allele
status was not associated with HIVICK, a result in concor-
dance with that of a smdy in African Americans that observed
two APOLI risk alleles in only 1 of 31 patients with HIVICK.*!

HIV is a powerful driver of APOLI nephropathy, as seen by
thelarge proportion of individuals with HIVAN who carry two
risk allele genotypes and the strong effect sizes observed. Fur-
thermore, the frequencies were similar for two risk allele geno-
types in HIVAN (79% in this study and 72% in Kopp et al.'?
study), although the two risk allele genotype frequencies are
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APOLI variants, although the molecular
mechanism is largely unknown, and this in-
teraction is similar in South Africa and the
United States.

The APOLI G1 and G2 alleles show dis-
tinct distributions among various African
and African-derived populations. With a
robust population sample comprising 216
chromosomes (including HIV-positive controls), we were able
to establish that the G1 allele (rs73885319) frequency is ap-
proximately 7.3%, much lower than reported in West Africa
(Yoruba and Igho from Nigeria), in whom the frequencies are
ap proximately 45% and 30%, respectively, or in African Amer-
icanswhere the G1 frequency isapproximately 20%.'*"? This may
be as a result of relaxation of selection pressures exerted by
trypanosomiasis or other pathogens in regions inhabited by
ancestors of this South-African population or may represent
introgression of the variant alleles into southem African pop-
ulations as a result of gene flow from the Bantu expan-
sion.*>#3 In this study, G1 and G2 alleles have a combined
allele frequency of 18.4%, indicating that in the general black
population, 32% of individuals carry one risk allele and 2%
carry two risk alleles. The risk of developing HIVAN is sub-
stantial for individuals living with HIV infection and pos-
sessing two APOLI risk alleles.'**” We also detected a rare,
recombinant haplotype, G1*™M (A-G-1), in the heterozygous
state (G1°™/G1*™),ina single individual with HIV-positive
CKD, which has not been previously reported in the 1000
Genomes Project or in previous studies of African popula-
tions, summarized by Thomson et al** and Limou et al.**

The molecular mechanisms by which APOLI variants cause
kidney disease remain unclear. This protein is expressed in
podocytes and proximal tubular epithelial cells in normal kid-
neys and arteriolar endothelial cells and in vascular smooth
muscle cells in HIVAN and FSGS biopsies.* The G1 and G2
variant proteins, respectively, have altered and deleted amino acids
in the APOLI-binding region of the trypanosomal serum resis-
tance—associated (SRA) protein.'* By so doing, the trypanosomal
SRA is not able to bind APOLI, and hence is exposed to the
trypanolytic activity of ApoL1. This suggests that the risk variants

J Am Soc Mephrol 2&: ess_ses, 215



in the SRA domain of APOLI act by a gain of injury or a toxicity
mechanism on podocytes or vascular cells.

A study by Nichols er al.*® showed that despite the recessive
mode of inheritance observed in APOLI kidney disease, there
is evidence suggesting that APOLI risk variants act as toxic
gain-of-function mutations and that HIV triggers the immune
system by activating exogenous IFNs that in turn increase
ApoL1 expression in cells, leading to the development of kid-
ney disease.* Having carried out our study in a high HIV
prevalence setting, with predominantly HIV-1 subtype C,
puts HIV as an important environmental factor inducing
APOLI-mediated kidney disease, supporting a two-hit model
for APOLI-associated disease expression.®” This study high-
lights the need to consider gene—environment interaction in
the interpretation of genome-wide association studies for
other common diseases.

Our study also highlights the need for HIV screening,
surveillance, and implementation of World Health Organiza-
tion (WHO) recommendations for earlier ART initiation to
reduce the burden of HIVAN and other forms of HIV-related
kidney disease in Africa. At present, guidelines for the treatment
of HIV infection in South Africa suggest that ART be instituted
for individuals with WHO clinical stage 3 and 4 disease and
HIV-specific manifestations (e.g, HIV-related malignancies,
kidney or other organ involvement, and hepatitis B and C
infection) and in all HIV-positive individuals with CD4
counts <350 cells/ul.?8

There are several limitations to our study. We lacked sufficient
numbers of primary or HIV-positive patients with FSGS to
detect the effects of the G1 and G2 risk alleles (a sample size of
95 patients with FSGS and 95 controls would be required for
80% power to detect an OR of 5, & 0.05). Our control group
comprised healthy population controls who were assumed to
have normal kidney function; however, kidney function was
not assessed. Although it is theoretically possible that unde-
tected renal disease could reduce power, random controls are
commonly used in genetic studies and it is unlikely that
healthy individuals in this group had undetected glomeru-
lopathy particularly given the low frequency of individuals
carrying two APOLI renal risk alleles in our control group.

In conclusion, this study shows an extremely strong
association between APOLI variants and biopsy-confirmed
HIVAN driven by interaction between APOLI and untreated
HIV infection, the first such study in Southern Africa.

CONCISE METHODS

Study Participants

Archived kidney biopsies obtaimed from patients aged = 18 years were
retrieved from the Division of Anatomic Pathology at the University
of the Witwatersrand, according to their histologic diagnosis and
HIV status (Table 1). Renal histologic diagnoses were made on the
basis of standard diagnostic criteria. Histology was confirmed by an
independent pathologist (A B.E.). HIVAN was defined by the presence
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of glomerular capillary collapse and glomerular visceral epithelial cell
proliferation affecting at least one glomerulus, together with microcystic
tubular dilation and interstitial inflammation. HIVICK was defined
by the presence of glomerular endocapillary cell proliferation to-
gether with an increased deposition of at least one Ig, thus including
HIV-poative IgA nephropathy. Other histopathologic groups induded
the following: HIV-positive and HIV-negative FSGS, other GN (which
included membranoproliferative GN and membranoproliferative GN
consstent with C3 glomerulopathy, membranous GN, HIV-negative
IgA nephropathy, and lupus nephritis,) and other kidney disease
{which included thrombotic microangiopathy, nodular glomerulo-
sclerosis, minimal change disease, arterionephrosclerosisand benign
nephrosclerosis, oxalosis, and global glomerulosclerosis).

Blood samples were collected prospectively from 54 volunteers
of black ethnicity and of similar age and sex to the patients with CKD
for each of the two control groups: a control group (HIV-positive
controls) comprising HIV-positive individuals with no clinical evidence
of CKD {normal renal function; no proteinuria) from Chadotte Maxeke
Johannesburg Academic Hospital and a population control group from
the National Health Laboratory Service who were all apparently healthy
individuals who gave consent to be enrolled for population genetic
studies as control participants. All HIV-positive individuals with CKD
were ART naive and 7 5% of the HIV-positive control group was receiving
ART. Exclusion criteria included patients aged <<18 years, patients with a
history of diabetes, and persons who were nonblack South Africans. This
study was approved by the University of the Witwatersrand Human Re-
search Ethics Committee {medical; approval numbers M111185 and
M10745). All prospective participants (controls) provided signed n-
formed consent.

Genomic DNA Extraction from Formalin-Fixed Paraffin-
Embedded Kidney Tissue and Peripheral Blood

Samples
The All Prep QIlAamp DNA formalin-fived paraffin-embedded tissue

kit (Qiagen, Chatsworth, CA) was used to purify genomic DNA from
formalin-fixed paraffin-embedded kidney samples, and a modified in-
house salting-out procedure™ was used to extract genomic DNA

from peripheral blood samples.

SNP Genotyping

The APOLI SNPs (1 (rs73885319 and rs60910145) and the G2 indel
(rs71785313) were genotyped using the TagMan SNP genotyping
system (Applied Biosystems, Foster City, CA), whereas 42 SNPs
(18 ancestry informative markers and 24 other SNPs from chromo-
some 22 not in linkage disequilibrium with the risk variants) were
genotyped using the [llumina BeadXpress SNP system (lllumina Inc.,,
San Diego, CA). Sanger sequencing was used to confirm unusual
haplotype configurations. Each SNP was tested for deviation from
Hardy=Weinberg equilibrium using a chi-squared goodness-of-fit
test in the population control group.

Population Stratification
Population stratification was assessed based on 42 SNPs distributed

throughout the genome including chromosome 22 using the PCA
module of Eigensoft software.* For these analyses, chromosome 22

APOL1 and HIV CKD in South Africa 7
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SNPs were limited to r*</0.05 with each other. SNPs defining the
APOLI risk genotypes were excluded from the population stratifica-
tion analyses.

Terminology

For APOL! haplotypes, we used the terms G1™™ (carrying the derived
risk allele at $342G only), G1"™ (containing the derived risk alleles at
$342G and 1384M), and G1*™ (containing only the derived allele at
[384M). Tt has not been determined whether I1384M confers risk in
the absence of 5342G."* For APOL! alleles, we use the terms GO for
the ancestral, nonrisk (+/4) allele, G1 for the risk allele of $342G that
occurs on two G1 haplotypes (G1%* and G1°™), and G2 for the de-
letion allele (Figure 1).

G+

Statistical Analyses
The effect of APOLI risk genotypes on kidney disease was tested by

using the Fisher's exact test, and by logistic regression adjusting for
age, sex, and the first two eigen values obtained froma PCA of genetic
ancestry. Informed by previous association results, we primarily
tested recessive models (comparing individuals with two risk alleles,
Le, GUGL, GLIG2, or G2/(:2, against all others), butalso tested other
maodels (dominant; and one versus zero, two versus zero, two versus
one, and two versus one or zero risk alleles). Comparisons were made
between HIV-positive patients and HIV-positive controls and between
HIV-negative patients and population controls, comparing the dis-
tribution of two risk alleles (explanatory exposure) to zero or two
risk alleles (no exposure). The Woolf test was used to test for homo-
geneity of the ORs in South-African and African-American FSGS
populations.
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Abstract

Chronic kidney disease (CKD) is a major public health problem worldwide with the
estimated incidence growing by approximately 6% annually. There are striking
ethnic differences in the prevalence of CKD such that, in the United States, African
Americans have the highest prevalence of CKD, four times the incidence of end
stage renal disease when compared to Americans of European ancestry suggestive of
genetic  predisposition.  Diabetes  mellitus, hypertension and  human

immunodeticiency virus (HIV) infection are the major causes of CKD. HIV-
2
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associated nephropathy (HIVAN) is an irreversible form of CKD with considerable
morbidity and mortality and is present predominantly in people of African ancestry.
The APOL1 G1 and G2 alleles were more strongly associated with the risk for CKD
than the previously examined MYH9 El risk haplotype in individuals of African
ancestry. A strong association was reported in HIVAN, suggesting that 50% of
African Americans with 2 APOLI risk alleles, if untreated, would develop HIVAN.
However these two variants are not enough to cause disease. The prevailing belief is
that modifying factors or second hits (including genetic hits) underlie the
pathogenesis of kidney disease. This work reviews the history of genetic
susceptibility of CKD and outlines current theories regarding the role for APOL1 in

CKD in the HIV era.

Key words: Chronic kidney disease; Human immunodeficiency virus; Human
immunodeficiency virus-associated nephropathy; African ancestry; Genetics;

APOL1; MYH9
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Core tip: There are striking ethnic differences in the prevalence of chronic kidney
disease CKD, including human immunodeficiency virus (HIV)-associated
nephropathy (HIVAN), in people of African ancestry suggestive of genetic
predisposition. The APOLI G1 and G2 alleles are more strongly associated with the
risk for HIVAN than the previously reported MYH9 E1 risk haplotype in individuals
of African ancestry in United States and African studies. The high prevalence of
HIVAN among individuals of African ancestry could be a result of high frequencies
of APOL1 risk variants as well as the prevalence of HIV-1 subtypes and modifying

factors or second hits underlyine the pathoecenesis of kidney disease.
" = o J

161



Kasembeli AN, Duarte R, Ramsay M, Naicker S. African origins and chronic kidney

disease susceptibility in the HIV era. World | Nephrol 2015; In press

INTRODUCTION

Chronic kidney disease (CKD) is a major public health problem worldwidelll
Mortality due to CKD nearly doubled worldwide between 1990 and 2010, and is
now positioned at 18% as a cause of death in the Global Burden of Disease Study!2
and at 5% position in South Africal®l. An estimated 3.2 million people were on renal
replacement therapy by the end of 2013, approximately 2522000 people undergoing
dialysis treatment (haemodialysis or peritoneal dialysis) and 678000 people living
with renal transplantsl] and it is also estimated that CKD incidence grows by
approximately 6% annuallyl4l. There are striking ethnic differences in the prevalence
of CKD such that, in the United States, African Americans have the highest
prevalence of CKDIl Diabetes and hypertension, which have been considered the
two leading causes of CKD, together with differences in clinical, social-demographic
or lifestyle factors, are insufficient to account satisfactorily for the excess risk of end
stage renal disease (ESRD) in African Americans[®7]. Africa, the second largest and
the world's second most populous continent, is approximately 30.2 million square
km? and composed of 54 countriesl®] and more than 1.1 billion people as of 2013,
accounting for 15% of the world’s populationl®l. It has been postulated that, by 2030,
~70% of the patients with ESRD will be living in low income countries such as those
in sub Saharan Africa where majority of people leave on a less than one dollar-a-
day[t®1] The increased burden of CKD in Africa could be as a result of various
communicable diseases such as leishmaniasis, schistosomiasis, infectious
glomerulonephritis and importantly, human immunodeficiency virus (HIV)
infection superimposed on non-communicable diseases such as hypertension and
diabetes mellitus. These have resulted in the increase in CKD: several studies have
shown that there is a four-fold increase in CKD in HIV uninfected individuals,
compared to 18-30 fold increase in CKD in HIV positive individuals of African

descent[213],
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HIV AND CHRONIC KIDNEY DISEASE

Acquired immune deficiency syndrome (AIDS)-associated nephropathy was
originally reported in AIDS patients in the United States in 1984. Subsequently,
asymptomatic HIV-infected individuals showed similar clinical and histological
features, and the name was later changed to HIV-associated nephropathy
(HIVAN)[4. HIVAN is an irreversible form of CKD which is a pathologically
distinct complication of HIV infection with considerable morbidity and
mortality[1516] The odds ot developing HIVAN have increased in the recent years to
titty according to the United States Renal Data System['7]. There is a huge regional
variation in the prevalence of HIV inftection; globally, an estimated 35.3 million
people were living with HIV as at 2012; in North Africa, approximately 260000
people are living with HIV; while in sub-Saharan Africa, which comprises two thirds
of all people living with HIV, an estimated 25 million people are living with HIV[2],
CKD occurs in approximately 6.0%-48.5% of HIV positive patients in Africall9].
About 24-83% of these cases are classic HIVAN in South Africal?0-22], HIVAN is a
clinicopathological condition characterized by the presence of focal
glomerulosclerosis with collapsing glomerulopathy and glomerular epithelial cell
proliferation, together with microcystic tubular dilatation and interstitial
inflammation(*®l. Risk factors for HIVAN are older age, lower CD4 counts, high viral
load, co-morbidity (such as diabetes mellitus, hypertension and hepatitis C co-
infection)[?4]. HIVAN is present predominantly in people of African ancestry,
indicating a possible genetic predisposition(?32¢]. Renal histology in HIV infected
patients in South Africa is shown in Table 1. A 30 year review of 1848 renal biopsies
by Vermeulen at Chris Hani Baragwanath Hospital in Johannesburg, South Africa
found that focal segmental glomerulosclerosis (FSGS) comprised 29.6% ot primary
glomerulonephritis (GN), 24.4% of membranous GN, 23.8% of
membranoproliferative GN, 10.3% of minimal change disease, 4.1% of mesangial
proliferative GN and 2.7% of IgA nephritis; 19.7 % of the biopsies were in HIV

positive individuals (Vermeulen A, MMed, University of the Witwatersrand, 2014).
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The mechanism by which HIV induces glomerular injury leading to the
pathologic syndrome of HIVAN is not well understood, hence a number of theories
have been postulated as to how HIV causes renal injury. First, a direct viral infection
of podocytes, renal parenchymal cells, especially the visceral epithelial cells of the
glomerulus, and the tubular epithelial cells and as a result, this elicits cytopathic
effects including proliferation and apoptosisl?]. Secondly, HIV infects the
lyvmphocytes and macrophages that enter the kidney, resulting in the release of
inflammatory lymphokines or cytokines which promote injury and fibrosis 7. In
addition, there are studies that have demonstrated that CCR5 and CXCR4, the two
main HIV co-receptors, that mediate entry of HIV strains into susceptible cells, are
not expressed by intrinsic renal cells, but are expressed in circulating and infiltrating

leukocytes at sites of tubulo-interstitial inflammation[?%],

GENETIC PREDISPOSITION TO CHRONIC KIDNEY DISEASE IN PATIENTS
OF AFRICAN ANCESTRY
Genetic variation plays an important role in susceptibility to common forms of
disease such as diabetes, hypertension and kidney disease, with marked differences
in the prevalence and sometimes the presentation, according to ethnicity and
ancestry. African Americans have four times the incidence of ESRD when compared
to Americans of European ancestry, supporting a causal role for genetics in the
aetiology of kidney diseasel!2132%]. These observations led to the use of ancestry
informative population variation data to help explain this disparity. In 2008, two
groups published papers back to back in Nature Genetics, heralding the discovery of
genetic association of markers in the non-muscle myosin heavy chain 9 (MYHY) gene
on chromosome 22 with non-diabetic ESRDP? and FSGSP in African Americans
(Figure 1 and Table 2). Both groups used genome wide admixture mapping
approaches in their analysis, showing that increased African ancestry was correlated
with increased susceptibility.

The transatlantic slave trade in the 16™ to 19% centuries brought in an estimated

12 million individuals from Africa (mainly West Africa) to enslavement in
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Americal>®]  and this was the driver for the introduction of African genetic
variation to America. As a consequence of this population relocation, admixture
occurred with Native Americans (Amerindians) and Europeans leading to mixed
genomic profiles among the group now referred to as African Americans. African
Americans have, on average, about 80% African ancestry, although there are
regional differences across the country[3l. Differences in allele frequencies of
common and rare variants have occurred as a result of random genetic drift,
selection and other forces over thousands of years of separation of the ancestral
populations, with Europeans having separated roughly 40000 years ago from
African populationsl®]. Computational approaches take advantage of ancestry
informative markers (AIMs), which are Single nucleotide polymorphisms (SNPs)
that show marked allele trequency ditferences among the ancestral populations to
infer the global ancestry of individuals. Studies utilizing AIMs have shown that
American populations with African, Hispanic and Caribbean origins are admixed
with varying substantial components of African continental ancestry[¢l. This effect
of admixture helped in identifying genetic regions that affect one ancestral
population and not others, which drive phenotypic associationsl¥”] and can be
measured using mapping by admixture linkage disequilibrium (MALD), which
quantifies the degree of ancestry of each locusP™l. MALD studies were used to
identify genomic regions where admixed African American patients with CKD had
an excess of African genomic markers compared to unatfected individual
controls®31], These studies identified CKD susceptibility loci in African Americans
localised to a specific genomic region on chromosome 22q12 that contains more than
21 genes, and proceeded to pinpoint the association with non-diabetic and non-
hypertensive CKD, but not type 2 diabetic ESRD, to markers in non-muscle myosin
heavy chain 9 (MYH9) gene.

The MYH9 gene was an excellent biologically plausible candidate as it has a
direct link to the structure of podocytes since it codes for a 1960 amino acid protein
(Myosin IIA) expressed in the podocytes and widely-distributed cellular motor

protein that is essential for cytoskeleton rearrangement, cell motility, division, and
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cell-cell adhesion?. As a result of these observations, researchers concluded that
MYH9 variants that are associated with susceptibility to CKD likely play a causal
role in disease pathology[#ll. The high frequency of the MYH9 associated haplotypes
in African populations led to speculations of selection in Africa (Figure 2)l42. The
ethnic specificity of the association was explored with different phenotypes and
ditferent populations (Table 2) and subsequent studies provided evidence for a
contribution of MYH9 variants in early stages of CKD as well as diabetic and
hypertensive-related CKD in both African Americans and Europeans, but not in
Native Americans!*%]. However, biopsy-proven forms of CKD were lacking in
some of these studies and therefore, as in the case of diabetic and hypertensive
nephropathies, researchers suggested that the association with MYH9 could also
reflect the presence of non-diabetic and non-hypertensive CKD. This hypothesis was
supported by association with MYH9 SNPs that were strongly associated with these
types of CKDIl.

The MYH9 SNPs with the strongest associations were categorised into three
haplotype groups termed as E, S and FI#24¢] and E1 was defined as the risk haplotype
(rs4821480, rs2032487, rs4821481 and rs3752462), being highly associated with CKD
in individuals of African descent. E1 was then further found to be highly distributed
in Africa as compared to other regions of the world (Figure 2) 2] The MYH9 E1
haplotype explained nearly the entire excess burden of major forms of CKD in
African Americans with attributable risks of 100% and 70% for HIVAN and F5GS,
respectively, and a significant percentage for hypertensive nephrosclerosis
risk[B1447] However, despite major scientific efforts, including MYH9 re-sequencing
experiments and detailed-intense genotyping, no mutations with a clear predicted
functional effect could be identified that would impact kidney function and the field
began to shift toward exploring neighbouring genes on chromosome 22.

Two research groups re-analyzed the chromosome 22q12 genomic region using
data from International HapMap and 1000 Genomes Projectsl2?48]. The data from
these studies playved a vital role in the discovery of candidate SNPs in the

neighbouring apolipoprotein L1 (APOLI) gene, approximately 20kb downstream
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from the 3’ end of MYHSY, that were statistically powered to explain an increased risk
of CKD in individuals of African ancestry[**?]. The studies yielded 7479 SNPs, four
of which were non-synonymeous mutations in the coding region of the genes in high
linkage disequilibrium with the MYH9 E1 risk haplotype. Two of these (rs73885319
and rs60910145) were missense mutations in the last exon (exon 7) of the APOLI
gene, which result in amino acid substitutions: Ser342Gly and Ile384Met. These two
missense mutations are referred to as the Gl alleles since they were in almost
complete linkage disequilibrium (> = 1.0) with each other, and are both highly
associated with CKD susceptibility. Another SNP, rs71785313, was also found in
exon 7 of APOL1 and represents a six base pair deletion resulting in loss of two
amino acids (Asn388-Tyr389del), and is referred to as the G2 allele. These three
codon-changing variants in the APOL1 gene, encoding apolipoprotein L1, were
found to be in strong association with HIVAN (odds ratio (OR = 29), FSGS (OR = 17)
and ESRD (OR = 7) in African Americans, for homozygotes or compound
heterozygotes carrying two risk allelesl12132]. They were also absent in individuals
of European ancestry but common in African populations. The G1 and G2 alleles
were strongly associated with the risk for CKD than the previously examined MYH9
El risk haplotype in a sample of individuals of African ancestry. They are in perfect
negative linkage disequilibrium, never occurring on the same parental chromosome,
suggesting that these variants arose independently and due to their proximity and
high linkage disequilibrium, they have remained mutually exclusive in almost all
haplotypes observed[1213]. The historical timeline retlecting the discovery of genetic
association to CKD in populations with African ancestry is shown in Figure 1. The
link with increased susceptibility to kidney dysfunction in the presence of HIV
infection[!316] is now well established and the association of APOLI1 risk alleles with
HIVAN is of particular concern in sub-Saharan Africa, where the risk allele
frequency is high (Figure 2). APOLI association with CKD and the postulated
mechanism of action and the functional role of APOLI in kidney disease are

explored further in the next sections.
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APOL1 ASSOCIATION WITH CKD IN INDIVIDUALS OF AFRICAN
ANCESTRY

The coding variants (Gl and G2) are suggested to be causally related to CKD and
provide an explanation for selection of APOLI-associated CKD risk polymorphisms
as a protective measure against Trypanosomiasis, an infectious disease that was
common in Africa. A study by Genovese et al, (2010), comparing 205 African
Americans with biopsy-proven FSGS with 180 African Americans without kidney
disease as controls was performed, using SNPs from the 1000 Genomes Project
belonging to Yoruba as proxies to the African American populationl!3l. These SNPs
revealed evidence of a strong association within a 10kb region in the exon 7 of the
APOL1 gene. The strong signal was found to be at non-synonymous coding variants,
1573885319 (5342G) and r1s60910145 (I384M) which were in perfect linkage
disequilibrium (1 = 1.0). The frequency of these variants was 52% in patients and
18% in controls. They further controlled for the effects of these two variants and
found a second strong APOLI signal, 12 base pairs from I384M. This signal is a 6-
base pair deletion represented by 1s71785313 which removes two amino acid
residues (Asparagine-N and Tyrosine-Y). The frequency of this variant was 23% in
patients and 15% in controls. The odds ratio (OR) of association for carrying at least
one risk (G1-G2) allele was 10.5 (95% confidence interval [CI] 6.0 to 18.4). Controlling
for both G1 and G2 did not result in significant association with MYH9. However,
controlling for MYH9 variants maintained significant APOLI signal at G1 and G2.
Kopp et al,, (2011), in a larger FSGS and HIVAN cohort confirmed the association
but this time, a greater association was observed in HIVAN (OR=29.2 CI 13.1 to 68.5
P=6 x 10?) compared to FSGS (OR=16.9 CI 11.0 to 26.5 P=1.3 x 10#)[2]. The authors
reported that 50% of African Americans with 2 APOLI risk alleles would develop
HIVAN if not on antiretroviral therapy. A study in an indigenous South African
black cohort showed an independent high association with HIVAN susceptibility for
these G1 and G2 variants of 89-fold CI 17.68 to 911.72 P=1.2x101% (Kasembeli et al,
unpublished observations). In all these studies, there was strong evidence for a

contribution of APOLI1 variants to CKD (Figure 1 and Table 2).
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The observed mode of inheritance of the APOLI risk variants was fully recessive
in both FSGS and HIVAN cohorts. However, there have been instances where mild
dominant effects (OR of 1.26 for one risk allele and OR of 7.3 for 2 risk alleles) have
been observed in larger cohorts of hypertensive-associated CKD and geographically
matched control subjects!3]. We therefore cannot fully exclude this mild dominant
inheritance because this could be explained by vet “undiscovered variants” or by
sporadic mutations that might occur in patients with recessive model. Furthermore,
there could be a possibility of additional rare variants in APOLI1, MYH9 or other
neighbouring genes that could be involved in CKD susceptibility since extended

linkacre disequilibrium exists in this recion as a result of selective pressurel49,
o ]

POSITIVE SELECTION FOR APOLI-ASSOCIATED CKD RISK VARIANTS AS
A RESULT OF TRYPANOSOMIASIS EPIDEMIC IN AFRICA
It has been shown that harbouring of APOLI risk variants protects against
Trypanosomiasis disease [Human African Trypanosomiasis (H.A.T)], otherwise
known as sleeping sickness, that was epidemic in Africa many vears ago and still
atfects millions of Africans today. This effect explains the high frequencies of these
variants in the general African American and indigenous Atrican population (Figure
2)1242], The APOL1 G1 and G2 alleles show distinct distributions among various
African and African-derived populations and evidence shows these mutations to be
maintained in these populations. In Yoruba from Nigeria in West Africa, the
frequency is greater than 45 % for G1 (Figure 2) while in African Americans the Gl
frequency is ~20%. The battle between host and pathogen (Trypanosoma species),
resulted in development of APOLI mutations (G1 and G2) that provided positive
selective advantage to carriers at the expense of increased risk for CKD (Figure 3).
There are three main Trypanosoma species; Trypanosoma brucei brucei,
Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense. Trypanosoma brucei
brucei is unable to infect humans because of the complex, trypanolytic factor (TLF)
comprising of apolipoprotein L1, high density lipoprotein (HDL) particles,

haptoglobin-related protein and apoliprotein Al that is present in the human serum.
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This confers innate protection against Trypanosoma brucei brucei. However, both
Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense have evolved a
mechanism to evade lysis by the TLF leading to infection, hence sleeping sickness
(Figure 3)[3051], Apolipoprotein L1, a protein product of APOLI gene is usually part
of TLF circulating in the blood. The APOL1 gene is a member of the APOL gene
family which is composed of six genes in humans (APOL1, APOL2, APOL3, APOL4,
APOL5 and APOL6), grouped within 619kb on chromosome 222 This protein has
five functional and structural domains: a secretory domain (SD), pore forming
domain (PFD), B-cell lymphoma 2 homology domain 3 (BH3), membrane
addressing domain (MAD), leucine zipper domain (LZ) and serum resistant-
associated interacting domain (SRA), listed from the N-terminal to C-terminal
respectively.

The trypanolytic function of apolipoprotein L1 is the most widely studied
function of apolipoprotein L1113, The secretory domain allows it to be expressed as
a circulating protein, which makes it the only circulating APOL proteinl53-5],
Trypanosoma brucei rhodesiense and Trypanosoma brucei gambiense evade the TLF lysis
by expressing SRA protein that binds to the C-terminus domain of the
apolipoprotein L1, in the process neutralizing its lytic activity[?’?8]. However, APOL1
variants G1 and G2, powerfully associated with CKD arose to modify the C-
terminus SRA binding site of the APOL1 gene resulting in a mutated apolipoprotein
L1 that evades neutralization by the Trypanosoma SRA proteinl®]. By so doing,
apolipoprotein L1 exercised its trypanolytic activity, conferring an adaptive
advantage in the endemic regions of Africa (Figure 3). This explains the distribution
of G1 and G2 risk variants in Africa.

Genovese et all'®] reported that both G1 and G2 variants restored the lytic activity of
human serum and this provides the selective advantage to carriers of two APOLI1
risk variants against sleeping sickness. These findings corroborated the evidence of
the recent evolution of APOL1 which occurred in the last 10,000 years and also
suggesting that these variants were selected for within Africa because they conferred

protection against lethal trypanosomiasis while at the same time increasing
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susceptibility to CKD (Figure 3)[¥l. A more recent study in a South African black
population (Kasembeli et al., unpublished data, 2014) has found the odds to have
almost doubled. The prevalence of HIVAN in Africa is variable, 24%-83% in South
Africa, while in the United States, it is highest in the African American population
(15.5%). This is eight-fold greater than that of HIV-intected European Americans[®l.
This high prevalence of HIVAN among individuals of African ancestry could be, not
only as a result of high frequencies of APOLI risk variants, but also the prevalence of
HIV-1 subtypes circulating in Africa. For instance, HIV-1 subtype C is highly
virulent, accounting for ~50% of all HIV intections worldwide and 98% of HIV
infections in South, West and East Africa, with corresponding higher viral loads[s0s1],
Another more important reason could be because sub-Saharan African countries are
resource limited, and therefore roll-out of antiretroviral therapy (ART) may have
been delaved, giving more room for the development of HIVAN among individuals
carrving two APOLI1 risk variants. An etfective roll-out of ART has been shown to
reduce the occurrence of HIVANI[226263]; Figure 1. Therefore, there is need for HIV
screening, surveillance, and strict implementation of World Health Organization
(WHOQ) recommendations for ART initiation to reduce the burden of HIVAN and
other forms of HIV-related CKD in Africa. At present, WHO ART guidelines 2013
for the treatment of HIV infection in Africa suggest that ART be instituted for
individuals with WHO clinical stage 3 and 4 disease and in all HIV positive

individuals with CD4 counts < 350 cells/ pL and viral load of > 10000 copies/mL.

GENE-ENVIRONMENTAL MODIFIERS OF APOL1 SUSCEPTIBILITY

APOLI-environmental interactions play a vital role in CKD susceptibility in
individuals of African ancestry (Figure 3). These could be social demographic status,
lifestyle or presence of other communicable diseases and most importantly, HIV
infection coupled with poor ART roll-out. Environmental exposure to HIV was
initially thought to trigger HIVAN. However, observations in African American
family studies showed that relatives of HIVAN patients, in the absence of HIV

infection, suffered ESRD due to other aetiologies[®l. This illustrates that there could
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be other environmental factors that drive the process. As described, patients with
HIVAN harbouring two APOLI risk alleles that are untreated or undertreated for
HIV infection will suffer rapid progression to ESRDI?. In striking contrast, HIV
patients without the APOLI risk genotype are protected from HIVAN even when
HIV infection is not properly controlled. This effect is well illustrated in the
Ethiopian population who appear to be protected from HIVAN since their genomes
lack the APOL1 risk variants. A study by Behar ef all*], in HIV infected individuals
of Ethiopian origin reported complete absence of HIVAN. This led to the emphasis
of skewed ethnic distribution, inter-individual variability and/or familial
aggregation of HIVAN suggesting that host genetic susceptibility plays a major
contributing factor. This study genotyped 676 African individuals from 12
populations, including 304 Ethiopians, for mutations in the MYH9 and APOLI risk
clusters. The frequency of the G1 and G2 APOL1 risk variants was zero [l However,
there was an increasing trend in frequency of the risk variants proceeding towards
the west and south in Africa (Figure2). This led researchers to conclude that the risk
of developing HIVAN is not a wide African problem but rather restricted to
Western, Central and Southern Africa, and absent in regions of the North and North-
East parts of Africa including Ethiopia. Since sleeping sickness was not an epidemic
in Southern Africa, a possible explanation for the increase in prevalence of APOLI
risk variants could be the result of migration of the bantu-speaking populations from
West Africa and East Africalees7],

In the United States there has been a steady decline in the incidence of HIVAN
with the introduction of HAART, in spite of stable frequencies of the risk variants[l.
Risk factors for progression to ESRD in HIVAN are severity of renal dysfunction,
percentage of sclerotic glomerulil®#?], lack of viral suppression(?670, 2 APOLI risk
alleles®371]  while use of renin angiotensin system blockers were reported to be
protectivel?3], HIV-infected individuals with non-HIVAN pathology and two APOL1
risk alleles had an almost 3-fold risk of ESRD, in spite of etfective ART-suppression

of viral load and use of renin-angiotensin aldosterone blockers; baseline kidney

function was the strongest predictor of progression to ESRD in this stucly[ﬂl.
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Investigators reviewing the African American study on Kidney Disease and
Hypertension (AASK) and The Chronic Renal insufficiency Cohort (CRIC) found
that APOLI risk variants in black patients were associated with higher rates of ESRD
and progression of CKDI[21.

Thus HIV is considered a risk factor for HIVAN when presented with the
appropriate genetic susceptibility. Either genetic risk or viral infections alone do not
cause the kidney disease. Instead it is the gene-environment interaction that is
fundamental for the pathogenesis. The rapidly changing natural history of APOL1-
associated HIVAN provides further support that HIV is an environmental risk
factorl®8]. Additional viral environmental modifiers have been proposed. The John
Cunningham (JC) polyoma virus has been shown to maintain a reservoir in the
uroepithelium of the kidney after infection and has been proposed to interact with
the genetic risk posed by APOLI variants(l. Divers et all”®] studied the relationship
between the JC virus and genetic risk for kidney disease hypothesising that the
presence of the APOLI risk variants may predispose individuals to JC infection and
that this second hit may act as an additional environmental factor increasing kidney
disease risk. However, paradoxically the reverse scenario was observed where the
presence of the high risk APOLI variants in the presence of JC virus resulted in less
kidney disease. The JC virus in the kidney was postulated to either protect against
other nephropathic viruses or alter cellular function as protection against other

sources of glomerular injury.

GENE-GENE INTERACTIONS AS MODIFIERS OF APOL1-ASSOCIATED
NEPHROPATHY

Whilst nephrology research in Atrican ancestry populations has been hampered by
the lack of large genome wide- association studies, a number of gene-gene
interaction studies have been conducted on pooled GWAS data in non-diabetic
ESRD in African Americans and non-nephropathy controls. Results of a gene-gene
interaction analysis identified several SNPs that interacted with APOLI risk variants

(Figure 3)". MYH9 has been shown to be one of the genes linked to APOL1 to cause
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CKD susceptibility. Other studies have also shown a possibility of other genes
interaction with APOL1 gene. In a replication study, eleven SNPs were validated and
three genes, podocin (NPHS2; rs16854341); serologically defined colon cancer
antigen 8 (SDCCAGS; rs2802723) and SNP near the bone morphogenetic protein 4
(BMP4; rs8014363) were significant. These interactions were quantitied and all show
effects on APOL1 association[”7¢]. These three genes show expression in podocytes
and are linked to renal disease characterised by FSGS. It has thus been postulated

that they play a role in inducing podocyturia and glomerular damage.

APOL1-ASSOCIATED CKD: THE FUTURE

Since there is evidence of APOLI association with non-diabetic forms of CKD and
the role of selection in the increase in frequencies of the risk variants, it is necessary
to move beyond the statistical tests of association to molecular cellular
characterization to evaluate the effects of these risk variants in CKD. It has been
postulated that cellular and physiclogic activities of apolipoprotein L1 include
involvement in autophagic and apoptosis pathwaysP2777. There is a general
agreement that APOLI expression occurs in podocytes®l. But whether there is
apolipoprotein L1 expression in the tubular cells, glomerular endothelial cells, and
the tunica intima and media of the renal blood vessels is uncertain. Currently, there
is no definitive mechanism by which APOL1 variants cause kidney injury but several
possibilities have been proposed. Firstly, apolipoprotein L1 isoform expressed in the
kidney cells may be retained in the cells and cause cell destruction via the apoptotic
pathway since they share structural and functional similarities with proteins from
the BeL2 familyl78l. Secondly, APOL1 as part of TLF, is directed to lysosomes to
induce programmed cell death via the autophagic responsell3568l], Thirdly,
circulating apolipoprotein L1 may also be important in the pathogenesis of CKD
since the presence of G1 and G2 could lead to dystunctional HDL particles leading to
inflammation of vascular endothelial cells, with arteriolar neph.ros::lerosis“‘-’]. There
is a proven race specific relationship between APOLI genotype and HDL cholesterol

concentration and kidney functionl®]. In Han Chinese and European American
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populations, there was a higher HDL level in association with higher eGFR. The
inverse association was observed in West Africans and African Americans.
However, a significant effect was observed only in African Americans with APOL1
risk variants (but not in West Africans). These observations have led to the view that
the mechanism underlying APOLI neplhropathy most likely involves HDL
cholesterol. In addition, circulating APOLI1, may be available for uptake by
podocytes after passage across the glomerular filtration barrier and exercising their
effect on the podocytes. Future studies should define the role of APOL1 in the

pathogenesis of kidney disease.

LESSONS LEARNT IN POPULATION GENETICS OF CKD

The remarkable advances in molecular genetics have enabled researchers to unravel
the underlying genetic susceptibility to kidney disease in African Ancestry
populations. Identification of region of 22ql2.3 using MALD studies and
identification of APOLI risk variants have raised the possibility of a personalised
approach to treat several forms of kidney disease that are prevalent in African
populations. As regards HIVAN, the priority for the African continent should be
targeting of the modifying trigger of the disease, HIV infection, through effective
treatment and prevention campaigns. Greater advances in understanding the
mechanisms underlying APOL1 pathogenesis, the identification of meodifiable
environmental factors and interacting genes offer the promise of novel preventive,
prognostic and therapeutic measures to treat APOLI associated forms of kidney
disease in the genetically susceptible and therefore vulnerable African descent

mdividual.
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Table 1 Spectrum of renal histology in HIV in South Africa

Histology Durbanl?ll | THBR | Cape Townl*l | JHB!
Biopsy numbers 30 99 192 364
Classic HIVAN (%) 83 27 244 327
FSGS 3 328 11.3
HIV Immune Complex Disease 21 30.2 11.8
(%) (mostly with hepatitis B or C
co-infection)
e Mesangial proliferative 6
e Membranoproliferative 7 2.7
(type I and III) (%)
¢ Lupus-like (%) 44
o IgA
e Membranous (%) 133 13 52 7.7
¢ Exudative-proliferative
HIV  TIP/HUS  (thrombotic
microangiopathy)
Various glomerulonephropathies |7 41 24 29.4
(%) (heterogenous group with
different aetiologies)
e Minimal change (%) 2 3.3

¢ Immunotactoid

e Amyloidosis

!Adapted from Vermeulen Alda, MMed Research report, University of the

Witwatersrand, 201463, THB: Johannesburg; HIVAN: HIV-associated nephropathy;

TTP: Thrombotic thrombocytopaenic purpura; HUS: Haemolytic syndrome.
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Table 2 Summary of the studies of MYH9 and APOL1 variants

Year Population Disease Variant Freq. OR (95%CT) Refs.
(Ancestry)
2008 African Hypertensive ESRD  MYH9 E1 0.67 1.9 (1.25-2.87) Kopp et all®1]
Americans HIVAN MYH9 E1l 0.67 5.3 (2.40-12.90)
FSGS MYH9 E1 0.67 4.5(2.92,7.19)
European T2DM ESRD MYH9 E1l 0.04 NS
Americans FSGS MYHY E1 0.04 9.7 (1.07,463)
2008 African Hypertensive ESRD MYH9 El 0.30 2.1(1.56,2.74) Kao et all30]
Americans Non-diabetic ESRD MYH9 E1 0.30 2.2(1.73,2.73)
FSGS MYH9 El 0.30 3.7(2.11,6.34)
2009 African Hypertensive ESRD  MYH9 E1 0.75 24 (NS) Freedman et all*7]
Americans Non-diabetic ESRD MYH9 E1l 0.76 2.5 (NS)
2009 African T2DM ESRD MYH9 E1 0.67 1.4 (NS) Freedman et all44]
Americans
2010 African Non-diabetic ESRD MYH9 E1 NS 2.0(1.37,2.92) Behar et all46]
Americans
Hispanic Non-diabetic ESRD MYHY E1 NS 3.7 (1.67,8.20)
Americans
31
2010 American Kidney dysfunction MYH9 SNPs 0.43 1.04 (0.79,1.36) Franceschini et  all43]
Indians Strong Heart Family
Study
2010 African Non-diabetic ESRD APOL1G1 0.46 4.86(2.35,10.06) Tzur et all?]
Americans
Hispanic Non-diabetic ESRD APOLIGl1 0.00 15.48
Americans (4.00,60.00)
2010 African Hypertensive ESRD  APOL1 G1/G2 041/0.21 7.3 (5.60,9.50) Genovese ct all13]
Americans FSGS APOL1G1/G2 0.47/0.25 10.5(6.0,18.4)
2011 African HIVAN APOL1 G1/G2 0.54/0.28 292 Kopp et allt2]
Americans (13.10,68.50)
FSGS APOL1IG1/G2 0.55/0.25 169
(11.00,26.50)
2014 South  African HIVAN MYH9 E1 0.83 2.10 (0.07-60.99) Kasembeli et al
blacks APOLIG1/G2 0.56/0.34 89.10 (Unpublished
(17.68,911.72) observations)

NS: Not stated; SNPs: Single nucleotide polymorphisms; OR: Odds ratio; Freq: Frequencies; HIVAN: HIV-associated nephropathy;

FSGS: Focal segmental glomerulosclerosis; T2DM: Type 2 diabetes mellitus; ESRD: End stage renal disease; APOLI: Apolipoprotein

L1; MYH9: Non-muscle myosin heavy chain 9.
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Figure 1 Historical timeline reflecting the discovery of genetic association to CKD
in populations with African ancestry. !Adapted from Kopp et all®!] and Kao et all>;
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Witwatersrand, 2014. JHB: Johannesburg; APOLI: Apolipoprotein L1; MYH9: Non-

muscle myosin heavy chain 9; ART: Antiretroviral therapy.
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Focal segmental glomerulosclerosis; T2DM: Type 2 diabetes mellitus; ESRD: End

stage renal disease; CKD: Chronic kidney disease.
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APPENDIX 4

All Prep DNA/RNA FFPE schematic laboratory procedure

Remove paraffin and dry then lyse
with proteinase K digestion

l Cool on ice and then centrifuge to
obtain RNA-containing supernatant
and DNA containing pellet

=

Lyse pellet with
proteinase K digestion,
l then incubate at 90°C
%; Bind total RNA Bind total DNA
Total RNA Genomic DNA
Treat with DNase Wash
and then wash as
Elute Elute
Eluted RNA Eluted DNA
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APPENDIX 5

DNA EXTRACTION FROM HUMAN NUCLEATED CELLS IN WHOLE BLOOD
USING SALTING OUT PROCEDURE

Solutions Needed:

1. Sucrose-Triton-X Lysis Buffer

In a one liter bottle, 10ml of 1M Tris-HCL pH 8.0 was added followed by 5ml 1M MgCl,
and 10ml 1X Triton X-100 solution.

This was made-up to 1 litre with distilled water, autoclaved and stored at 4°C.

109.5g of sucrose was added just before use. Once the sucrose has been added, the
solution does not keep, so only sufficient amounts of each batch was made.
Approximately 70ml/ 10ml sample is needed.

. 20mM Tris-HCL and SmM EDTA (T 20 E 5) Solution

In a 1 litre bottle, 20ml of 1M Tris-HCL was added (to make 20 mM of Tris-HCL)
followed by 10mL of 0.5M EDTA (to make 5SmM of EDTA). Distilled water was added
to 800ml mark, pH 8.0 and made up to 1 litre mark. Autoclaved and stored at room
temperature.

. Saturated Sodium Chloride (NaCl) solution.

40g of NaCl was slowly added to 100ml sterile distilled water until completely saturated
and then store at room temperature.

. Proteinase K Master Mix.

10% Sodium dodecyl sulphate (SDS) made in sterile distilled water.
0.5M EDTA made in sterile distilled water
20mg/ml Proteinase K

Stock Solution | 2 mL 4 mL 8 mL
1% SDS 10% 200ul 400 pl 800 ul
2mM EDTA 0.5M 8 ul 16 pl 32 ul
2mg/mL
Proteinase K 20mg/mL 200 ul 400 ul 800 ul
Water (H,O) 1600 pl 3200 pl 6400 pl

Prepare as per the table above depending on the number of samples. Make fresh each time
because you need 500 ul /10ml sample.

PROCEDURE
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Day One

5 to 10ml of whole blood was placed in 50ml polypropylene tubes (Falcon tubes). The
extraction procedure was done in a batch of 4 samples

Each Falcon tube containing whole blood was filled to the 45ml mark with cold lysis
buffer containing sucrose in 1M Tris-HcL pH 8.0, 1M MgCl, and 1X Triton X-100
solutions.

The Falcon tubes were mixed well by inverting several times and then centrifuged at

2300rpm for 10 minutes at 4°C.

. The supernatant containing lysed red blood cells were poured off as “blood waste”. The

pellet (reddish-white) containing white blood cells were left in the tube.

. There were then re-suspended in another 20ml of cold lysis buffer and placed on ice for 5

minutes.

. The tubes were then centrifuged for a further 10 minutes at 2300 rpm at 4°C. This wash

step was done to ensure that most of the red blood cell debris was removed in the
supernatant.

3 ml of T20ES5 solution, 0.2ml 10% SDS and 0.5ml Proteinase K mix were added to each
tube containing sample. This process lyses the white blood cells and degrades the

proteins. SDS facilitates the breaking up of the lipid bilayer of the cell membrane.

. The tube contents were then mixed thoroughly by vortexing and incubated in water bath

at 42°C overnight.

Day Two
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Iml of saturated NaCl solution was added to each tube, mixed well by vortexing and

placed on ice for 5 minutes.

. The tubes with salt were then centrifuged at 2300 rpm for 30 min. The pellet at this

step consists of proteins precipitated by the salt and the DNA is present in the
supernatant. Cloudy supernatant were placed into clean tubes and centrifuged for a

further 20 minutes.

. The DNA-containing supernatant was transferred into clean 50ml falcon tubes and

20ml absolute ethanol (96-100%) added at room temperature. In the event of high salt
concentration, DNA is not soluble in ethanol hence DNA precipitated out of solution

with addition of the absolute ethanol.

. After gentle agitation, the white aggregate visible DNA was spooled out/ fished out

using a clean P200 pipette tip and washed gently in ice cold 70% ethanol to remove
excess salt that could interfere with enzymatic reactions. The DNA was then placed in
clean labeled 1.5 ml eppendorf tube and ethanol allowed to evaporate off (air-dried)
at room temperature. The DNA was NOT allowed to over dry and dissolved in an

appropriate amount of 1X Tris-EDTA (TE) buffer DNA (100-200ul).

. In case the DNA was not visible, the DNA was precipitated at minus 70°C for 30

minutes and centrifuged at 2300rpm for 10 minutes to pellet DNA. The supernatant
was discarded and the DNA pellet was washed with ice cold 70% ethanol and
centrifuged again for 10 minutes. The supernatant was discarded and the falcon tube
was inverted to a paper towel to dry the pellet before resuspending the DNA pellet in
an appropriate amount of 1X TE buffer DNA (20-100ul). This was then transferred to

labeled clean 1.5ml eppendorf tube



APPENDIX 6

ILLUMINA GOLDENGATE BEADXPRESS GENOTYPING ASSAY

1. Materials
= Three 96-plex VeraCode bead plates where each well containing the beads providing
identifiers for each SNP
= Query oligonucleotides targeting the specific 96 SNPs selected
= Resuspension and precipitation solutions
= QOligonucleotide hybridization and cDNA and genomic DNA binding buffers
= Universal buffers for washing magnetic beads and particles
= Uracyl DNA Glycosylase to help prevent contamination of PCR products
= Reagents that:
o activate DNA
o extend and ligate
o elute extended and ligated products
o bind double-stranded PCR products to magnetic particles
o are used to make hybridization plate
o wash away excess and non-specifically hybridized oligonucleotides from the
genomic DNA

o are used to wash the beads
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2. Procedure

DAY ONE

2.1 Pre-PCR

2.1.1 Making DNA plate

There was an addition of Sul appropriate DNA activating reagent containing Biotin
on each well of the 96-well plate. This was followed by addition of sufficient
genomic DNA of each individual normalized to 50ng/ul. This process is to activate
the DNA. The plate was then pulse centrifuged at 250xg to collect contents at the
bottom of the wells, vortexed at 2300rpm for 20 seconds and incubated at 95°C for 30
minutes. In this process, the DNA is denatured to biotinylated single-stranded DNA
in the plate.

2.1.2 Precipitation of the single-stranded biotinylated DNA

Precipitation of the single-stranded biotinylated DNA was performed by addition of
15ul Isopropanol to each sample on the well since DNA is insoluble in Isopropanol.
The plate was then centrifuged at 3000xg for 20 minutes. The supernatant was
decanted over an absorbent pad by smacking the inverted plate down hard onto the
absorbent pad to blot off the excess supernatant. The precipitated single-stranded
DNA was then allowed to air-dry for 15 minutes.

2.1.3 Resuspension of the single-stranded DNA in the 96-well plate

To each well containing the single-stranded DNA, 10ul of resuspension reagent
solution resuspended was added, the plate was pulse centrifuged at 250xg and
vortexed at 2300rpm for 1 minute or until the blue pellet is completely resuspended.

The plate was then pulse centrifuged at 250xg. The DNA here is fully resuspended.
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2.1.4 Making allele-specific extension plate

To a new 96-well plate, 10ul of the custom Illumina® GoldenGate BeadXpress assay
oligo pool containing two allele-specific oligonucleotides and one locus-specific
oligonucleotide for each of the 96 selected SNPs was added. This was followed by
30ul of the oligo hybridization and DNA binding buffer containing streptavidin-
conjugated magnetic particles was added.

Transfer of 10ul of the biotinylated DNA samples from the DNA plate to the
complimentary wells of the allele-specific extension plate. This plate was heat-sealed
for 3 seconds and pulse centrifuged at 250xg, vortexed at 1600rpm for 1 minute or
until beads are completely resuspended. The plate was then placed on a pre-heated
heating block at 70°C and immediately the heating block allowed to drop in
temperature to 30°C. This takes about 2 hours and this allows the oligonucleotides for
each sequence target of interest to anneal to the biotinylated genomic DNA samples
and at the same time simultaneously captured by magnetic particles through the
binding of biotin to streptavidin.

2.1.5 Master Mix addition for extension and ligation

Once the query oligos were hybridized on the genomic DNA, mishybridized and
excess oligos were washed away in repeated steps using a raised bar magnetic capture
plate to allow the magnetic beads to remain in the wells while all liquid discarded and
replaced. A washing reagent was used to resuspended the beads in each well twice
before repeating the process twice again with a universal buffer. To each washed

genomic DNA, 37ul of extension and ligation master mix was added, the plate sealed
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with a clear adhesive film, vortexed at 1650rpm for 1 minute to resuspend the beads
and incubated on a pre-heated heating block at 45°C. This is to allow the extension
and ligation reaction to take place.

2.1.6 Making of the polymerase chain reaction (PCR) plate

There was an addition of 64ul of Titanium Taq DNA polymerase and 50ul of Uracyl
DNA Glycosylase to the reagent for master mix (containing three universal primers:
two are labelled with fluorescent dyes and the third is biotinylated which allows
capture of the PCR products and elution of the strands containing fluorescent signals.
30ul of this mixture was transferred into a new 96 well plate “PCR plate”, the plate
sealed with a clear adhesive film, pulse centrifuged at 250xg to bring reagent
mixtures to the bottom of the wells.

2.1.7 Inoculation of the PCR plate

The allele-specific extension plate was placed on the raised bar magnetic plate for
approximately 2 minutes or until the beads were completely captured. The clear
adhesive film from the plate was removed and the supernatant removed and
discarded. The pipette tips were visually inspected after removing the supernatant
from each column of the plate to ensure that no beads were removed. In case the
beads were visible in the pipette tips, the supernatant were replaced into the same
wells, the magnet allowed to re-collect beads and the pipette tips changed. The beads
were then washed with universal buffer as described above.

35ul of the reagent for inoculating PCR plate was added to each column of the plate,
plate covered with clear adhesive film, sealed, vortexed at 1850rpm for 1 minute or

until the beads were resuspended and placed on the pre-heated 95°C heating block for
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I minute. The temperature here denatures the DNA and releases the templates formed
in the extension and ligation process from genomic DNA.

The plate was placed on the raised magnetic plate for 2 minutes or until the beads
were completely resuspended and approximately 30ul of the supernatant containing
the complementary templates were transferred to corresponding wells on the PCR
plate while the plate containing the beads discarded. The PCR plate was then sealed

with a clear adhesive film and immediately transferred to the thermal cycler.

2.2 Post-PCR

2.2.1 Thermal cycling the PCR plate

The sealed PCR plate was placed in the thermal cycler and the thermal cycler run at
37°C for 10 minutes, 95°C for 3 minutes, followed by 34 cycles (of 95°C for 35
seconds, 56°C for 35 seconds and 72°C for 2 minutes) then 720C for 10 minutes and
finally 4°C for 5 minutes and after the end of the PCR, the PCR plate was removed
from the thermal cycler placed at -20°C overnight. This process thermal cycled the
PCR plate to fluorescently label and amplifies the templates generated in the pre-PCR
process.

DAY TWO

2.2.2 Binding PCR products

The PCR plate was removed from -20°C, and thawed on ice. It was then pulse
centrifuged at 250xg. Using new pipette tips, 20ul of magnetic particle reagent that is
used to bind the biotinylated double-stranded PCR products was added to each wells
of the PCR plate. Using new pipette tips, the mixture was pipetted up and down to

mix the beads with the PCR products, and then transferred the mixed solution to the



204

filter plate, changing tips between column dispenses. The empty PCR plate was
discarded. The filter plate was covered and stored in the dark (protected from the
light) at room temperature for 60 minutes in order for the PCR products to bind the
magnetic particles.

2.2.3 Making intermediate plate for VeraCode Bead plate

The filter plate containing the bound PCR products is placed onto a filter plate
adapter and centrifuged at 1000xg for 5 minutes at 25°C in order to discard the waste
fluid into the waste plate as bound PCR products were captured by the filter. This
process was repeated after addition of universal buffer.

The waste plate was replaced by new empty 96-well plate with hybridization buffer
(intermediate plate) added to each well of the intermediate plate. 0.1N Sodium
hydroxide was then added to each well of the filter plate, covered and centrifuged at
1000xg for 5 minutes at 25°C. Sodium hydroxide lowers the pH and breaks the bonds
between the biotinylated PCR products and the streptavidin-conjugated magnetic
particles. In this step, the solution containing the PCR products was dispensed into
the intermediate plate containing hybridization buffer. The filter plate containing the
magnetic particles was discarded.

2.2.4 Hybridizing the VeraCode Bead plate

A second hybridization buffer was neutralized by 0.IN Sodium hydroxide. Using
clean pipette tips, SOul of the neutralized hybridization buffer was transferred to each
wells of the intermediate plate above. Using pipette tips, 100ul of each assay product
was added into the corresponding wells of the VeraCode bead plate containing the

inscribed microbeads.
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The VeraCode bead plate with samples was then placed in the pre-heated VeraCode
vortex incubator (incubating microplate shaker) at 45°C at a speed of 850rpm for 3
hours. In this step, the PCR products were hybridized to the beads on the VeraCode
bead plate.

2.2.5 Washing VeraCode Bead plate

The VeraCode vortex incubator was stopped after 3 hours and when the speed
indicator reached zero, the VeraCode bead plate was removed from the VeraCode
vortex incubator, pulse centrifuged at 250xg to collect any condensation and cover
removed. Using clean pipette tips, 200ul of wash buffer to each well making sure that
bead pellets are agitated. The plate was gently swirled in a circular motion on the
bench-top, and then the plate was left for 2 minutes for the beads to collect in the
bottom of the well. The supernatant was then aspirated with the vacuum manifold
with a pressure of 50 mb. This process was repeated one more time.

2.2.6 Scanning VeraCode Bead plate

The scan settings file containing the information of the samples was prepared on the
set up of the BeadXpress Reader. The VeraCode bead plate was then placed in the

BeadXpress Reader to be scanned.



APPENDIX 7

A) 5% DNA Acrylamide Gel (1.5mm wells)

Materials:

Distilled water

10X Tris Borate EDTA (TBE)

1X Tris Borate EDTA (TBE)

30% Acrylamide

10% Ammonium persulfate (APS)

N, N, N’, N’-tetramethylethylenediamine (TEMED)

Glass plates, spacers and 1.5mm combs for pouring the gels
Gel electrophoresis apparatus

DC power supply

Set up:

Gel electrophoresis apparatus, glass plates, spacers, combs and casting systems (BIO-RAD) were
assembled according to the manufacturer’s instructions. These apparatus have been designed to

avoid any leakages.

The following reagents were mixed in a 15ml tubes according to the template and in the order
below:

REAGENTS VOLUME (ML)
Distilled water 6.6

10X Tris Borate EDTA 1.0

30% Acrylamide 2.4

10% APS 0.1

TEMED 0.01

10% APS and TEMED were added last because polymerization starts immediately thereafter and
therefore, immediately after the addition of 10% APS and TEMED, the reagent mixture was
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mixed thoroughly and poured between the gel plates and 1.5mm comb inserted The combs were
then clamped in place at the top of the gels to avoid separation of the gel from the plates as the
acrylamide polymerizes. The gels were allowed to polymerize for 30 minutes. After the
polymerization was complete, the combs and the bottom spacers were removed from the gel and
the gel plates wiped and made sure that the spacers are clean and properly seated. The gel was
placed into the lower tank at an angle to avoid air bubbles forming between the plates and the gel
bottom. The gel plates were then clamped to the top of the electrophoresis tank and the upper
reservoir filled with 1X TBE so that to cover the wells. The lower reservoir of the
electrophoresis tank was also filled with 1X TBE. In case of any air bubbles in the wells, a
syringe was used to remove the air bubbles trapped because this might disrupt the current flow.
10ul of the samples were mixed with a 6X loading dye (ThermoScientific™, Bishop Meadow
Road, Loughborough, Leicestershire, LE11 SRG, United Kingdom) in a ratio of 1:1 and loaded
onto the appropriate wells. A DC power supply was connected to the casting system and the
samples electrophoresed at 60V/cm for 45 minutes the PCR products had migrated one-half to

three-fourths the way through the gel.

B) 2.5% Agarose gel

Materials:

Agarose powder

Gel box

1X Tris Borate EDTA (TBE)
Combs

DC power supply
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Set up:

2.5 grams of agarose was weighed into a conical flask followed by 100ml of 1X TBE solution.
The agarose/buffer mixture was heated in a microwave in order to dissolve the agarose. At 30
seconds intervals, the flask was removed and swirled to mix. This was repeated until the agarose

has completely dissolved.

The agarose mixture was allowed to cool to about 60°C and 3ul of ethidium bromide added for

staining and visualization of PCR products.

The gel tray was placed into the casting apparatus, taped the open edges of a gel tray to create

a mold and an appropriate comb placed into the gel mold to create the wells.

The molten agarose was then poured into the gel mold and the agarose allowed to set at room
temperature for approximately 1 hour. Once set, the comb was removed and the gel placed in
the gel box. Running buffer (1 X TBE) was then added onto the molten gel and into the gel box in
order to cover the surface of the molten gel. 10ul of the samples were mixed with a 6X loading
dye (ThermoScientificTM, Bishop Meadow Road, Loughborough, Leicestershire, LE11 5RG,
United Kingdom) in a ratio of 1:1 and loaded onto the appropriate wells. Loading dye helps to
track how far your DNA sample has travelled, and also allows the sample to sink into the gel. A
DC power supply was connected to the casting system in such a way that the cathode (black
leads) was closer to the wells than the anode (red leads). The DC power was turned on and the
gel with samples run until the dye had migrated one-half to three-fourths the way through the

gel.
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APPENDIX 8

Map and Features of pJET 1.2/blunt cloning vector
pJET1.2/blunt vector map

DNA sequence of MCS region

pJET1.2 forward sequencing primer, 23-mer

Eco88l

17 transcription start Eco52] Xhol
T7 promoter 328 Notl Bgll Kpn2l PspX| 37‘1 :u"z
5' GGC GTA ATA CGA CTIC ACT ATA GGG AGA GCG GCC GCC AGA TCT TCC GGA TGG CTC GAG TTT TTC AGC AAG AT BA
3’ CCG CAT TAT GCT GAG TGA TAT ccc TcT CGC CGG CGG TCT AGA AGG CCT ACC GAG CTC AAA AAG TCG TTC 'l:"‘l'
Btgl
Eco1301
Lk Bgll Neol Bsuisl 422
TCT TTC TAG AAG ATC TCC TAC AAT ATT CTC AGC TGC CAT GGA AAA TCG ATG TTC TTIC T 3’
AGA AAG ATC TTC TAG AGG ATG TTA TAA GAG TCG ACG GTA CCT TTT AGC TAC AAG AAG A 5’

pJET1.2 reverse sequencing primer, 24-mer

Genetic Elements of the pJET 1.2/blunt cloning vector
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Element Function Position, bp
Replicon (rep) from the pMBI plasmid is responsible

EOEAED forpthe re|(:)li(F:)a)1ti0n of pJI:EH .2p i LB

Replication start Initiation of the replication 1162 +1
B-lactamase gene conferring resistance to ampicillin.

bla (Ap®) Used for selection and maintenance of recombinant | 2782-1922
E.coli cells

ecod7IR Lethal gene ecod 7R enables positive selection of the 753-16
recombinants

p Modified P, promoter for expression of the ecod7IR | o4, 244

lacUvs gene at a level sufficient to provide positive selection

T7 promoter T7 RNA polymerase promoter for in vitro transcription 305-324
of the cloned insert

Multiple cloning site (MCS) Mapping, screening and excision of the cloned insert 422-328

Insertion site Blunt DNA ends for ligation with insert 371-372

Primer binding sites:

pJET1.2 forward sequencing | Sequencing of insert, colony PCR 310-332

pJET1.2 reverse sequencing | Sequencing of insert, colony PCR 428-405




Primer Sequences

Primer

Sequence

pJET1.2 Forward Sequencing Primer, 23-mer

5'-CGACTCACTATAGGGAGAGCGGC-3'

pJET1.2 Reverse Sequencing Primer, 24-mer

5'-AAGAACATCGATTTTCCATGGCAG-3’
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APPENDIX 9

Preparing E. coli DHS o competent cells

Recipes for Media

211

LB (Psi) broth (per liter)

Reagents

Amount

Bacto yeast extract

S5¢g

Bacto Tryptone

20¢g

magnesium sulfate

S5¢g

pH 7.6 with potassium hydroxide and autoclaved for

40 min.
TfbI (per 200 ml)
Reagents Amount molaf::ly?lconc.

Potassium acetate |.588 g |30 mM

Rubidium chloride |2.42g |100 mM

Calcium chloride 0.294g |10 mM
Manganese chloride | 2.0 g 50 mM

Glycerol 30 mi 15% viv

pH 5.8 with dilute acetic acid and Filter-sterilized

TfbII (per 100 ml)

Reagents | Amount Final molarity/conc.
MOPS 021g 10 mM

Calcium

chloride Ilg 75 mM

Rubidium

chloride 0.121 g |10 mM

Glycerol |15 ml 15% viv

pH 6.5 with dilute NaOH and Filter-sterilized
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Cells were streaked out from a glycerol stock onto a LB agar plate using an inoculation
loop and incubated at 37°C overnight.

A colony was picked and grown overnight at 37 °C in 5 ml psi (y) broth.

1 ml of the overnight culture was placed in 25 ml pre-warmed y broth and incubated at 37
°C overnight on a shaker at ~100rpm. The ODgy was checked to make sure it was
between 0.52 and 0.58.

All the apparatus to be used, including pipettes for re-suspending, were placed in the cold
room. SUBSEQUENT STEPS WERE PERFORMED IN THE COLD ROOM.

The cells were then chilled on ice for 5 minutes and centrifuged at 4000 rpm (~4000 x g)
for 10 minutes at 4 °C or at 3000 rpm (~2000 x g) for 20 minutes at 4 °C.

The supernatant was decanted in the cold room and the pellet re-suspended in 5 ml Tfbl
buffer. Make up to 70 ml with Tfbl buffer and left on ice for 5 minutes.

The cells were harvested again at 4000 rpm for 10 minutes in the cold room once again,
the supernatant decanted and the cells resuspended in 7 ml TfbIl buffer and left on ice for
15 minutes.

Cells were then aliquoted (~100ul) into pre-cooled tubes in the cold room.

The cells were then snap frozen in liquid nitrogen and stored at -80 °C.

We tested for competency efficiency by transforming 10pg and 100pg of supercoiled
plasmid/vector into 50 pl cells and compared efficiency to that of old cells that are

competent.



APPENDIX 10

A) Super optimum culture (SOC) Medium

Recipes

In order to make 250mM potassium chloride (KCl), 1.86g of potassium chloride was dissolved in

100ml of distilled water.

In order to make 20% glucose, 100 g of glucose was dissolved in 400 ml distilled water
completely and the volume adjusted to 500 ml with distilled water and filter sterilized using a

0.22-micron filter.

In order to make 2M MgCl,: 19 g of MgCl, was dissolved in 90 ml of distilled water and the
volume adjusted to 100 ml with distilled water and sterilized by autoclaving for 20 minutes. This

solution was left to cool before use.

Per 200 ml solution
Reagents Amount
Tryptone 4g
Yeast Extract g
Sodium chloride 0.1g

The above contents were measured and placed in a 250ml bottle and 150ml distilled water added.

The solutes were shaken until dissolved.

2 ml of 250mM KCI was then added and the pH adjusted to 7.0 with IN NaOH. The overall
volume was then adjusted to 200ml with distilled water and sterilized by autoclaving for 20
minutes. The medium was allowed to cool to 60°C or less and then 3.6ml of filter-sterilized 20%

Glucose solution was added followed by 1 ml of sterile 2 M MgCl, solution.

The final SOC medium was then filter-sterilized and stored at 4°C.
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B) Luria Burtani (LB) Agar

Materials:
Tryptone

Yeast

Sodium Chloride
Bacto Agar

5 grams of Tryptone, 2.5 grams of yeast, 5 grams of sodium chloride and 7.5 grams of bacto agar
were mixed in a 500ml bottle followed by a top-up to the 500ml mark with distilled water. This
solution was then autoclaved for 30 minutes and let to cool at room temperature to
approximately 60°C. 500ul of appropriate antibiotic was added and poured onto bacterial plates

as the bottle is flamed using a Bunsen burner to avoid contamination of the LB agar.

C) Luria Burtani (LB) broth

Materials:
Tryptone

Yeast

Sodium Chloride

5 grams of Tryptone, 2.5 grams of yeast and 5 grams of sodium chloride were mixed in a 500ml
bottle followed by a top-up to the 500ml mark with distilled water. This solution was then
autoclaved for 30 minutes and let to cool at room temperature to approximately 60°C. 500ul of
appropriate antibiotic was added and aliquoted in 50ml tubes when growing in cultures as the

bottle is flamed using a Bunsen burner to avoid contamination of the LB broth.
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APPENDIX 11

Plasmid DNA extraction protocol

3ml of the overnight grown bacterial culture was centrifuged for 30 seconds at 14,000rpm and
the supernatant discarded. 600ul of filter sterilized distilled water was added to the bacterial cell
pellet and re-suspended completely. The re-suspended bacterial cell pellet were then transferred
to 1.5ml microcentrifuge tubes and 100ul of 7X Lysis Buffer added to each tube, mixed well by
inverting the tubes up-to 6 times. Addition of 7X Lysis Buffer changes the colour of the solution
from opaque to clear blue indicating complete lysis. This step should take exactly 2 minutes.
350ul of cold Neutralizing Buffer was then added in all the tubes and mixed thoroughly by
inverting the tubes up-to 6 times. The samples turned yellow when neutralization was complete
and yellowish precipitates formed. The samples were then inverted an addition 3 times to ensure
complete neutralization followed by centrifugation at 14,000 rpm for 2 minutes and the
supernatant transferred to Zymo-Spin™ IIN columns. The cell debris pellets were not disturbed
at this step. The columns were then placed into collection tubes and centrifuged at 14,000 rpm
for 15 seconds. The flow-through was discarded and the columns placed back into the same
collection tubes. 200ul of Endo-Wash Buffer was added to each tube and centrifuged at 14,000
rpm for 30 seconds followed by 400ul of Zyppy™ Wash Buffer and centrifuged for 1 minute at
14,000 rpm. The columns were transferred into each properly labelled 1.5ml microcentrifuge
tube and 30ul of Zyppy'™ Elution Buffer added directly to each column matrix and let to stand
for one minute at room temperature and centrifuged for 30 seconds at 14,000 rpm to elute the
plasmid DNA. The purified plasmid DNA concentrations were measured using NanoDrop ND

2000 spectrophotometer (ThermoScientific™, USA). All positive recombinant plasmids were
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verified using Sanger Sequencing (Inqaba biotic, 525 Justice Mahomed street (formerly Walker

Street) Muckleneuk, Pretoria. 0002).
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APPENDIX 12

Map and Features of pDsRed2-N1 cloning vector

pDsRed2-N1Vector Information PT3604-E

Cat. No. 63240¢

MCS
puc Fomv e s91-611)
an
I'I I-IIJSU.II':;TAK DsAed? _'_,_,.SIL" |1112:I
- pDsRed2-N1
4.7kb
Sn __Not 11358
Kan'f . poly A
Neo'  gyapori fl
P ori
Stul — -
[2535)
591 B B11 621 631 641
é CTA GCG CTA CCG GAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCG AC
Nhel Ecod? il Bglll Xhol N Hind N EcoR | Sall
Sacl Accl
B51 661 BT
R . . DsRed2
G GTA CCG CGG GCC CGG GAT CCA CCG GTC GCC ACC ATG GCC
Kpnl 1\ Apal | BamH| Agel
ASPIIE | Xmal
Sacll Smal

Restriction Map and Multiple Cloning Site (MCS) of pDsRed2-N1 Vector. Unique restriction sites are in bold. The
Not | site follows the DsRed2 stop codon.
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APPENDIX 13

FINAL SNP LIST

Table A13.1: Final SNP list

Gene Chromosome SNP Position Genome build

1 MYH9 22 rs1005570 36715274 37
2 MYH9 22 rs1009150 36702300 37
3 MYH9 22 rs12107 36677982 37
4 MYH9 22 rs16996648 36692752 37
5 MYH9 22 rs16996668 36719185 37
6 MYH9 22 rs16996672 36725970 37
7 MYH9 22 rs16996674 36726652 37
8 MYH9 22 rs16996677 36727283 37
9 MYH9 22 rs17806513 36700386 37
10 MYH?9 22 rs2071730 36690026 37
11 MYH9 22 rs2071731 36718858 37
12 MYH9 22 rs2157256 36707661 37
13 MYH9 22 rs2157257 36708338 37
14 MYH9 22 rs2239784 36714635 37
15 MYH?9 22 rs2481 36677400 37
16 MYH?9 22 rs3752462 36710183 37
17 MYH9 22 rs4821480 36695247 37
18 MYH9 22 rs4821481 36695942 37
19 MYH9 22 rs5750248 36702892 37
20 MYH?9 22 rs5750250 36708483 37
21 MYH?9 22 rs5750252 36728256 37
22 MYH9 22 rs5756129 36684092 37
23 MYH9 22 rs5756133 36693980 37
24 MYH9 22 rs5756152 36712472 37
25 MYH9 22 rs5756153 36719012 37
26 MYH9 22 rs5756154 36720424 37
27 MYH9 22 rs5756156 36720779 37
28 MYH9 22 rs6000226 36684567 37
29 MYH9 22 rs6000229 36686159 37
30 MYH9 22 rs6000233 36687962 37
31 MYH?9 22 rs6000239 36716029 37
32 MYH9 22 rs6000240 36728034 37
33 MYH?9 22 rs6000243 36741565 37
34 MYH?9 22 rs7078 36677914 37
35 MYH9 22 rs735853 36679215 37
36 MYH?9 22 1s735854 36679058 37
37 MYH9 22 1s739096 36741740 37
38 MYH?9 22 1s762964 36679652 37
39 MYH?9 22 rs8137674 36702102 37
40 MYH9 22 rs875725 36691691 37
41 MYH9 22 rs9610486 36693442 37
42 APOL3 22 rs11089781 36556768 37
43 APOLI 22 rs129423 36657329 37
44 APOLI 22 rs136147 36652889 37
45 APOLI 22 rs136159 36657023 37
46 APOLI 22 rs136160 36657119 37
47 APOLI 22 rs136161 36657432 37
48 APOLI 22 rs2012928 36664002 37
49 APOLI 22 rs4820224 36653275 37




50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
*78
*79
*80
*81
*82
*83
*84
*85
*86
*87
*88
*89
*90
*91
*92
*93
*94
*95
*96
*97

APOLI
APOLI
APOLI
APOLI
APOLI
APOLI
APOLI
APOLI
APOLI
APOLI
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
AIM
MYH9
MYH9
APOLI
APOLI
APOLI
MYH9
MYH9
MYH9
APOLI
MYH9
MYH9
APOLI
APOLI
MYH9
MYH9
MYH9
MYH9
MYH9
MYH9
MYH9

22
22
22
22
22
22
22
22
22
22
3
5
15
17
2
9
15
19
6
7
9
11
4
14
1
15
2
13
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

rs6000220
rs60910145
rs7284919
rs73885319
rs9610467
rs71785313
rs713929
rs2413395
rs136150
rs3886200
rs1344870
rs1363448
rs1823718
rs1858465
rs1876482
rs2077559
rs2089740
rs2112527
rs217538
1s65264
1s679047
1s714857
1s720096
1s722869
1s723854
1s735612
1s952718
1s953386
rs1154997
rs12160045
rs132736
rs136175
rs136176
rs1476009
rs2032487
rs2187776
rs2239785
rs2269529
rs2413396
rs4419330
rs6000218
rs6000244
rs713659
1s739101
rs8143119
rs11913874
rs1557539
rs3830104

36649966
36662034
36652164
36661906
36649574
36662046
36657596
36654716
36654145
36663627
21307401
140783596
74147244
51142920
17362568
36014850
36310531
9603751
108483470
28545611
12883664
15974389
179551071
97277005
192511012
34076642
215888624
110943692
123839334
36719360
36598058
36661566
36661646
36686056
36695428
36695173
36661330
36684354
36708084
36658855
36648352
36741886
36728692
36694333
36727551
36737703
36714089
36708624

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

AIM: Ancestry informative marker. *SNPs that did not pass quality control procedures.
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APPENDIX 14

Allele frequencies and association of the MYH9, APOLI and AIMs SNPs

Table A 14.1: SNP Association with 38 HIVAN and 54 HIV positive without CKD

Risk Allele Frequency P-values
Gene SNP Chromosome | Risk Allele | Cases Controls Odds Ratio | Unadjusted Adjusted
APOL3 1511089781 22 A 0.65625 0.234043 | 6.0815502 | 0.00037 0.002259905
APOLI 159610467 22 G 0.966667 | 0.8125 6.5695444 | 0.0789818 0.05381787
APOLI 1$6000220 22 C 0.62069 0.469388 | 2.4637728 | 0.645677 0.238214174
APOLI 157284919 22 C 0 0 0.142432 0.0446304 0.033554943
APOLI 15136147 22 T 0.969697 | 0.511628 | 29.391042 | 6.39x10 0.00063313
APOLI 154820224 22 G 1 0.816327 | NE NE NE
APOLI 15136150 22 A 1 0.976744 | Inf 1 0.991603218
APOLI 152413395 22 G 0.903226 | 0.836735 | NE NE NE
APOLI 15136159 22 C 0.965517 | 0.897959 | NE NE NE
APOLI 15136160 22 C 0.969697 | 0.836735 | 6.1370333 | 0.0773909 0.075015021
APOLI 1s129423 22 C 0.933333 | 0.895833 | NE NE NE
APOLI 15136161 22 G 0.896552 | 0.44898 Inf 0.1510788 0.991676037
APOLI 1s713929 22 G 0.875 0.866667 | 1.0752076 | 1 0.364325208
APOLI 1573885319 22 G 0.5556 0.03704 98.56 1.614x10™ 7.203x10"
APOLI 1560910145 22 G 0.4872 0.03704 46.08 4.313x10™" 2.832x10""
APOLI 1571785313 22 D 0.3421 0.1667 2.076 0.006014 0.00672
APOLI 1$3886200 22 C NE 0.44 0 1 1
APOLI 152012928 22 A 0.655172 | 0.612245 | 1.2004938 | 0.8101471 0.701915321
MYH9 152481 22 C 0.787879 | 0.708333 | 0.6841826 | 1 0.661499921
MYH9 157078 22 C 0.090909 |0 0.5047766 | 0.2794321 0.096620573
MYHY 1512107 22 C 0.851852 | 0.708333 | 0.557856 1 0.581700941
MYH9 15735854 22 T 1 0.979167 | Inf 1 0.992104142
MYH9 15735853 22 C 0.965517 | 0.897959 | Inf 1 NE
MYH9 15762964 22 A 0.928571 | 0.829787 | Inf 0.5257658 0.992724757
MYH9 185756129 22 C 0.030303 | 0.020408 | 0.4310823 | 0.1025239 0.06476053
MYH9 156000226 22 C 0.482759 | 0.44898 5.3727725 | 0.1422447 0.115269085
MYH9 156000229 22 C 0.76 0.520833 | 0.5156936 | 1 0.81236158
MYH9 1$6000233 22 T 0.90625 0.77551 2.7661804 | 0.1476288 0.201075813
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AIM rs1344870 3 NE NE NE NE NE NE

AIM 1s65264 7 C 0.0606061 | 0.0408163 | 1.07467148 | 1 0.965648373
AIM rs735612 15 T 0.7575758 | 0.7083333 | 1.28280185 | 0.799926 0.736774276
AIM rs2077559 9 C 0.1515152 | 0.0816326 | 0.41629809 | 0.07165 0.094880304
AIM rs2089740 15 T 0.6333333 | 0.5714285 | 1.29122629 | 0.642215 0.513362392
AIM rs1858465 17 A 0.84375 0.75 1.34297093 | 1 0.637235783
AIM rs1823718 15 C 0.0967742 | 0 1.41200771 | 0.489499 0.35312344
AIM rs217538 6 G 0.0666667 | 0.0204081 | 3.37343353 | 0.553864 0.127939402
AIM rs953386 13 A 0.71875 0.6734693 | 1.23580550 | 0.806632 0.669459101
AIM rs1154997 2 C 0.5333333 | 0.3541666 | 3.63111954 | 0.115486 0.19444374
AIM rs1363448 5 C 0 0 0.69943618 | 0.771709 0.488680133
AIM rs720096 4 G 0.96875 0.9375 2.03311459 | 1 0.619290544
AIM rs723854 1 C 0.6774194 | 0.6326530 | 0.61264889 | 0.672139 0.52094187
AIM rs952718 2 A 0.8787879 | 0.8571428 | 1.20558763 | 1 0.604778962

Allele frequencies and association obtained from linear regression in the dominant model. Adjusted for age and gender. NE: Not Estimated
SNPs: Single nucleotide polymorphisms. AIM: Ancestry informative marker.

222



Table A 14.2: SNP Association with 39 HIV (+) CKD and 54 HIV positive without CKD

Risk Allele Frequency P-values
Gene SNP Chromosome Risk Allele | Cases Controls QOdds Ratio Unadjusted Adjusted
APOL3 rs11089781 22 A 0.135135 0.234043 0.515347036 0.279309515 0.043519
APOLI rs9610467 22 G 0.8 0.8125 0.923971622 1 0.563245
APOLI rs6000220 22 C 0.444444 0.469388 0.555095137 0.484690323 0.348586
APOLI rs7284919 22 C 0.027778 0 1.656292125 0.4305617 0.627986
APOLI rs136147 22 T 0.441176 0.511628 0.756378713 0.647259246 0.670825
APOLI rs4820224 22 G 0.885714 0.816327 NE NE NE
APOLI rs136150 22 A 1 0.976744 Inf 1 0.991569
APOLI rs2413395 22 G 0.891892 0.836735 NE NE NE
APOLI rs136159 22 C 1 0.897959 NE NE NE
APOLI rs136160 22 C 0.702703 0.836735 0.46549816 0.190008735 0.193475
APOLI rs129423 22 C 1 0.895833 NE NE NE
APOLI rs136161 22 G 0.558824 0.44898 1.805902908 0.694631302 0.425706
APOLI rs713929 22 G 1 0.866667 Inf 0.134615385 0.994515
APOLI rs73885319 22 G 0.01098 0.03704 2.774 0.0341 0.1252
APOLI rs60910145 22 G 0.1163 0.3704 2.617 0.04925 0.1346
APOLI rs71785313 22 D 0.1744 0.1667 0.9659 0.8865 0.9282
APOLI rs3886200 22 C 0.583333 0.44 1.484647797 1 0.894736
APOLI rs2012928 22 A 0.628571 0.612245 1.07088609 1 0.597221
MYH9 rs2481 22 C 0.621622 0.708333 0.768397947 1 0.987484
MYH9 rs7078 22 C 0 0 0.609978972 0.427583279 0.31745
MYH9 rs12107 22 C 0.611111 0.708333 0.747343939 1 0.96699
MYH9 rs735854 22 T 1 0.979167 Inf 1 0.992055
MYH9 rs735853 22 C 0.909091 0.897959 Inf 1 NE
MYH9 1s762964 22 A 0.805556 0.829787 0.758150261 1 0.471028
MYH9 rs5756129 22 C 0.054054 0.020408 0.643337143 0.375261187 0.296386
MYH9 rs6000226 22 C 0.333333 0.44898 0.9758842 1 0.748379
MYH9 rs6000229 22 C 0.666667 0.520833 0.237983633 0.308994398 0.069931
MYH9 rs6000233 22 T 0.638889 0.77551 0.516311281 0.223567211 0.171956
MYH9 rs2071730 22 G 0.675676 0.55102 0.239962767 0.310164324 0.065378
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Allele frequencies and association obtained from linear regression in the dominant model. Adjusted for age and gender. NE: Not Estimated
SNPs: Single nucleotide polymorphisms. AIM: Ancestry informative marker.
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Table A 14.3: SNP Association with 39 HIV (-) CKD and 54 Population Controls.

Risk Allele Frequency P-values

Gene SNP Chromosome | Risk Cases Controls Odds Ratio | Unadjusted  Adjusted
Allele

APOL3 rs11089781 | 22 A 0.137931 0.304347826 0.370349 0.164144 1
APOLI rs9610467 22 G 0.8518519 0.739130435 2.01088 0.381231 1
APOLI rs6000220 22 C 0.5862069 0.456521739 0.305017 0.555498 1
APOLI rs7284919 22 C 0 0 2.026196 0.263 1
APOLI rs136147 22 T 0.625 0.583333333 1.187609 0.802531 1
APOLI rs4820224 22 G 0.6785714 0.782608696 2.543105 0.643794 1
APOLI rs136150 22 A 0.9090909 0.857142857 1.65429 0.704026 1
APOLI rs2413395 22 G 0.7241379 0.790697674 Inf 0.512128 NE
APOLI rs136159 22 C 0.6896552 0.957446809 0 0.381579 1
APOLI rs136160 22 C 0.6896552 0.70212766 0.943495 1 1
APOLI rs129423 22 C 0.7142857 0.957446809 0 0.373333 1
APOLI rs136161 22 G 0.3214286 0.375 0.660947 0.520923 1
APOLI rs713929 22 G NE 1 NE NE NE
APOLI rs73885319 | 22 G 0.09091 0.06481 1.41 0.4943 0.5289
APOLI rs60910145 | 22 G 0.06522 0.05556 1.153 0.7743 0.8204
APOLI rs71785313 | 22 D 0.0889 0.1111 0.7481 0.6054 0.5584
APOLI rs3886200 22 C 0.25 0.238095238 0 0.487805 1
APOLI rs2012928 22 A 0.4666667 0.583333333 0.628841 0.356599 1
MYH9 rs2481 22 C 0.7307692 0.636363636 0 0.371429 1
MYH9 rs7078 22 C 0 0.026315789 0.626995 0.542164 1
MYH9 rs12107 22 C 0.7407407 0.625 0 0.36 1
MYH9 rs735854 22 T 0.9032258 0.869565217 1.394069 0.732643 1
MYH9 rs735853 22 C 0.7419355 0.869565217 Inf 0.512645 NE
MYH9 1s762964 22 A 0.8076923 0.638297872 Inf 0.082591 NE
MYH9 rs5756129 22 C 0.0645161 0.0625 0.653558 0.483986 1
MYH9 rs6000226 22 C 0.3870968 0.5 0.599322 0.523846 1
MYH9 rs6000229 22 C 0.6206897 0.489361702 0.575857 0.492069 1
MYH9 rs6000233 22 T 0.6206897 0.770833333 0.491278 0.196413 1
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Allele frequencies and association obtained from linear regression in the dominant model. Adjusted for age and gender. NE: Not Estimated. SNPs: Single

nucleotide polymorphisms. AIM: Ancestry informative marker.
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