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ABSTRACT
There is an increase in cardiovascular disease in people living with HIV (PLWH). Literature
suggests the observed increased risk in this population is due to the HIV-1 Nef protein
which causes endothelial dysfunction. Nef is a polymorphic accessory protein of which
mutations in Nef have been associated with disease outcome. In a previous study, H40Y
was associated with increased plasma concentration of markers of endothelial activation.
This project therefore sought to confirm the reported effects of the H40Y polymorphism on
endothelial cells. HIV-Nef expressing clones were constructed using an HIV-1 nef gene
isolated from a clinical sample and the pMJ4 plasmid. The Nef-40Y variant was generated
by site-directed mutagenesis. Human pulmonary microvascular endothelial cells (HPMECS)
were transfected with the Nef-expressing constructs to determine the expression of the
adhesion molecules ICAM-1 and VCAM-1 using RT-gPCR and ELISA analyses. The HIV-1
Nef-40H and Nef-MJ4 variants significantly increased ICAM-1 and VCAM-1 mRNA
expression compared to HIV-1 Nef-40Y. Additionally, HIV-1 Nef-40H and Nef-MJ4 were
seen to work in synergy with TNF-a to significantly increase VCAM-1 mRNA expression.
However, a multiple comparisons test revealed that no variant significantly outperformed
the other when measuring the concentration of soluble VCAM-1 proteins. No synergistic
relationship was observed between the HIV-1 Nef variants and TNF-a at the protein level.
This suggests a weak correlation between VCAM-1 mRNA and protein expression following
Nef-induced endothelial activation. This study demonstrated that the HIV-1 Nef-40H variant

had a greater negative effect on endothelial function compared to the Nef-40Y variant.
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Chapter 1: Introduction

1.1. The HIV/AIDS epidemic

Acquired immunodeficiency syndrome (AIDS) is a communicable disease characterized by
a severe reduction of CD4+ T cells, rapid weight loss, recurring fever and contracting of
opportunistic diseases like candidiasis, pneumonia, and tuberculosis (Jeevani, 2011). AIDS
is caused by Human Immunodeficiency Virus-1 and -2 (HIV-1 and HIV-2), viruses
classified under the Lentivirus genus within the family of Retroviridae (Fanales-Belasio et
al., 2010). Phylogenetic analysis revealed that the HIV-1 closest relatives are the Simian
Immunodeficiency Viruses (SIV) from chimpanzees found in west central Africa. HIV-1
crossed over to humans from the primate‘s from central African chimpanzees (Gurtler et al.,
2016). The Pan troglodyte chimpanzees are considered as the source of HIV-1 (Sharp &
Hahn, 2010). HIV-2 is related to SIVs found in monkeys living in the wild in west Africa
(Gurtler et al., 2016). The Cercocebus atys monkey is regarded as the source of HIV-2
(Sharp & Hahn, 2010). HIV-1 is divided into four groups: Major (M), Outlier (O), non-M or
non-O (N), and non-O or non-N (P) (Hemelaar, 2012). The HIV-1 group M is further divided
into 9 genetically distinct subtypes (A- D, F-H, J and K) along with several recombinant
viruses known as circulating recombinant forms (CRFs) (Lau and Wong, 2013). HIV-2 has
nine subtypes (A-1), with subtype A and B being endemic to West Africa (Visseaux et al.,
2016). HIV-2 is also found in Portugal, France, Spain, Belgium, and other countries with
historical ties with West Africa (Mendoza, et al., 2020). It is estimated that 1-2 million people

are infected with HIV-2 worldwide (Berzow, et al., 2021).

HIV-1 occurs worldwide with subtype C being the most common type of strain at 47%,

followed by subtype B and A which accounts for 12% and 10% of infections, respectively



(Figure 1.1; Hemelaar et al., 2019). HIV-2 is predominately found in western Africa, where it
infects up to 2 million people and in European countries with socioeconomic ties to western
Africa like Portugal and France (Nyamweya et al., 2013). HIV-2 infections have also been
identified in Brazil, India, and the United States of America (Visseaux et al., 2016). HIV-1
and HIV-2 share similar intracellular replication pathways, transmission modes and clinical
effects leading to AIDS. However, HIV-2 is less likely to progress to AIDS due to its lower
transmissibility, longer asymptomatic stage, and slower decline in CD4+ T-cell count
(Esbjornsson et al., 2012). Development of immune dysfunction and AIDS is observed in
most people who have untreated HIV-1 infection, as compared to 20-30% of persons

affected with HIV-2 (Esbjornsson et al., 2012).

I North America k

=Y
CRFO1_AE,
CRF07_BC

South America

Oceania

Figure 1.1: Worldwide prevalence of HIV-1 group M subtypes.
Map showing the global distribution of group M strains and circulating recombinant

forms. Subtype B is widely distributed worldwide, however, it only accounts for 12% of
all HIV-1 infections. Subtype C is prevalent in Southern Africa and India but is
responsible for over 47% of total infections. Eastern Africa and Europe is dominated by
subtype A while circulating recombinant forms are prevalent in East Asia and
Southeast Asia at 5.3% of total HIV-1 infections. Figure sourced from Bbosa et al.,
(2019).

HIV-1 is a severe health problem worldwide of which it is most prevalent in sub-



Saharan Africa (Figure 1.2; Dwyer-Lindgren et al., 2019). Southern Africa accounts for
43% of all AIDS-related deaths, with most deaths being of adults between the ages of
15-49 years old (UNAIDS, 2019). In 2019, it was estimated that over 1.8 million
children and 36.2 million adults were living with HIV worldwide, with many infections
being amongst females (UNAIDS, 2019). HIV-1 places a heavy burden on health care
systems around the world. It is estimated that 26.2 billion USD is needed annually from
2020 to 2030 in low- and middle-income countries for the AIDS response in these
regions (UNAIDS, 2019). The AIDS response includes providing HIV education,
national distribution of male and female condoms, providing pre-exposure prophylaxis
(PreP) and antiretroviral therapies (ARVS) in both public and private facilities (UNAIDS,
2019). In Southern and Eastern Africa, only 20% of the AIDS response resources are
domestically sourced. An additional 800 million USD is required in additional resources
(UNAIDS, 2019). The burden on individual countries starts from the reallocation of
funds from essential services, and to reductions in productivity due to loss of workers,

which further translates to reduced economic growth and development.
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Figure 1.2: The global incidence of HIV-1 infection.
The highest prevalence rates of HIV-1 infections are found in sub-Saharan Africa, where

over 10% of the adult population aged 15-49 years old is infected. High rates of



occurrence in infections are observed in South America and Central Asia. Figure
sourced from UNAIDS 2019 Report on the global AIDS epidemic UNAIDS, (2019).



1.2. HIV-1genome, structure, and replication pathway
1.2.1.1. HIV-1 genome

The HIV-1 genome is 9719 bases in length, composed of two copies of 9.2 kb single
stranded RNA that codes for 9 viral genes (Figure 1.3; Frankel and Young, 1998). The HIV-
1 genome is composed of three groups of genes: the major structural genes (gag, pol and
env), regulatory genes (tat and rev) and accessory genes (vpu, vpr, vif and nef) (Table 1.1,
Frankel and Young, 1998). The gag gene encodes for structural proteins pl17 (Matrix), p24
(Capsid), p7 (Nucleocapsid) and p6, while the env gene encodes for the envelope
glycoproteins gp120 and gp41. The pol gene encodes for the viral enzymes p10 (Protease),
p51/p66 (Reverse Transcriptase) and p32 (Integrase), while the regulatory genes are
encoded by rev and tat. The accessory genes encode for Vif, Vpr, Vpu and Nef proteins
(Musumeci et al, 2015). Two long terminal repeats (LTR) are located at both ends of the
HIV genome. The 5° LTR mediates the transcription of all 9 HIV genes and the 3 LTR is

required for cleavage and polyadenylation of the viral mRNA (Frankel and Young, 1998).



Table 1.1: Synopsis of the HIV-1 genome and protein functions.

Gene | Protein Function Reference
gag Pr55Gag Unprocessed precursor of inner structural proteins | Bryant and
Capsid (CA) Proteins that encapsulate HIV genome and Ratner,

_ enzymes _ _ _ __| (1990);
Matrix (MA) Layer of proteins forming a ring beneath the lipid| =~ -~
membrane Gottlinger et
Nucleoprotei Proteins coating the HIV-1 genome al., (1989);
n(NC) Turner and
P6 Involved in virion formation and release during Summers,
maturation (1998)
pol Pr160GagPol Unprocessed Precursor of the viral enzymes Ashorn et al.,
Protease (PR) Peptide bond hydrolysis of viral enzymes precursor| (1990); Zack
protein to form functional viral enzymes et al., (1990);
Bushman et
Reverse Synthesizes complementary DNA strands from RNA| al., (1990);
transcriptase (RT) Muller and
RNase H Breaks down RNA strands within DNA/RNA varmus,(1994)
complex during replication in the viral RNA/DNA
Integrase (IN) Integrates newly synthesized viral DNA into host
genome
env PrGpl160 Precursor of the envelope proteins Turner and
Summers,
Surface Attachment site of virus to host cells 1998; Capon
glycoprotein and Ward,
(SY) (1991); Feng
Transmembran Anchors of SU to the lipid membrane etal., (199)
eprotein (TM)
tat transactivator Up regulates viral transcription Asamitsu and
protein Okamoto,
(2017)
rev RNA splicing | Binds to unprocessed viral RNA for transportation | Blissenbach et
regulator to the cytoplasm al., (2010)
vif viral infectivity | Disrupts antiviral mechanisms of infected host cells | Andrew  and
protein Strebel, (2014)
vpr virus protein r Transport preintegrated viral DNA into the host cell’s| Kogan and
nucleus Rappaport,
(2011)
vpu virus protein | Down regulates CD4 production Andrew  and
unique Strebel, (2014)
nef negative Influence on HIV replication, essential to infectivity | Geyer et al.,
regulating of viral particles and downregulation of MHC-I | (2001);
factor molecules Fackler  and
Baur, (2002);
Landi et al.,
(2011)

* Numbers correspond to the size of the protein (p) or glycoprotein (gp) in kilodaltons (kDa)

The LTR is composed of three sub-regions: U3, R and U5 (Damgaard et al., 2004). The U3

region is ~450 bp in length and is located at the 5° end of the LTR. The U3 region

contains most of the cis-acting DNA elements, which are the binding sites for various



cellular transcription factors. The R region is located at the centre of each LTR and is 100
bp long. Transcription of the HIV transcript starts at the first base of this region, and
polyadenylation occurs immediately after the last base of the R region (Roebuck and
Saifuddin, 1999). The U5 region is 180 bp long and contains the Tat binding site and
packaging sequences of HIV-1. The3‘ end of the U5 region is defined by the location of the
AAUAAA polyadenylation signal and a lysis tRNA binding site (Fanales-Belasio et al.,

2010).
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Figure 1.3: Genomic organization of the HIV-1 genome.

The HIV-1 genome contains nine open reading frames that produce 15 proteins. The
gag gene produces the structural proteins pl7 (Matrix), p24 (Capsid), p7
(Nucleocapsid) and p6 while the env gene encodes for the envelope glycoproteins
gp120 and gp4l. The viral enzymes pl0 (Protease), p51/p66 (Reverse Transcriptase)
and p32 (Integrase) are produced by the pol gene. The regulatory proteins are encoded
by the rev and tat genes. The accessory proteins are encoded by the vif, vpr, vpu and
nef genes of the HIV-1 genome. Figure adapted from Watts et al., (2009).

1.2.2. HIV-1 proteins

1.2.2.1. HIV-1 major structural proteins

The gag gene expresses the 55 kilo Dalton (kDa) Gag precursor protein, p55. The N-
terminal glycine residue of p55 is modified by the covalently attached myristoyl group, a
process called myristylation during translation, allowing for its association with the

cytoplasmic portion of the cell membrane (Bryant and Ratner, 1990). The viral protease



cleaves the p55 protein into four smaller proteins, which are known as the Matrix (pl7),
Capsid (p24), Nucleocapsid (p9) and the p6 protein (Goéttlinger et al., 1989). In the early
phase of HIV-1 replication, the Matrix protein forms a protective shell attached to the inner
surface of the virion lipid bilayer, thus stabilizing the particle, and facilitates the nuclear
transport of pre-integrated viral genome to the nucleus due to its karyophilic signal (Gallay
et al.,, 1995). This allows HIV-1 to infect non- dividing cells which is usual amongst
retroviruses (Fiorentini et al., 2006). The Capsid protein forms the conical core of mature
viral particles and acts to shield the viral genome from host factors in the cytoplasm during
early replication, which detect viral RNA and initiate an antiviral response capable of
inhibiting infection (Campbell and Hope, 2015). During the early phase of the HIV-1
replication cycle, the genomic RNA is coated by dimeric forms of Nucleocapsid molecules
acting as a chaperoning partner of the viral RNA and the reverse transcriptase during the
process of reverse transcription (Darlix et al., 2011). Nucleocapsid binds to the packaging
signal through its interaction with two zinc-finger motifs, facilitating reverse transcription
(Turner and Summers, 1998). During the late phase of viral replication, Nucleocapsid is
responsible for recognizing the packaging signal of HIV-1 and mediates incorporation of a
heterologous RNA into HIV virions (Darlix et al.,, 2011). In the late phase of HIV-1
replication, the C-terminal p6 domain of p55 mediates the interaction between Gag and Vpr,
which leads to the incorporation of Vpr into assembling virions (Dubois et al., 2018). The
late domain in the p6 region is required for the release of budding virions from an infected

cell (Paxton et al., 1993).

Products of the pol gene are essential for the synthesis and integration of proviral DNA into
the host genome and the generation of capsid proteins. The Pol enzymatic proteins include

HIV-1 reverse transcriptase (RT, p50), integrase (IN, p31), protease (PR, p10) and RNase



H (p15) (Ashorn et al., 1990; Zack et al., 1990). The RT and RNase H form a heterodimeric
66 kDa enzyme that has both DNA polymerase and ribonucleic activities (Gorshkova et al.,
2001). During the early stage of HIV replication, the RT uses the viral RNA as a template
to generatea pre-integrated double stranded DNA molecule (Preston et al., 1988). The RT
(p50) enzyme does not possess proofreading properties, resulting in errors during the
replication process, which leads to the introduction of point mutations in each copy of the
viral genome during reverse transcription in the early phase of replication (Turner and
Summers, 1998). RNase H removes the original viral RNA from the newly synthesized
DNA strand, allowing the RT to facilitate synthesis of a new complementary DNA strand
(Kohlistaedt et al., 1992). In the host's nucleus, the IN (p31) enzyme facilitates insertion of
viral DNA into the infected cell's genomic DNA, which involves three main steps; firstly, the
exonuclease activity of the IN trims two nucleotides from each 3‘ end of the linear viral
DNA; secondly, the endonuclease activity of IN cleaves the host DNA at the integration site
within the nucleus located chromosomal DNA; and finally, the ligase activity of IN covalently
links each end of the viral DNA to the host's genomic DNA, resulting in an integrated

provirus within the host genome (Bushman et al., 1990; Muller and Varmus, 1994).

The PR enzyme is responsible for processing the Gag and Gag-Pol polyproteins during
thelate phase of HIV-1 replication, producing individual Gag and Pol proteins (Gulnik et al.,
2000). Protease is only functional as a dimer and its enzymatic activity is required for
mature virions capable of infecting other cells (Zhang et al., 2009)

The viral envelope (Env) is a 160 kDa protein (gp160) that undergoes glycosylation with the
addition of carbohydrate side chains to asparagine residues, required for infectivity (Turner
and Summers, 1998). The addition of ~90 N-linked oligosaccharides on Env in the

endoplasmic reticulum restricts the binding of neutralizing antibodies on the gp120



subunits, improving the infectivity of the virions as they are free to bind to host cellular
receptors (Go et al., 2017). A cellular furin protease cleaves gp160, producing mature gp41l
and gpl120 proteins that remain associated by noncovalent interactions (Schneck et al.,
2020). Three proteins each of gp4l and gpl20 form a heterotrimeric mature HIV-1
glycoprotein spike (Checkley et al., 2011). The gp120 is located on the exoplasmic surface
of the virion while the transmembrane protein, gp41, anchors the gp120 to the lipid bilayer
of the virion (Capon and Ward, 1991). The interactions between the virion, CD4 and
secondary receptors (CXCR4 and CCR5) are mediated by the domains within gp120 to

initiate the infection cycle (Feng et al., 1996).

1.2.2.2. HIV-1 regulatory proteins

The HIV-1 genome encodes for two regulatory genes (tat and rev) which play an essential
role within the virus life cycle. The Tat protein is a transcriptional trans-activator, which is
expressed early within the HIV-1 life cycle (Ruben et al., 1989). Tat is an RNA binding
protein that binds the short-stem loop structure called the transactivation response element
(TAR), located on the 5 end terminal of the HIV-1 genome (Das et al., 2011). Binding of
Tat to TAR leads to increased processivity of cellular RNA-Polymerase II, enhancing the
efficiency of the elongation polymerase (Asamitsu and Okamoto, 2017). Rev is a 16 kDa,
RNA binding protein that binds to a 240 bp region of complex RNA secondary structure
known as the rev response element (RRE), located within the env-coding region of the viral
RNA (Zapp and Green, 1989). The Rev-RRE complex then associates with the
chromosome region maintenance 1 (Crm1l) protein, also known as exportin 1 (Xpol), and
ran loaded with guanosine triphosphate (RanGTP) to form a host export complex enabling
translocationthrough the nuclear pore (Fang et al., 2013). The Rev-RRE complex facilitates

the export of unspliced and singly spliced transcripts to the cytoplasm, where the transcripts
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serve astemplates for translation, and are encapsulated during assembling into new viral

particles during the late phrase of viral replication (Blissenbach et al., 2010).

1.2.2.3. HIV accessory proteins

The HIV-1 genome has the prototypical retrovirus genes gag, pol, tat, rev and env, but also
contains four additional accessory genes, designated vif, vpr, vpu and nef (Aylinde et al.,
2010). The HIV-1 accessory proteins target different cellular regions but do not possess any
enzymatic activity. However, they function as molecular adapters to the host cell, resulting
in the proteolytic degradation of the cellular target (Strebel, 2013). The viral infectivity
factor (vif) gene encodes for a 23 kDa protein that is essential for the replication of HIV-1 in
vivo (Andrew and Strebel, 2014). Vif targets apolipoprotein B mRNA editing enzyme,
catalytic polypeptide- like 3 G (APOBEC3G), a cellular cytidine deaminase that in the
absence of Vif is packaged into virions causing critical damage to the viral genome
(Strebel, 2013). Deamination of the cytosine residues of the viral genome, during reverse
transcription, produces deoxyuridine. This is misread by reverse transcriptase as thymidine
during cDNA synthesis, resulting in the insertion of alanine in place of guanine (Harris and
Liddament, 2004; Strebel, 2013). The G-to- A hypermutation contributes to genetic variation
in HIV-1 populations resulting in immune escape and drug resistant HIV-1 variants
(Russell et al.,, 2009). Vif binds to APOBEC3G and redirects it to degradation by

ubiquitination in the proteasome, thus preventing viral DNA mutation (Manen et al., 2012).

The viral protein R (Vpr) is incorporated into viral particles through direct interaction with the
Gag precursor, making it readily available upon cell entry (Guenzel et al., 2014). Vpr is
a l4kDa protein that mediates the nuclear transport of the HIV-1 pre-integration complex
(PIC) into the nucleus of non-dividing cells (Kogan and Rappaport, 2011). During infection

of dividing cells, Vpr is known to arrest the cell cycle in G2, a phase where the LTR
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promoter is more active, thus increasing viral expression (Gonzalez, 2017). The Vpr
polypeptide has the capacity to trigger permeabilization of mitochondrial membrane in
CD4+ T cell, resulting in the collapse of the mitochondrial membrane potential, which
induces apoptosis, by releasing pro- apoptotic proteins like cytochrome C (Guenzel et al.,

2014).

The viral protein U (vpu) gene encodes a 16 kDa membrane associated protein translated
froma Rev-dependent viral mMRNA which encodes the viral envelope glycoprotein (Dube et
al., 2010). Vpu has a N-terminal domain, a single transmembrane domain and a charged
hydrophilic C-terminal domain that extends into the cytoplasm (Strebel, 2014). The Vpu
protein has two main functions which include the down-modulation of CD4 and
enhancement of virion release (Andrew and Strebel, 2014). Phosphorylated Vpu interacts
with beta-transducin repeats containing proteins (B-TrCP) and newly synthesized
endoplasmic reticulum localized CD4, to form a CD4-Vpu-B3-TrCP complex, leading to CD4
ubiquitination (Dube et al., 2010; Andrew and Strebel, 2014). Vpu also interacts with bone
marrow stromal antigen 2 (BST-2), a host restriction factor that blocks the release of
enveloped viruses by directly tethering virions to the membrane of infected cells, leading to
lysosomal degradation of BST-2 (Douglas et al., 2009; Andrew and Strebel, 2014). This

leads to the enhancement of virion release from infected cells.

The negative factor (nef) gene encodes for a 27 kDa myristoylated protein of great
importance for the pathogenesis of HIV-1 (Geyer et al., 2001). Kestler and colleagues
(1991) demonstrated the requirement of an intact nef allele in the maintenance of high viral
load and development of immunodeficiency by infecting Rhesus macaques with a

mutated strain of cloned SIVmaczss absent the nef open reading frame (Kestler et al.,
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1991). A study on a cohort of haemophiliacs, with either progressive or non-progressive
HIV-1 infection, revealed the presence of defective nef variants resulted in non-progressors
(Bramilla et al., 1999). Nef is expressed early within the HIV-1 replication cycle and is
characterized by a globular core domain flanked by a flexible N-terminal arm and a
disordered C-terminal loop (Basmciogullari and Pizzato, 2014). In vivo studies have shown
Nef to have numerous activities in the cell, which includes shielding HIV-infected cells from
the host ‘s immune system (Geyer et al., 2001), enhancing the infectivity of the HIV-1 virion
(Rosa et al., 2015) and optimizing viral replication (Basmciogullari and Pizzato, 2014). Nef
actions require tethering to intracellular and plasma membranes, which is dependent on the
post-translational modification where a myristic acid is covalently attached to the alpha-
amino group on the N-terminal glycine residue (Fackler et al., 2006). Immune evasion
activities of Nef include the down regulation of plasma membrane localized CD4 receptors.
This is achieved by Nef binding to CD4 and the clathrin adaptor protein (AP-2), which
accelerates the endocytosis of CD4 through clathrin-coated vesicles (Jin et al., 2005;
Lenassi et al.,, 2010). A study by Schaefer and colleagues (2008) observed that Nef
interacts with the coatomer subunit beta protein (B-COP) to direct the endocytosed CD4
receptor to the endosomal pathway for degradation (Schaefer et al., 2008). HIV-1 infected
cells evade lysis by cytotoxic T lymphocytes (CTLs), responsible for neutralizing virally
infected cells, by down-regulation the major histocompatibility complex class | (MHC-I) from
the cell surface (Landi et al., 2011). Nef binds to the cytoplasmic tail of MHC-1 to recruit the
AP-1 protein, which diverts MHC-1 to lysosomes for degradation instead of the cell surface
(Singh et al., 2009; Landi et al., 2011). Downregulation of the cell surface receptors MHC-II
on Antigen- Presenting Cells (APCs) by Nef leads to a defective T-helper lymphocyte-
mediated immune response (Abraham and Fackler, 2012). Studies on HIV-infected APCs

demonstrated lowered maturity of MHC-II on the cell surface compared to uninfected APCs,
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and immature MHC-II inside the cell in the presence of Nef (Landi et al., 2011). Promotion
of virion infectivity by Nef is achieved by redirecting transmembrane serine incorporator 5
(SERINC5) and 3 (SERINC3), potent inhibitors that impair virion penetration of susceptible
cells, to an endosomal compartment, thereby excluding them from budding HIV-1 virions
(Rosa et al., 2015; Usami et al., 2015). HIV-1 Nef mediates the activation of T cells, which
is essential for HIV-1 replication and infection to start since quiescent T cells do not support
efficient transcription, integration, and expression of the HIV-1 genome (Abbas and

Herbein, 2013).

1.2.3. HIV-1 structure

The mature HIV-1 particles are round in morphology and measure approximately 100-120
nm in diameter. The outermost layer of the virion is a host-derived lipid bilayer embedded
with 72 knobs, composed of trimers of the gp120 surface proteins associated to gp4l
transmembrane proteins (Fig. 1.4; Checkley et al.,, 2011). The envelope covers a
symmetrical capsid membrane formed by the Matrix protein (p17). The inner conical capsid
composed of Capsid protein (p24) lays beneath the capsid membrane. Located within the
capsid are two identical copies of single-stranded RNA, viral enzymes (RT, IN and PR) and

accessory proteins (Musumeci et al., 2015).
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Figure 1.4: Schematic illustration of the HIV-1 structure.

The structure of a mature HIV virion is characterized by a lipid bilayer envelope with
glycoproteins knobs gp120 and gp41 anchored into the envelope. Two identical RNA
molecules, accessory proteins and viral enzymes Integrase, Reverse transcriptase and
Protease are found within the conical capsid. Figure sourced from Musumeci et al.,
(2015).

1.2.4. HIV life cycle

The initial step of HIV replication within the CD4+ T cells requires binding of viral surface
proteins to the host cell surface receptors (Figure 1.5). The viral surface gp120 protein
recognizes the binding site on the CD4 receptors and binds, which leads to a
conformational change in the virus envelope protein that exposes a specific domain in
gp120 that binds the B- chemokine receptor (CCR5 or CXCR4) on the cell membrane
(Fanales-Belasi et al.,, 2010). The co-receptor, CCR5, is expressed on the surface of
macrophages and CD4+ T- lymphocytes. The strains of HIV-1 that bind to this receptor are
known as macrophage-tropic (M-tropic) or R5-tropic viruses (Chen, 2019). The CXCR4 co-
receptor is used by T-lymphocyte tropic (T-tropic) or X4-tropic strains of HIV-1 for entry into
primary CD4+ T-cells. CXCR4 is expressed on the surface of T-lymphocytes whereas

CCR5 is present on APCs such as macrophages, dendritic cells and activated T-

15



lymphocytes (Alkhatib, 2009; Wilen et al., 2012). Some viral strains can utilize both co-

receptors and are termed dual-tropic or X4/R5- tropic viruses (Fanales-Belasio et al., 2010).
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Figure 1.5: The life cycle of HIV-1 replication.

The main stages of HIV-1 replication are numbered from 1 to 8. (1) Binding of the virus
to CD4 receptor and co-receptor on the target cell is mediated by the viral surface
envelope proteins (gp41/gp120). (2) Binding of the receptors allows for the fusion of viral
envelope and cellular membrane to release the viral core (3) into the cytoplasm. (4)
This is followed by the generation of viral DNA from genomic RNA by the reverse
transcriptase. (5) Viral DNA enters the nucleus where it integrates into the host's
genome, facilitated by the Integrase enzyme. (6) The integrated provirus is transcribed
by cellular RNA polymerase Il. (7) Viral transcripts are translated into proteins in the
cytoplasm and transported to the cell membrane for assembly of new virions. (8) New
virions bud from the cell inheriting the lipid bilayer from the cell and mature into
infectious viral particles. Figure sourced from The National Institute of Allergy and
Infectious Diseases, (2018).

After binding, the N-terminal of gp4l penetrates the cell membrane bringing the viral
envelope membrane in close proximity to the cell membrane, allowing them to merge
together. Post successful membrane fusion, the virus is released into the cytoplasm of the

target cell (Chen, 2019). The CA protein helps protect the viral genome against host
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defence mechanisms in the cytoplasm as the viral core migrates towards the susceptible
cell nucleus (Achuthan et al., 2019). Partial shedding of the viral capsid and binding of
cleavage and polyadenylation specificity factor 6 (CPSF6) is required during the migration
towards the nucleus, allowing the competent viral core passage into the nucleus through
the nuclear pores (Blanco-Rodriguez et al., 2020). Within the partially shed viral core, also
known as the reverse transcription complex (RTC), reverse transcription of the viral

genome takes place (Achuthan et al., 2019).

The single stranded RNA is used as a template by RT to generate a complementary single
stranded DNA molecule. The RNA-DNA complex formed is a substrate for RNase H, which
degrades the viral RNA strand within the RNA-DNA complex exposing the newly
synthesized minus-stranded DNA. The RT uses the single stranded DNA to generate the
plus-stranded DNA, thus, producing a double-stranded HIV proviral DNA (Hu and Hughes,
2012). Upon completion of reverse transcription, the viral core uncoats within 180 minutes
before integrationand approximately 1.5 um from the chromosomal integration site (Burdick

et al., 2020).

The newly synthesized viral DNA associates with IN, cellular proteins Lens Epithelium-
derived Growth Factor (LEDGF) and CPSF6 as a high-molecular-weight nucleoprotein
complex, thus transforming the RTC into the Pre-integration Complex (PIC) (Achuthan et
al., 2018; Burdick et al., 2020). Within the PIC, the IN multimerizes on the newly formed
viral DNA to form a functional integrase-viral complex known as the intasome (Lusic and
Siliciano, 2017). The intasome is a tetramer of IN subunits, with one subunit of each IN
dimer binding to the ends of the viral DNA strand (Krishnan et al., 2010). The HIV IN

catalyses processing of the 3' end and formation of the integration intermediate by

17



removing two nucleotides from each 3° end of the viral DNA (Craigie and Bushaman,
2012). This involves attacking a pair of phosphodiester bonds in the linear viral DNA,
generating reactive CAOH-3'-hydroxyl ends (Lusic and Siliciano, 2017). The IN makes a
staggered cleavage in the host's cellular DNA, allowing the 3‘ end of the viral DNA to join
the 5° end of the target DNA at the site of cellular DNA cleavage. This activity of IN is known
as strand transfer (Freed, 2001). To complete integration of the DNA recombination
intermediate, cellular repair machinery is required to fill inthe single stranded gaps. This
results in a 5 bp duplication site that flanks the integrated provirus (Lusic and Siliciano,
2017). Integration in the host genome is not random as HIV-1 integration prefers the interior
regions of genes that reside in gene-dense, transcriptionally active regions of the chromatin
to ensure the presence of HIV-1 viral DNA in daughter cells after cell division (Engelman

and Singh, 2018)

Upon antigen or cytokine activation during the late phase of HIV-1 replication, post-
integrated host cells can begin replication of HIV-1. Activation of host cells results in the
recruitment of cellular transcription factors such as Transcription factor 11D (TFIID), TATA-
box Binding Protein (TBP), specificity protein 1 (Spl) and nuclear factor kappa B (NF-kB) to
the HIV-1 transcription initiation site LTR (Freed, 2001). The binding of transcription factors
to the TATA element within the HIV-1 LTR directs the binding of RNA polymerase Il to the
HIV-1 DNA (Tjitro et al., 2019). Transcription of the proviral DNA results in over 30 viral
RNA transcripts divided into three classes; 15t multi spliced mRNA (~1.8 kb), 2" partially
spliced mRNA (=4 kb) and 3 unspliced RNA (=9 kb) (Esquiaqui et al., 2020). Firstly, the
multi spliced mRNA are synthesized, of which they encode for the nucleus located
regulatory proteins Rev and Tat, as well as Nef, which control HIV-1 gene expression

(Esquiaqui et al., 2020). Basal transcription of HIV-1 genome is very low; however,
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synthesis of RNA is increased exponentially by the binding of Tat to TAR on HIV-1 LTR

(Freed, 2001).

Rev binds to RRE to facilitate exportation of the unspliced and partially spliced
transcripts tothe cytoplasm using the cellular chromosome maintenance factor 1 (CRM1)
export pathway (Fernandes et al., 2016). Once the partially spliced mRNA transcripts
reach the cytoplasm, they will be translated by ribosome into Env and accessory proteins
Vif, Vpr and Vpu (Esquiaqui et al., 2020). The Env glycoproteins are translated by the fixed
ribosomes and trafficked via the secretory pathway, starting at the endoplasmic
reticulum to the Golgi, andthen in vesicles to the plasma membrane (Freed, 2015). The
unspliced HIV-1 RNA has a dual role as a mRNA that encodes Gag and Gag/Pol
proteins, and as genomic RNA (gRNA) thatwill be encapsidated in the formation of new
virions (Ohlmann et al., 2014). The HIV-1 mRNAIs translated by free ribosomes in the
cytoplasm using the Programmed-1 ribosomal frameshifting (-1 PRF) mechanism to
produce Gag and Gag-Pol precursors (Karn and Stoltzfus, 2012; Korniy et al., 2019). The -
1 PRF mechanism allows for maintaining of the 20:1 Gag to Gag-Pol ratio as it is essential
for virus propagation (Korniy et al., 2019). Dysregulation of -1 PRF negatively effects HIV-1
replication, virion formation and infectivity (Korniy et al., 2019). The MA domain in the
Pr5562 targets Gag to the plasma membrane and promotes incorporation of the viral Env
glycoproteins into forming virions; the CA domain promotes Gag multimerization during
assembly (Li et al., 2007; Freed, 2015). The viral RNA genome is recruited by NC for the
virion assembly process (Kempf et al., 2015). Following arrival of the Gag protein, the Gag-
Pol precursor, and the viral genomic RNA at the plasma membrane, they assemble into a
nascent immature virus particle ready for the budding off process (Freed, 2015). The p6

domain within Gag facilitates budding by recruiting and binding the Endosomal Sorting
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Complex Required for Transport (ESCRT) apparatus, which catalyses release of the
immature virion from the host plasma membrane and membrane fusion reaction after
release (Sundquist and Krausslich, 2012). After release of the virus particle, maturation is
needed to turn the virion into a mature virus. The viral PR, encoded within the Gag-Pol
polyprotein precursor, cleaves the Gag precursor into mature NC, CA, MA and p6 proteins
and triggers the morphological transformation that forms the conical capsid core (Freed,

2015).

1.3. HIV pathology

Infection with HIV-1 occurs via several ways such as sexual contact across mucosal
surfaces, maternal-infant exposure, by percutaneous inoculation with contaminated needles
and blood transfusion (Shaw and Hunter, 2012). Penetrative sex accounts for most new
infections, with the risk of transmission through anal sex being 10 times higher than
vaginal sex (UNAIDS, 2019). Although epithelial cells do not express HIV-1 CDA4
receptors, alternate receptors such as gp340 have been shown to facilitate attachment of
HIV-1 to vaginal epithelial cells (Kinlock et al., 2014). Free HIV-1 virions attach to
epithelial cells and traverse the epithelial cells by transcytosis or endocytosis, where they
gain access to dendritic cells, Langerhans and CD4 T cells in the epithelium (Gurtler et al.,
2016). The immune cells harbouring virions migrate from the epithelium into the lymphatic
and venous micro vessels to be transported to local lymph nodes and into the blood
circulation, respectively, initiating systemic infection (Hladik and McElrath, 2008). During
early infection, target cells expressing the CCR5 chemokine receptors are strongly
preferred by HIV-1 virions. This is confirmed by reports which show that humans with
homozygous defective expression of CCR5 are protected from HIV-1 infection (Berger et
al., 1999; Shaw and Hunter, 2012). CXCR4 viruses are rarely transmitted, which favours

the R5-tropic virus as founder viruses. This was confirmed by a phenotypical analysis
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study by Keele et al. (2008) which observed 98 Env from 102 HIV-1-infected subjects were
dependent on CCRS5 for cell entry. Genetic and phenotypic analysis conducted by Derdeyn,
and colleagues (2004) observed a bottleneck effect, suggesting that one or few virus
variants initiated infection in a new host from the bulk ofthe virus from the donor host. Using
a single genome amplification technique, Keele and colleagues (2008) were able to confirm
the genome population bottleneck to HIV-1 transmission. The bottleneck effect on HIV-1
transmission is as a result of many factors, including viral compartmentalization as viral
migration between some anatomical sites or tissues is restricted, especially in the central
nervous system and genital tract (Blackard, 2012). Neutralization of Env spikes by
antibodies block the attachment of viral glycoproteins to CD4 receptors, thereby stopping
viral entry (Klasse, 2014). The development of the vaginal mucosa results in a flat and
keratinized basal layer that restricts the passive diffusion of HIV-1 through it (Kariuki et al.,

2017).

During the initial stages of HIV-1 infection, the virus will encounter a high density of primary
target cells in the intraepithelial pocket, which support viral replication and amplification,
with subsequent migration of the virus and infected cells to the lymph nodes (Lackner et al.,
2012). Within the latter, HIV-1 RNA plasma viremia levels rapidly increase (Figure 1.6, page
20), reaching peak levels at which point HIV-1 RNA may be detected in plasma by a
polymerase chain reaction (PCR). However, serum antibodies to HIV-1 are not
sufficiently elevated for detection by an enzyme-linked immunosorbent assay (ELISA). This
is known as the window period (Marlink et al., 1986). This period is associated with the
development of seroconversion,which takes 3-6 weeks after infection, often mistaken for as
a flu infection (Weston and Marett, 2009). Fiebig and colleagues were the first to identify

distinct laboratory stages of HIV infection to clarify the time course of detection of viremia
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and antibody seroconversion following acute HIV infection (Fiebig et al., 2003). The 51
participants involved in the study were seen to follow a systematic transition where no
markers of HIV-1 were detected, to stage | were only HIVRNA was detected after 5 days
of HIV-1 infection. Stage Il allowed the identification of HIVRNA and p24 antigen within 10
days and stage Il showed the positive identification of antibodies and negative western blot
identification within 14 days of primary HIV-1 infection (Fiebig et al., 2003; Stekler et al.,
2018). After 19 days of HIV-1 infection, stage IV was established when positive antibodies
identification was observed but western blot identification was indeterminate, and stage V
produced positive western blot identification but as missing the p31 protein band after 88
days with the HIV infection (Fiebig et al., 2003; Cohen et al., 2010). Post 88 days of the HIV
infection, all tests produced positive identification of HIV RNA, p24 antigen, antibodies, and
western blot, including the p31 band (Fiebig et al., 2003). The CDC later validated this work

to establish the window period for all HIV screening and tests (Stekler et al., 2018).

Decline of CD4+ lymphocytes are halted as the host generates a humoral and cellular
immune response that controls viral replication, ensuring high levels of HIV-1 viremia is
brief (Fanales- Belasio et al., 2010; Swanstrom and Coffin, 2012). This control is a result of
the virus-specific cell mediated immune response of the CD8+ T-cell cytotoxic activities,

before theestablishment of anti-HIV binding antibodies (Fanales-Belasio et al., 2010).

Over the following weeks, a dynamic equilibrium between viral replication and destruction is
achieved where the population of viremia declines to a lower steady level known as the viral
setpoint (Weston and Marett, 2009). Activation of both the innate and adaptive immune
systems does not eradicate the infection. This is as a result of the virus integrating into the

lymphatic tissues (reservoirs) where low expression of virus antigen and high viral mutation
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is observed, shielding it from the immune system (Ford et al., 2009). HIV-1 forms stable
reservoirs of latent HIV-1 in multiple cell types and anatomical sites that prevent the total
eradication of HIV-1 even when replication and transmission is suppressed by Highly Active
Antiretroviral Therapy (HAART) (Ait-Ammar et al., 2020). HIV-1 infected memory CD4+ T
cells are the best characterized cellular reservoirs (Kandathil et al., 2016), however, non-
CDA4+ T cells like mast cells (Sundstrom et al., 2007), macrophages (Honeycutt et al., 2017)
and hematopoietic stem and progenitor cells have shown potential to be cellular reservoirs
(Arainga et al., 2017; Zaikos et al., 2018). The well-established anatomical HIV-1 reservoirs
include lymph nodes, gut-associated lymphoid tissue (GALT), central nervous system and
genital tract (Ait-Ammar et al., 2020). The respiratory tract, liver, kidney and adipose tissue
are other anatomical sites gaining recognition as HIV-1 reservoirs (Couturier et al., 2015;
Cribbs et al., 2015; Chaillon et al., 2020). Following establishment of the viral setpoint, a
long asymptotic period (8 years or longer) of HIVclinical latency is achieved, characterized
by continuous viral replication and steady loss of CD4+ lymphocytes. However, when low
CD4+ cells (below 200 cells/ul) levels are reached, it facilitates the onset of AIDS defining
life-threating opportunistic infections by bacteria, viruses, fungi, and tumours, due to
dismantling of the immune system (Figure 1.6; Lackner et al., 2012; Weston and Marett,
2009). Once a patient is diagnosed with AIDS, the survival rate is typically three years,
however, a dangerous opportunistic infection can lower the life expectancy to one year
(Lackner et al.,, 2012). This is considerably less when compared to the survival rate of
people living with HIV (PLWH) receiving constant treatment. If treatment is received before
CD4 count drops below 500 cell/ul, life expectancy in PLWH is similar to people not living
with HIV (Marcus, et al., 2020). Additionally, individuals receiving HAART survive >10 years

after the development of AIDS (Poorolajal et al., 2016).
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Figure 1.6: The general course of HIV-1 infection.
The acute stage of HIV infection is characterized by the exponential amplification of HIV
RNA (red) copies in the host, peaking at 3-6 weeks, while experiencing a rapid decline in
CD4+ T lymphocyte population (blue) in the host's lymphatic tissues and bloodstream.
Post dramatic replication of HIV RNA, a decline is observed due to an immune
response producing new CD4+ lymphocytes. Clinical latency is established where
persistent viral replication occurs as a gradual loss of CD4+ lymphocytesis witnessed.
Loss of immunity results in the development of AIDS-defining opportunistic diseases
which are life threating. Figure sourced from Fauci et al., (1996).

1.4. HIV antiviral therapy

While no cure for HIV/AIDS exists, multiple drugs have been developed to suppress HIV
replication to undetectable levels (<50 RNA copies/mI®) and stop the transmission of HIV to
uninfected individuals (Arts and Hazuda, 2012). The first class of HIV antiviral drugs
developed were inhibitors against the HIV viral enzymes IN, RT and PR, as they were
exclusively expressed by the virus and are absent in the human genome (Sierra-Aragon
and Walter, 2012). The first line of HIV-specific treatments administered as a monotherapy
were RT inhibitors in the form of non-nucleoside RT inhibitors (NNRTI) and nucleoside
analogs (Sierra- Aragon and Walter, 2012). These drugs had limited success as the therapy
was challenged by rapid drug resistance by the virus within months of treatment (Sierra-

Aragén and Walter, 2012). This brought about the evolution of HIV-1 treatment from
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monotherapies to cocktails of antiretroviral agents (ARVS), also known as HAART, to treat
HIV-1 infections as these new therapies were more potent and the drugs more stable, thus
preventing drug resistance (Kuritzkes, 2011). The combination therapy consists of two
nucleoside analogs with a PR inhibitor or NNRTI, or IN inhibitor (Sierra-Aragon and Walter,

2012).

The effectiveness of drug combinations in HAART is as a result of the development of new
classes of drugs that target different stages within the HIV replication cycle. There are five
classes of antiretroviral drugs produced, namely, (1) nucleoside/nucleotide reverse
transcriptase inhibitors (NRTIs), (2) non-nucleoside reverse transcriptase inhibitors
(NNRTIs), (3) IN inhibitors, (4) Viral entry inhibitors, and (5) Protease inhibitors (PI) (Table
1.2; Greenea et al., 2008; Pebody, 2021). The antiretroviral drugs are developed to target
and disrupt a specific stage in the HIV-1 replication cycle, thereby halting viral replication,

ultimatelycontrolling HIV infection (Sierra-Aragén and Walter, 2012).
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Table 1.2: Classes of HIV-1 antiretroviral drugs and their targets

Class Mechanism of action HIV Names of | References
replication antiretroviral
stage target drug
NRTIs Incorporates into viral DNA in | Reverse Abacavir, Sluis-Cremer
RT reactions to terminate | transcription Lamivudine, et al., (2000);
further viral DNA synthesis Tenofovir Arts and
disoproxil, Hazuda;
Zidoovudine 2012.
Pebody,
(2021)
NNRTIs Allosterically binds to RT | Reverse Doravirine, Pauwels,
domains to restrict flexibility, | transcription Efavirenz, (2004).
thus reducing enzyme Etravirine, Sierra-Aragon
efficiency Neviraoine, and Walter,
Rilpivirine (2012)
Integrase Prevents the formation of | Integration Bictegravir, Mouscadet
inhibitors covalent bonds with host DNA Dolutegravir, and
and prevents provirus Elvitegrravir, Tchertanov,
development Raltegravir, (2009); Dow
Cabotegravir and Bartlett,
(2014).
Pebody,
(2021)
Viral entry | Binds to viral envelope protein | Entry Maraviroc, Qian et
inhbitors gpl120, host membrane co- Enfuvirtide al.,(2009).
receptor CCRS5 to block viral Fostermsavir, Haqgani and
Entry Ibalizumab Tilton, (2013)
Protease Binds and blocks the active | Assembly and | Atazanavir, Lv et al,
inhibitors site of HIV protease to stop | Maturation Darunavir, (2015).
development of mature virions Lopinavir, Pebody,
Saquinavir (2021)
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1.5. Trends in HIV mortality

The HIV/AIDS epidemic has seen a significant shift since it was first described in the early
1980s. Initially regarded as a death sentence, it is now fast becoming a manageable
chronic illness due to the development of Highly Active Antiretroviral Therapies (HAART)
(Danforth et al., 2017). HIV/AIDS related deaths were on the rise since 1980, reaching its
peak between 2004 and 2005 with over 2 million deaths, and has since then been on a
steady decline (UNAIDS, 2019). The decline in deaths is because of the early initiation of
ART, improved access to health care and improved prevention measures (Danforth et al.,
2017; Ebne et al., 2020). The United Nation Fast-Track Targets for 2030 proposed
challenging, yet achievable 95-95-95 goals, which aim to reduce the number of deaths by
200 000 per year (UNAIDS, 2019). The Fast-Track targets set are that 95% of the PLWH
know their status, 95% of this population are receiving treatment and 95% of HIV-treated
patients have a suppressed HIV viral load so the likelihood of their infection being passed
is reduced (UNAIDS, 2019). The sub-Saharan Africa region remains the epicentre of the
HIV/AIDS pandemic with the biggest challenge of achieving the 95-95-95 target (Gona et
al., 2020).

Widespread administering of ART has improved the life expectancy of PLWH to levels
comparable to their HIV-1 negative counterparts (Erlandson and Karris, 2019). The
increased longevity of PLWH bears the burden of increased non-AlDS-related
comorbidities, usually associated with advancing age (Guaraldi et al.,, 2011). A study by
Schouten et al., (2014) observed an increased risk of age-associated non-communicable
comorbidities such as hypertension, diabetes mellitus, impaired renal function and
cardiovascular diseases in PLWH compared to HIV-uninfected control groups.
Cardiovascular diseases (CVDs) have emerged as one of the major causes of death

among PLWH (Table 1.3; Wang et al., 2015).

27



Table 1.3: Studies on cardiovascular mortality among HIV-infected people

Study

Number of HIV-
infected

participants

Participants

characteristics

Number of HIV|
deaths due to CVD

Study outcomes

Feinstein et al., 189 703 (HIV- 25 years or older; 74% 5313 The number of HIV deaths due to CVD had
(2016) infected dying | male; 54% black increased from 307 (1.95%) to 400 (4.62%) from
from any cause) 1999 and 2013 in the United State of America HIV-
infected population. However, total HIV mortality
was decreasing during the same period.
Hanna et al., 145 845 13 years or older; 72.5% | 2971 10% of deaths among people infected with HIV in
(2016) males; 45,5% black and New York, USA between 2001-2012 were a result
32.6% Hispanic; 68,8% had of CVDs. CVD mortality rates were lower among
HIV-1 viral suppression those on HIV treatment (3.99 per 1000 PY) vs HIV
(<400 copies/mL) treatment-naive (8.02 per 1000 PY), however,
bothCVD mortality were higher than those of the
general population (3.22 per 1000 PY)
D: A; D Group, 33 308 74,1% males; 53,6% white; | 289 11,6% of all HIV deaths were a result of CVD
(2010) median age of 39; 24374 among HIV-positive individual at 212 clinics in 21
(73,2%) had received HIV- countries in Europe, the United States and Australia
treatment at study entry and from 1999 to 2008.
48,6% had HIV RNA less
than 400 copies/mL
Antiretroviral 39 272 16 years or older; 73% | 103 CVDs were the definitive cause of death,

Therapy Cohort
Collaboration,
(2010)

males; all on HIV treatment;
87% had HIV-1 RNA levels

4 log copies/mL

accounting for 6.5% of total deaths among HIV-
infected patients a on ART in Europe and North
America from 1996 to 2006




1.6. Cardiovascular diseases in the HIV-infected population

Cardiovascular diseases (CVDs) refer to medical conditions that involve the narrowing
or blockage of blood vessels, which may lead to hypertension, heartattack, angina, or
stroke (Shiel, 2018). CVDs are the leading cause of deathaccounting for 17 million deaths
globally, with over three quarter of deaths occurringin low- and middle-income countries
(WHO, 2017). CVDs are acknowledged as complications of HIV-1 infection,
compounding on already recognized traditional riskfactors (Mathebul et al., 2020). Multiple
studies have attributed the cause of CVD inthe people with HIV-1 to long-term HIV
exposure (Danforth et al., 2017),chronic inflammation (Subramanian et al., 2012; Tawakol
et al., 2014), dyslipidaemia (Grunfeld et al., 1992), microbial translocation (Pedersen et

al., 2013) and insulinresistance (Hruz, 2011; Shah et al., 2018).

The elevated risk of CVDs among PLWH has been associated withthe use of HAART
and protease inhibitors (Nsagha et al., 2015). However, recent studies have also observed
an increased risk of CVDs amongst treatment-naive patients infected with HIV-1 (Stein et
al., 2013; Guo et al., 2017; Martinez-Ayala et al., 2020). While studies may attribute higher
risk of developing CVD to either HIV-1 treatment-naive or medicated patients, all agree that
PLWH have a higher risk of CVD than their HIV-negative counterparts (Rethy et al.,
2020).A clinical study conducted in 33 countries in Australia, Europe, and the Americas by
the SMART study group (2006) involving 5,472 (27% female and 56% white) participants
infected with HIV-1 over the age of 13, who had a CD4+ cell count of more than 350
cells/ml® were used in investigating the adverse health risks associated with continuous
antiviral therapy compared to intermittent therapy (El-Sadr et al., 2006). Therapy was
stopped for 2,720 participants until their CD4+ cell count dropped below 250 cells/ml® and

then re-administered until CD4+ cell count reached 350 cells/mI® (i.e., intermitted therapy
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group), while the other 2,752 participants continued to receive therapy (i.e., viral
suppression group). Among the intermittent therapy group, 65 (2.4%) people had at least
one episode of major cardiovascular, renal, or hepatic disease, as did 39 (1.4%)
participants in the viral suppression group (hazard ratio, 1.7; 95% CI, 1.1 to 2.5; P = 0.009).
These findings showed that stopping therapy was associated with higher risk of
cardiovascular events, thus suggesting that viral replication, immunodeficiency, or
inflammation may be the cause of premature CVD (SMART study Group, 2006). A study by
Triant et al. (2007) with 3,851 people with HIV-1 (1,578 participants were on antiretroviral
therapy medicine) and 1,044,589 non-HIV patients receiving longitudinal care between
1996 and 2004 observed an increased in acute myocardial infraction (AMI) and
cardiovascular risk factors in patients with HIV-1 compared with uninfected patients,
particularly among women (Volpe et al., 2017). The AMI rates per 1000 person-years were
increased in HIV vs. non-HIV patients [11.13 (95% confidence interval [CI] 9.58-12.68) vs.
6.98 (95% CI 6.89-7.06)] (Triant et al., 2007). These findings were later confirmed by a
meta-analysis study by Islam et al. (2012) in which they observed a relative increased CVD
risk of 1.61 [95% CI] among PLWH who were not on HAART compared with people without
HIV. In the Veterans Aging Cohort Study involving 82,459 adults, people living with HIV
were reported to have a 50% increased risk of CVD beyond recognized traditional risk
factors (Freiberg et al., 2013). An imaging study using computed tomography angiography
showed a higher prevalence of coronary atherosclerosis in young, asymptomatic men with
HIV-1 compared to their HIV- seronegative counterparts (Lo et al., 2010). Multiple studies
show that HIV-1 infectionis associated with intrinsic characteristics that increase the risk of
CVDs among affected people (So-Armah and Freiberg, 2014). This brings into question the

biological mechanisms surrounding the development of CVD in PLWH HIV-1.
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1.7. Endothelial dysfunction

1.7.1. Endothelial cell activation

Since the discovery of HIV-1 being the causative agent of AIDS, it is evident that chronic
inflammation plays a role in the pathogenesis of HIV-1 infection (Deeks et al., 2013). HIV-1
infection induces a pro-thrombotic state and pro-inflammation phenomena in the vascular

endothelium that increases CVD risk (Hsue et al., 2009; Mazzuca et al., 2016).

The endothelium is a single layer of squamous cells that internally lines the walls of blood
vessels, forming a barrier between blood and tissues (Brevetti et al., 2008). Endothelial
cell activation is defined by the induction of transcription factors and nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-kB) pathway, leading to enhanced expression
of cell-surface adhesion molecules such as the intercellular adhesion molecule-1 (ICAM-1),
vascular cell adhesion molecule-1 (VCAM-1) and endothelial leukocyte adhesion
molecule-1 (ELAM-1 or E-selectin)on the outer membrane of endothelial cells (Figure 1.7;
Liao, 2013). In response to endothelial activation by cytokines, the adhesion molecules bind
to leukocytes to increase leukocyte affinity to the endothelial surface, thus increasing trans-
endothelial migration into tissues (Cerutti and Ridley, 2017). The cytokine, tumour necrosis
factor alpha (TNF-a), binds to its TNF-receptor (TNFR) on the outer membrane of
endothelial cells. The binding of TNF-a to TNFR induces the kinase phosphorylation of NF-
KB in the cytoplasm leading to the degradation of kappa light polypeptide gene enhancer in
B-cells inhibitor alpha (IkBa) by proteasomes (Barnes & Karin, 1997). The degradation of
IkBa allows the migration of NF-kB into the cell nucleus, where it binds to promoter regions
of adhesion molecule genes to enhance the expression of cellular adhesion molecules

(Steyers and Miller Jr, 2014).
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Figure 1.7: Endothelial cell activation pathways

Tumour Necrosis Factor-a (TNF-a) is known to target endothelial cells by
binding to the TNF- receptor (TNFR) on the cellular membrane. Binding of the
cytokine to its cell surface receptor leads to increased expression of cellular
adhesion molecules ICAM-1 and VCAM-1, via migration of NF-kB into the
nucleus. NF-kB in the nucleus binds to promoters than enhance the
expression of cellular adhesion molecules. Figure adapted from Steyers and
Miller Jr, (2014).

Increased levels of inflammation and vascular activation increases the production of
reactive oxygen species (ROS), which inhibits endothelial nitric oxide synthase resulting in
endothelial dysfunction (Liao, 2013). The latter leads to impaired regulation of vascular
tone, cellular adhesion, vascular smooth muscle migration and resistance to thrombosis
(Steyers and Miller Jr, 2014). Impairment of endothelial function is regarded as a precursor
for the initiation of most CVDs (Biswas and Khan, 2020). Endothelial dysfunction is a
pathological condition characterized by the detachment of ICAM-1 and VCAM-1 from the
endothelial cell membrane (Mu et al., 2007).

HIV-1 infection is associated with the release of cytokines including Interferon-A, Interferon-
Y, inducible protein 10, Tumour Necrosis Factor (TNF), Interleukin-15 (IL- 15), IL-6 and IL-
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10 (Stacey et al., 2009; Deeks et al., 2013), Reactive Oxygen Species (ROS) and, -oxidized
low-density lipoprotein (LDL) (Steyers and Miller Jr, 2014), which either directly or indirectly
activate endothelial cells. Multiple studies report elevated levels of these molecules in
adults with HIV-1 (Francisci et al., 2009; Arildsen et al., 2012; Deeks, Tracy et al., 2013), as

well as in infected children, compared to their uninfected counterparts (Miller et al., 2010).

1.7.2. Biomarkers of endothelial dysfunction

Endothelial dysfunction contributes to the pathogenesis of a variety of CVD, including
atherosclerosis and thrombosis. However, endothelial activation often precedes endothelial
dysfunction, and biomarkers of the activated endothelium may be detected in serum (Page
and Liles, 2013). This can therefore be used as a measure to determine disease severity as
well as prognosis. Several moleculesand proteins have been identified as markers for the
assessment of endothelial activation/dysfunction in individuals infected with HIV-1 with
varying degrees of confidence. These include Angiopoietin-1 and -2 (Ang-1 and-2), von

Willebrand factor (vWF), ICAM-1, VCAM-1, and E-selectin (Page and Liles, 2013).

1.7.2.1.  Angiopoietin-1 and -2

Angiopoietin-1 and -2 (Ang-1 and -2) are well established biomarkers of endothelial
activation/dysfunction in infectious diseases (Meurs et al., 2009). Ang-1 is expressed in
the pericytes and smooth muscle cells surrounding the endothelium, while Ang-2 is
produced by endothelial cells and released from Weibel-Palade bodies upon inflammatory
stimuli (Meurs et al.,, 2009). Ang-1 and -2 operate as antagonistic ligands of the Tie-2
receptor on vascular epithelial cells (Figure 1.8; Fiedler and Augustin, 2006). Under normal
physiological conditions, serum concentration of Ang-1 surpasses that of Ang-2, allowing
Ang-1 to bind to the Tie-2 receptor (Fiedler et al., 2003). This induces a pro-survival state

and inhibits pro- inflammatory pathways (Lukasz et al., 2008; Page and Liles, 2013).
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However, during inflammation, the stimulated Weibel-Palade bodies release Ang-2 by
exocytosis to allow preferential binding of Ang-2 to Tie-2 receptors, thus promoting pro-
inflammatory and pro-thrombotic pathways (Fiedler and Augustin, 2006; Page and Liles,
2013). Angiopoietin dysregulation, as a consequence of chronic inflammation, is
characterized by increased levels of Ang-2 over Ang-1, thus making it an excellent
biomarker of endothelial activation/dysfunction (Fagiani and Christofori,2013).
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Figure 1.8: The angiopoietin and Tie-2 receptor system

Under normal physiological conditions, serum concentration of Ang-1 released
pericytes surpasses that of Ang-2, allowing Ang-1 to bind to the Tie-2
receptor, maintaining the quiescent resting state of the endothelium. This
induces a pro-survival state and inhibits pro- inflammatory pathways.
However, during inflammation, the stimulated Weibel-Palade bodies in
endothelial cells release Ang-2 by exocytosis to allow preferential binding of
Ang-2 to Tie- 2 receptors, thus destabilizing the quiescent endothelium and
promoting pro-inflammatory and pro-thrombotic pathways. Figure adapted
from Fiedler and Augustin, (2006).

1.7.2.2. Von Willebrand factor

Von Willebrand factor (VWF) is an adhesive glycoprotein synthesized by endothelial cells

and stored in Weibel-Palade bodies (Peyvandi et al., 2011). It is released upon endothelial
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activation to stabilize adhesion of platelets at sites of vascular injury (Page and Liles, 2013).
The role of vWf as a biomarker of CVD is controversial as multiple studies cite a weak
association between high levels of vWF and the risk of CVD (Spiel et al., 2008; Arildsen et
al., 2013; Gragnano et al., 2017). However, within the context of HIV-1 infection, a 10 year
study by Dries et al., (2015) involving 198 participants with HIV-1 of which 71% were males
and 183 subjects were on treatment, reported 60 documented thrombotic events in 14,026
person years of observation occurred (PYO), resulting in an incidence rate of 2.50 (arterial),
2.21 (venous) and 4.28 (combined) thrombotic events per 1000 PYO. The vWF level was
elevated in most cases compared to controls. A prospective study of 20 treatment-naive
PLWH HIV-1 conducted by Arildsen et al. (2013) examined patients before and after 3
months of treatment. The data revealed that treatment- naive patients with HIV-1 exhibited
endothelial dysfunction with flow-mediated dilation (FMD) at 108% vs 111% [P< 0.05]; C-
reactive protein (CRP) 24 vs 8.6 nmol/L and vVWF 2.0 vs 0.9 U/I, for HIV- infected vs HIV-
negative control groups (Arildsen et al., 2013). The low FMD reading among PLWH means
that the arteries do not dilate past their basal diameter upon responding to increased blood
flow, which suggests low levels of nitric oxide are released by the endothelial cells
(Raitakaari and Celermajer, 2000). This is as a result of endothelial dysfunction. However,
initiation of therapy resulted in normalization of FMD and decreased endothelial activation
and serum CRP levels (Arildsen et al.,, 2013). These findings may explain the weak
association between VWF and risk of CVD, as treatment may reverse the release of VWF

from endothelial cells.

1.7.2.3. Adhesion Molecules

The most studied markers of endothelial function are the blood-based markers, and more

specifically, the cellular adhesion molecules ICAM-1, VCAM-1 and E-selectin (Graham et
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al., 2013). ICAM-1 and VCAM-1 are expressed on the cell surface of both hematopoietic
and non-hematopoietic cells (Yu et al., 2020), while E-selectin is exclusively expressed on
endothelial cells upon cytokine activation (Milestone et al., 2000). During inflammation,
these molecules are up regulated resulting in the increased recruitment of leukocytes to the
endothelium, promoting trans endothelial migration (Cerutti and Ridley, 2017). Increased
movement across the endothelium results in endothelial shear stress, causing endothelial
shedding which promotes the detachment of cellular surface proteins into the surrounding

environment (Chatzizisiset al., 2007).

Cellular adhesion molecules are excellent biomarkers of endothelial activation/dysfunction
as they are found in low concentrations on the cellular membrane of endothelial cells at
basal conditions, however, they are not simultaneously expressed or always suppressed
(Cybulsky et al., 2001). Multiple studies investigating levels of vascular biomarkers during
HIV-1 infection report elevated levels of cellular membrane-detached soluble forms of
ICAM-1, VCAM-1 and E-selectin in the blood (Fourie et al., 2011; Miller et al., 2012;
Graham, Mwilu and Liles, 2013; Hunt, Lee and Siedner, 2016; Mosepele et al., 2018). A
study conducted by Baker and Duprez (2010) reported change in plasma levels,
specifically the soluble form of VCAM-1, to be associated with increased HIV-1 viral
replication following interrupted treatment. Furthermore, studies conducted by Hwang et
al. (1997) and Ridker et al. (1998) report an association between elevated levels of ICAM-1
and E-selectin with increased risk of coronary heart disease. Although results from the
studies have been inconsistent, they may go well to show that different pathways are
activated in response to different inflammatory diseases, with varying effects on the

expression of cellular adhesion molecules (Page and Liles, 2013).
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1.7.3. Role of HIV-1 Nef in endothelial dysfunction

The emergence of HIV-1 infection as an independent contributor of CVDs in the population
infected with HIV-1 has led to investigations which aim to understand the mechanism of
action (Figure 1.9; Triant et al., 2007). The presence of HIV-1 gp120 and Tat in endothelial
cells, and the interdependent actions of these proteins with HIV-induced cytokines, has
shed some light into this phenomenon (Ullrich et al., 2000; Toborek et al., 2003). HIV-1
gp120 and Tat negatively affect endothelial function by inducing the release of the potent
vasoconstrictor, endothelin-1, increasing the expression of cellular adhesion molecules and
inducing apoptosis in endothelial cells(Kline and Sutliff, 2008). HIV-1 Nef became of great
interest as Appay et al. (2002) observed ongoing expression of HIV-1 Nef despite
prolonged and clinically successful antiretroviral therapy. A study conducted by Marecki et
al. (2005) supported the theory that Nef may play a role in the development of CVD after
observing the development of HIV-related pulmonary hypertension in Macaques infected
with only the recombinant chimeric Simian Immunodeficiency Virus (SIV)/HIV constructs
containing the HIV-1 nef gene as opposed to those infected with SIV strains (Marecki et
al.,, 2005). This observation was corroborated in a subsequent study (Marecki et al.,
2006) where Nef was detected in vascular cells of patients with HIV-related pulmonary

hypertension, and not in patients with idiopathic pulmonary arterial hypertension.
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Figure 1.9: HIV-1 Nef and its effect on endothelial function

The transfer of HIV-1 Nef by circulating HIV-infected cells to endothelial cells
leads to apoptosis, angiogenesis, increased expression of inflammatory
cytokines and cell adhesion molecules. These events are characteristic of
endothelial dysfunction which is known to predict a potential CVD event.
Figure adapted from Anand et al., (2018).

Multiple studies suggest Nef can be transferred from HIV-1 infected cells to bystander cells
by either a cell-cell contact-independent mechanism (via tunnelling nanotubes and
exosomes, Sowinski et al., 2008; Lenassi et al., 2010; Shelton et al., 2012), or via a cell-cell
contact-dependent mechanism (Luo et al., 2015). Endothelial and other bystander cells are
in direct contact with circulating HIV-infected cells that release the Nef protein into the
blood, placing them in prime position for Nef transfer (Muratori et al., 2009). Nef has been
detected in endothelial cells of patients infected with HIV-1, despite HIV-1 not being an

endothelium-tropic virus (Mazzuca et al., 2016).

Within the endothelium, Nef contributes to endothelial dysfunction via two independent
mechanisms; (1) apoptosis of endothelial cells through a nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase-dependent mechanism, and (2) by the production of
monocyte chemoattractant protein-1 (MCP-1) through the NF-kB signalling pathway (Wang
et al., 2014). Nef can activate NADPH oxidase with its SH3 binding site to decrease nitric

oxide production and increase superoxide anion production (Duffy et al., 2009), thus

38



contributing to ROS production and inducing apoptosis (Lam et al., 2010; Mazzuca et al.,
2016). This mechanism is independent of NF-kB activation (Wang et al., 2014). A study by
Acheampong et al. (2005) demonstrated that Nef was able to induce apoptosis in human
brain microvascular endothelial cells (MVECs) in a dose-dependent manner. Gene
microarray analysis showed increased expression of caspases, which only occur during
programmed cell death (Acheampong et al.,, 2005). They suggested that Nef- induced
apoptosis may have more than one pathway, as both mitochondrial and Fas/FasL apoptotic
pathway genes were up-regulated (Acheampong et al., 2005). The NF-kB pathway requires
the activation of NF-kB by dissociation of IkBa from NF- kB, allowing for NF-kB
translocation from the cytosol to the nucleus (Hiscott et al., 2001). HIV-1 Nef induces the

activity of IkB kinase which phosphorylates I kBa, marking the inhibitor for degradation by

ubiquitination (Liu and Kumar, 2015). Once in the nucleus NF-kB binds to DNA, enhancing
the expression of MCP-1 in endothelial cells, recruiting monocytes during atherosclerosis
development (Ramji and Davies, 2015). MCP-1 can induce the monocyte and foam cell
apoptosis, causing the release and build-up of lipid content in the arteries, building up the

lipid core in the atherosclerotic plaque (Anand et al., 2018)

1.8. HIV-1 Nef sequence variations on Nef activity

Extensive sequence variation in HIV-1 is attributed to the lack of proofreading by the error-
prone reverse transcriptase enzyme, recombination, and short generation time (Andrews
and Rowland-Jones, 2017). This has resulted in the inability of the host's immune system to
control and eradicate the virus and provides major challenges in the development of
suitable drugs and vaccines (Johnston and Fauci, 2008). The highly variable nature of HIV-
1 presents a conflict between diversifying viral sequences and maintaining viral protein
functions that are critical to replication and infectivity (Poon et al.,, 2010). Sequence
variations from the consensus nef sequence may lead to no significant effect on Nef
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function while other variations may lead to either increased or decreased Nef function.
However, in long-term non progressors (LTNP), sequence variations have led to defects in
the ability of HIV-1 to replicate and infect more cells (Wang et al., 1996). When comparing
the patient derived HIV-1 Nef sequences to HIV-1 subtype C sequence, Walker et al.
(2007) observed that deviation from the consensus HIV-1 subtype C sequence resulted in
less effective HIV-1 Nef, which resulted in slow progressing HIV-1 infections. This results in
attenuation of HIV-1 Nef functions in LTNP (Mwimanzi et al., 2013).

Sequence defects in HIV-1 nef have varying effects on disease outcome of PLWH (Kuang
et al., 2014). Kirchhoff and colleagues (1995) observed that the defects in nef sequences
were common among LTNP living with HIV-1. A study by Geffin et al. (2000) reported large
deletions in the nef gene sequence in one out of five non-progressor perinatally children
living with HIV-1, while the other had a higher frequency of mutations, as compared to rapid
progressors. Similar findings were reported by Walker and colleagues (2007), in which they
conducted nef sequence analysis from clinical isolates obtained from 34 treatment-naive
HIV- infected South African children (Walker et al., 2007). Furthermore, research
conducted by Zuo et al. (2012) on nef genes from adolescent and adult survivors of
perinatal HIV-1 infection demonstrated a loss in the ability of mutated Nef to downregulate
CD4 and MHC-I molecules. HIV-1 Nef polymorphisms such as G2A, D123A, LL165AA
(Foster et al., 2001) and C55S, K94E, H116N, V148L and S163R (Jin et al., 2019), have
been shown to lower Nef‘s ability to antagonize SERINCS. These findings show that elite
controller and slow progressors have HIV-1 Nef sequence variations that have reduced Nef
functionality due to their deviation from the consensus sequence. Even so, studies have
shown higher levels of chronic inflammation and an increased risk of CVD amongst elite
controllers and LTNP compared to their HIV-negative controls (Hsue et al., 2009; Migueles

and Connors, 2010; Pereyra et al., 2012; Crowell et al., 2015). This may suggest that loss

40



of HIV-1 Nef ability to downregulate CD4 and MHC-I molecules may not be associated with

its ability to increase inflammation and the risk of CVD.

In the context of CVD, naturally occurring mutations in Nef have given rise to HIV-1 nef
signature sequences that are associated with pulmonary hypertension (Almodovar et al.,
2012). In a study involving PLWH with and without pulmonary hypertension, HIV-1 Nef
polymorphisms (i.e., R19K, R21Q, H40Y, A53P, L58V, E63G, M79I, TBON and Y81F) were
overrepresented in persons infected with HIV-1 with pulmonary hypertension compared to
persons with HIV-1 without pulmonary hypertension (Almodovar et al., 2012). In a study
conducted by Mezoh and colleagues (2018) involving 77 South African adults living with
HIV-1 with no history of CVD, six polymorphisms (i.e., V16l, H40Y, T50A, E59Q, S169N
and R188Q) were associated with higher levels of ICAM-1 compared to reference HIV-1
subtype C Nef sequence. Furthermore, in a second validation cohort consisting of 120
patients infected with HIV-1, 40H was found to be significantly associated with high values
of carotid intima media thickness, indicative of increased CVD risk (Mezoh et al., 2018).

These findings therefore solicit more research on HIV-1 Nef in the context of CVD.

1.9. Problem statement

Advances in HIV therapy has increased the life span of people infected with HIV-1, similar
to the general population. However, deaths amongst patients infected with HIV-1 are now
attributed to non-communicable illness, with cardiovascular disease being the leading
cause of death within this population. This trend is on the increase as PLWH reach ages
above 45 years old. People living with HIV are twice more likely to develop CVD than their
unaffected counterparts (Shah et al., 2018). Antiretroviral drugs were once thought to be
the cause of the observed increased risk of CVD in PLWH (Nsagha et al., 2015), but recent

findings show HIV-1 infection to be an independent contributor to the development of CVD.
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Individuals living with HIV-1 have a higher risk of CVD in both the absence and presence of
suppressive viral therapy (Wang et al., 2015). Research into the aetiology of CVD in PLWH
revealed chronic inflammation and HIV viral proteins, especially HIV-1 Nef, to be the main
contributors by inducing endothelial dysfunction (Section 1.3.4; Marecki et al., 2005). HIV-1
Nef is known to be transferred from infected cells to bystander cells like endothelial cells,
with detrimental effects including apoptosis, increased expression of inflammatory cytokines
and cellular adhesion molecules (Figure 1.3; Mazzuca et al., 2016). These events lead to

endothelial dysfunction, which is a precursor for future CVD events.

Research conducted on cohorts including PLWH show varying degrees of endothelial
dysfunction in this population (Miller et al., 2010; Fourie et al., 2011; Graham et al., 2013).
The high variable nature of HIV-1 sequences has led to studies looking at Nef
polymorphisms, as sequence variations in Nef have been attributed to differential
phenotypic outcomes (Section 1.3.5; Kuang et al., 2014). Residue deletions, insertions and
mutations at functional domains have resulted in disease non-progressing individuals living
with HIV-1. A study by Almodovar et al. (2012) reported HIV-1 Nef mutations that were
associated with pulmonary hypertension, while Mezoh et al. (2018) reported mutations that
were associated with increased plasma concentrations of biomarkers of endothelial
dysfunction, ICAM-1 and VCAM-1. Identifying PLWH with a higher risk of developing CVD
compared to other unaffected individuals is essential to reducing CVD-related deaths within
the HIV affected population. This requires knowledge of how HIV-1 Nef polymorphisms
influence endothelial dysfunction. Thus, the current project is a functional in vitro study
which seeks to determine the effect of the H40Y HIV-1 subtype C Nef polymorphism,
identified by both Almodovar et al. (2012) and Mezoh et al. (2018), on endothelial function.

The H40Y mutation is of interest as it was found among PLWH and pulmonary
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hypertension, and was associated with higher concentrations of plasma biomarkers of
endothelial dysfunction, therefore suggesting that it could be critical in the development of
CVD. We therefore hypothesize that the HIV-1 subtype C Nef 40H polymorphism is

associated with endothelial dysfunction.

1.10. Project aim and objectives

The general aim of the project is to investigate the association between HIV-1 subtype C
Nef H40Y polymorphism and endothelial function. The objectives of the study were

therefore as follows:

1. Generate the HIV-1 nef mutant in a reference HIV-1 subtype C nef expression
vector.
2. Stably express the mutated HIV-1 Nef protein in a continuous mammalian cell line

3. Determine the impact of the HIV-1 Nef mutant on endothelial cell function in vitro
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Chapter 2: Materials and Methods

2. Methodology

2.1. Ethical clearance

A human research ethics waiver, Ref: W-CBP-190802-01, was obtained from the Human
Research Ethics Committee (Medical), at the University of Witwatersrand on 02/08/2019
(Appendix Al). The Biosafety clearance was granted by the Institutional Biosafety

Committee of the University of the Witwatersrand on 22/10/2019 (AppendixAz2).

2.2. Materials

2.2.1. Mediums and supplements

Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum (FBS), 50 mg/ml
gentamicin, 1 M hepes buffer and 100X GlutaMax were purchased from Thermofisher
Scientic (Walthem, Massachusetts, U.S.A.). The DMEM contained 25 mM glucose, 4 mM L-
glutamine and 1 mM sodium pyruvate. Endothelial Cell Medium (ECM), endothelial cell
growth supplement 100X (EGCS), 5000 U/mL penicillin-streptomycin solution and 1 mg
fibronectin were purchased from ScienceCell Research Laboratories (California, U.S.A). All
bacterial culture materials were purchased from Glentham Life Science (Corsham,
England). The Luria broth (LB) media was prepared in house, containing 1.0% (w/v)
tryptone, 0.5% (w/v) yeast, 1.0% (w/v) NaCl in deionized water, with the addition of 1.5%
(w/v) agar to make LB culture plates. Working concentration of ampicillin antibiotic was 100

png/ml and it was purchased from Glentham Life Science (Corsham, England).

2.2.2. Antibodies
Rabbit polyclonal anti-DDDDK antibodies (a-FLAG) [WB 1:500 dilution] were purchased

from Abcam (Cambridge, MA, U.S.A.) and the goat raised anti-rabbit horseradish
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peroxidase conjugated antibody [WB 1:10000 dilution] was purchased from Sigma-Aldrich
(St Louis, MO, U.S.A). Mouse monoclonal HIV-1 anti-Nef antibody was purchased from
Abcam (Cambridge, MA) [WB 1:1000 dilution] and goat raised anti-mouse horseradish
peroxidase conjugated antibodies [WB 1:10000 dilution] were purchased from Abcam

(Cambridge, MA, U.S.A)).

2.2.3. Reagents

The Q5® High-Fidelity 2X Master mix and OneTaq® 2X Master Mix with Standard Buffer
were purchased from New Englad BioLabs (Massachussetts, U.S.A.). Restriction enzymes
20000 units/mL BamHI, 20000 units/mL Agel, 20000 units/ml EcoRlI, and 2000 units/ml Fatl
were purchased from New Englad BioLabs (Massachussetts, U.S.A.). The Zymoclean Gel
DNA Recovery Kit and Zippy™ Plasmid Miniprep Kit were purchased from Zymo Research
(California, U.S.A.). The Lipofectamine LTX reagent was purchased from Invitrogen.
Polyethleneimine (PEI) [1 mg/ml] was purchased from Polysciences, Inc (Pennsylvania,
U.S.A). TGX™ FastCast™ Acrylamide Kit, 12% and Clarity™ ECL Western Blotting
Substrate were purchased from Bio-Rad Laboratories (California, U.S.A.). QuikChange™ I
XL Site-Directed Kit was purchased from Aligent (California, U.S.A.). LunaScript® RT
SuperMix Kit and Luna® Universal gPCR Master Mix kit were purchased from New England
Biolabs (Massachusetts, U.S.A.). All PCR and site-directed mutagenesis primers were
ordered from Ingaba Biotechnical Industries (Pretoria, South Africa). Recombinant human
tumour necrosis factor alpha (TNF-a) protein [200 pg/ml] was purchased from Abcam
(Cambridge, MA). Dr Eleanor Cave from the Department of Chemical Pathology at the
University of Witwatersrand gifted the 80 pg/ml X-gal and 20 mM Isopropyl-B-D-
thiogalactoside (IPTG). Human soluble VCAM-1 (sVCAM-1) enzyme-linkedimmunosorbent
assay (ELISA) kit was purchased from Thermofisher Scientic (Walthem, Massachusetts,

U.S.A)).
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2.2.4. Plasmids and Nef clones

The nef gene coding for HIV-1 Subtype C Nef (nef 40H) obtained from a clinical isolate
(P0144), mammalian expression vectors pcDNA™ 3.1(+) (Appendix A3, Figure Al),
pSelect-GFPZeo-mcs (Appendix A3, Figure A2) and pLKO.dCMV,TetO.3xFlag (Appendix
A3, Figure A3) plasmids were obtained from Dr Genevieve Mezoh from the Department of
Chemical Pathology at the University of Witwatersrand. The pSelect-GFPZeo-mcs was
used as a transfection control vector as it expressed a Green fluorescent protein
independently of the cloned-in gene of interest. A wild-type reference nef of a subtype C
strain (nef MJ4) from pMJ4 was obtained from Dr Adriaan E. Basson from the Department
of Molecular Medicineand Haematology at the University of Witwatersrand. The pGEM®-T

Easy Vector system was purchased from Promega Corporation (Wisconsin, U.S.A.).

2.2.5. Cell lines

A HEK293T cell line was obtained from Dr Adriaan E. Basson from the Department of
Molecular Medicine and Haematology at the University of the Witwatersrand. The HEK29T
cells were used to evaluate the recombinant plasmids’ ability to express the HIV-1 Nef
proteins. The Human pulmonary microvascular endothelial cells (HPMEC) were a gift from
Dr Allison Seeger from the Wellcome Centre for infectious Diseases Research in Africa
(CIDRI-Africa), University of Cape Town. The HPMECs were used to evaluate the effect of

HIV-1 Nef variants on endothelial dysfunction.
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2.3. Methods

2.3.1.Construction of stable HIV-1 Nef expressing plasmids

The pLKO.dCMV.TetO.3xFlag plasmid was used to generate stable HIV-1 Nef expression
plasmids. The PO144 (nef-40H) patient sample excised from a patients’” DNA living with
HIV-1 was selected for this study because it had all the five amino acid residues (16V,
40H, 50T, 169N, and 188Q) previously identified to be associated with high levels of
ICAM-1 in HIV-infected ART-naive South African individuals (Mezoh et al., 2021). The
nef-MJ4 gene was used as the HIV-1 subtype C nef reference strain and had amino
acid residues (16V, 40H, 50A, 188H) associated with an elevated concentration of ICAM-
1 (Ndung'u et al., 2001). HIV-1 nef genes were amplified by Polymerase Chain Reactions
(PCR) using Hi-Fi Taq to introduce the Agel and EcoRI restriction sites with the forward
and reverse primers, respectively (Table 2.1). The Q5® High-Fidelity 2X Master mix was
used for PCR reactions and a master mix for 5 PCR reactions were prepared for each
template DNA (Table 2.2). The master mix was aliquoted in 5 PCR tubes with a final
volume of 19 pl each. A microliter of DNA template was added to 4 of the tubes while one
tube was used for the no-template control, where 1 pl of deionized water was added in
place of the template DNA. The reagents were mixed and centrifuged to collect all liquids to
the bottom of the PCR tube. The PCR tubes were transferred to a T100 thermal cycler (Bio-
Rad Laboratories, California, U.S.A) and programmed as described in Table 2.3. Following
thermocycling, the PCR products were analysed on a 1% (w/v) agarose gel. The 1% (w/v)
agarose gel was prepared by dissolving 0.5 g of agarose in 50 ml TAE (1X) buffer (40 mM,
20 mM acetic acid and 1 mM EDTA) and heated with shaking. The agarose was allowed to
cool, after which 5 ul of ethidium bromide [10 mg/ml] was added to the mixture and then
poured into a casting tray with a preplaced comb and allowed to polymerize at room

temperature. The comb was removed from the solidified gel and the casting tray placed in
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an electrophoresis chamber filled with TAE (1X) buffer. Four microliters of 6x DNA loading
buffer were added to each 20 pl restriction digest mixture and then loaded into the pre-cast
wells of the gel. Five microliters of 1 kb DNA ladder [0.1 pg/pl] (New England Biolabs,
Massachusetts, U.S.A.) was loaded into one well. Electrophoresis was conducted at one
hundred volts for one hour. The gel was then visualized by UV light using the ChemiDoc

XRS+ Gellmaging system (Bio-Rad Laboratories, California, U.S.A).

Table 2.1: PCR Primers for amplification of HIV-1 nef

Strain | PCR primer sequence Features
MJ4 F1: 5- CTGaccggtATGGGGGGCAAGTGGT -3 Agel
R1: 5- GgaattcTCAGCAGTCTTTGTAA-3' EcoRl

PO144 | F1_PO144-FLG: 5'- CTGaccgatATGGGGGGCAAATTAT -3 Agel

R1_P0144-EcoRI: 5'- GgaattcTCAGCAGTCTTTGTAG -3 EcoRl

The underlined characters represent nucleotides that constitute the restriction site.

Table 2.2: PCR reaction preparation

Reagents 1X 5X

Q5®  High-Fidelity 2X |10 ul 50 ul
Master mix

DNA template < 1,000 ng Variable
Forward primer [10 puM] 1u 5ul
Reverse primer [10 uM] 1l 5ul
dH20 7 ul 35 pl
Total 19 pl 95 ul
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Table 2.3: Thermocycling conditions for PCR

Step Temperatures | Time Number of cycles
Initial denaturation | 94 °C 2 minutes 1

Denaturation 94 °C 15 seconds 35

Annealing 60 °C 30 seconds

Elongation 68 °C 4 minutes

Final elongation 68 °C 15 minutes 1

2.3.2. DNA recovery from agarose gel

The DNA amplicons corresponding to nef 40H and nef MJ4 were recovered from the
aforementioned agarose gel using a Zymoclean Gel DNA Recovery Kit (Zymo Research,
California, U.S.A.). For the recovering of PCR products, the agarose gel was placed on the
transilluminator drawer on the ChemiDoc XRS+ Gel Imaging system (Bio-Rad Laboratories,
California, U.S.A) where the band excision option is selected to allow the visualization of
the DNA bands. The ethidium bromide in the gel is excited by ultraviolet light at 210 nm and
285 nm and emits orange light (DNA bands) with a wavelength of 605 nm. The DNA
bands of interest was excised from the agarose gel using a blade and transferred into a 1.5
ml microcentrifuge tube. Three times the volume of ADB to each volume of excised agarose
was added to the tube and incubated at 55 "C for 10 minutes for the gel to dissolve. The
melted agarose solution was transferred to a Zymo-Spin™ Column and centrifuged for 60
seconds at 10000 x g. The flow-through was discarded and 200 ul of DNA Wash buffer was
added to the spin column and centrifuged for 30 seconds at 10000 x g,this step was
repeated twice. The spin column was placed in a new labelled 1.5 ml tube and 10 pl of DNA
Elution buffer was added to the column. The DNA was eluted by centrifugation for 60
seconds at 10000 x g and the pure DNA was collected in the labelled 1.5 mL tube. The
concentration and quality of the recovered DNA was measured using a NanoDrop™

One/One C Microvolume UV-Vis Spectrophotometer (Thermofisher Scientific, U.S.A.). DNA
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with a reading of ~1.8 for the ratio of absorbance at 260 nm and 280 nm was deemed to be

pure and of excellent quality and used in subsequent procedures.

2.3.3. Restriction digestion of HIV-1 nef products and vector

The amplicons and the pLKO.dCMV,TetO.3xFlag vector were digested with Ageland
EcoRI restriction enzymes (New England Biolabs, Massachusetts, U.S.A.) inrestriction
digest reactions (Table 2.2). The reactions wereincubated for 1 hour at 37 °C in a
heating block. The digested products were electrophoresed on a 1% (w/v) agarose gel as
mentioned previously. DNA corresponding to nef 40H, nef MJ4 and the digested vector
were recovered from the aforementioned agarose gel using a Zymoclean Gel DNA
Recovery Kit (Zymo Research, California, U.S.A.) and the concentrations were measured

as described previously.

Table 2.4: Restriction digests reaction preparation

Components | Tube 1 | Tube 2| Tube 3 | Tube 4 | Amplicons
Control | Linearized | linearized | Double | Tube5 | Tube 6
(uncut | vector vector cut 144- MJ4
vector) | (Agel) (EcoRlI) vector | 40H

Buffer 2 ul 2 ul 2 ul 2 ul 2 ul 2 ul

Agel [20000 | - 1l - 1 pl 1 pl 1 pl

units/ml]

EcoRI [20000 | - - 1l 1 pl 1 pl 1 pl

units/ml]

DNA[0.4 pg] |2 2 ul 2 ul 2 ul 2 ul 2 ul

dH20 16 pl 15 pl 15 pl 14 pl 14 pl 14 pl

2.3.4. Ligation of HIV-1 nef into pLKO vector

The nef amplicons were cloned into the restricted pcDNA™ 3.1(+) vector using T4 DNA

ligase (Promega Corp, Wisconsin, U.S.A.). The ligation reactions were prepared by mixing
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1 yl T4 DNA ligase, 3:1 ratio of digested nef amplicons to vector and dH20 until reaction is
10 pl in total volume in a PCR tube. The reactions were incubated at 37 °C for 1 hour in a
heating block, yielding the pLKO.dCMV,TetO.3xFlag/Nef-40H and

pLKO.dCMV,TetO.3xFlag/Nef-MJ4 constructs which were then used for Nef expression

(Figure 2.1).
PCR EcoRlI Agel
(o— — — Digest
Insert (Nef) Agel Agel EcoRl
EcoRlI
Multiple
cloning Agel
site
\ Agel Nef
—= EcoRlg) T—> EcoRl
Digest Ligate
Agel
EcoRl
pLKO vector pLKO vector pLKO/Nef

Figure 2.1: PCR cloning of Nef into pLKO.dCMV,TetO.3xFlag vector

Construction of Nef-expressing plasmids using PCR to amplify the nef genes. The nef
genes and pLKO.dCMV,TetO.3xFlag vector are digested with restriction enzyme Agel
and EcoRIso the digested products could be joined together by a ligation reaction. The
resulting products are FLAG-tagged Nef expressing plasmids. Figured adapted from
Spiliotis (2012).

2.3.5. Preparation and transformation of chemically competentcells

Multiple copies of pLKO.dCMV,TetO.3xFlag/Nef-40H and pLKO.dCMV,TetO.3xFlag/Nef-
MJ4 constructs plasmids were produced after the ligation reaction. This was done by
transformation, were exogenous genetic material, in the form of the Nef-expressing
plasmids, is taken up and incorporated by competent E.coli cells. The competent cells were
prepared chemically to give them the ability to absorb the exogenous plasmid DNA. The
competent cells were prepared by taking E. coli glycerol stocks of JM109 cells and

streaking on an antibiotic-free LB agar plate (1.0% (w/v) tryptone, 0.5% (w/v) yeast, 1.5%
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(w/v) agar, 1.0% (w/v) NaCl in deionized water) and incubated overnight at 37°C. A single
colony from the plate was picked and transferred into 20 ml of antibiotic-free LB broth. The
inoculum was allowed to grow overnight in an incubator set at 37 “C with shaking at 180
rpom. The overnight starter culture broth was transferred into 30 ml of fresh antibiotic-free
broth and incubated for 2 hours at 37 °C with shaking. The culture was collected a 50 ml
tube and centrifuged for 10 minutes at 5000 x g at 4 °C after which the pellet was
suspended on ice. The pelleted cells were resuspended in 10 ml of 0.1 M MgCl> and
incubated for 30 minutes on ice. The suspension was centrifuged at 5000 x g at 4 °C for 10
minutes and the supernatant was discarded. The pelleted cells were resuspended with 10
ml 0.1 M CacClz and incubated on ice for 4 hrs. The suspension mixture was centrifuged at
5000 x g at 4 °C for 10 minutes. The pellet was resuspended in a mixture of 3 ml of 0.1
M CaCl2 and 3 ml of 30% glycerol and incubated on ice for 15 minutes. Following
incubation, the cells were aliquoted at 100 pL per tube into labelled microcentrifuge tubes
and stored at -80 °C. The transformation of the competent cells with the Nef-expression
plasmids was done by thawing the competent cells on ice and transferring a 25 pul aliquot of
chemically prepared E. coli IM109 competent cells in a fresh labelled 1.5 mL tube placed
on ice. Two microliters of pLKO.dCMV,TetO.3xFlag/Nef DNA 1 pg/pl was added to their
corresponding tubes. For the controls, empty pLKO.dCMV,TetO.3xFlag plasmid DNA was
added to the chemically competent E. coli JIM109 cells in a different tube as a positive
control, while distilled water was added as a negative control. The tubes were incubated
in ice for 30 minutes andthen heat shocked at 42 °C for 60 seconds in a heating block.
The tubes were then placed back in ice and incubated for 10 minutes. Five hundred
microliters of antibiotic-free LB broth were added into each tube. The mixture was incubated
for 1 hour at 37 °C with shaking at 180 rpm. Following incubation, 150 pL of the culture

was streaked onto LB agar plates supplemented with 100 pg/ml ampicillin. The plates were
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labelled accordingly and incubated overnight at 37 “C. Five colonies were picked from each
LB agar plate, inoculated into separate 50 mL tubes with fresh 15 mL LB broth

supplemented with ampicillin [100 pg/ml] and cultured overnight at 37 °C with shaking.

2.3.6. Plasmid DNA extraction

Following the incubation in section 2.3.2, the plasmid DNA was extracted from the overnight
cultures using the Zyppy™ Plasmid Miniprep Kit (Zymo Research, California, U.S.A.). The
cultures were centrifuged for 10 minutes at 4500 x g to pellets the cells and discard
the supernatant. Six hundred microliters of distilled water were added to resuspend the
cells and transferred to a fresh labelled 1.5 mL tube. A hundred microliters of 7X lysis buffer
added into the same tube. The solutions were thoroughly mixed and incubated for 2
minutes. The reaction was neutralized by adding pre-chilled Neutralization buffer and mixed
thoroughly. The mixture was centrifuged for 4 minutes at 14000 x g. The supernatant was
transferred into a Zymo-Spin™ INN column, centrifuged for 15 seconds at 14000 x g
and theflow through discarded. Subsequently, Endo-Wash buffer was added to the column
and the column was centrifuged for 30 seconds at 14000 x g. Four hundred microliters of
Zyppy™ Wash buffer was then added to the column and centrifuged for 1 minute at 14000
x g. Following centrifugation, the column was transferred into a clean labelled 1.5 ml
microcentrifuge tube and 30 ul of Zyppy™ Elution buffer was added directly to the column
matrix and incubated for 1 minute at room temperature. The plasmid DNA was eluted by
centrifugation for 1 minute at 14000 x g. The concentration and purity of the plasmid DNA
was measured by using a NanoDrop One/One C Microvolume UV-Vis Spectrophotometer
(Thermofisher Scientific, U.S.A.). The Zyppy™ Elution buffer was used to blank the
machine. DNA with a reading of ~1.8 for the ratio of absorbance at 260 nm and 280 nm

was deemed to be pure and of excellent quality. The plasmids were stored at -20 °C.
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2.3.7. Confirmation of Nef-expressing constructs

To confim the cloning of the pLKO.dCMV,TetO.3xFlag/Nef-40H  and
pLKO.dCMV,TetO.3xFlag/Nef-MJ4 constructs, the plasmids were digested using the
restriction enzymes Agel and EcoRI. The restriction digest reaction was prepared as
described in Section 2.3.3, table 2.4 (tube 1-4). Restriction products were analysed by
electrophoresis on a 1% (w/v) agarose gel. Successful cloning would be confirmed by the
presence of two DNA fragments of the same sizes as the nef gene amplicon and the
digested pLKO.dCMV,TetO.3xFlag vector, as seen in section 2.3.3. The identity of the
insert was validated by Sanger sequencing using the pLKO sequencing primers listed in
table 2.5 at Ingaba Biotechnical Industries (Pretoria, South Africa). The resulting sequences
were confirmed by sequence alignment and running a BLAST search on the National

Center for Biotechnology Information (NCBI) (https://blast.ncbi.nim.nih.gov/Blast.cgi).

Table 2.5: pLKO sequencing primers

Primer name | Sequence

Puro-F 5- GCAACCTCCCCTTCTACGAGC-3'
Puro-R 5-GTGGGCTTGTACTCGGTCAT-3

2.3.8. Invitro expression of HIV-1 Nef

The constructs expressing the wild-type and a mock plasmid (empty
pLKO.dCMV,TetO.3xFlag plasmid), were transfected into HEK293T cells using the
Invitrogen Lipofectamine LXT Reagent (Thermofisher Scientific, U.S.A.) or PEI [1 mg/ml] in
12-well culture plates. The transfection of the HEK293T cells was to evaluate the ability of
the constructs to produce recombinant Nef proteins. Prior to transfection of adherent
HEK293T, the cells were maintained in a T75 flask (Sigma-Aldrich, U.S.A) with Gibco™

Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% (v/v) Glutamax and
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10% (v/v) Fetal Bovine Serum (FBS) (Thermofisher Scientific, U.S.A.) and incubated in a
humidified atmosphere incubator at 37 °C with 5% CO:. The cells were passaged every two
days. All cells were between passage 5 and 10 for the transfection. The day before
transfection, the culture medium was removed, and the cells were washed with 5 ml
phosphate buffered saline (PBS) solution. The cells were detached from the flask by
trypsinization. One millilitre of TrypLE™ Express Enzyme (Thermofisher Scientic, U.S.A.)
was added to the flask and incubated until the cells began to slide off the flask surface. Five
millilitres of complete medium were added to stop the trypsinization and the cells were
collected in a 15 ml conical tube (Thermofisher Scientific, U.S.A.). The cells were counted
in a haemocytometer by diluting 20 pl of cells in 20 pl of 0.4% Trypan Blue stain
(Thermofisher Scientic, U.S.A.). The cells were seeded into a 12-well plate, plating at
2.5x10° cells per well and 1 ml of growth medium was added to each well to a final volume
of 1.4 ml per well. The cells were incubated until they reached 80% confluency on the day
of transfection. For each well to be transfected, 1 pug of Nef-expressing plasmids, mock
plasmid (negative control) or pSelect-GFPzeo/Nef-HXB2 plasmid (transfection positive
control) were diluted in 100 pl of Opti-MEM™ | Reduced Serum media (Thermofisher
Scientific, U.S.A.) within a labelled 1.5 ml tube. The pSelect-GFPzeo plasmid was used as
a transfection control as it expressed a green fluorescent protein which was visualized
using an Olympus BX41 Phase Contrast & Darkfield Microscope (Microscope Central,
U.S.A.) to confirm successful transfection. Three microliters of Invitrogen™ Lipofectamine
LTX Reagent or PEI[1Img/ml] was added to each tube as seen in Table 2.6. The mixture
was incubated for 30 minutes at room temperature. Following the incubation period, 100 pl
of the DNA-Lipofectamine or PEI mixture was added directly to each well containing the
cells and mixed by gently rocking the plate back and forth. The cells were incubated at 37

°C in a 5% CO: incubator for 48 hours. The transfections were done induplicates for each
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Table 2.6: Transfection protocol used on HEK29T cells

Nef-expressing plasmid.

Plasmids Nef-HXB2 | Nef-40H Nef-MJ4
Cell vessel | 12-well 12-well 12-well
Volume 1mi 1 mi 1 mi
Medium

Cells  per| 2.5x10° 2.5x10° 2.5x10°
Well cells Cells Cells
Volume 100 ul 100 pl 100 pl
dilution

Medium

DNA 1 ng 1 ng 1 ng
Transfection | 3 ul 3ul 3ul
Reagent

2.3.9. Confirmation of in vitro HIV-1 Nef expression

The transformed E.coli cells described in section 2.3.8 were harvested 48 hours post
transfection to analyse for Nef expression using Western blot analysis. Crude cell lysates
were prepared for SDS-PAGE by adding 100 pl of SDS sample buffer (0.25% (w/v)
Coomassie Brilliant blue, 2% (w/v) SDS, 10% (v/v) glycerol, 100 mM tris, and 1% (w/v) B-
mercaptoethanol) to the cells in a ratio of 1:1. The mixture was heated for 10 minutes at 95
°C in a heating block. The proteins were resolved using 12% TGX™ FastCast™
Acrylamide kit (Stacker: 1 ml stacker A, 1 ml stacker B, 10 ul 10% (w/v) Ammonium
Persulfate (APS), 2 ul TEMED; Resolver: 3 ml resolver A, 3 ml resolver B, 30 ul 10% (w/v)
APS, 3 ul TEMED) (Bio-Rad Laboratories, California, U.S.A). Gels were then transferred
into a tank filled with SDS running buffer (25 mM Tris, pH 8.3 250 mM glycine and 0.1%

(w/v) SDS). The prepared samples were loaded into their separate wells, with a single well

housing 5 pl Precision Plus Protein Standard (Bio-Rad Laboratories, California, U.S.A).
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Electrophoresis was conducted at 200 V for 60 minutes using the Bio-Rad Mini protein
electrophoresis system (Bio-Rad Laboratories, California, U.S.A.). The gel was visualized
using the stain-free protocol on the ChemiDoc XRS+ Gel Imaging system (Bio-Rad
Laboratories, California, U.S.A). The stain-free gels use trihalo compounds that make
proteins within the gel to fluorescent after a brief period of UV activation at 302 nm. After
viewing the gel, the gel was immersed in western transfer buffer (25 mM Tris, 192 mM
glycine, 20% (v/v) methanol in deionized water), along with two thick blot filter paper pads.
In the interim, the PVDF membrane was activated by 30 second incubation in 100% (v/v)
methanol, and then rinsed in water. The membrane was equilibrated in Western transfer
buffer for 5 minutes. The preparation of the transfer was done as follows: A thick blot filter
paper pad, PVDF membrane, gel and thick blot filter paper pad sandwich was prepared in
the mentioned order, ensuring no air bubbles were trapped. The sandwich was placed in a
Trans-Blot® SD Semi-Dry transfer Cell (Bio-Rad Laboratories, California, U.S.A.) and the
transfer of the proteins to the PVDF membrane was performed at 25V for 25 minutes.
Following protein transfer, the PVDF membrane was removed from the sandwich and
blockedin 10 ml of 5% (w/v) non-fat milk in TBS (50 mM Tris, 150 mM NaCl in deionized
water) for 30 minutes on a shaker at 100 rpm at 4 °C. The membrane was washed three
times in TBS-Tween (1L TBS, 1 ml Tween 20) for 5 minutes followed by overnight
incubation at 8 °‘C of the membrane with mouse monoclonal anti-Nef antibodies [1:1000
dilution] and rabbit polyclonal anti-DDDDK antibodies (a-FLAG) [1:500 dilution] as primary
antibodies of the FLAG-tagged HIV-1 Nef protein. Unbound primary antibodies were
washed off the membrane thrice with TBS-Tween for 5 minutes per wash. The membrane
was incubated at room temperature for one hour with the secondary antibody, goat raised
anti-mouse and goat raised anti-rabbit horseradish peroxidase conjugated antibodies

[1:10000 dilution], followed by washing with TBS-Tween for 5 minutes. All incubations
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were done on a shaker at 100 rpm. The Clarity™ ECL Western Blotting Substrate (Bio-Rad
Laboratories, California, U.S.A.) is an extremely sensitive chemiluminescence substrate
used for detecting Western blot membrane bound horseradish peroxidase (HRP)
conjugated antibodies. The PVDF membranes were placed in a light-resistant box. Equal
volumes of Clarity Western Peroxide reagent and Clarity Western Enhancer reagent were
mixed to a total of 1.5 ml in a 2 ml tube. The mixture was poured over the membranes and
incubated for 5 minutes in the dark box. Following incubation, the membrane was removed
from the box and excess substrate solution removed using absorbent tissue. The
membrane was covered with a transparent plastic wrap and placed in the ChemiDoc
XRS+ Gel Imaging system (Bio-Rad Laboratories, California, U.S.A) for imaging. During
the imaging process, the HRP enzyme reacts with the substrate to emit light at 428 nm. The

light is captured by a digital imager after 30 seconds of exposure time.

2.4.1. Construction of transient HIV-1 Nef expressing plasmids

Nef genes were amplified by Polymerase Chain Reactions (PCR) using Taq to introduce
the BamHI and EcoRI restriction sites with the forward and reverseprimers, respectively.
In addition, an N-terminal FLAG purification tag was addedthrough the forward primers.
The PCR primers used for amplifying HIV-1 nef from the MJ4 and PO144 strains (Table
2.7). The OneTaqg® 2X Master Mix with Standard Buffer was used for PCR reactions and a
master mix for 5 PCR reactions were prepared for each template DNA, as shown in Table
2.8. The master mix was aliquoted in 5 PCR tubes with a final volume of 19 ul each. A
microliter of DNA template was added to 4 of the tubes while one tube was used for the no-
template control, where 1 pl of deionized water was added in placeof the template DNA.
The reagents were mixed and centrifuged to collect all liquids to the bottom of the PCR

tube. The PCR tubes were transferred to a T100 thermal cycler (Bio-Rad Laboratories,
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California, U.S.A) and

it was programmed as described

in Table 2.9. After the

thermocycling, the PCR products were analysed with a 1% (w/v) agarose gel as previously

described in section 2.3.1. The DNA amplicons corresponding to Flag/nef 40H and Flag/nef

MJ4 were recovered as described in section 2.3.2.

Table 2.7: PCR Primers for amplification of HIV-1 nef

Strain PCR primer sequence Features
MJ4 F1: 5‘- | BamHI and
agatccATGGATTACAAGGATGACGATGACAAGATGGGGGGCAA FLAG tag
GTGGTC -3
R1: 5- GgaattcTCAGCAGTCTTTGTAA-3' EcoRl
PO144 | F1_PO144-FLG: 5'- | BamHI and
agatccATGGATTACAAGGATGACGATGACAAGATGGGGGGCAA A -| FLAG tag
3‘
R1_P0144-EcoRI: 5'- GgaattcTCAGCAGTCTTTGTAG -3 EcoRlI

The underlined characters represent nucleotides that constitute the restriction site,

while characters in bold represent nucleotides that encode the fusion tag.

Table 2.8: PCR reaction preparation

Reagents 1X 5X
OneTag®2X  Master Mix | 10 pl 50 pl
with Standard Buffer

DNA template < 1,000 ng Variable
Forward primer [10 uM] 1l 5ul
Reverse primer [10 uM] 1l 5ul
dH20 7 35 pl
Total 19 pl 95 ul
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Table 2.9: Thermocycling conditions for PCR

Step Temperatures Time Number of cycles
Initial denaturation 94 °C 2 minutes 1

Denaturation 94 °C 15 seconds 35

Annealing 60 °C 30 seconds

Elongation 68 °C 4 minutes

Final elongation 68 °C 15 minutes 1

2.4.2. Ligation of HIV-1 nef amplicons with pGEM®-T Easy Vector

The recovered amplicons were ligated into the pPGEM®-T Easy Vector using the T4 DNA
ligase. The Taq polymerase added an extra adenine at the 3‘ end of the HIV-1 nef PCR
products that bind to the thymidine overhangs at the 3‘ end of the pGEM®-T Easy vector.
The ligation reactions were prepared by mixing 1 pl T4 DNA ligase, 3:1 ratio of digested nef
amplicons to vector and dH20 until reaction is 10 pl in total volume in a PCR tube. The
reactions were incubated at 37 °C for 1 hour in a heating block, yielding the pGEMT+Nef-
40H and pGEMT+Nef-MJ4 plasmids. The ligated products were transformed into E.coli
JM109 chemically competent cells as described in section 2.3.5. The agar culture plates
were supplemented with ampicillin [100 pg/ml], X-Gal [80 pg/ml] and 0.5 mM IPTG to
facilitate blue/white screening of colonies. The plates were incubated overnight at 37°C.
Post incubation, the colonies would either appear blue or white in colour. The blue
colonies represent colonies that did not have the HIV nef insert while the white colonies
represented successful inactivation of the B-galactosidase gene by the HIV- 1 nef inserts.
About 8 to 10 white colonies from each plate were picked and used during colony PCR as
template DNA to confirm the cloning of HIV-1 nef genes into the pPGEM®-T Easy vector. The
colony PCR used the PCR primers listed in table 2.7 (section2.4.1). Colonies that showed
the correct size amplicons from the colony PCR were inoculated into fresh LB broth

supplement with ampicillin [L00 pg/ml] and incubated overnight with shaking at 37 "C. Post
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incubation, the DNA plasmids were extracted using the method described in section 2.3.6.

2.4.3. Restriction digest of ligated pGEM®-T Easy Vector products and
pcDNA™ 3.1(+) vector

The extracted pGEMT+Nef plasmids and the pcDNA™ 3.1(+) vector were digested with

BamHI and EcoRI restriction enzymes (New England Biolabs, Massachusetts, U.S.A.) in

restriction digest reactions prepared as shown in Table 2.10. The reactions were

incubated for 1 hour at 37 "C in a heating block. The advantage of this cloning technique is

that it allows for the screening of successfully ligated products based on the formation of

blue and white colonies; secondly, it improves the efficiency of restriction enzymes as

many restriction enzymes often do not cleave linear PCR products but rather circular DNA

(Celie et al., 2016). The digested products were electrophoresed on a 1% (w/v) agarose gel

as mentioned previously in section 2.4.1. DNA corresponding to nef 40H, nef MJ4 and the

digested vector were recovered from the aforementioned agarose gel using a Zymoclean

Gel DNA Recovery Kit as described in section 2.3.2 and theconcentrations were measured.

Table 2.10: Restriction digests reaction preparation

Components | Tube 1| Tube 2| Tube 3 | Tube 4| pGEMT plasmids
Control | Linearized | linearized | Double | Tube 5 | Tube 6
(uncut | vector vector cut 144-40H | MJ4
vector) | (BamHI) (EcoRlI) vector

Buffer 2 ul 2 ul 2 ul 2 ul 2 ul 2 ul

BamHI - 1l - 1 pl 1 pl 1 pl

[20000

units/ml]

EcoRI [20000 | - - 1u 2 ul 2 ul 2 ul

units/ml]

DNA [0.4 pug] | 2 ul 2 Ml 2 ul 2 ul 2 ul 2 ul

dH20 16 pl 15 pl 15 pl 14 pl 14 pl 14 ul
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2.4.4. Ligation of HIV-1 nef genes and pcDNA™ 3.1(+) vector

The nef amplicons were cloned into the restricted pcDNA™ 3.1(+) vector using T4 DNA
ligase (Promega Corp, Wisconsin, U.S.A.). The ligation reactions were prepared by mixing
5 upl 2X ligase buffer, 1 yul T4 DNA ligase, 3:1 ratio of digested nef amplicons to vector and
dH20 until reaction is 10 pl in total volume in a PCR tube. The reactions were incubated at
37 °C for 1 hour in a heating block, yielding the pcDNA™ 3.1(+)-FLAG/Nef-40H and
pcDNA™ 3.1(+)-FLAG/Nef-MJ4 constructs which were then used for Nef expression
(Figure 2.1). The ligated products were transformed in chemically competent cells and
plated on agar plates supplemented with ampicillin [100 pg/ml] as described in section

2.3.5.

PCR EcoRlI BamHI + FLAG

Digest
Insert (Nef) BamHI + FLAG BamHI EcoRI
EcoRI
Multiple
BamHI + FLAG
cloning
Slte BamHI
EcoRlI |:" = EcoRl
Dlges't Ligate
BamHI
EcoRI
peDNA 3.1 (+) peDNA 3.1 (+) pcDNA/FLAG-Nef

Figure 2.2: PCR cloning of Nef into pcDNA 3.1 (+) vector

Construction of Nef-expressing plasmids using PCR to amplify the nef genes. The nef
genes and pcDNA 3.1 (+) vector are digested with restriction enzyme BamHI and EcoRI so
the digested products could be joined together by a ligation reaction. The resulting
products are FLAG tagged Nef expressing plasmids. Figured adapted from Spiliotis,
(2012).

2.4.5. Confirmation of Nef-expressing constructs

Following the incubation of the agar plates, colony PCR was performed to confirm the
successful cloning of HIV-1 nef genes into the pcDNA™ 3.1(+) vector using the PCR

primers listed in table 2.7 (section 2.4.1). The colony PCR products were analysed on a
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1% (w/v) agarose gel. Colonies that showed the correct size amplicons from the
colony PCR were inoculated into fresh LB broth supplement with ampicillin [L00 pg/ml] and
incubated overnight with shaking at 37 °C. Post incubation, the DNA plasmids were
extracted using the method described in section 2.3.6. The extracted plasmid DNA was
used to confirm the cloning of the pcDNA™ 3.1(+)-FLAG/Nef-40H and pcDNA™ 3.1(+)-
FLAG/Nef-MJ4 constructs. The plasmids were digested using the restriction enzymes
BamHI and EcoRI and the restriction digest reaction were prepared as in table 2.10 (tubes
1-4) and incubated for 1 hour at 37 °C. Restriction products were analysed by
electrophoresis on a 1% (w/v) agarose gel. Successful cloning would be confirmed by the
presence of two DNA fragments of the same sizes as the nef gene amplicon and the
digested pcDNA™ 3.1(+) vector, as seen in section 2.4.1. The identity of the insert was
validated by Sanger sequencing using the PCR primers (Table 2.8) at Inqaba Biotechnical
Industries (Pretoria, South Africa). The resulting sequences were confirmed by running a
BLAST search on the National Centre for Biotechnology Information (NCBI)

(https://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.4.6. Production of the modified HIV-1nef expressing

plasmids

To assess the effects of the mutations in Nef proteins on endothelial function, a mutation
had to be introduced into the wild-type strain. This would provide the same wild-type
background for all strains. The QuikChange™ Il XL Site-Directed Mutagenesis kit (Agilent,
California, U.S.A.) was used to make a point mutation inthe nef gene, changing base
pair 127C to 127T. This mutation would change the amino acid sequence of the HIV-1 Nef
protein at position 40 from Histidene (H) to Tyrosine (Y). In following with the kits manual,
mutagenic primers were designed using the QuikChange™ Primer Design Program

(https://www.agilent.com/store/primerDesignProgram.jsp) that makes the point mutation in
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pcDNA™ 3.1(+)-FLAG/Nef-40H plasmid. The primers designed were optimized for the Kkit.
Using the provided control primers and the designed sample primers, two master mix
reactions were prepared as described in the table below (Table 2.11). The reactions were
subsequently subjected to thermocycling in a T100 thermalcycler (Bio-Rad Laboratories,
California, U.S.A) using the cycling parameters recommended by the manufacturer as
shown in Table 2.12. Following completion of the thermocycling, 1 pl of Dpn | [10 U/pl]
restriction enzyme was added to each tube. The mixture was gently mixed and incubated
for 1 hour at37 °C in a heating to digest the parental (the nonmutated) plasmid DNA (Figure
2.2). The Dpn I-treated mutated plasmids were than transformed into the kit provided XL10-
Gold ultracompetent cells using the protocol described in section 2.3.5 and plated on LB
agar plate supplemented with 100 pg/ml ampicillin. The plates were incubated overnight at
37 °C.

Table 2.11: Preparation of mutagenesis reactions

Components Control reaction Sample reaction
10x Reaction buffer 5ul 5ul
Plasmid DNA [10 ng] 2 ul 2 ul
Forward primer [125 ng] 1.25 ul 1.25 pl
Reverse primer [125 ng] 1.25 ul 1.25 pl
dNTP mix 1u 1l
PfuUltra HF DNA | 1 pl 1l
polymerase [2.5 U/ pl]

QuikSolution reagent 3ul 3ul
dH20 36.5 pl 36.5 pl
Total volume 50 ul 50 ul
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Table 2.12: Cycling parameters for the QuikChange™ [l XL kit

Segment Number of cycles | Temperature Time
1 1 95 °C 1 minute
2 18 95 °C 50 seconds
60 °C 50 seconds
68 'C 1 minute/kb  of
plasmid length
3 1 68 °C 7 minutes
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pcDNA-FLAG/Nef-40Y

pcDNA-FLAG/Nef-40H

Mutagenic primers

Forward—#—
Reverse =#=—=

Anneal Extension

Figure 2.3: Site directed mutagenesis of Nef plasmid

Mutagenic primers designed with the mutation desired are used to introduce the mutation
ina process similar to polymerase chain reaction. Post the extension cycle, the template
plasmid (pcDNA 3.1-FLAG/Nef-40H) is digested by the Dpn | enzyme and allows the
mutated strands to anneal. This results in new pcDNA-FLAG/Nef-40Y plasmids, figure
adapted from Xia et al., (2014).

2.4.7. Confirmation of the site-directed mutagenesis

To confirm the presence of the mutation, 5 colonies were picked using pipette tips from the
sample reaction agar plate to perform colony PCR using the PO144 primers in table 2.7.
Each pipette tip was dipped in a PCR tube with 19 ul of PCR master mix as described in
section 2.4.1. The PCR products were analysed by electrophoresison a 1% (w/v) agarose
gel as described in section 2.4.1. The nef gene products were recovered from the agarose
gel using a Zymoclean Gel DNA Recovery Kit (Zymo Research, California, U.S.A.) as in
section 2.3.2. The recovered PCR products were digested with Fatl restriction enzymes for
1 hour at 55 ‘C in a heating block. Mutation screening using the Fatl restriction enzyme
was done because the Fatl restriction site was present at the site of the mutation in the
144-40H gene but was absent inthe 140-40Y gene after the mutagenesis reaction. A 144-
40H PCR product was used as a positive control as shown is table 2.13. The digested
products would be analysed on a 2% (w/v) agarose gel, loaded with a 100 bp DNA ladder

[0.1 pg/ul] (Solis Biodyne, Tartu, Estonia) performed under exact conditions as in section
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2.4.1. The same pipette tips used in the colony PCR were used to inoculate 5 fresh 15 mL
LB broth supplemented with 100 pg/ml ampicillin in 50 ml tube and cultured overnight at
37 °C with shaking at 150 rpm. Plasmid DNA was extracted using a Zippy Plasmid
Miniprep Kit as mentioned in section 2.3.6. The integrity of the pcDNA™ 3.1(+)-FLAG/Nef-
40H plasmid was confirmed by restriction digest using BamHI and EcoRI restriction
enzymes The restriction products were analysed by electrophoresis on a 1% (w/v) agarose
gel as previously described in section 2.4.1. Based on the analyses on the digested
products described in table 2.7 only PCR products that differed from the control sample
were validated by Sanger sequencing performed at Inqaba Biotechnicallndustries (Pretoria,
South Africa). The presence of the H40Y mutation was confirmed by performing a nef
sequence alignment with constructed plasmids against the HXB2 nef wild-type sequence

using the BioEdit software v.2.1 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html.).

Table 2.13: Restriction digests reaction preparation

Components 144-40H PCR products
20X Buffer 2 ul 2 pl

DNA [25 ng/ul] 2 pl 2 pl

Fatl [2000 units/ml] 2ul 2 ul

dH20 14 pl 14 pl

Total 20 pl 20 pl

2.4.8. Expression of recombinant HIV-1 Nef proteins

To determine the ability of the transient HIV-1 Nef expressing plasmids to produce
recombinant HIv-1Nef proteins, the constructs, and a mock plasmid (empty pcDNA™
3.1(+) plasmid), were transfected into HEK293T cells as described in section 2.3.8. Post
incubation of the transfected cells, the exqression of recombinant HIV-1 Nef proteins was

analysed by SDS-PAGE and Western blot analysis as described in section 2.3.9.
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2.4.9. In vitro expression of HIV-1 Nef in endothelial cells

The constructs expressing the wild-type and mutated HIV-1 nef genes, as well as a mock
plasmid (empty pcDNA™ 3.1(+) plasmid), and pSelect-GFPzeo plasmid (transfection
positive control) were transfected into HPMEC cells using the Invitrogen Lipofectamine
LXT Reagent or PEI [1 mg/ml] in 12-well culture plates. Lipofectamine LXT reagent and PEI
had similar transfection efficiency and decision on which one to use was based on
availability. Prior to transfection of adherent HPMECS, the cells were maintained in a T75
flask (Sigma-Aldrich, U.S.A) with Endothelial cell medium (ECM) supplemented with 10%
(v/iv) FBS, 1% (v/v) Endothelial cell growth supplement (EGCS)[100X], 100 U/mL penicillin-
streptomycin solution and 1mg/mL fibronectin (ScienceCell Research Laboratories,
California, U.S.A) for HPMECSs, incubated in a humidified atmosphere incubator at 37 °C
with 5% CO?Z2. The cells were passaged every two days. All cells were between passage 5
and 10 for the transfection. The day before transfection, the cells were prepared for
transfection as described in section 2.3.8. The cells were incubated until they reached 80%
confluency on the day of transfection. Once confluent, half of the wells would be treated
with TNF-a [10 ng/ml] and incubated for 6 hours to induce endothelial cell activation.
Activated non-transfected endothelial cells and supernatant were used as a positive control
for gPCR and ELISA respectively because TNF-a increased the expression of ICAM-1 and
VCAM-1 independently of HIV-1 Nef. Post incubation, for each well to be transfected, 1 pg
of Nef-expressing plasmids, mock plasmid or pSelect-GFPzeo plasmid were diluted in 100
pl of Opti-MEM™ | Reduced Serum media (Thermofisher Scientific, U.S.A.) within a
labelled 1.5 ml tube. Three microliters of Invitrogen™ Lipofectamine LTX Reagent
(Thermofisher Scientific, U.S.A.) or PEI [1Img/ml] was added to each tube as seen in Table
2.14. The mixture was incubated for 30 minutes at room temperature. Following the

incubation period, 100 pl of the DNA-Lipofectamine mixture was added directly to each well
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containing the cells and mixed by gently rocking the plate back and forth. The cells were
incubated at 37 ‘Cin a 5% CO: incubator for 48 hours. The transfections were done in

duplicates for each Nef-expressing plasmid.

Table 2.14: Transfection protocol used on endothelial cells

TNF-a treatment naive 6-hour TNF-a [10 ng/ml] treated
endothelial cells endothelial cells
Plasmids Nef-40H | Nef-40Y | Nef-MJ4 | Nef-40H | Nef-40Y | Nef-MJ4
Cell vessel | 12-well 12-well 12-well 12-well 12-well 12-well
Volume 1 ml 1ml 1ml 1 ml 1 ml 1 ml
Medium
Cells  per| 2.5x10° 2.5x10° 2.5x10° 2.5x10° 2.5x10° 2.5x10°
Well Cells cells Cells Cells Cells Cells
Volume 100 pl 100 ul 100 pl 100 pl 100 pl 100 pl
dilution
Medium
DNA 1ug 1pg 1pg 1ug 1ug 1ug
Transfection | 3 ul 3ul 3ul 3ul 3ul 3ul
Reagent

2.4.10. Confirmation of in vitro HIV-1 Nef expression

Cells and culture media described in section 2.4.9 were harvested separately at 0, 3, 6, 9,
12, 24 and 48 hours post transfection to analyse for HIV-1 Nef expression. The culture
medium was aspirated and stored in labelled 1.5 ml tubes at -20 °C, while the cells were
scrapped of the surface of the well with a cell scraper (Thermofisher Scientific, U.S.A.) and
collected with 200 yl PBS solution. The cells were divided in half, with 100 ul of the cells
were used to analyse HIV-1 Nef expression using Western blot analysis as described in
section 2.3.9. The remaining 100 ul of cells were centrifuged at 10000 x g for 10 minutes to

pellet the cells. The supernatant was discarded, and the pellet was stored at -20°C to be
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used in the quantitative-PCR (qPCR) analysis.

2.4.11. Quantification of biomarkers of endothelial function
2.4.11.1. Extraction of total RNA

Gene expression levels of the biomarker of endothelial function, ICAM1 and VCAM- 1, were
assessed in the harvested cells from section 2.4.10 by quantitative-PCR (gPCR). A
housekeeping gene (B-actin) was used as a loading control and to normalize the
expression of ICAM-1 and VCAM-1 between the different harvested cells. The total RNA
was extracted from the cells using the Quick-RNA™ Miniprep Kit (Zymo Research,
California, U.S.A.). The pelleted stored cells mentioned in section 2.4.10 were thawed on
ice. The pellet was resuspended in 100 pul of RNA Lysis Buffer. The lysed sample was then
transferred into a Spin-Away Filter in a collection tubeand centrifuged at 16000 x g for 30
seconds to remove genomic DNA. The flow through was saved and 100 pl of 100% (v/v)
ethanol added to the flow through. The mixture was then transferred into a Zymo-Spin IlICG
Column in a collection tube and centrifuged for 30 seconds at 16000 x g. Following
centrifugation, the flow-through was discarded and 400 pl of RNA Wash Buffer added to the
column and centrifuged at 16000 x g for 30 seconds. Five microliters of DNase | [250 U]
and 75 pl of DNA Digestion buffer were mixed in the column and incubated at room
temperature for 15 minutes. After incubation, 400 pl of RNA Prep Buffer was addedto the
column and centrifuged for 30 seconds at 16000 x g. The flow-through was discarded,;
following 700 pl of RNA Wash Buffer was added to the column and centrifuged for 30
seconds at 16000 x g. Complete removal of the wash buffer was achieved by adding 400
pl of RNA Wash buffer to the column and centrifuged for 1 minute at 16000 x g. The
column was transferred to a labelled nuclease-free 1.5 ml tube, where 100 pl of
DNase/RNase-Free Water was added directly onto the column matrix and centrifuged for 1

minute at 16000 x g to collect the mRNA. The purity of the RNA was measured by using a
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NanoDrop™ One/One C Microvolume UV-Vis Spectrophotometer (Thermofisher Scientific,
U.S.A.)). The DNase/RNase-Free Water was used to blank the machine. RNA with a
reading of ~2.0 for the ratio of absorbance at 260 nm and 280 nm was deemed to be pure

and of excellent quality.

2.4.11.2. Complementary DNA synthesis

The LunaScript® RT SuperMix Kit (New England Biolabs, Massachusetts, U.S.A.)was
used to synthesis complementary DNA (cDNA) used in a 2-step gqPCR workflow. A cDNA
synthesis reaction was prepared for each mRNA extracted (section 2.4.11.1) by adding 4
pl of LunaScript RT Supermix, 1 pl of RNA sample (section 2.4.11.1) and nuclease-free
water up to 20 ul in a nuclease-free PCR tube. The tubes were incubated in a T100 thermal
cycler (Bio-Rad Laboratories, California, U.S.A) set to the manufacturer's parameters, as

shown in Table 2.15.

Table 2.15: Cycling parameters for the LunaScript® RT SuperMix Kit

Cycle Step Temperature Time Cycles
Primer annealing 25°C 2 minutes

cDNA synthesis 55°C 10 minutes 1

Heat inactivation 95° 1 minute

2.4.11.3. Real-time quantitative-PCR

The Luna® Universal gPCR Master Mix kit (New England Biolabs, Massachusetts, U.S.A.)
was used for the gPCR. A master mix was created for each biomarker and 3-actin to be
analysed by adding the Luna Universal gPCR Master mix with the specificprimers (Table
2.16) to the template cDNA. The B-actin Ct value obtained was usedto standardize the Ct
values of the biomarkers for the 2*-AACt calculations. The 2”-AACt calculations represent
the fold change in mRNA expression relative to the control group used. The volumes for
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each component were obtained from the manufacturer ‘s instruction, shown in Table 2.17.
The master mix was thoroughly mixed, centrifuged, and aliquoted (19 ul each) into eight
gPCR tubes. One microliter of template cDNA from section 2.4.11.2 was addedto their
corresponding tubes and mixed. The tubes were then placed in a Rotor-GeneQ (QIAGEN,
Germany) real-time PCR instrument set to the kit manufacturer ‘s thermocycling parameter,
as shown in Table 2.18. The Luna Universal gPCR Master Mix uses the SYBR® Green |
dye for detection of the amplified DNA products which will be detected in the melt curve
step. The intercalating SYBR® Green | dye gives a signal for detection only when bound to
dsDNA and stops fluorescing when the dsDNA is separated into ssDNA.

Table 2.16: Primer sequences used in RT-PCR

Target Primer name and sequence
ICAM-1 F1_ICAM: 5- AGCCAACCAATGTGCTATTCAAAC-3
R1_ICAM: 5-CACCTGGCAGCGTAGGGTAA-3
VCAM-1 F1_VCAM: 5-CGAAAGGCCCAGTTGAAGGA-3'
R1 VCAM: 5-GAGCACGAGAAGCTCAGGAGAAA-3
B-actin F1 B-actin: 5-TGGCACCCAGCACAATGAA-3
R1 B-actin: 5-CTAAGTCATAGTCCGCCTAGAAGCA-3

Table 2.17: Reaction setup for gPCR

Components X1 Reaction 8x Reaction
Luna Universal gPCR Master Mix | 10 pl 80 ul
Forward Primer (10 uM) 0.5 ul 4 ul
Reverse primer (10 uM) 0.5 ul 4 ul
Template DNA <100 ng

Nuclease-free water 8 ul 64 ul

Total 19 pl 152 pl
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Table 2.18: Thermocycling protocol for the Luna®Universal qPCR Master Mix

Cycle step Temperature Time Cycles
Initial denaturation | 95°C 60 seconds 1
Denaturation 95°C 15 seconds

Extension 60°C 30 seconds 40
Melt curve 60-95°C Various 1

2.4.12.VCAM-1 Protein expression study

A quantitative analysis of the concentration of soluble VCAM-1 in harvested culture
supernatant in section 2.4.10 was done using an Enzyme-linked Immunosorbent Assay
(ELISA). This was done to evaluate the levels of soluble VCAM-1 in the supernatant against
their levels of expression as the levels of detached VCAM-1 from the cellular membrane
may differ to their levels of expression. The supernatant from the transformed cultures
mentioned in section 2.4.10 was harvested and centrifuged at 10000 rpm for 15 minutes to
remove cells and debris. Soluble VCAM-1 were measured in the collected samples using
the Human sVCAM-1 ELISA kit (Thermofisher Scientific, U.S.A.). Protein standards were
established for the kit by performing serial dilutions sVCAM-1 [200 ng/ml] standard
solutions. Microcentrifuge tubes (1.5 ml) were labelled, one for each standard point: S1,
S2, S3, S4, S5 andS6. The 1:2 serial dilutions were prepared as follows, 225 pl of Assay
buffer was pipetted into each tube and then 225 pl of standard was added to tube S1 thus
givingthe first standard a final concentration of 100 ng/ml. Tube S2 received 225 pl of the
dilution in tube S1, resulting in a final concentration of 50 ng/ml. This was done until tube
S6 and the concentrations for all standards were represented in table 2.19. The
supernatant samples harvested were diluted 1:10 (10 pl sample + 90 pl sample diluent).
Supernatant from the TNF-a treated non-transfected cells was used as positive control.
Hundred microliters of each standard were pipetted into the respective microwell plates
coated with monoclonal antibody to human sVCAM-1 in duplicates. Blanks wells were
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prepared by adding 100 ul of Assaybuffer. Hundred microliters of the diluted supernatant
samples were added to the remaining wells in duplicates. Fifty microliters of HRP-
conjugated anti-human sVCAM-1 monoclonal antibodies were added to each well on
respective plates. The plates were covered with adhesive film and incubated for 2 hours at
room temperature. After incubation, the adhesive film was removed, and the wells were
emptied. The plates were washed twice by adding 400 ul of Wash buffer per well. The
Wash buffer was incubated for 15 seconds before aspiration. After the last wash, the Wash
buffer was removed and the microwell plates were tapped on absorbent paper towel to
remove the excess Wash buffer. TMB Substrate solution was added to all wells to a volume
of 100 pl. The plates were incubated in a dark room for 10 minutes at room temperature,
allowing the solution to develop a dark blue colour. The reaction was stopped by adding
100 pl of Stop solution to each well. The absorbance of each microwell was read on a
Synergy™ HT microplate reader (Agilent, California, U.S.A.) using 450 nm as the primary
wavelength and 620 nm as the reference wavelength. The mean absorbance readings for
each standard were used to make a standard curve for each kit. The standard curve was

used to extrapolate the concentrations of SVCAM-1 in each sample.
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Table 2.19: Standard dilutions for the sVCAM-1 ELISA kits

Standard Concentration (ng/ml)
VCAM-1
S1 37.5
S2 16.7
S3 9.37
S4 4.69
S5 2.34
S6 1.17
S7 0.59

2.4.13. Statistical analysis

Statistical analysis was performed using Graphpad Prism software v8.4.3 (GraphPad,
California, U.S.A.). Expression levels of ICAM-1 and VCAM-1 mRNA in HIV-1 Nef
transfected HPMECs in the presence and absence of TNF-a were compared using a
Student's unpaired t test. Levels of ICAM-1 and VCAM-1 mRNA expressed at varying time
points (3, 6, 9, 12, 24 and 48hrs) in the absence and presence of TNF-a were compared to
their respective negative control using ANOVA. The expression level of ICAM-1 and
VCAM-1 were grouped by HIV-1 Nef variants and by each experimental condition, following
which a Tukey‘'s multiple comparisons test was used to compare across the 3 HIV-1 Nef
variants (Nef-40H, Nef-40Y and Nef-MJ4) to determine significant differences in expression
levels of adhesion molecules. The timepoint considered to give maximum expression of
adhesion molecules (24hrs post transfection) was selected, and a Dunnett's multiple
comparisons test wasperformed to determine significant differences in expression levels of
ICAM-1 and VCAM-1 mRNA in HPMECs cultured in the absence of HIV-1 Nef and TNF-a
(negative control) compared against HPMECs cultured in the presence of HIV-1 Nef and

TNF-a, absence of HIV-1 Nef and presence of TNF-a, and HPMECs cultured in the
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presence of HIV-1 Nef and absence of TNF-a. A Tukey‘'s multiple comparisons test was
equally performed to determine significant differences between levels of ICAM-1 and
VCAM-1 mRNA expression in HIV-1 Nef transfected HPMECs in the presence of TNF-a
against HPMECs cultured in the absence of Nef but presence of TNF-a, and HPMECs
cultured in the presence of Nef but absence of TNF-a. Thiswas done to determine if
there was a cooperative relationship between HIV-1 variants and TNF-a. The same
statistical analysis was performed on VCAM-1 proteinexpression profiling data. A value of

statistical significance was defined as a p<0.05.
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Chapter 3: Results

3.1. Construction of stable HIV-1 Nef expression plasmids

3.1.1. PCR amplification of HIV-1 nef encoding genes

The HIV-1 nef encoding sequences were amplified by a polymerase chain reaction using a
Hi-Fi Tag with primers containing restrictions sites, Agel and EcoRlI, to enable cloning into
the pLKO.dCMV,TetO.3xFlag plasmid for stable expression in mammalian cells. The pMJ4
plasmid was used as the DNA template for the amplification of wildtype HIV-1 nef (nef-MJ4)
(Figure 3.1, lane 1-4) while a clinical isolate (i.e., PO144) in the form of a PCR product
was used for the amplification of the wildtype HIV-1 nef (i.e., 40H) (Figure 3.1, lane 5-6).
Both produced amplicons of the correct size of approximately 640 bp, as well as some non-

specific amplicons greater than 700bp.

1500

1000

700

600

Figure 3.1: Agarose gel electrophoresis of HIV-1 Nef PCR products
HIV-1 nef PCR products resolved on a 1% (w/v) agarose gel. Lane M: Quick load 100 bp

DNA ladder; lane C — negative control (no plasmid); lanes 1-4: HIV-1 nef MJ4 PCR
products with Agel and EcoRI restriction sites; Lanes 5-8: HIV-1 nef 40H PCR products
with Agel and EcoRI restriction sites. HIV-1 nef amplicons were approximately 640 bp in
size, however non-specific amplicons greater than 700 bp were observed in lanes 1-4 but
not seen in lanes 5-6.
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3.1.2. Construction of recombinant HIV-1nef expression

plasmids

The amplified HIV-1 nef gene was inserted into the multiple cloning site of the
pLKO.dCMV,TetO.3xFlag plasmid by ligation, between the Agel and EcoRIrestriction sites
of the vector. To clone the HIV-1 nef gene inserts into the pLKO.dCMV,TetO.3xFlag vector,
double digestion of the pLKO.dCMV,TetO.3xFlag vector and amplified HIV-1 nef products
was performed with Agel and EcoRI restriction enzymes and analysed on a 1% (w/v)
agarose gel. For the plasmid (Figure 3.2), restriction digest with either Agel (lane 3) or
EcoRI (lane 4) resulted in a linearized pLKO.dCMV,TetO.3xFlag vector with a size of 8140
bp; while a double digest (lanes 1, 2) resulted in two fragments, 7519 bp and 621 bp in
size, respectively corresponding to the pLKO.dCMV,TetO.3xFlag vector backbone and the

Agel and EcoRlI fragment with the pLKO.dCMV,TetO.3xFlag vector (Figure 3.2, lane 1-2).

M C 1 2 3 4

Figure 3.2: Restriction digest of pLKO.dCMV,TetO.3xFlag plasmids
Restriction digest of pLKO.dCMV,TetO.3xFlag plasmids resolved on a 1% (w/v) agarose

gel. Lane M: 1 kb DNA ladder (Promega, U.S.A); lane C: undigested
pLKO.dCMV,TetO.3xFlag plasmid; lanes 1-2: duplicate reactions of double digested
pLKO.dCMV,TetO.3xFlag plasmids with Agel and EcoRIl; lane 3: linearized
pLKO.dCMV,TetO.3xFlag plasmid by single digest with Agel; lane 4: linearized
pLKO.dCMV,TetO.3xFlag plasmid by single digest with EcoRI.

For the amplicons (Figure 3.3), double digestion resulted in a fragment of approximately
630 bp for HIV-1 nef-MJ4 (Figure 3.3, lane 1-2) and 640 bp for HIV-1 nef-40H (Figure 3.3,

lane 3-4), respectively. The sizes of the amplicons were estimated by adding the number of
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base pairs of the restricted primers to the length of the HIV-1 nef genes.

M 1 2 M 3 4

Figure 3.3: Restriction digest of HIV-1 nef PCR products

Restriction digestion of HIV-1 nef PCR products analysed on a 1% (w/v) agarose gel. Lane
M: 1kb DNA ladder (Promega, U.S.A.); lanes 1-2: duplicate reactions of double digested
nef-MJ4 PCR product with Agel and EcoRI restriction enzymes; lanes 3-4: duplicate
reactions of double digested nef-40H PCR product with Agel and EcoRI restriction

enzymes.

Colonies possibly containing the pLKO.dCMV,TetO.3xFlag/ plasmids with the desired
Nef-MJ4 (Figure 3.4A) and Nef-40H (Figure 3.4B) inserts were observed on the plates.

Figure 3.4: LB agar plates with Nef-expressing construct colonies

Transformed JM109 E.coli colonies with (A) pLKO.dCMV,TetO.3xFlag/Nef-MJ4 ligation
reaction and (B) pLKO.dCMV,TetO.3xFlag/Nef-40H ligation reaction plated on ampicillin
supplemented LB agar plates.

79



Three colonies from each plate were grown overnight and confirmed for the presence
respective inserts by performing colony PCR. PCR was conducted on a double digested
empty pLKO.dCMV,TetO.3xFlag plasmid and no amplicons were observed thus no
amplification had taken place (Figure 3.5A, lane CV), similar to the no template control
reaction (Figure 3.5A, lane NC). Colony PCR of the HIV-1 nef-MJ4 overnight culture
produced amplicons that were greater in size than the HIV-1 nef-MJ4 genes (Figure 3.5A,
lanes 1-3). This may have been due to non-specific binding of the primers, resulting in PCR
products larger than the HIV-1 nef-MJ4 gene. Colony PCR of the HIV-1 nef-40H overnight
culture showed amplicons with the size of HIV-1 nef-40H genes observed in Figure 3.5B,
lane 1-3. However, amplicons of greater and smaller sizes to the gene of interest were
produced (Figure 3.5B, lanes 1-3), due to non-specific binding. A positive PCR control
setup using a digested PCR product produced a single band on the agarose gel (Figure

3.5B, lane PC). A no template PCR was used as a negative control (Figure 3.5B, lane NC).

A B

M NC v 1 2 3

Figure 3.5: Colony PCR of transformed cells

Colony PCR of E.coli colonies transformed with (A) pLKO.dCMV,TetO.3xFlag/Nef-MJ4
constructs and (B) pLKO.dCMV,TetO.3xFlag/Nef-40H constructs. Lane M: Quick load
100 bp DNA ladder; lane NC: no plasmid control; lane CV: double digested empty
pLKO.dCMV,TetO.3xFlag vector; lanes 1-3A: amplicons from the
pLKO.dCMV,TetO.3xFlag/Nef-MJ4 construct; lane PC: positive control ; lanes 1-3B:
successful pLKO.dCMV,TetO.3xFlag/Nef-40H clones.

Restriction digest was used to confirm successful cloning of the nef gene insert into the
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pLKO.dCMV,TetO.3xFlag vector. Double digestion of the plasmid DNA obtained from
colonies of pLKO.dCMV,TetO.3xFlag/Nef-MJ4  (Figure 3.6, lane 1) and
pLKO.dCMV,TetO.3xFlag/Nef-40H (Figure 3.6, lane 2) with both Agel and EcoRI
restriction enzymes resulted in two distinct DNA fragments of around 750 bp (nef inserts)

and 7.5 kb (plasmid backbone).

3000
2500/
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1000/ SN
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Figure 3.6: Confirmation of Nef-expressing plasmids

Restriction digest of pLKO.dCMV,TetO.3xFlag-nef expressing plasmids analysed on a 1%
(w/v) agarose gel. Lane M: 1 kb DNA ladder (Promega, U.S.A.); lane 1: double digest of
pLKO.dCMV,TetO.3xFlag/Nef-MJ4 with both Agel and EcoRI enzymes; lane 2: double
digest of pLKO.dCMV,TetO.3xFlag/Nef-40H with both Agel and EcoRI enzymes. Bands of

the HIV-1 nef inserts can be observed around the 750 bp marker.

3.1.3. Sequencing of Nef expression plasmids

Population-based Sanger sequencing of the pLKO.dCMV,TetO.3xFlag/Nef-MJ4 and
pLKO.dCMV,TetO.3xFlag/Nef-40H plasmids extracted from the colonies was performed at
Ingaba Biotech (Pretoria, South Africa) using the pLKO plasmid sequencing primers listed
in section 2.3.1. Sequence alignment was performed on the sequencing data against the

known HIV-1 nef sequences for nef-MJ4 (Figure 3.7A) and nef-40H (Figure 3.7B).
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A

MNef-MJ4 ATGGGGGGCAAGTGGT CAAAAAGCAGTATAGTTGGATGGCCTGCTG TAAGAGAA
MJ4  pLKO TM_.RARR_CTTCTTCTTG.GC. _AC_A. _GAA. _CA_. . . C.T.CT._.GC
MNef-MJ4 TCTCAAGACTTAGATAAACATGGAGCACTTACAAGCAGCAACACAGCCGCCAATA

MJ4 plkKO AGCG. AC A G.G.T.C.C.TAT.ATG.GC. GATTATGC. . AGCTT .GT .CCG

Nef-MJ4 TAGGCTTTCCAGTCAGACCTCAAGTACCTTTAAAACCAATGACTTATAAGGGAGC
MJ4 pLKO .G.C.GCC..C.A.CTGT. . .CCA....CC.GG. -GGA.G.C .CCT.C. .
Nef-MJ4 GTTAATTTACTCT AAGAAAAGGCAAGAGATCCTTGATTTGTGGGTCTATCACACA
MJ4 pLKO .GCC.CAACT.._ GCCGCG..T GC....GGCGC.GC....G.C.G.C.G
Nef-MdJ4 ATCACATACCCACTGACCTTTGGATGGCCATTCAAGCTAGTGCCAGT TGACCCAA
MJ4 pLKO . GG . ... TG.B.C. _AACC.CCC. . TTGCT.. A.G.C .G. . A. . G.G.GG
Nef-MJ4 CATCCTATGAGCCAGCA - TGGAATGGATGATGAAGAAAGAGAAGTATTA
MJ4 pLKO .GCA.CGC. ... .. CTGGCC.CCT.CTG. .GC. .C. .GCTGCGCC.CC.GTGTGC
Nef-MJ4 C  CGCGAGATACATCCGGAGTATTACAAAGACTGCTGA
MJ4 pLKO .GCT..AR..CS.GG...A.S- .CCT...G.G.GA

B
nef-40H ATGGGGGGCAAATTATCCAAAAGCTGGCCTGCTGTGAGAGAAAGAATGAGAAAAACT AAACTAGT AGAAGAG
Nef-40H_pLKO
nef-40H GCCCAGCATCTCAAGACTTAGCTAGACATGGTGCACT TACAAGCAGCAACACGCCCACCAATAATC - CTGA
Nef-40H_pLKO .RGAARS.Y..CCTGGCT.CT.GAGAA. . . .. TGC.T.CTGG. .T.
nef-40H GATGAAGAAGTGGGCTTTCCAGTCAGACCTCAGGT  GCCTTTAAGACCAATGACT TACAAAGGAGCCTTCGA
Nef40H pLkO . . C CCAA.. . GG.T..CG.A. .. ATG...TA..C...T..T- G..C.AG.TT.T.CCAAGC.T.G
nef-40H GGACTGGATGGGTTAATTTACTCCAAGAAAAGGCAAGAAATCCTTGATTTGTGGGT CTATCACACACAAGGC
Nef40H pLKO - .TT..T.CAAAAA.GCAGG.A...T. .CCGC..CC..CC...CCAC.A.C.T. ..GG...A
nef-40H CTGGACCAGGGGT CAGATACCCACTGACCTTTGGATGGTGCTATAAG - CTAGTACCAGT TGAT CCAAGGGA
Nef40H plkO ..C...T.CT - ...CGG.T..GG...TGACC.AC..CG..C.C..CTT..GCCG.G.. .GC....GGC.CT
nef-40H GGCTGCC TGCTACACCCTATAAATCTGCATGGAATGGAGGATGAACACAGAGAGATATTAAAGTGGC
Nef40H plkO .CG....CCGAG...CG.GAG..G.CCCCGCAG.G.A.CCT.C..CCC... .GBCCCGCT .GC.. .GA. ...
nef-40H ACACATAGCCCGTGAGAAACATCCGGAGTACTACAAAGACTGCTGA
Nef40H pLKO T.G.CGGT....CAG.GCGTGWG.CCK.CG

Figure 3.7: HIV-1 nef sequencing results
Sequences of HIV-1 nef inserts obtained from sequencing against the known HIV-1 nef

sequences for (A) pLKO.dCMV,TetO.3xFlag/Nef-MJ4 and (B)
pLKO.dCMV,TetO.3xFlag/Nef-40H using pLKO sequencing primers. The sequencing data
was labelled nef-MJ4_pLKO and nef-40H_pLKO, while the known sequences were
labelled nef-MJ4 and nef-40H. The _° represented identical residues and ~* represent
the gaps.

Sequence alignment of the obtained sequencing data against known sequences of HIV-1

nef-MJ4 and HIV-1 nef-40H did not yield any positive matches. Therefore, the Basic Local
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Alignment Search Tool (BLAST) online tool was used on the National Centre for

Biotechnology Information (NCBI) website

(https://blast.ncbi.nim.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&Ll

NK_LOC=blasthome) to search matching sequences. Results from the BLAST search did
not correspond to known sequences of the HIV-1 nef gene (Figure 3.8) but corresponded
with 98% identity to sequences from tripartite motif 11 (TRIM11). The human E3 ubiquitin-
protein ligase called TRIM11 facilitates the degradation of insoluble ubiquitinated proteins
(Ishikawa et al., 2006). The TRIM 11 gene did not form part of the
pLKO.dCMV,TetO.3xFlag vector. This therefore suggests that the cloning of the nef-
expressing plasmids was not successful. Despite the lack confirmation of sequence identity,
the expression of recombinant Nef proteins from the pLKO.dCMV,TetO.3xFlag/Nef-MJ4

and pLKO.dCMV,TetO.3xFlag/Nef-40H followed.

Select columns ¥ Show | 100 ¥ (2]

Sequences producing significant alignments Download “

select all 100 sequences selected GenBank Graphics Distance tree of results  MSA Viewe|

Hescnpiion Scientific Max Total  Query E Per. Aooilon P

~ Name Score Score Cover value Ident >
- w - - v -

Synthetic construct Homo sapiens clone IMAGE:100070318; IMAGE:... synthetic ... 767 767 71% 0.0 98.39% 1447 EU447015.1
PREDICTED: Pan paniscus tripartite motif containing 11 (TRIM11), tr... Pan pani... 749 749 69% 0.0 98.80% 3513 XM_008963572.2
PREDICTED: Pan paniscus tripartite motif containing 11 (TRIM11), tr... Pan pani... 749 749 69% 0.0 98.80% 351 XM_003804774.3
Homo sapiens tripartite motif containing_11 (TRIM11), mRNA Homosa... 749 749 69% 0.0 98.80% 2710 NM_145214.3
PREDICTED: Homo sapiens tripartite motif containing 11 (TRIM11), tr... Homo sa... ~ 749 749 69% 00 9880% 2292  XM_0115442853
PREDICTED: Homo sapiens tripartite motif containing 11 (TRIM11), tr... Homo sa... 749 749 69% 0.0 98.80% 2520 XM_017002412.2
PREDICTED: Pan troglodytes tripartite motif containing 11 (TRIM11),_... Pan trogl... 749 749 69% 0.0 98.80% 2754 XM_016940472.2
PREDICTED: Pan troglodytes tripartite motif containing_11 (TRIM11), ... Pan trogl... 749 749 69% 0.0 98.80% 2711 XM_016940469.1
Homo sapiens cDNA, FLJ95361, highly similar to Homo sapiens tripar... Homo sa... 749 749 69% 0.0 98.80% 1645 AK314539.1
Homo sapiens tripartite motif-containing_11, mRNA (cDNA clone MGC... Homo sa... 749 749 69% 0.0 98.80% 2725 BC069227 1
Homo sapiens cDNA FLJ90385 fis, clone NT2RP2005247, weakly si... Homosa... 749 749 69% 0.0 98.80% 2525 AK074866.1

Figure 3.8: Blast search results

Blast search results obtained from analysing the HIV-1 nef sequencing data, indicating the
absence of HIV-1 nef in the submitted sequences.
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3.1.4.Expression of recombinant Nef proteins

The ability of the cloned-in nef genes to produce HIV-1 subtype C Nef proteins was tested
by transfecting HEK293T cells with the pLKO.dCMV,TetO.3xFlag/Nef-MJ4 and
pLKO.dCMV,TetO.3xFlag/Nef-40H plasmids. The aim of the transfection was to assess
whether the constructs were cable of producing proteins, and if so, check to see if the
expressed Nef protein could be confirmed by Western blot using anti-Nef antibodies. The
production of HIV-1 Nef proteins was analysed by SDS-PAGE and confirmed by Western
blot analysis using mouse-raised monoclonal anti-Nef antibodies and rabbit-raised anti-Flag
antibodies. SDS-PAGE analysis of the cell pellets from HEK293T cells transfected in
duplicates  with GFPZeo/Nef-HXB2 plasmid (Figure  3.9A, lane 1-2),
pLKO.dCMV,TetO.3xFlag/Nef-MJ4 (Figure 3.9A, lane 3-4) and
pLKO.dCMV,TetO.3xFlag/Nef-40H (Figure 3.9A, lane 5-6) plasmids retrieved during
expression showed no distinctive bands when compared to the negative (untransfected)
control HEK293T cells (Figure 3.9A, lane -C). Western blot using anti-Nef antibodies
confirmed only expression of the Nef-HXB2 protein (Figure 3.9B, lane 1-2) but could not
confirm expression of the HIV-1 Nef-MJ4 and Nef-40H proteins (Figure 3.9B, lane 3-6) as
no intense bands could be observed around the expected location with reference to the
Nef-HXB2 control protein. Western blot analysis confirmed no expression of the HIV-1 Nef
protein by untransfected HEK293T cells (Figure 3.9B, lane —C). Western blot analysis
performed using the anti-Flag antibodies could also not detect Flag-tagged HIV-1 Nef
proteins (Figure 3.9C) which suggested that the cloning of the HIV-1 nef-expressing genes
into the pLKO.dCMV,TetO.3xFlag vector was not successful. Another possible reason for
thefailed detection could be due to the 3/16 amino acid mismatch in the Nef-MJ4 and 6/16
amino acid mismatch in the Nef-40H protein compared to the anti-Nef antibody epitope.

The HIV-1 Nef antibody [3D12] is said to bind to HIV-1 subtype B and C Nef proteins
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recognizing the amino acids at positions 35-50. A study by Poon and colleagues reported
this region to be of high sequence variation (Poon et al., 2010). The high occurrence of
variations in this region could negatively affect the ability of the monoclonal HIV-1 Nef
antibody to bind to the HIV-1 Nef-40H and Nef-MJ4 proteins. Since the pSelect-
GFPZeo/Nef-HXB2 plasmid did not contain a Flag tag, the anti-Flag antibodies were not

expected to bind to this protein, as observed in the blot.

. - T—

" 4m g-Nef antibodies
| A

Figure 3.9: Analysis of recombinant Nef expression
Analysis of recombinant Nef expression. SDS-PAGE (12%) analysis of cells pellets from

HEK293T cells transfected with the Nef-expressing plasmids (A). Western blot analysis of
transfected cells using anti-Nef antibodies (B). Western blot analysis using anti-Flag
antibodies (C). Lane M: Precision plus protein standard; lane -C: untransfected HEK293T
cells; lane 1-2: pSelect-GFPZeo/Nef-HXB2 plasmid transfected cells; lanes 3-4:
pLKO.dCMV,TetO.3xFlag/Nef-MJ4 plasmid transfected cells; lanes 5-6:
pLKO.dCMV,TetO.3xFlag/Nef-40H plasmid transfected cells.
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3.2. Construction of transient HIV-1 Nef expression plasmids

Cloning of HIV-1 nef genes into pLKO.dCMV,TetO.3xFlag vector and expression of HIV-1
proteins was not achieved. Changing of experimental design was chosen over
troubleshooting because the pLKO.dCMV,TetO.3xFlag plasmid was a gift of which its
identity was not confirmed prior to its use. A new transient mammalian expression vector
was thus used for the expression of HIV-1 Nef proteins. A transient expression was
chosen over stable expression because the transient expression vector sequence was
identified and confirmed prior to its use. Additionally, transient expression produced large
amounts of recombinant proteins in a shorter time compared to the more labour-intensive
and lengthy pooling time involved with stable expression (Duong-Ly & Gabelli, 2014). The
transient expression vector selected was under the control of the human cytomegalovirus
(CMV) promoter, which is known to produce high levels of mMRNA and protein expression in

transient transfections (Xia et al., 2006).

3.2.1. PCR amplification of HIV-1 nef encoding genes

The HIV-1 nef encoding gene from the PO144 clinical isolate and pMJ4 plasmid was
amplified by PCR using Tag and visualised on a 1% (w/v) agarose gel. Amplification of
the nef gene with the primers listed in Table 2.1 enabled addition of a FLAG tag protein on
the N-terminal end of the HIV-1 nef genes, as well as BamHI and EcoRI restriction sites on
the 5- and 3‘-ends, respectively. The nef-MJ4 (Figure 3.10, lanel) and nef-40H (Figure
3.10, lanes 2-4) genes were successfully amplified and were used downstream for cloning

into the pGEM®-T Easy vector.
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Figure 3.10: PCR products from nef amplification
Analysis of HIV-1 nef PCR products on 1% (w/v) agarose gel. Lane M: 1 kb DNA ladder

(Promega, U.S.A.); lane NC: no template control; lanes 1: HIV-1 nef-MJ4 PCR product
with introduced FLAG tag and BamHI/EcoRI restriction sites; lane 2-4: triplicates of HIV-1
nef- 40H PCR product with introduced FLAG tag and BamHI/EcoRI restriction sites.

3.2.2. Construction of recombinant HIV-1 Nef expression vectors
The amplified HIV-1 nef encoding PCR products were first cloned into a pGEM®-T Easy

vector, followed by sub-cloning into the pcDNA™ 3.1(+) vector between the BamHI and
EcoRI restriction sites in cloning site. The cloning into pGEM®-T Easy vector was to
allow for screening of successful clones and improve the efficiency of the restriction
enzymes. The amplified HIV-1 nef genes were ligated to a pPGEM®-T Easy vector using a
1:3 vector to insert ratio in the ligation reaction. The ligated products were transformed into
chemically prepared JM109 E.coli competent cells and plated on LB agar plates
supplemented with ampicillin, X-gal and IPTG to facilitate screening of colonies with the
correct insert. A few blue colonies were observed on the nef-MJ4+pGEMT plate (Figure
3.11A) amongst the white colonies. Two blue colonies were seen on the nef-40H+pGEMT

plate (Figure 3.11B) amongst the white colonies present.
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Figure 3.11: LB agar plates with pGEMT-Nef plasmids
Blue/White colony screening of (A) nef-MJ4+pGEMT plasmids and (B) nef-40H+pGEMT

plasmids on LB agar plates supplement with ampicillin, X-gal and IPTG.

About 5 - 8 white colonies were picked from each plate and colony PCR performedto
confirm successful cloning of the nef plasmid. One colony showed successful cloning of
nef-MJ4 into the pGEM®-T Easy vector (Figure 3.12A, lane 2), with an amplicon of
approximately 630bp. Four colonies showed successful cloning of nef-40H into the

pPpGEM®-T Easy vector (Figure 3.12B, lane 3 to 6), with amplicons of approximately 640 bp.
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Figure 3.12: Colony PCR of Nef-pGEMT colonies
Colony PCR of E.coli colonies transformed with (A) nef-MJ4+pGEMT clones and (B) nef-

40H+pGEMT clones. Lane M: 1 kb DNA ladder (Promega, U.S.A.); lanes 1-4 (A): nef-
MJ4+pGEMT colonies; lane 1-6 (B): nef-40H+pGEMT colonies.

Colonies that showed correct sized amplicons for the colony PCR were inoculated in fresh
LB broth, supplemented with ampicillin, and incubated overnight. Plasmid DNA was
extracted from the overnight culture to perform a restriction digest. Double digestion of the
plasmid DNA was conducted using restriction enzymes, BamHI and EcoRI, to excise the
nef inserts from the pGEMT vector. Restriction digest of the nef- MJ4+pGEMT plasmids
was successful, resulting in two fragments of approximately 3000 bp and 630 bp (Figure
3.13, lanes 1-5), corresponding to the empty pGEMT vector and the nef-MJ4 insert,
respectively. Meanwhile, successful digestion of the nef-40H+pGEMT plasmids yielded
two DNA bands of approximately 3000 bp and 640 bp (Figure 3.13, lane 6,-8,10),

corresponding to the empty pGEMT vector and nef-40H insert, respectively.
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Figure 3.13: Restriction digest of Nef+pGEMT plasmids
Restriction digest of nef+pGEMT plasmids analysed on 1% (w/v) agarose gel. Lane M: 1

kb DNA ladder (Promega, U.S.A.); lanes 1-5: double digest of nef-MJ4+pGEMT plasmids
with BamHI and EcoRI enzymes; lane 6-10: double digest of nef-40H+pGEMT plasmids

with BamHI and EcoRI enzymes.

The digested HIV-1 nef products were electrophoresed, recovered from the agarose gel,
and subsequently cloned into the pcDNA™ 3.1(+) plasmid for mammalian expression.
Restriction digest of an empty pcDNA™ 3.1(+) plasmid (Figure 3.14) was carried out
using restriction enzymes BamHI and EcoRI and verified on a 1% (w/v) agarose gel. The
undigested pcDNA™ 3.1(+) plasmid produced three bands, corresponding to the open-
circular, coiled and supercoiled confirmations on intact plasmid DNA (Figure 3.14, lane 1).
Restriction digest with either the BamHI or EcoRlI restriction enzyme resulted in a linearized
plasmid at 5428 bp. However, BamHI could not completely digest the plasmid, resulting in
two fragments in lane 3, corresponding to the linearized and supercoiled confirmation of the
plasmid (Figure 3.14, lane 3). Double digestion using BamHI and EcoRI resulted in one
fragment corresponding to the cut pcDNA™ 3.1(+) vector at 5405 bp, however, the smaller
fragment of 23 bp in size could not be seen in the gel as it was 23 bp in size (Figure 3.14,

lane 4).
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Figure 3.14: Restriction digest of pcDNA 3.1(+) vector
Restriction digest of pcDNA 3.1(+) plasmids resolved on a 1% (w/v) agarose gel. Lane M:

1 kb DNA ladder (Promega, U.S.A.); lane 1: undigested pcDNA 3.1(+) plasmid; lane 2:
linearized pcDNA 3.1(+) plasmid by single digest with BamH]I; line 3: linearized pcDNA
3.1(+) plasmid by single digest with EcoRl; lane 4: double digested pcDNA 3.1(+) plasmids
with BamHI and EcoRI.

Post successful restriction digest, the digested products were recovered from the agarose
gel and used in ligation reactions. A 1:3 ratio of plasmid to HIV-1 nef amplicon was used in
the ligation reaction. The ligation products were transformed into chemically competent
JM109 E.coli cells and incubated overnight on LB agar plates supplemented with ampicillin.
The resulting colonies had pcDNA™ 3.1(+)- FLAG/Nef-MJ4 plasmid (Figure 3.15A) and

pcDNA™ 3.1(+)-FLAG/Nef-40H plasmid (Figure 3.15B).
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Figure 3.15: LB agar plates with pcDNA Nef-expressing construct colonies
Transformed JM109 E.coli colonies with (A) pcDNA™ 3.1(+)-FLAG/Nef-MJ4 plasmids

and (B) pcDNA™  3.1(+)-FLAG/Nef-40H plasmid plasmids plated on ampicillin
supplement LBagar plates.

3.2.3. Confirmation of the pcDNA FLAG Tag Nef plasmids

To confirm successful ligation of HIV-1 nef to the pcDNA™ 3.1(+) vector, two colonies were
selected from each plate and used to perform a colony PCR. A nef-40H PCR product,
obtained from section 2.3.1 was used as a positive control (Figure 3.16, lane C). Results of
the colony PCR showed successful amplification of nef-MJ4 (Figure 3.16, lane 1-2) and nef-

40H (Figure 3.16, lane 3-4), thereby confirming the presence of our gene of interest.
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Figure 3.16: Colony PCR of transformed cells
Colony PCR of E.coli colonies transformed with pcDNA™ 3.1(+)-FLAG/Nef-MJ4 and

pcDNA™ 3.1(+)-FLAG/Nef-40H. Lane M: 1 kb DNA ladder (Promega, U.S.A); lane C: nef-
40H PCR product positive control; lanes 1-2: successful clones of pcDNA™ 3.1(+)-
FLAG/Nef-MJ4 construct; lanes 3-4: successful clones of pcDNA™ 3.1(+)-FLAG/Nef-40H
construct.

Positive colonies containing the HIV-1 nef genes were inoculated in fresh LB broth
supplemented with ampicillin and incubated overnight. Post incubation, HIV-1 nef encoding
plasmids were extracted from the E.coli culture and integrity of the plasmids confirmed by
restriction digest with BamHI and EcoRI restriction enzymes. Double digestion of the
pcDNA™ 3.1(+)-FLAG/Nef-40H plasmid resulted in two fragments of 5405 bp and 666 bp,
corresponding to the pcDNA™ 3.1(+) expression vector and FLAG/nef-40H insert,

respectively (Figure 3.17B).
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Figure 3.17: pcDNA™ 3.1(+)-FLAG/Nef-40H plasmid map and restriction agarose gel

The cloning of pcDNA™ 3.1(+)-FLAG/Nef-40H was verified using BamHI and EcoRI. (A)
pcDNA™ 3.1(+)-FLAG/Nef-40H plasmid map showing site of FLAG/Nef-40H insertions
into the pcDNA™ 3.1(+) expression vector. (B) Agarose gel of restriction digest of
pcDNA™ 3.1(+)-FLAG/Nef-40H with either restriction enzymes EcoRI (Figure 3.1B, lane
2) or BamHI(Figure 3.1B, lane 3). Lane 4: double digestion of pcDNA™ 3.1(+)-FLAG/Nef-
40H with BamHI and EcoRI resulting in fragments of 5405 bp and 666 bp
corresponding to thepcDNA™ 3.1(+) expression vector and the excised FLAG/Nef-40H
coding sequence. LaneM — 1 kb DNA ladder (Promega, U.S.A.). With regards to the
pcDNA™ 3.1(+)-FLAG/Nef-MJ4 plasmid, double digestion with both BamHI and EcoRI
resulted in two fragments of 5405 bp and 657 bp, corresponding to pcDNA™ 3.1(+)
expression vector and FLAG/nef-MJ4 insert, respectively (Figure 3.18B).

1 2 3
PERNA 3.1(+)-
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Figure 3.18: pcDNA™ 3.1(+)-FLAG/Nef-MJ4 plasmid map and restriction agarose gel
Restriction analysis of pcDNA™ 3.1(+)-FLAG/Nef-MJ4 plasmid resolved on 1% (w/v)
agarose gel. (A) Plasmid map of pcDNA™ 3.1(+)-FLAG/Nef-MJ4 showing site of insertion
of the FLAG/Nef-MJ4 coding sequence. (B) Restriction agarose gel of pcDNA™ 3.1(+)-
FLAG/Nef- MJ4. Lane 1: undigested DNA plasmid. Lane 2: single digest with EcoRI of
pcDNA™ 3.1(+)- FLAG/Nef-MJ4. Lane 3: BamHI single digestion. Lane 4: double digestion
with both BamHI and EcoRl, representing pcDNA™ 3.1(+) expression vector (5405 bp) and
FLAG/nef-MJ4 (657 bp) insert. Lane M — 1 kb DNA ladder (Promega, U.S.A)).

3.3. Site-directed mutagenesis of pcDNA™ 3.1(+)-FLAG/Nef-40Y

plasmid

Site-directed mutagenesis was performed on the pcDNA™ 3.1(+)-FLAG/Nef-40H plasmid
to change the Histidine amino acid at codon 40 (40H, wild-type) to a Tyrosine (40Y,

mutant) residue. The substitution was done by changing the Cytosine (C) nucleotide of the
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FLAG/Nef-40H coding sequence, positioned at 127 bp, toThymine (T). This resulted in the
pcDNA™ 3.1(+)-FLAG/Nef-40Y plasmid. Following site-directed mutagenesis (Section
2.3.5), four colonies were selected and subjected to colony PCR with the PO144 PCR
primers (section 2.3.1) and electrophoresed on a 1% (w/v) agarose gel to confirm
presence of the pcDNA™ 3.1(+)-FLAG/Nef-40Y plasmid (Figure 3.20A). A point mutation
on HIV-1 nef-40H from C to T removes a restriction site for the enzyme Fatl. The HIV-1 nef-
40H had 3 Fatl restriction sites (Figure 3.19A) while the mutant HIV-1 Nef-40Y had 2 Fatl

restriction sites (Figure 3.19B). Fatl restriction sites were represented by the yellow box.
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A

£8atcCATGGATTACAAGGATGACGATGACAAGATGGGGGGCAAATTATCCAAAAGCTGGCCTGCTGTGAGAGAAAGAATGAG
AAAAACTAAACTAGTAGAAGAGGAAGCAGGAGCAGCAGCAGTGGGAGTAGGCCCAGCATCTCAAGACTTAGCTAGAEAI@STG
CACTTACAAGCAGCAACACGCCCACCAATAATCCTGATTGTGCCTGGCTGCAAGCACAAGAGGAGGATGAAGAAGTGGGCTTT
CCAGTCAGACCTCAGGTGCCTTTAAGACCAATGACTTACAAAGGAGCCTTCGATCTCGGCTTCTTTTTAAAAGAAAAGGGGGG
ACTGGATGGGTTAATTTACTCCAAGAAAAGGCAAGAAATCCTTGATTTGTGGGTCTATCACACACAAGGCTACTTCCCTGATT
GGCAGAACTACACACCTGGACCAGGGGTCAGATACCCACTGACCTTTGGATGGTGCTATAAGCTAGTACCAGTTGATCCAAGG
GAAGTGGAAGAGACCAACGAAGGAGAGGATGGCTGCCTGCTACACCCTATAAATCTCCATGSAATGGAGGATGAACACAGAGA
GATATTAAAGTGGCAATTTGACAGTCAACTAGCTCGCAGACACATAGCCCGTGAGAAACATCCGGAGTACTACAAAGACTGCT
GAgaattcC

ggatccATGSATTACAAGGATGACGATGACAAGATGGGGGGCAAATTATCCAAAAGCTGGCCTGCTGTGAGAGAAAGAATGAG
AAAAACTAAACTAGTAGAAGAGGAAGCAGGAGCAGCAGCAGTGGGAGTAGGCCCAGCATCTCAAGACTTAGCTAGALATGGTG
CACTTACAAGCAGCAACACGCCCACCAATAATCCTGATTGTGCCTGGCTGCAAGCACAAGAGGAGGATGAAGAAGTGGGCTTT
CCAGTCAGACCTCAGGTGCCTTTAAGACCAATGACTTACAAAGGAGCCTTCGATCTCGGCTTCTTTTTAAAAGAAAAGGGGGG
ACTGGATGGGTTAATTTACTCCAAGAAAAGGCAAGAAATCCTTGATTTGTGGGTCTATCACACACAAGGCTACTTCCCTGATT
GGCAGAACTACACACCTGGACCAGGGGTCAGATACCCACTGACCTTTGGATGGTGCTATAAGCTAGTACCAGTTGATCCAAGG
GAAGTGGAAGAGACCAACGAAGGAGAGGATGGCTGCCTGCTACACCCTATAAATCTGCATGSAATGGAGGATGAACACAGAGA
GATATTAAAGTGGCAATTTGACAGTCAACTAGCTCGCAGACACATAGCCCGTGAGAAACATCCGGAGTACTACAAAGACTGCT
GAgaattcC

Figure 3.19: Fatl restriction sites in HIV-1 nef-40 sequences
Fatl restriction sites in HIV-1 nef-40 genes. Wild-type HIV-1 nef-40H sequence had 3 Fatl
restriction site represented by the yellow boxes (A). Mutant HIV-1 nef-40Y sequence had 2

Fatl restriction sites represented by the yellow boxes (B).

To validate colonies with the mutated nucleotide 127-T, the PCR products of 673 bp in size
were recovered and a restriction digest performed with the Fatl restriction enzyme. A single
restriction digest of the PCR product with Fatl resulted in4 fragments of 396 bp, 154 bp, 118
bp and 5 bp in size for the HIV-1 nef-40H. Restriction digest of the HIV-1 nef-40Y PCR
product with the Fatl restriction enzyme would result in single 3 fragments of 550 bp, 118
bp and 5 bp in size. Agarose gel analysis of the Fatl restriction enzyme PCR products
showed either fragments approximately 550 bp in size (Figure 3.20B, lane 1 and 3) or 400
bp in size (Figure 3.20B, lane 2 and 4). Lanes 1 and 3 fragments suggested the digestion of
the HIV-1 nef-40Y PCR products, while lanes 2 and 4 fragments suggested the

digestion of HIV-1 nef-40H PCR products. The smaller fragments of 154 bp, 118bp and 5
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bp could not be visualized on the agarose gel.
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Figure 3.20: Agarose gel of colony PCR and restriction digest
PCR of successfully transformed competent E.coli cells with the site-directed mutagenesis

reaction products (A). (A) Lane M: 1 kb DNA ladder (Promega, U.S.A). (B) 100 bp DNA
ladder (Solis Biodyne, Estonia); lane C: Undigested FLAG/nef-40H PCR product; lane 1-4
(A): colony PCR products from the 4 picked colonies; lane 1-4 (B): Single Fatl enzyme
restriction digest product on 2% (w/v) agarose gel.

3.4. Sequencing of Nef-expressing constructs

The HIV-1 nef inserts in the pcDNA™ 3.1(+)-FLAG/Nef-40H, pcDNA™ 3.1(+)- FLAG/Nef-
40Y and pcDNA™ 3.1(+)-FLAG/Nef-MJ4 plasmids were sequenced by Sanger sequencing
at Ingaba Biotech (Pretoria, South Africa) using the PCR primers listed in Table 2.1.

Sequencing data was analysed with BioEdit to confirm the nef sequence (Figure 3.21).
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A

BamHI Flag tag
|GGATCCATGGATTACAAGGACGACGATGACAAGATGGGGGGCAAATTATCCAAAAGCTGGCCTGCTGTGAGAGAAAGAATGAG
AAAAACTAAACTAGTAGAAGAGGAAGCAGGAGCAGCAGCAGTGGGAGTAGGCCCAGCATCTCAAGACTTAGCTAGACATGGTG
CACTTACAAGCAGCAACACGCCCACCAATAATCCTGATTGTGCCTGGCTGCAAGCACAAGAGGAGGATGAAGAAGTGGGCTTT
CCAGTCAGACCTCAGGTGCCTTTAAGACCAATGACTTACAAAGGAGCCTTCGATCTCGGCTTCTTTTTAAAAGAAAAGGGGGG
ACTGGATGGGTTAATTTACTCCAAGAAAAGGCAAGAAATCCTTGATTTGTGGGTCTATCACACACAAGGCTACTTCCCTGATT
GGCAGAACTACACACCTGGACCAGGGGTCAGATACCCACTGACCTTTGGATGGTGCTATAAGCTAGTACCAGTTGATCCAAGG
GAAGTGGAAGAGACCAACGAAGGAGAGGATGGCTGCCTGCTACACCCTATAAATCTGCATGGAATGGAGGATGAACACAGAGA
GATATTAAAGTGGCAATTTGACAGTCAACTAGCTCGCAGACACATAGCCCGTGAGAAACATCCGGAGTACTACAAAGACTGCT
GAGAATTC]

B

BamHI Flag tag

[GGATCCIATGGATTACAAGGACGACGATGACAAGATGGGGGGCAAATTATCCAAAAGCTGGCCTGCTGTGAGAGAAAGAATGAG
AAAAACTAAACTAGTAGAAGAGGAAGCAGGAGCAGCAGCAGTGGGAGTAGGCCCAGCATCTCAAGACTTAGCTAGACATGGTG
CACTTACAAGCAGCAACACGCCCACCAATAATCCTGATTGTGCCTGGCTGCAAGCACAAGAGGAGGATGAAGAAGTGGGCTTT
CCAGTCAGACCTCAGGTGCCTTTAAGACCAATGACTTACAAAGGAGCCTTCGATCTCGGCTTCTTTTTAAAAGAAAAGGGGGG
ACTGGATGGGTTAATTTACTCCAAGAAAAGGCAAGAAATCCTTGATTTGTGGGTCTATCACACACAAGGCTACTTCCCTGATT
GGCAGAACTACACACCTGGACCAGGGGTCAGATACCCACTGACCTTTGGATGGTGCTATAAGCTAGTACCAGTTGATCCAAGG
GAAGTGGAAGAGACCAACGAAGGAGAGGATGGCTGCCTGCTACACCCTATAAATCTGCATGGAATGGAGGATGAACACAGAGA
GATATTAAAGTGGCAATTTGACAGTCAACTAGCTCGCAGACACATAGCCCGTGAGAAACATCCGGAGTACTACAAAGACTGCT
GAGAATTC

EcoRI
C

BamHI Flag tag
GGATCCATGGATTACAAGGACGACGATGACAAGATGGGGGGCAAGTGGTCAAAAAGCAGTATAGTTGGATGGCCTGCTGTAAG
AGAAAGAATAAGAACAACTGAGCCAGCGGCAGAGGGAGTAGGAGCAGCATCTCAAGACTTAGATAAACATGGAGCACTTACAA
GCAGCAACACAGCCGCCAATAATGCTGACGTTGCCTGGCTGGAACCGCAAGAGGAGGAAGGGGCGGTAGGCTTTCCAGTCAGA
CCTCAAGTACCTTTAAAACCAATGACTTATAAGGGAGCGGTGGATCTAGGCTTCTTTTTAAAAGAAAAGGGGGGACTGGAAGG
GTTAATTTACTCTAAGAAAAGGCAAGAGATCCTTGATTTGTGGGTCTATCACACACAAGGCTACTTCCCTGACTGGCAAAACT
ACACACCGGGACCAGGGATCACATACCCACTGACCTTTGGATGGCCATTCAAGCTAGTGCCAGTTGACCCAAGGGAAGTAGAA
GAGGCCAACAATGGAGAGAACAACTGTTTGCTACATCCTATGAGCCAGCATGGAATGGATGATGAAGAAAGAGAAGTATTAAC
ATGGAAGTTTGACAGTCACCTAGTACACAGACCCATGGCCCGCGAGATACATCCGGAGTATTACAAAGACTGCTGAGAATTC

EcoRI

Figure 3.21: HIV-1 nef sequencing results
Sequences of Nef inserts obtained from sequencing (A) pcDNA™ 3.1(+)-FLAG/Nef-40H,
(B) pcDNA™ 3.1(+)-FLAG/Nef-40Y and (C) pcDNA™ 3.1(+)-FLAG/Nef-MJ4 using PCR
primers. Red box: BamHI restriction site; yellow box: Flag tag; blue box: EcoRI restriction
site. HIV-1 nef genes appeared to be rich in A/T residues.

To ensure the presence of only amino acid mutation of the 40H residue to 40Y in pcDNA™
3.1(+)-FLAG/Nef-40, a multiple sequence alignment was performed withthe translated
HIV-1 nef gene sequences (Figure 3.22). HIV-1 Nef-MJ4 was used a HIV-1 subtype C
reference protein. Results of the multiple sequence alignment of the HIV-1 Nef amino acid

sequences showed that the mutagenesis reaction did not cause any unwanted protein
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sequence alterations between the HIV-1 Nef-40H and HIV-1 Nef-40Y clones. This
therefore showed evidence of a good background for downstream application in which the

proteins were to be compared against each other.

Nef-M14 MGGKWSKSSIVGWPAVRERIRTTE-----~-~ PAAEGVGAASQDLDKHGALTSSNTAANNA 53
Nef-144-40H MGGKLSK----SNPAVRERMRKTKLVEEEAGAAAVGVGPASQDLA‘H ALTSSNTPTNNP 56
Nef-144-40Y MGGKLSK----SWPAVRERMRKTKLVEEEAGAAAVGVGPASQDLARYEALTSSNTPTNNP 56
XXX XX JKEXXRXEX K X, XK XXX XKKXxXX s o RXXEXXKE XX
Nef-M14 DVAWLEPQEEEGAVGFPVRPQVPLKPMTYKGAVDLGFFLKEKGGLEGLIYSKKRQEILDL 113
Nef-144-4@H DCAWLQAQEEDEEVGFPVRPQVPLRPMTYKGAFDLGFFLKEKGGLDGLIYSKKRQEILDL 116
Nef-144-40Y DCAWLQAQEEDEEVGFPVRPQVPLRPMTYKGAFDLGFFLKEKGGLDGLIYSKKRQEILDL 116
¥ XXX, XXX AEXEXEEEEEEEE . XEXEXEXEEE FEXEXXEXEXEAXEEEE . XXEXXEEEXX XX K X
Nef-M14 WVYHTQGYFPDWQNYTPGPGITYPLTFGWPFKLVPVDPREVEEANNGENNCLLHPMSQHG 173
Nef-144-40H WVYHTQGYFPDWQNYTPGPGVRYPLTFGWCYKLVPVDPREVEETNEGEDGCLLHPINLHG 176
Nef-144-40Y WVYHTQGYFPDWQNYTPGPGVRYPLTFGWCYKLVPVDPREVEETNEGEDGCLLHPINLHG 176
li*llxxl!!l!**xlll-‘*: LR 5 23 :IX*X!XIII*K‘:!:li:.KXX!X:. * %
Nef-M14 MDDEEREVLTWKFDSHLVHRPMAREIHPEYYKDC 207
Nef-144-40H MEDEHREILKWQFDSQLARRHIAREKHPEYYKDC 210
Nef-144-40Y MEDEHREILKWQFDSQLARRHIAREKHPEYYKDC 210

e XX KX ¥ X . EKEX X ¥ XXX KXEXXEXXXK

Figure 3.22: Multiple sequence alignment of Nef proteins
Multiple sequence alignment of HIV-1 Nef proteins. Protein sequences of translated

sequencing data from the HIV-1 Nef-expressing plasmids were used to perform multiple
sequence alignment. The amino acid substitution after the mutagenesis reaction from 40H
to 40Y is presented in the red box. Identical residues between the three proteins were
represented by [°, whilst . represented the conserved substitution and _.° represented
the semi-conserved substitution that has occurred between the three proteins. The
multiple  sequence alignment was performed on ClusterW online tool
(https://www.ebi.ac.uk/Tools/msa/clustalo/).

3.5. Expression of recombinant HIV-1 Nef proteins

To confirm the ability of the constructed HIV-1 nef plasmids to express HIV-1 Nef proteins,
HEK293T cells were transfected with the HIV-1 nef plasmids and HIV-1 Nef production
confirmed by Western blot analysis using anti-Flag antibodies. Results from the SDS-PAGE
showed increased expression of a protein of approximately 24 kDa (Figure 3.22A), in
agreement with the expected size for this protein (27-35 kDa) (Geyer et al., 2001). The

negative control (empty pcDNA™ 3.1(+) plasmid transfected with HEK293T cells)
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showed bands of similar size of the HIV-1 Nef proteins but there was no corresponding
band on the Western blot analysis. Western blot analysis confirmed the protein at 24 kDa to
be HIV-1 Nef (Figure 3.23B). Faint bands of greater than 24 kDa were equally observed on
the Western blot, which could be a result of high antibody concentration or non-specific

binding due to insufficient blocking of non-specific sites.

| 1V-1 Nef

~ ¢mmm HIV-1 Nef

Figure 3.23: Expression of recombinant HIV-1 Nef proteins
HIV-1 Nef proteins were expressed in HEK293T cells transfected with Flag-tagged Nef

plasmids. SDS-PGE (10%) and Western blot analyses of the expression of the
recombinant HIV-1 Nef proteins. Lane M: Precision plus protein standard in kDa; lane NC:
crude lysate ofcells transfected with the empty pcDNA™ 3.1(+) plasmid; lane 1: total cell
extract of cells transfected with the pcDNA™ 3.1(+)-FLAG/Nef-MJ4 plasmid; lane 2: total
cell extract of cells transfected with pcDNA™ 3.1(+)-FLAG/Nef-40H plasmid and lane 3:
total cell extract of cells transfected with pcDNA™ 3.1(+)-FLAG/Nef-40Y plasmid.

3.6. Maintenance and transfection of endothelial cells

This study required maintenance of Human Pulmonary Microvascular Endothelial Cells
(HPMECS) in supplemented endothelial cell medium (Section 2.3.6) and treatment of cells

with TNF-a for 6 hours prior to transfection to activate the endothelial cells. To test the cells’

ability to grow in supplemented endothelial cell medium in the presence of TNF-aq, the cells
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were incubated for 24 hours with (Figure 3.24, Al top) and without TNF-a (Figure 3.24, A2
top). The confluency of endothelial cells grown in the presence of TNF-a following a 24-
hour incubation period (Figure 3.24, Al bottom) seemed similar to that of the endothelial
cells cultured in the absence of TNF- a (Figure 3.24, A2 bottom). Transfection efficiency of
the available transfection reagents, Lipofectamine LTX and Polyethyleneimine, was tested
by transfecting HPMECs with the pSelect-GFPZeo- mcs plasmid (Figure 3.24B).
Fluorescence seemed similar in cells transfected with the plasmid using either the
Lipofectamine LTX reagent (Figure 3.24, B1) or PEI (Figure 3.24, B2), thus suggesting

similar transfection efficiency for the transfection reagents under the same conditions.

Al A2
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Figure 3.24: Maintenance and transfection of HPMEC cells
The growth rate of HPMEC in supplemented endothelial cell growth medium with TNF-a

was compared to the growth of untreated cells (A). Confluency of cells (A1 and A2 top)
before the TNF-a treatment. The confluency of TNF-a treated cells (A1 bottom) was similar
to the untreated cells (A2 bottom). Transfection efficiency of the transfection reagents used
was compared (B). Visually, Lipofectamine LXT reagent (B1) had similar transfection
efficiency as PEI (B2) when GPF fluorescence was compared in cells transfected with the
pSelect- GFPZeo-mcs plasmid using the two transfection reagents.

3.7. Expression of recombinant HIV-1 Nef proteins
3.7.1. Expression of HIV-1 Nef-40 proteins

Following transfection of both the TNF-a treated and untreated HPMECs with the pcDNA™
3.1(+)-Flag/Nef-40H (Figure 3.25, A and B) and pcDNA™ 3.1(+)-Flag/Nef- 40Y plasmids
(Figure 3.25, C and D), expression of the recombinant Flag tagged HIV-1 Nef proteins was
accessed by SDS-PAGE and confirmed by Western blot using anti-Flag antibodies (Figure
3.25). Analysis of crude cell extracts by SDS- PAGE showed increased expression of a
protein of approximately 24 kDa over time, with a peak intensity observed at 48 hours. As a
negative control, TNF-a treated and untreated HPMECs were transfected with an empty
pcDNA™ 3.1(+) plasmid. Under this experimental condition, analysis of crude lysate
showed no proteins to be expressed of approximately 24 kDa. This therefore suggested the
24 kDa protein expressed by the HPMECs transfected with the HIV-1 Nef expressing

plasmid to be the recombinant HIV-1 Nef proteins. Western blot with the peptide specific
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Flag antibodies yielded positive bands, thus confirming expression of the Flag tagged
recombinant HIV-1 Nef proteins. The expression of HIV-1 Nef proteins seemed notto be

affected by the treatment of TNF-a when compared to the untreated HPMECSs.
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Figure 3.25: Expression of recombinant HIV-1 Nef-40 proteins
Flag-tagged HIV-1 Nef-40 proteins were expressed in HPMECs transfected with pcDNA™

3.1(+)-Flag/Nef-40H and pcDNA™ 3.1(+)-Flag/Nef-40Y plasmids. SDS-PAGE (12%) and
Western blot analyses of the expression of recombinant HIV-1 Nef-40H in HPMECs
treated with TNF-a (A) and (B) untreated HPMECs. The expression of HIV-1 Nef-40Y
proteins in TNF-a treated (C) and untreated (D) HPMECs were analysed by SDS-PAGE
and Western blot. Lane M: Protein standard in kDa shown on the left-hand side; lane C:
total cell lysate of cells transfected with empty with pcDNA™ 3.1(+) plasmid; lane 0,3 ,6 ,9
,12 ,24 ,48: total cell lysate harvested at 0, 3, 6, 9, 12,24 and 48 hours post transfection.
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3.7.2. Expression of recombinant HIV-1 Nef-MJ4

The HPMECs were transfected with the pcDNA™ 3.1(+)-Flag/Nef-MJ4 plasmid and
expression of HIV-1 Nef-MJ4 assessed by SDS-PAGE and confirmed by Western blot
using peptide specific antibodies for detection of Flag tagged proteins. Analysis of the
SDS-PAGE showed a band of approximately 24 kDa, of which the intensity increased over
time (Figure 3.26). No bands were observed at approximately 24 kDa in HPMECs
transfected with an empty pcDNA™ 3.1(+) plasmid (Figure 3.25, lane NC). This suggests
that the bands observed around 24 kDa were HIV-1 Nef-MJ4 proteins. Western blot
analysis confirmed expression of the Flag tagged recombinantHIV-1 Nef-MJ4 proteins. The
highest expression was observed at 48 hours for the both TNF-a treated HPMECs (Figure
3.26A) and untreated cells (Figure 3.25B). The expression of HIV-1 Nef-MJ4 proteins
seemed not to be affected the treatment of TNF-a when compared to the transfected TNF-a
untreated HPMECs.
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Figure 3.26: Expression of recombinant Nef-40Y expression
FLAG-tagged HIV-1 Nef-MJ4 was expressed in HPMEC cells transfected with pcDNA™

3.1(+)-FLAG/Nef-MJ4 plasmid. SDS-PAGE (12%) and Western blot analyses of the
expression of recombinant Nef-MJ4 in HPMEC cells treated with TNF-a (A) and (B)
untreated HPMECs. Lane M: Protein standard in kDa shown on the left-hand side; lane C:
total cell lysate of cells transfected with empty with pcDNA™ 3.1(+) plasmid; lane O, 3, 6, 9,

104



12, 24, 48: total cell lysate harvested at 0, 3, 6, 9, 12, 24 and 48 hours post transfection.

3.8. Effect of HIV-1 Nef proteins on ICAM-1 and VCAM-1expression

3.8.1. Gene expression profiling of adhesion molecules

The ability of the HIV-1 Nef proteins to activate endothelial cells was evaluated by
assessing expression of the biomarkers of endothelial activation, intercellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1), in HPMECs
following transfection with Nef plasmids. The HPMECs were cultured for 6 hours in the
presence and absence of TNF-a prior to transfection with Nef expressing plasmids
(Section 2.3.6). The cells and culture supernatants were harvested at different time points
after transfection, total RNA extracted from the cells and used downstream for cDNA
synthesis. A reverse-transcriptase quantitative polymerase chain reaction (RT-gPCR) was

performed to assess gene expression levels of ICAM-1 and VCAM-1 by the HPMECs.

Firstly, it was important to establish the expression levels of the adhesion molecules, ICAM-
1, and VCAM-1, in the HPMECs before and after cell activation with TNF-a (Figure 3.27).
The RT-PCR of non-transfected TNF-a treated and untreated cells was performed to
establish ICAM-1 and VCAM-1 (Figure3.27A) controls. The RT- PCR analysis of B-actin
was used to normalize the data. Real-time PCR analysiswith a threshold of 0.03 showed
increased expression of ICAM-1 and VCAM-1 in the TNF-a treated cells by a fold change of

8.34 and 4.26, respectively, compared to the untreated cells (Figure 3.27, B2; B2).
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Figure 3.27: Quantitative real-time PCR of ICAM-1 and VCAM-1 expression

RT-PCR of ICAM-1 and VCAM-1 expression in non-transfected untreated HPMECs (A).
(B1) Comparison of ICAM-1 expression in TNF-a untreated cells and TNF-a treated cells.
(B2) Comparison of VCAM-1 expression in TNF-a untreated cells and TNF-a treated cells.
Error bars represents standard deviation obtained from duplicate assays.

To assess differences in ICAM-1 mRNA expression levels following Nef-induced endothelial
activation, ICAM-1 mRNA expression following transfection of HPMECs with the wildtype
strains, HIV-1 Nef-40H and HIV-1 Nef-MJ4, were compared against each other. In addition,
ICAM-1 mRNA expression following transfection of HPMECs with the Nef-40H wildtype
strain was compared to that of the mutant strain, HIV-1 Nef-40Y. Results from the RT-PCR

analysis performed showed a difference in ICAM-1 mRNA expression levels in the
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untreated HPMECs transfected with the HIV-1 Nef-40H plasmid compared to cells
transfected with either HIV-1 Nef-40Y or Nef-MJ4 (Figure 3.28, B1). The ICAM-1 mRNA
expression in HIV-1 Nef-40H untreated HPMECs was greater than the expression in HIV-
1 Nef-40Y cells at hours 3, 6, 9, 24 and 48(Figure 3.28, B1). However, the expression
of ICAM-1 in HIV-1 Nef-40Y transfected untreated cells was greater than that of HIV-1 Nef-
40H at 12 hours (Figure 3.28, B1). The ICAM-1 mRNA expression levels in HIV-1 Nef-MJ4
untreated cells were higher than in HIV-1 NEF-40Y cells after hours 6 and 12 (Figure 3.28,

B1).

Analysis of VCAM-1 mRNA expression levels in the untreated HPMECs transfected with
HIV-1 Nef-MJ4 showed a difference in expression compared to cells transfected with either
HIV-1 Nef-40H or Nef-40Y (Figure 3.28, B2). The VCAM-1 mRNA levelsin Nef-MJ4
untreated HPMECSs increased in a time-dependent manner from hours 0 to 12, following
which expression decreased at 24 and 48 hours. The untreated HIV-1 Nef-40Y cells
expressed more VCAM-1 mRNA at a greater level than HIV-1 Nef- 40H in a time
dependent manner from hours 3 to 24 (Figure 3.28, B2). However, after 48 hours,
VCAM-1 expression in HIV-1 Nef-40H was higher than in Nef-40Y cells (Figure 3.28, B2).
Although the expression of VCAM-1 mRNA in HIV-1 Nef-40H untreated cells was lower
than HIV-1 Nef-40Y and Nef-MJ4 cells, the expression levels were always above the

negative control except for hour 6 (Figure 3.28, B2).

The expression of ICAM-1 and VCAM-1 mRNA in HIV-1 Nef expressing untreated HPMECs
was higher than the expression of the biomarkers in untransfected cells (p<0.0001).
Comparison of ICAM-1 mRNA expression in untreated Nef-40H cells was higher than in

Nef-40Y cells (p<0.0001). The ICAM-1 mRNA levels in the HIV-1 Nef-40H variant were
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higher than the levels observed in the HIV-1 Nef-MJ4 expressing untreated cells (p<0.001).
Multiple comparisons of VCAM-1 mRNA expression in HIV-1 Nef-40H versus Nef-40Y
demonstrated that HIV-1 Nef-40H variant had a significantly lower expression than the HIV-
1 Nef-40Y variant (p<0.0001), HIV-1 Nef-40H VCAM-1 mRNA expression was lower than in
HIV-1 Nef- MJ4 expressing cells (p<0.0001). The expression of VCAM-1 mRNA expression
in the HIV-1 Nef-MJ4 variant was significantly higher compared to the expression in the
HIV-1 Nef-40Y expressing untreated cells (p<0.0001).
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Figure 3.28: Quantitative real-time PCR of ICAM-1 and VCAM-1 expression
RT-PCR of ICAM-1 expression in untreated HPMECs with the HIV-1 Nef proteins (A). (B1)

ICAM-1 expression in untreated HPMECs expressing the HIV-1 Nef proteins. (B2) VCAM-
1 expression in untreated HPMECs expressing HIV-1 Nef proteins. (B1) ***p<0.0001
compared with HIV-1 Nef-40Y and ###p<0.0001 compared with HIV-1 Nef-MJ4. (B2)
***pn<0.0001 compared with HIV-1 Nef-40H, ###p<0.0001 compared with HIV-1 Nef- 40Y
and *p<0.0001 compared to HIV-1 Nef-40H. Error bars represent standard deviation
obtained from duplicate assays.

Relative gene expression levels of ICAM-1 in the activated transfected HPMECs showed an
increased expression of ICAM-1 with HIV-1 Nef-40H compared to either HIV-1 Nef-40Y or
Nef-MJ4 transfected cells (Figure 3.29, B1). The expression of ICAM-1 mRNA levels was
greater in HIV-1 Nef-MJ4 treated HPMECs than Nef-40Y cells from hours 9, 12 and 24
(Figure 3.29, B1). However, the ICAM-1 expression in HIV-1 Nef-40Y treated cells was
greater than HIV-1 Nef-40H cells at hour 3 (Figure 3.29, B1l). The ICAM-1 mRNA
expression levels in all transfected treated cells were always below the levels of the
negative control and 0-hour cells. Comparison of the ICAM-1 mRNA expression between

the HIV-1 Nef expressing treated cells were statistically not significant.

The expression of VCAM-1 increased in a linear fashion within the HIV-1 Nef-MJ4
transfected activated HPMECs compared to either HIV-1 Nef-40H or Nef-40Y. The VCAM-1

expression in HIV-1 Nef-MJ4 decreased after 24 hours (Figure 3.29, B2). At 3 hours, the
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expression levels of VCAM-1 mRNA in HIV-1 Nef-40Y and Nef-MJ4 were greater than
in HIV-1 Nef-40H treated cells. The HIV-1 Nef-40Y expressing treated HPMECs had
greater expression of VCAM-1 mRNA than the HIV-1 Nef-40H cells after hours 3, 6, 12 and
48 hours. However, HIV-1 Nef-40H transfected cells had higher expression of VCAM-1
MRNA expression than HIV-1 Nef-40Y at 9 and 24 hours (Figure 3.29, B2). The HIV-1 Nef-
MJ4 transfected treated cells had significantly higher (p<0.0001) levels of VCAM-1 mRNA
expression than HIV-1 Nef-40H and Nef- 40Y expressing treated HPMECs at all time
points post transfection (Figure 3.29, B2). The mRNA expression levels of ICAM-1 and
VCAM-1 were significantly higherin HIV-1 Nef-MJ4, Nef-40H and Nef-40Y transfected
treated cells compared to their respective negative controls (p<0.01). The VCAM-1 mRNA
expression with the HIV-1 Nef-40H variant was higher than with the HIV-1 Nef-40Y variant
(p<0.01). The HIV-1 Nef-MJ4 variant significantly increased the expression of VCAM-1
MRNA compared to the HIV-1 Nef-40H variant (p<0.0001). The VCAM-1 mRNA expression
was considerably lower with the HIV-1 Nef-40Y compared to the HIV-1 Nef-MJ4 expressing

treated HPMECs (p<0.0001).
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Figure 3.29: Quantitative real-time PCR of ICAM-1 and VCAM-1 expression
RT-PCR of ICAM-1 expression in TNF-a treated HPMECs with the HIV-1 Nef proteins (A).

(B1) ICAM-1 expression in treated HPMECs expressing the HIV-1 Nef proteins. (B2)
VCAM- 1 expression in treated HPMECs expressing HIV-1 Nef proteins. ***p<0.0001
compared with HIV-1 Nef-40H treated cells, ###p<0.0001 compared with HIV-1 Nef-40Y
and *p<0.05 compared with HIV-1 Nef-40Y. Error bars represents standard deviation
obtained from duplicate assays.

The time dependent study was used to compare mRNA expression of adhesion molecules
following 48hrs transfection of HPMECs with Nef variants in order to identify the timepoint
of optimal ICAM-1 and VCAM-1 mRNA expression. Optimal mRNA expression levels of
ICAM-1 and VCAM-1 was observed at 24 hours post transfection (Figure 3.27 and 3.28).
The ICAM-1 and VCAM-1 mRNA expression levels from the TNF-a treated and untreated
HPMECs were compared against each other. It was established that TNF-a did in fact
significantly increase (p<0.001) the expression of ICAM-1 in treated cells compared to
untreated cells (Figure 3.26A). However, HIV-1 Nef-40H in untreated cells could not
increase ICAM-1 mRNA expression levels above that of the untransfected untreated
HPMECs. The combination of HIV-1 Nef-40H and TNF-a had no cooperative relationship
that induced expression of ICAM-1 mRNA levels, as it was not of significant difference
(3.30A). Similarly, to the effects of HIV-1 Nef-40H, HIV-1 Nef-40Y could not increase the
expression levels of ICAM-1 above the levels of the negative control in untreated HPMECs.

In TNF-a treated HPMECs, the HIV-1 Nef-40Y variant induced the expression of ICAM-1
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MRNA, but to no statistical significance (Figure 3.30B). The ICAM-1 mRNA expression
levels of HIV-1 Nef-MJ4 expressing treated cells were lower than the levels in the negative
control cells (Figure 3.30C). The HIV-1 Nef-MJ4 variant and TNF-a had no synergistic

relationship to increase expression of ICAM-1.
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Figure 3.30: ICAM-1 mRNA Expression
The ICAM-1 mRNA expression levels after 24 hours post transfection in (A) HIV-1 Nef-

40H, (B) HIV-1 Nef-40Y and (C) HIV-1 Nef-MJ4 expressing HPMECs. Statistical
significance was established by comparing the cells against the untransfected untreated
cells; **p<0.005 compared with untransfected untreated HPMECs. Standard deviation from
duplicate assays represented by error bars.

The expression of VCAM-1 mRNA in TNF-a treated HPMECs was elevated when
compared to the untreated cells. However, it was not of statistical significance. The HIV-1
Nef-40H expressing untreated HPMECs did induce expression of VCAM-1 mRNA, but to
lower levels compared to the negative control cells. The VCAM-1 mRNA expression levels
in HIV-1 Nef-40H expressing treated HPMECs were significantly increased (p<0.01) when
compared to the negative control cells (Figure 3.31A). The HIV-1 Nef-40H and TNF-a had a
cooperative relationship to increase VCAM-1 expression above the levels of HIV-1 Nef-40H

untreated HPMECs (p<0.01) however, the VCAM-1 mRNA expression level was not
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significant when compared to the untransfected treated HPMECs (Figure 3.31A).The
VCAM-1 expression level in HIV-1 Nef-40Y untreated cells was significantly higher
(p<0.001)than the negative control (Figure 3.31B). Although VCAM-1 mRNA expression
was observed in HIV-1 Nef-40Y expressing treated cells, it was of no statistical
significance. HIV-1 Nef-MJ4 expressing cells did indeed increase the expression of VCAM-
1 mRNA above the levels observed in untreated untransfected cells, however, it was of no
statistical significance. The HIV-1 Nef-MJ4 variant and TNF-a had a synergistic relationship
that significantly increased (p<0.0001) expression of VCAM-1 mRNA above the negative
control cells, the TNF-a treated cells and the HIV-1 Nef-MJ4 expressing untreated cells
(Figure 3.31C).
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Figure 3.31: VCAM-1 mRNA Expression
The VCAM-1 mRNA expression levels after 24 hours post transfection in (A) HIV-1 Nef-

40H, (B) HIV-1 Nef-40Y and (C) HIV-1 Nef-MJ4 expressing HPMECs. Statistical
significance was established by comparing the cells against the untransfected untreated
cells; *p<0.01; **p<0.001 and ***p<0.0005 compared with untransfected untreated
HPMECs; #p<0.01 compared to untreated HIV-1 Nef-40H expressing HPMECs;
###p<0.0001 compared with TNF-a treated and HIV-1 Nef-MJ4 expressing HPMECs. Error
bars represent standard deviation from duplicate assays.

3.8.2. VCAM-1 protein expression profiling

One of the characteristics of endothelial dysfunction is the detachment of adhesion
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molecules from the surface membrane of endothelial cells. To determine the concentration
of soluble adhesion molecules, cell culture supernatant was harvested and analysed by an
enzyme-linked immunosorbent assay (ELISA). The ELISA determined the amount of
soluble VCAM-1 (sVCAM-1) present in the cell culture medium using immobilized human
anti-sVCAM-1 antibodies. The cell culture medium from the untransfected TNF-a treated
HPMEC and TNF-a treated cells were used as controls to determine the baseline of soluble

adhesion molecules for the two groups of cells.

Measurement of the concentration of SVCAM-1 molecules in culture medium was done
using a human sVCAM-1 ELISA kit. A standard curve was setup ranging from O ng/ml to
37.5 ng/ml. The experiment was performed in duplicates and the average optical density
(450 nm) was used to calculate the concentration of SVCAM-1 present in the sample.
Optical density values equal or lower than the blankvalue (0.46) was classified as having
sVCAM-1 with a concentration of 0 ng/ml (Figure 3.32A). Optical densities between 0.46
and 0.504 translated to a concentration of 0.59 ng/ml. The sVCAM-1 concentration of 1,17

ng/ml was measured between an optical density of 0.505 to 0.571.

The untransfected TNF-a treated HPMECs (Figure 3.32, B2) had a higher optical density
(OD) reading compared to untransfected untreated HPMECs (Figure 3.32, B1). The OD
reading of SVCAM-1 in the supernatant from HIV-1 Nef-40H expressing untreated HPMECs
increased in a time dependent manner from 0 to 48 hrs (Figure 3.32, B1), and from 6 to 24
hrs for the TNF-a treated HIV-1 Nef-40H cells (Figure 3.32, B2). The maximum OD reading
for untreated HIV-1 Nef-40H cells was observed at 48 hours which translated to 0.59

ng/ml.
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There was fluctuating pattern in the OD of the supernatant from the HIV-1 Nef-40Y
expressing untreated cells (Figure 3.32, B1). The highest concentration of sSVCAM-1 was
observed at 3 hours at 0.59 ng/ml (Figure 3.32, B1, lane 3hr), which continuedto fluctuate
but remained above the OD of the negative control. The sVCAM-1concentration from the
untreated transfected cells were significantly higher (p<0.001) when compared to their
respective negative controls. The multiple comparisons of the concentrations of sSVCAM-1
in the supernatant of the HIV-1 Nef variants against each other were not significant for the

untreated transfected cells.

The concentration of sVCAM-1 in the HIV-1 Nef-40Y supernatant treated with TNF-a
reached a high of 1,17 ng/ml at 3 and 24 hours, with a lot of fluctuation in OD between
these time points (Figure 3.32, B2, lanes 3 and 24). The concentration of sSVCAM-1 from
HIV-1 Nef-MJ4 supernatant from untreated cells increased from 0 ng/ml to its peak of
0.59 ng/ml at 3 hours (Figure 3.32, B1, lane 3). No sVCAM-1 was measured after 3 hours
until 48 hours (Figure 3.32, B1, Nef-MJ4). Optical density readings of the supernatant from
HIV-1 Nef-MJ4 TNF-a treated cells showed an increase above the negative control,
reaching a peak concentration of 1,17 ng/ml at3 hours (Figure 3.32, B2, lane 3). No distinct
pattern was observed at the peak, however, the concentration remained approximately
equal to the control concentration of 0.59 ng/ml (Figure 3.32, B2, Nef-MJ4). The sVCAM-1
concentrations in the supernatant from the treated transfected cells were not statistically
significant when compared to their negative controls. The multiple comparisons of the
sVCAM-1 concentrations from the supernatant of HIV-1 Nef expressing treated cells were

not of significance when compared to each other.
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Figure 3.32: Optical density reading from sVCAM-1 ELISA

Standard curve of the sVCAM-1 ELISA kit had a R? value of 0.988 and the curve equation
(0.421-5.44)
(1+%)0.933

medium from the transfected untreated HPMECs (B1) and TNF-a treated HPMECs (B2).
Error bars represents standard deviation obtained from duplicates assays.

was y = + 5.44. (A). Measurements of the concentrations of sVCAM-1 in cell

The time dependent study was used to compare concentration of detached sVCAM- 1
proteins from the HPMECs following 48hrs post transfection with Nef variants to identify the

timepoint of optimal VCAM-1 detachment, in agreement with the expression of ICAM-1 and
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VCAM-1 mRNA (Figure 3.31, B1 and B2), optimal sVCaM-1 detection was 24 hours after
transfection. The concentration of sSVCAM-1 from TNF-a untreated HPMECs was compared
to levels found in TNF-a treated cells. It was established that TNF-a treated cells had
significantly higher levels (p<0.001) of detached VCAM-1 molecules compared to the
untreated cells (Figure 3.32). The HIV-1 40H variant had significantly higher concentration
(p<0.01) of sVCAM-1 in untreated cells compared with the negative control (Figure 3.33A).
The combination of TNF-a and HIV-1 Nef-40H had a significantly higher (p<0.001)
concentration of sVCAM-1 compared to the negative control (Figure 3.33A). Although the
combination of HIV-1 Nef-40H variant and TNF-a did increase the concentration of sSVCAM-
1, it was of no significance when compared to the concentration from HIV- 1 Nef-40H
variant only and the untransfected treated cells. The concentration of sSVCAM-1 from the
supernatant of HIV-1 Nef-40Y variant was lower than the TNF-a treated untreated control
but significantly higher (p<0.01) concentration than the negative control (Figure 3.33B).
The combination of TNF-a and HIV-1 Nef-40Y had higher concentration (p<0.001) of
sVCAM-1 above the negative control (Figure 3.33B). The TNF-a and HIV-1 Nef-40Y had
higher concentration of SVCAM-1 than HIV-1 Nef-40Y variant alone and the TNF-a treated
cells, it was of no significance when compared to the two aforementioned groups.The
HIV-1 Nef-MJ4 variant had a significantly higher (p<0.001) concentration of sVCAM-1
compared the negative control (Figure 3.33C). The sVCAM-1 concentration in the
supernatant from TNF-a and HIV-1 Nef-MJ4 variant had significantly higher (p<0.0001)
sVCAM-1 concentration compared to the negative control (Figure 3.33C). No synergistic
relationship was observed when multiple comparisons were done with HIV-1 Nef-MJ4

variant alone and the TNF-a treated cells.
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Figure 3.33: Optical density reading of sVCAM-1 concentration
The sVCAM-1 concentration after 24 hours post in (A) HIV-1 Nef-40H, (B) HIV-1 Nef-40Y

and (C) HIV-1 Nef-MJ4 in culture medium. Statistical significance was established by
comparing the OD reading from transfected cells supernatant to the negative control.
*p<0.05, **p<0.005 and ***p<0.0005 compared with untransfected untreated HPMECs
supernatant. Error bars represent standard deviation from duplicate assays.
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Chapter 4: Discussion and conclusion

4.1. Discussion of results

The HIV-1 infection has been associated with an increased risk of cardiovascular disease.
The increased rate of cardiovascular diseases in PLWH has been reported in both HIV-
treated patients and ART-naive patients infected with HIV-1. Endothelial dysfunction is one
of the pathophysiological events in the development of atherosclerosis following CVDs.
Multiple studies have reported HIV-1 Nef as a causative agent of CVDs in PLWH. HIV-1
Nef has high sequence variations which may lead to varying degrees of endothelial
dysfunction. A study by Mezoh et al. (2022), identified the HIV-1 H40Y polymorphism to be
associated with higher levels of plasma biomarkers of endothelial dysfunction in PLWH.
The investigation of this polymorphism on endothelial dysfunction in in vitro was of interest
to confirm its effects on endothelial dysfunction in a controlled environment. To achieve this,
a sample of the HIV-1 nef gene from a patient infected with HIV-1 (nef-40H) was isolated
using PCR. A reference subtype C HIV-1 nef gene was isolated used from the pMJ4
plasmid (nef-MJ4). The nef genes were subcloned into mammalian expression vectors.
Attempts were made to construct stable expression plasmids using a
pLKO.dCMV.TetO.3xFlag vector with the nef genes, however these plasmids were not
successful in expressing HIV-1 Nef proteins. A second attempt was made to construct
transient expression plasmids with a verified pcDNA vector. A successful cloned pcDNA
3.1(+)-Flag/Nef-40H was mutated to introduce the 40Y amino acid residue by site directed
mutagenesis to produce the pcDNA 3.1(+)-Flag/Nef-40Y plasmid. During the in vitro
analysis, the HIV-1 Nef proteins were expressed in human pulmonary microvascular
endothelial cells under two different conditions, one with the treatment of TNF-a and one

without the TNF-a. The TNF-a was used to increase the expression of the biomarkers of
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endothelial dysfunction, ICAM-1, and VCAM-2. Real time quantitative PCR was used to
measure mMRNA expression of the biomarkers and ELISA was used to measure the
concentration of the biomarkers in the culture medium. Although all HIV-1 Nef variants
could induce the expression of ICAM-1 mRNA in HMPECs not treated with TNF-a, HIV-1
Nef-40H and Nef-MJ4 variants induced the expression of ICAM-1 mRNA at higher levels
than HIV-1 Nef-40Y. The expression levels of ICAM-1 mRNA in HPMECs treated with TNF-
a was lower than the control levels for all HIV-1 Nef variants, which suggested that the is no
synergistic effect between HIV-1 Nef and TNF-a to increase the expression of ICAM-1
MRNA. In the context of VCAM-1 mRNA expression, all HIV-1 Nef variants did induce the
expression of VCAM-1ImRNA in HPMECs in the absence of TNF-a. However, HIV-1 Nef-
40Y and Nef-MJ4 induced the expression of VCAM-1 mRNA at significantly higher levels
than HIV-1 Nef-40H. In the presence of TNF-a, HMPECs transfected with HIV-1 Nef-40H
and Nef-MJ4 expressed higher levels of VCAM-1 mRNA than HIV-1 Nef-40Y. A synergistic
effect between TNF-a and HIV-1 Nef-40H and Nef-MJ4 was observed to enhance than
expression of VCAM-1 mRNA to levels higher than the controls. This effect was not present
with the HIV-1 Nef-40Y variant. These findings confirm the report from Mezoh et al. (2022)
which showed that PLWH possessing the HIV-1 Nef 40H residue had higher plasma
concentrations of biomarkers of endothelial activation than PLWH possessing the HIV-1 Nef
40Y residue. In addition a study by Almodovar et al (2012) showed that a series of
polymorphisms in the nef gene including H40Y were associated with pulmonary
hypertension. The sVCAM-1 concentration levels in the presence or absence of TNF-a
were not significantly different when comparing the HIV-1 Nef variants against each other.

However, the concentration levels were elevated when compared to their control groups.

Analysis of the PCR reactions to insert the restriction sites Agel and EcoRI produced
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multiple unwanted bands of greater size than the gene of interest. This may have been to
unspecific binding of the primers to the template DNA. PCR optimization could have been
carried out to address the unspecific binding. Multiple steps could have been performed to
optimize the protocol, including performing a gradient PCR to establish the optimal
annealing temperature, reducing the number of cycles, or varying the concentrations of the
buffers used (Roux, 2009). Even with the unwanted bands, the correct size bands were
identified and excised from the agarose gel for downstream procedures. The digestion of
the vector with the enzymes Agel and EcoRI worked well as clear differences could be
observed between the undigested plasmid, single digested plasmids, and the double
digested plasmid. However, results of the digest of the PCR products were not clear. This
was because less than 10 base pairs were excised from the PCR product, and this was too
small to visualize on the agarose gel. To address this problem, primers with a longer
flanking sequence after the restriction sites could have been used to allow for efficient
cleavage of the PCR products and better visualization on a higher resolution agarose gel
(Zimmermann, et al., 1998). Poor digestion of the PCR products can lead to poor ligation of
the PCR products to the vector. This was evident when performing colony PCR on the
E.coli colonies transformed with the ligated products. The PCR products produced were
greater in size than expected size of HIV-1 nef genes. This was further confirmed by
restriction digest analysis, which produced fragments of greater size than expected.
Confirming the ligation could have been carried out before transforming the E.coli cells to
avoid wasting cells and reagents. Ligation mixture PCR could have been performed using
the ligation mixture as the template DNA for the PCR reaction (Chandra & Wikel, 2005).
Running an agarose gel with the ligation mixture and an empty plasmid could have shown if
the ligation reaction was successful as the ligation mixture would have a band greater in

size than the one found in the empty vector lane (Han et al., 2010). Sequencing of the
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plasmids produced sequences that did not match known sequences of HIV-1 nef genes.
This confirmed that the cloning of the gene of interest had failed and required the repeating
of cloning. A reason for the incorrect sequences could be the result of using incorrect
sequencing primers as the pLKO vector was a gift and the identity of the vector was not
confirmed. To rule out the sequencing primers, the PCR primers could have been used to
sequence the plasmids as they were specific to the gene of interest (Gochhait et al., 2007).
The cloning failures were highlighted by the failure to produce recombinant HIV-1 Nef
proteins after transfection. A anti-Nef antibody positive control ruled out the Western
blotting protocol as the reason for the negative results. However, a positive control for the
anti-Flag antibody should have been used to demonstrate that the anti-Flag antibody was
working properly (Wu, et al., 2007). The unsuccessful cloning of HIV-1 nef genes into the
pLKO plasmid demonstrated the importance of identifying and confirming all sequences,

designing effective primers and improving the efficiency of the cloning experiments.

Primers to amplify the HIV-1 nef genes were designed to introduce a N-terminal Flag tag
and restriction sites, BamHIl and EcoRIl, so as to minimise nonspecific binding of the
primers to the template DNA. The PCR was optimized to decrease formation of non-specific
PCR products, thus improving ligation of the desired PCR products to the pGEM-T Easy
vector. The use of the cloning vector allowed for screening of successfully ligated products
and improved the efficiency of the restriction enzymes as more flanking base pairs were
available after the restriction sites (Celie et al., 2016). Although restriction digestion was
improved, restriction digest of the pcDNA vector with the restriction enzyme, ECcoRI,
produced partially digested products. To improve digestion, the amount of restriction
enzymes added to the reaction and/or the duration of incubation time could have been

increased (Zimmermann, et al., 1998). Ligation of the digested products to the pcDNA
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vector was successful and more efficient compared to cloning into the pLKO vector. This is
the result of using precise PCR primers and the cloning vector pGEM-T Easy vector.
Mutating the Nef-40H expressing plasmid to produce the Nef-40Y expressing plasmid was
achieved using a commercially available site-directed mutagenesis kit. Using a kit is more
efficient than using traditional PCR methods (Shenoy and Visweswariah, 2003). Screening
of the mutation could have been improved by excising the gene of interest first before
performing the restriction digestion with the Fatl restriction enzyme. Sequencing of the
constructs was done using the PCR primers as they were specific to the gene of interest,
thus, unsuccessful sequencing would show that the gene of interest was not present in the
plasmid. Successful expression of the recombinant Nef proteins was confirmed by Western
blot analysis using the anti-Flag antibody. The anti-Nef antibody could have also been used
to demonstrate that the commercially available monoclonal anti-Nef antibody raised against
HIV-1 Nef proteins were ineffective at recognizing the subtype C HIV-1 Nef proteins.
Profiling of the expression of the adhesion molecules by RT-qPCR did not produce a time
dependent linear increase as observed with the expression of the recombinant Nef proteins.
Analysis of the expression of the adhesion molecules mRNA could have been improved by
analyzing levels after 24 hours. The data was more conclusive and consistent post 24
hours. This was confirmed by a study by Kanda et al (1998) which demonstrated that
expression of adhesion molecules in endothelial cells peaked at 18-24 hours post
stimulation and plateaued after 24 hours. The quantification of soluble VCAM-1 proteins by
ELISA gave low values. This was due to the sample dilution instruction provided by the kit’s
manufacturer. Revising the dilution ratios would have increased the concentration of

sVCAM-1 in each sample, thus giving more distinctive readings.

HIV-1 Nef is reported to facilitate its transfer from HIV-infected cells to bystander cells with
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devastating effects. This has also been reported in patients infected with HIV-1on ART
who have reduced virion production, but early gene expression of HIV-1 Nef is not
affected in the same manner (Appay et al., 2002). HIV-1 Nef is reported to cause cell death
in endothelial cells. A study by Acheampong et al (2005) demonstrated that extracellular
and endogenously expressed HIV-1 Nef induced apoptosis in primary human brain
microvascular endothelial cells via the activation of caspases. Apoptosis was reported in
lung microvascular endothelial cells transfectedwith HIV-1 Nef. HIV-1 Nef was observed to
upregulate the expression of the endothelial-monocyte-activating polypeptide 1l (EMAP II),
which facilitates the progression of pulmonary emphysema through mechanisms involved in
endothelial cell death (Chelvanambi et al., 2019). In our study, HIV-1 Nef variants were
transiently expressed endogenously in HPMECs. This experimental design was adopted
following a study by Fan et al.,, 2010, in which the authors demonstratedthat the HIV-1
Nef protein expression was primarily located in the cytoplasm and partially in the
membrane, which is consistent with natural Nef protein localization. This, therefore, implies
that the transfer of HIV-1 Nef or direct expression of HIV-1Nef by the endothelial cells
would have similar effects (Joseph et al., 2003; Fan et al., 2010). However, in our study,
we assume that there was no cell death as HIV-1 Nef expression increased in a time-
dependent manner. These findings may disagree with reported results due to the
maintenance and transfection methodsemployed in this study; however other factors such
as cell types, HIV-1 Nef variances, HIV-1 Nef concentrations, and treatment times may be
the cause of this discrepancy regarding the toxicity effect of HIV-1 Nef (Jiang et al., 2010).
In other publications, serum starvation procedures or limited growth factors were used
before or during the treatment with HIV-1 Nef, which could help induce endothelial
apoptosis (Jiang et al., 2010; Chelvanambi et al., 2019). The complete growth medium with

or without TNF-a did not cause any cell death in HMPECs as demonstrated in the cell
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maintenance experiment conducted, showing that treated HPMECs grew similarly to
untreated HPMECs. However, human endothelial cells can be susceptible to TNF-aq, thus

resulting in the suppression of RNA and protein synthesis (Karsan et al., 1996).

It has already been established that HIV-1 infection is associated with an increased risk of
CVDs in PLWH (Deeks et al., 2013). HIV-1 infection results in chronic immune activation,
inducing the increased expression of cell surface antigens and production of cytokines;
thus, contributing to the high occurrence of CVDs (Sipsas and Sfikakis, 2004). HIV-1
proteins alone have been reported to be the same. HIV-1 Nef proteins have been reported
to induce the release of inflammatory proteins interleukin-1 (IL-1), IL-6, and TNF- a in
monocyte/macrophages (Olivetta et al., 2003) and induce the expression of ICAM-1 in
endothelial cells (Fan et al., 2010). It was observed that the HIV-1 Nef protein- induced
transcription of ICAM-1 in endothelial cells, required the activation of extracellular signal-
regulated kinases (Fan et al., 2010). Recombinant exogenous HIV Nef proteins have been
reported to activate nuclear transcription factors NF-kB and AP-1 in a dose- and time-
dependent manner (Varin et al., 2003). In this study, the expression of adhesion molecules
was measured by RT-PCR. In the absence of TNF-a, HIV-1 Nef variants transfected into
HPMECs could induce the expression of ICAM-1 and VCAM-1 mRNA significantly higher
than in the control group HPMECSs. This was supported by the findings in a study by Fan et
al (2010), which demonstrated that HIV-1 Nef could induce the expression of adhesion
molecules independently. This confirmed the study by Duffy et al. (2009) that reported that
HIV Nef independently downregulated eNOS expression in porcine pulmonary artery
endothelial cells and human pulmonary artery endothelial cells (HPAECs), causing
endothelial dysfunction. In our study, the wild-type HIV-1 Nef (Nef-40H) and reference

strain (Nef-MJ4) variants induced the ICAM-1 mRNA expression significantly higher than
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the mutated HIV-1 Nef (Nef-40Y) variant. This confirmed the findings by Mezoh et al.,
(2022) that reported the HIV-1 40H polymorphism was associated with higher levels of
ICAM-1 in ART-naive South African individuals. In the context of VCAM-1 mRNA
expression, HIV-1 Nef-MJ4 and Nef-40Y variants had significantly higher levels when

compared to the HIV-1 Nef-40H variant.

The pre-treatment of endothelial cells with TNF-a enhances the expression of adhesion
molecules from their basal levels, a characteristic feature of inflammation and endothelial
cell activation (Lee et al., 2011; Bengalli et al., 2019). The treatment of endothelial cells with
HIV-1 proteins and TNF-a is reported to increase the risk of endothelial dysfunction. A study
by Jiang et al., (2010) demonstrated that HIV-1 Gp120 and TNF-a significantly enhance
eNOS downregulation at mRNA and protein levels better than HIV-1 Gpl120 alone in
porcine coronary arteries and human coronary artery endothelial cells (HCAECS). In
addition, a study by Matzen et al., (2004) demonstrated that human microvascular vein
endothelial cells (HMVECS) treated with both HIV-1 Tat and TNF-a significantly increased
the adhesion of leukocytes and peripheral blood mononuclear cells (PBMC) in vitro
compared to HMVECSs in the presence of HIV-1 Tat alone. These studies suggest that HIV-
1 proteins and TNF-a may have synergistic effects to induce endothelial dysfunction. In
our study, the expression of ICAM-1 mRNA in HIV-1 Nef expressing HPMECs in the
presence of TNF-a was lower than the levels in the control group. This disagreed with the
know characteristics of HIV-1 proteins in the presence of TNF-a. However, this could
explain the findings in a study by Matzen and colleagues, in which it was observed that
HIV-1 Nef expressing endothelial cells in the presence of TNF-a did not bind leukocytes
better than HIV-1 Nef absent endothelial cells treated with TNF-a in vitro (Matzen et al.,

2004). The binding of leukocytes is facilitated by ICAM-1 and the leukocyte function
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antigen-1 (LFA-1) (Chong et al., 2021), thus a decrease in ICAM-1 would result in poor
binding of leukocytes by the endothelial cells. This could suggest that in vitro, stimulation of
endothelial cells with both HIV-1 Nef and TNF-a does not increase the expression of ICAM-
1. However, a clinical study conducted by Mezoh et al., (2022) involving HIV- infected ART-
naive South African individuals compared to HIV-uninfected healthy subjects, showed the
population infected with HIV-1 to have significantly higher plasma levels of TNF-a and
ICAM-1 than the uninfected population (Mezoh et al., 2022). Thereason for the discrepancy
between in vitro and clinical studies may not be known but it demonstrates that HIV-1 Nef
and TNF-a potentially play a role in increased expression of ICAM-1, however, the
mechanism by which this may occur is still unclear.

In the context of VCAM-1, our study observed an increased expression of VCAM-1 mRNA
in HIV-1 Nef expressing HPMECs in the presence of TNF-a compared to the control group.
The HIV-1 Nef-40H and Nef-MJ4 variants demonstrated a synergistic effect to upregulate
the expression of VCAM-1 mRNA, which was not seen with the HIV-1 Nef-40Y variant.
This, therefore, suggests that the HIV-1 Nef H40Y polymorphism affects VCAM-1 mRNA
expression in vitro, which the Nef-40H mutation potentially enhances VCAM-1 expression.
The synergistic effect of HIV-1 Nef and TNF-a on VCAM-1 mRNA expression could explain
the findings in a study by Matzen and colleagues who reported higher recruitment of
peripheral blood mononuclear cells by HIV-1 Nef expressing endothelial cells in the
presence of TNF- a compared to HIV-1 Nef expressing endothelial cells in the absence of
TNF-a (Matzen et al., 2004). This results from VCAM-1 binding to the very late antigen
(VLA-4) on peripheral blood mononuclear cells (Xie et al., 2011).

The increased levels of circulating forms of cellular adhesion molecules in patients infected
with HIV-1 have gained interest as prognostic markers of endothelial dysfunction. These

soluble adhesion molecules have been measured in numerous clinical studies, providing a
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new and easy method for assessing the risk of CVDs among PLWH (Sipsas and Sfikakis,
2004; Graham et al., 2013; Lembas et al., 2022). In in vitro studies, differential mMRNA
expression studies generally tend to assume the levels of mMRNA expression positively
correlate with protein expression and have biological meaning. However, mRNA-protein
correlation studies have demonstrated a poor correlation between mRNA and protein
expression levels (Koussounadis et al., 2015). This would be later confirmed in our study.
Considering that there was no significant difference when evaluating the expression of
ICAM-1 mRNA in HPMECs cultured either in the presence or absence of TNF-a during
the RT-gPCR analysis, the protein study was only performed on the soluble VCAM-1
protein. Additionally, sVCAM-1 and not sICAM-1 is reported to be a better marker of
endothelial injury in patients with a history of coronary artery disease (Semaan et al., 2000).
A study conducted by Mezoh et al. (2022) showed a significant difference in plasma levels
of sSVCAM-1 in subjects with HIV-1 compared to uninfected subjects (p<0.0005) than with
SICAM-1 plasma levels (p<0.05). This implies that VCAM-1 could potentially be the most
preferred biomarker for the early detection of cardiovascular diseases in PLWH.

In our study, the concentration of sSVCAM-1 in the culture medium was measured by
enzyme-linked immunosorbent assay (ELISA). In either the absence or presence of TNF-q,
the levels of sSVCAM-1 were significantly higher in the HIV-1 Nef variants compared to the
control groups. However, no variant significantly performed better than the other.
Additionally, no synergistic effect was witnessed between the HIV-1 Nef variants and TNF-a
to increase the concentration of SVCAM-1. This observation, however, disagreed with the
RT-gPCR data. The discrepancy between these results may exist for several reasons,
including the type of cells used. A study by Videm and Albrigtsen (2008) reported that low
concentrations of sSVCAM-1 were released from human microvascular endothelial cells

upon stimulation in in vitro studies, thus making sVCAM-1 an ineffective marker of
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endothelial activation in these cells. This suggests the usage of a different cell line, such
as human umbilical vein endothelial cells (HUVECs), may be better suited for in vitro

sVCAM-1 expression profile studies (ing et al., 2012).
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4.2. Conclusion

In this study, RT-PCR analysis found that HIV-1 Nef-40H induces higher levels of ICAM-1
and VCAM-1 mRNA expression compared to Nef-40Y. Similar outcomes were found using
the HIV-1 Nef-MJ4 reference strain. The HIV-1 Nef-40H and Nef- MJ4 variants had a
synergistic relationship to significantly increase the expression of VCAM-1 mRNA, which
was not observed in HIV-1 Nef-40Y variant. Although HIV-1 Nef-40H and Nef-40Y
produced similar levels of SVCAM-1, significant mMRNA expression of adhesion molecules
in endothelial cells transfected with HIV-1 Nef- 40H could result in higher levels of
expressed adhesion molecules over time. These findings suggest that P LW H that have
the HIV-1 Nef-40H variant could have a higher risk of CVDs compared to people living

with HIV with the 40Y variant.

The confirmation of HIV-1 Nef role in the development of endothelial dysfunction and
subsequent CVDs, allows for the targeting of HIV-1 Nef in therapeutic strategies specific to
South African HIV-1 strains. This could contribute to effective reduction of non-AIDS related

deaths among patients infected with the HIV-1 subtype C strains.

4.3. Study limitations and strengths and future studies

Several limitations were identified in this study. One of such limitations includes the fact that
the functional activity of HIV-1 Nef was not confirmed in this study, therefore, it is not
known if the expressed HIV-1 Nef proteins were biologically active.The HIV-1 Nef protein is
known to downregulate CD4 and HLA genes, thus, an activity assay based on this property
could be performed to confirm that the expressed HIV-1 Nef protein is biologically active
(Mann et al., 2013). The stable expression of a protein is preferential over transient
expression to have the continuous effect of a protein, however, attempts to construct a

plasmid that would facilitate stable expression of HIV-1 Nef were unsuccessful. Failure in
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cloning could have been due to no PCR optimization. Moreover, the pLKO plasmid used in
this study was a gift and the plasmid identity was not confirmed prior to its use. Another
limitation to this study is the low number of biological repeats that were performed. An
increase in the number of repeats would provide more accurate data. Moreover, a technical
repeat was not carried out. This study could possibly have also been limited using
Human Pulmonary Microvascular Endothelial cells as not all types of endothelial cells react

the same way during endothelial activation (Ling et al., 2012).

The strength of this study is that it is adaptable to several changes including studying
multiple mutations and the use of different endothelial cell lines. This lends itself to being
cost-effective and reproducible. The experimental design can be used to study
polymorphisms in other HIV-1 proteins such as HIV-1 Tat, which have also been associated
with endothelial activation and dysfunction in individuals infected with HIV-1. This is one of
very few studies conducted that has looked at the effect of HIV-1 Nefon endothelial
function, and the only study to look at endothelial activation brought on by exposure to
HIV-1 subtype C Nef variants.

Further studies could be done on other identified HIV-1 Nef polymorphisms using the same
experimental design. Studying the secondary and tertiary structures of the Nef protein will
help determine if the mutations result in a conformational change of the protein's structure,
which might equally explain changes in function. The HIV-1 Nef protein could equally be
studied in the context of elite controllers or slow progressors' ability to cause endothelial
dysfunction, as it would help identify elite controls and slow progressors who are at greater
risk of developing CVDs. This could help identify domains of the HIV-1 Nef protein
associated with increased risk of CVD, given that elite controllers and slow progressors

have multiple polymorphisms and deletions in their HIV-1 nef sequences.
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A3: Plasmids maps
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Figure Al: pcDNA 3.1 (+) plasmid
Cloning vector used for the construction of transient HIV-1 Nef expressing plasmids. The
nef genes were inserted between restriction sites BamHI and EcoRl.
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Figure A2: pSelect-GFPZeo-mcs plasmid
The pSelect-GFPZeo-mcs plasmid was used as a transfection positive control.
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Figure A3: pLKO.dCMV,TetO.3xFlag plasmid
Cloning vector used for the construction of stable HIV-1 Nef expressing

plasmids. The nef genes were inserted between restriction sites Agel and
EcoRl.
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