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Abstract

The incidence of HIV-associated cancers is significantly higher within the
South African population compared to elsewhere in the world due to South
Africa having one of the highest HIV burdens compared to the rest of the
world. Burkitt lymphoma (BL) is an extremely aggressive cancer that is
considered to be a highly prevalent subtype of Non-Hodgkin Lymphoma (NHL)
affiliated with chronic HIV infection. While the immunosuppressive aspect of
HIV remains a primary cause for the increased occurrence of cancer amongst
HIV positive patients, new research demonstrates that the virus can have
direct oncogenic effects, often through the action of specific virally-encoded
proteins. The latter can act alone or collaboratively with cellular proteins, as
well as with oncoproteins of established oncogenic viruses such as the
Kaposi’s Sarcoma-associated Herpes Virus (KSHV), or with Epstein-Barr
Virus (EBV). To date, convincing evidence assign oncogenic activity to the HIV
viral proteins Trans-activator of Transcription (Tat) and p17 in the progression
of B-cell lymphomagenesis. Of particular interest to this study is the HIV-1
viral protein Nef (Negative Factor) which has been reported to have an
oncogenic role in several cancer types including Kaposi’s Sarcoma (KS) and
Non-Small Cell Lung Cancer (NSCLC). However, the role of HIV-1 Nef in B-cell
lymphoma, including BL, remains largely unexplored. Previous work
performed in our research laboratory demonstrated that HIV-1 Nef protein
could enhance the expression of two key lymphoma promoting factors, c-MYC
and Activation Induced Cytidine Deaminase (AID), in BL cells and promoted
genomic instability. The current study aimed to further explore the oncogenic
effects of HIV-1 protein Nef in the development of BL. Furthermore, the
potential internalization of recombinant Nef protein by B-cells during
extracellular exposure was examined. Herein, we utilized cellular-based
assays to examine alterations in the proliferation, the cell cycle and apoptosis
of BL cells that have been extracellularly exposed to recombinant Nef protein.

Our findings reveal that the proliferation of BL cells was enhanced in response

Xiv



to Nef exposure. Furthermore, the expression of the cyclin proteins A, B1 and
E2 were found to be increased in Nef-exposed BL cells, which could account
for the enhanced proliferation. No major changes in the cell cycle profile of BL
cells were noted upon exposure to Nef. While a sub-G1 peak was noted during
cell cycle analysis, Annexin V/7-Amino-actinomycin (7-AAD) staining
confirmed that this observation was an anomaly, confirming that the Nef
protein did not enhance apoptosis in BL cells. Additionally, the Nef protein
did not provide any protective effect against apoptosis in BL cells exposed to
the chemotherapeutic agent Doxorubicin. Finally, investigation of the
potential internalization of the Nef protein by B-cells indicated that Nef may
be trafficked to both the cytoplasm and the nucleus. However, this remains
inconclusive due to Nef being detected in negative control samples. Overall,
this study generated novel data on the oncogenic role of HIV-1 protein Nef in
the development of BL, demonstrating that this viral protein has the ability to
enhance proliferation of BL cells. Additionally, Nef was shown to alter the
expression of cellular cyclin proteins, which could be one of the mechanisms
via which proliferation is enhanced. This data allows for a better
understanding of the oncogenic role of Nef in the development of B-cell
lymphoma, and contributes to our observation of enhanced disease severity
and progression in HIV infected people who develop BL. Future studies will
focus on further defining the oncogenic potential of Nef in aggressive B-cell
lymphomas by examining its effect on other oncogenic processes/pathways
which define hallmarks of cancer, including cell migration and invasion,
autophagy and angiogenesis, as well as its effect on oncogenic signalling
pathways. In addition to this, further optimization of the experimental design
used to assess the potential internalization of the Nef protein by BL-cells is
recommended for future work. Ultimately, more research must be undertaken
to further elucidate the oncogenic role of HIV-1 Nef protein in HIV-associated

lymphomas such as BL.
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Chapter 1

Introduction

1.1 HIV-associated Cancers in sub-Saharan Africa

Cancer can be described as a group of diseases that involve unregulated
proliferation of abnormal cells, which can cause the emergence of malignant
tumours. Globally in 2020, 19.3 million new cases of cancer were estimated
to have arisen with almost 10 million cancer-related deaths. Due to risk
factors, such as population growth and age, the incidence of cancer is
gradually increasing in Africa with a higher incidence of cancer cases expected
by 2030 due to a projected growth of 50% in the African population (resulting
in an estimated total of 1.52 billion people) [1-4]. Many sub-Saharan African
(SSA) countries report prostate, breast and cervical cancer to be the most
prevalent cancers within the population, with the number of cancer cases

expected to increase two-fold over the next 20 years [5].

In addition to the existing burden of cancer, the SSA region holds the highest
HIV prevalence worldwide, and South Africa in particular has one of the
highest HIV burdens in the world, with an estimated 8,2 million South
Africans living with the virus (prevalence rate of 13,7%) in 2021 [6, 8].
Consequently, the incidence of specific cancers that are associated with HIV
infection (HIV-associated cancers) is significantly higher within the South
African population when compared to elsewhere in the world [8-10]. Of
particular interest to this study is HIV-associated Burkitt lymphoma, a
subtype of Non-Hodgkin Lymphoma (NHL), the latter being reported among
the top 10 cancers affecting the South African population in 2020 [2].

1.2 HIV-associated Non-Hodgkin Lymphoma

NHL can be defined as a group of haematological cancers that originate from
aberrant B-lymphocytes (B-cells); T-lymphocytes (T-cells) and Natural Killer

(NK) cells. NHL can be further split into several clinical variants that deviate
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from each other based on specific genetic markers and their molecular

structure [18, 19]. An analysis of bone marrow biopsies collected between
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Figure 1.1: Bone Marrow Biopsies of in NHL HIV-Positive and HIV-Negative Patients. The graph
depicts distribution of NHL subtypes by HIV status from patients undergoing bone marrow biopsies at
Groote Schuur Hospital (2005-2010). DLBCL : Diffuse Large B-cell Lymphoma; FL : Follicular Lymphoma;
SLL/CLL : small lymphocytic lymphoma/chronic lymphocytic leukaemia; LG B NHL, Low Grade Burkitt
Lymphoma; HG-B NHL High Grade Burkitt Lymphoma; NOS :Not Otherwise Specified; ALCL : Anaplastic
Large Cell Lymphoma; PBL : Plasmablastic Lymphoma; NK : Natural Killer Cell Malignancy [19].

2005-2010 from patients under investigation at Groote Schuur Hospital in
Cape Town show NHL to be the most frequently detected malignancy among
HIV positive patients, with Burkitt Lymphoma (BL), Diffuse Large B-cell
Lymphoma (DLBCL) and Plasmablastic Lymphoma (PBL) being the most
prevalent (Figure 1.1). This is in line with data from other studies performed
elsewhere in the world, with several of those reporting a persisting elevated
incidence of HIV-associated NHL among HIV infected individuals despite the
introduction of combination antiretroviral therapy [8, 12, 19, 24]|. In
particular, studies have shown that the highly aggressive Burkitt lymphoma
can occur in HIV positive patients even when CD4 cell counts are within a

healthy range [108].

1.2.1 Burkitt Lymphoma (BL)

BL is a High-Grade B-cell NHL that is frequently present in extra-nodal sites

or as acute leukaemia. In 1958, Denis Burkitt was the first to clinically



describe the lymphoma based on the high proportion of reported cases
involving the development of abnormal jaw tumours and abdominal tumours
amongst Ugandan children [109]. The World Health Organization (WHO)
further subdivides BL into three clinical variants based on a variety of factors
such as clinical presentation; molecular genetics and differences in
geographical distribution: The three variants include: Endemic, Sporadic and
Immunodeficiency-related. Endemic BL is mainly prevalent amongst children
and occurs predominantly in Equatorial Africa, particularly within areas
associated with Malaria and early infection with the Epstein-Barr virus (EBV).
Sporadic BL occurs throughout the rest of the world, accounting for 30-40%
of childhood NHL cases but is also seen in young adults. Immunodeficiency-
related BL occurs predominantly in HIV positive individuals, and persistent
B-cell activation, due to infection with the virus, has been attributed to this

phenomenon [20, 109].

The cell of origin seems to vary based on the clinical variant of BL. For
Sporadic BL, which normally is EBV negative, the cell of origin is postulated
to be a mature, yet highly proliferative B-cell present within the dark zone

(DZ) of the germinal centre (GC), undergoing somatic hypermutation during
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Figure 1.2: Model for the postulated cell of origin for Burkitt Lymphoma [109].



the GC reaction (Figure 1.2). However, this does not account for any EBV-
associated BL cases. In these cases, the cell of origin is suggested to be post
germinal centre B-cells (memory B-cells), which are considered to be in a later

stage of development. [109].

Immunophenotyping of BL reveals that tumour cells are normally positive for
membrane IgM; B-cell antigens (CD19, CD20, CD22, CD79a, PAX5) and GC
markers (CD10, BCL-6). CD38, CD77, and CD43 are also frequently positive.
In addition to this, the expression of CD38, CD77, and CD43 are often
detected with the expression of BCL-2, an anti-apoptotic protein, being
absent. Majority of BL cases also present a high expression of the proto-
oncogene c-MYC in most cells, despite the absence of the c-MYC/IgH

translocation in some cases [109].

BL cells consists of monomorphic medium sized round B-cells with basophilic
cytoplasm with the cytoplasmic margins appearing squared off. The nuclei
appear round or oval in shape and contain coarse, clumped chromatin and
deeply basophilic nucleoli (Figure 1.3A). In terms of histopathology, BL cells
appear to be arranged within a characteristic “starry sky” pattern (Figure
1.3A). This pattern most likely resulted from the presence of phagocytic
histiocytes, such as macrophages, which actively phagocytose nuclear debris
from BL cells experiencing a high level of apoptosis. Despite the high
proliferation index, a major portion of BL cells will undergo apoptosis. BL
tissue displaying an abnormal morphology (plasmacytoid appearance)
commonly associated with adult and HIV positive patients (Figure 1.3B) [20,
21, 109].
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Flgure 1.3: The cellular morphology and h|stology of Burkltt Lymphoma tissue (Haematoxylm and
Eosin Stain). (A) Typical morphology of BL tissue displaying the characteristic “starry sky” pattern. (B)
The abnormal morphology, depicting a plasmacytoid appearance, that may be present in adults that
are HIV positive [109].

Several co-factors are associated with BL and will influence its epidemiology.
These include the presence of an EBV infection, prevalence of Malaria and
HIV infection. Of note to this study is the effect of HIV infection on the
incidence of BL (HIV-associated BL).

1.2.1.1 HIV-associated BL

As mentioned earlier, BL is one of the HIV-associated cancers that is
overrepresented within the South African HIV population. An enhanced risk
of BL has been shown to be linked with chronic HIV infection. Chronic HIV
infection has been reported to cause persistent activation of B-cells, indicated
by the increased proportion of specific B-cell activation markers such as CD30
and CD23 reported within the serum of HIV positive patients. Persistent
stimulation of B-cells results in the overexpression of the enzyme Activation
Induced Cytidine Deaminase (AID). The virus is thought to use this
mechanism to promote the risk of HIV-associated lymphomas such as BL [20,
109]. Therefore, studies to understand this mechanism is ongoing.
Furthermore, the overexpression of AID, a key driver of antibody
diversification in B cells, has been shown to be essential in the translocation
of proto-oncogene c-MYC to the highly active immunoglobulin heavy (IGH)
locus (c-MYC/IgH translocation, t(8;14)(q24;932)), a defining feature of BL
cells. The persistent activation of B-cells has been shown to be one of the ways

via which AID is overexpressed. Furthermore, co-infection with EBV or even



the presence of specific cytokines have been shown to promote the survival of
chronically activated B-cells with c-MYC translocation, thus promoting

lymphomagenesis [19, 20, 21].

Despite HIV being a typical risk factor for the development of HIV-associated
BL, it might not be the only factor responsible as BL has been reported to
develop in patients with normal CD4 cell counts. Furthermore, the incidence
of HIV-associated BL was not observed to increase as the CD4 cell count

decreases or in patients that are not on Antiretroviral Treatment (ART) [123].

1.3 The Oncogenic Role of HIV

The high incidence of HIV-associated cancers, such as BL, amongst HIV
positive patients was initially thought to be associated with the
immunosuppressive role of the virus [24]. The commencement of ART has
allowed for successful repression of the virus and a greater life expectancy
amongst HIV positive patients. However, they continue to experience
persistent immune activation and chronic inflammation (such as persistent
B-cell activation), potentially making them more vulnerable to developing
numerous complications such as cancers as they age [7, 61]. In addition to
this, the introduction of ART caused no reduction in the incidence of BL in
HIV positive patients compared to other HIV-associated NHL such as DLBCL
and CNS lymphoma [123]. However, in the last decade new research has
emerged which show that specific proteins encoded by the virus can directly
drive oncogenic processes within cells, and these include non-HIV host cells.
One study has shown that HIV protein can travel from HIV-infected
macrophages into B cells via specialised conduits [16]. Other studies indicate
that HIV soluble proteins are present in the serum of HIV infected patients,
and that these proteins can alter cellular processes through binding to
membrane receptors [33]. To promote oncogenesis, HIV proteins have been
shown to either act alone or collaboratively with cellular proteins, as well as
with oncoproteins of established oncogenic viruses such as the Kaposi’s
Sarcoma-associated Herpes Virus (KSHV), or with EBV [14, 15, 24, 25, 33,
34].



One of the HIV-1 proteins which has been most commonly described as
having oncogenic potential is the HIV Trans-activator of Transcription protein
(Tat). This regulatory protein, whose normal role is in enhancing the efficiency
of viral transcription [31], has been shown to play a key role in the progression
of Kaposi Sarcoma in HIV infected individuals. Tat was shown to cooperate
with ORF-K1 (an oncogenic viral protein of KSHV) to co-induce the expression
of micro-RNA miR-891a-5p, which in turn upregulates NF-kB, indirectly
resulting in the induction of abnormal angiogenesis [26]. Another more recent
study reported that Tat interacts with LINC0O0313, a KSHV reactivation-
activated long noncoding RNA (IncRNA). Normally, LINCO0313 is upregulated
during KSHV infection which in turn blocks cell migration and invasion.
However, the presence of Tat abolishes this effect, thus potentially enhancing
KS progression [55]. Within the context of lymphoma, Tat has been shown to
play an important role in inducing BL-specific chromosomal translocations
within B-cells such as the t(8;14) chromosomal translocation mentioned
earlier (see section 1.2.1), thereby increasing the risk of BL in HIV positive
patients. Tat was reported to achieve this by firstly enhancing the co-
localization between the c-MYC and IgH genes and secondly increasing the
expression of AID, which causes the emergence of double-stranded breaks
within the c-MYC and IgH genes of naive B-cells. In Ramos cells (a BL cell line)
expressing HIV-1 Tat, the viral protein was reported to interact with the AID
gene (AICDA) via three regulatory regions (R1, R2 and R4), resulting in
enhanced AID protein expression. In addition to this, Tat also enhanced the
activity of the c-MYC promoter, which correlated with increased levels of the
c-MYC protein in Ramos cell [14, 32, 110]|. Furthermore, another study
reported that Tat was present within the sera of HIV infected patients that
presented with B-cell lymphomas such DLCBL and BL. This would suggest
that Tat is able to act as a biologically active extracellular protein, released

from infected cells and potentially taken up by uninfected B-cells [28].

A second HIV protein shown to have direct oncogenic function is the matrix
protein pl7 whose normal role is in regulating viral entry and replication.
Several studies reported on the ability of p17 to enhance cellular features

which have the potential to promote a cancer phenotype. Of note is a study
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by Martorelli and colleagues who demonstrate that a natural variant of p17
(S75X) could bind to the CXCR2 receptor on EBV-infected B-lymphocytes
more efficiently than the reference p17 protein, and that this led to enhanced
proliferation. The pl7 variant could upregulate the oncogenic EBV viral
protein Latent Membrane Protein-1 (LMP-1), and enhance PI3K/AKT,
MAPK/ERK1/2 and STAT3 signalling [34].

Of note to this study is the oncogenic function of HIV Nef, and the next section

presents data currently available on the involvement of Nef in carcinogenesis.

1.3.1 The Role of HIV-1 Negative Factor (Nef) protein in cancer

1.3.1.1 HIV Nefin Viral Infection

The HIV-1 Nef protein is a 27-kDa myristoylated protein that is abundantly
expressed during early stages of infection. The Nef protein contains three
structural domains which include the folded (globular) core (residues 55-65
and 84-203) flanked by the N-terminal (residues 1-54) and C-terminal
disordered loop domains (residues 204-206). A central flexible loop (residues
149-179) is present within the folded core (Figure 1.4 below) [38, 39]. Each
section contains amino acid residues imperative for its multifunctional
capabilities, despite showing no evidence of enzymatic activity. Each
structural domain will contain different Nef protein motifs, which effectively
allows Nef to carry out many of its functions. For example, the proline rich

N-TERMINAL FOLDED
ANCHOR CORE

1 I 4' 55 65 203'205

N Flexible Flexlhle
loop loop

Figure 1.4: A schematic diagram of the HIV-1 Nef protein depicting its structural domains: N-
terminal (residues 1-54); Folded Core (residues 55-65 and 84-203); C-terminal (residues 204-206) and
central flexible loop (residues 149-179) within the folded core [39].

motif PxxPxR, found within the core of Nef, plays a role in modulating T-cell
activation by mediating an interaction between the Nef protein and the SH3
domain of various Src family tyrosine kinases such as Hck [37, 38, 39, 91].

ExxxLL, an acidic di-leucin motif located within the C-terminal loop, allows



the Nef protein to interact with various proteins involved in intracellular
trafficking such as the Adaptor Protein-2 (AP-2), which in turn will produce
endosomes containing CD4 and Nef. In addition to this, the motif has also
been reported to regulate various cell surface molecules such as CD4. The Nef
protein also contains MGxxxS1), a myristoylated motif within the N-terminal,
which is a protein lipid modification which acts as a membrane-anchoring
motif allowing Nef to be localized and inserted into the cell membranes of
target cells. This is also critical for the downregulation of certain cell surface
molecules such CD4 and Major Histocompatibility Complex I (MHC-I) [37, 38,
41, 91].

Nef is involved in optimization of viral infection through mechanisms that are
not completely understood but most likely involves the protein interacting
with various host cellular factors allowing for disruption of intracellular
trafficking and alteration in the expression of certain cell surface molecules.
For example, Nef has been shown to interact with and subsequently
downregulate (via endocytosis) the CD4 receptor molecule on the cell surface
of T-cells. This reduction of the HIV target receptor prevents superinfection
thus favouring viral propagation [38-41]. Nef has also been shown to promote
viral dissemination by preventing the elimination of infected cells through
downregulation of surface MHC-I via endocytosis, thus ensuring the extended
survival of infected T-cells and circumvention of the host’s immune system

[41-43].

1.3.1.2 The Role of HIV Nef in cancer

An oncogenic role for HIV Nef has been demonstrated in several cancer types.
For instance, in KS, Nef was shown to enhance KSHV K1l-induced
angiogenesis via an alternative mechanism to Tat. Nef and ORF-K1 were
shown to collaborate to enhance KS angiogenesis by both inducing the
expression of micro-RNA miR-718, an inhibitor of PTEN, thereby allowing for
the AKT/mTOR signalling pathway to be synergistically upregulated,
enhancing KS angiogenesis [25]. Furthermore, Nef demonstrates another role
in promoting KS through its interaction with KSHV viral Interleukin-6 (vIL-6)

Without the presence of Nef, vIL-6 has been confirmed to display certain
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oncogenic properties such as the activation of angiogenesis and tumorigenesis
in vitro (in endothelial cells and fibroblasts) and in vivo (chicken
chorioallantoic membrane or CAM model and Nude Mice models). However,
when Nef was present (exogenous or ectopic expression), it was reported to
synergize with vIL-6 to enhance its oncogenic properties, such as angiogenesis

and tumorigenesis, through induction of the AKT signalling pathway [54].

A study done by Santerre and colleagues demonstrated that HIV-1 Nef led to
a more aggressive phenotype in Non-Small Cell Lung Cancer (NSCLC) [72].
NSCLC cells ectopically expressing the viral protein displayed enhanced
cellular proliferation as well as increased angiogenesis and decreased
expression of the tumour suppressor protein p53 [72]. Furthermore, Nef has
been shown to enhance cellular proliferation in various other cell types such
as resting CD4* T cells and TF-1 cells (human macrophage precursor cell line)

[50, 85].

Another cancer hallmark that Nef has been linked to is the inhibition of
apoptosis. The N-terminal (residues 1-54; Figurel.4) of Nef protein has been
shown to have the ability to directly interfere with pS53, effectively blocking
pS3-dependent apoptosis of MOLT-4 cells (human leukaemia CD4-expressing
T-cell line) [90]. The full length Nef was shown to block apoptosis of T-cells
through  activation of the p2l-activated kinase (PAK) using
phosphatidylinositol 3-kinase (PI3K), which in turn results in the
phosphorylation and subsequent inhibition of the pro-apoptotic protein Bad,
stimulating pro-survival signalling [111]. In the TF-1 cell line, Nef was shown
to signal via the ERK/MAPK pathway, resulting in an increased expression of

the anti-apoptotic gene, Bcl-X;, effectively switching apoptosis off [50].

Autophagy, a cellular process that plays a role in both tumour suppression
and promotion, has also been linked to Nef. Specifically, the viral protein was
shown to block the progression of autophagy by preventing the fusion of the
autophagosome to lysosome and was also reported to block its activation by
disrupting the conversion of autophagy-related protein LC3-I to LC3-IL
Considering this, its plausible that Nef could potentially be driving
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tumorigenesis by disrupting autophagy as its dysregulation has long been

associated with cancer [48, 95].

B-cells are not natural hosts for HIV, however, a study by Xu et al
demonstrated that HIV Nef can be shuttled into B-cells from infected
macrophages via conduits/protrusions that specifically targets and adheres

to nearby B-cells (Figure 1.5) [37].

HIV infection of Nef-mediated formation Transfer of Inhibition of Ig
macrophage of cellular protrusions Nef to B cells class switching

HIV

Macrophage

Figure 1.5: HIV-1 infected macrophages will form intercellular conduits or cellular protrusions, which
allow the Nef protein to be trafficked to B-cells. Diagram depicting the potential mechanism utilized
by HIV-1 Nef protein to transfer to B-lymphocytes. Once inside B-cells, Nef will go on to disrupt many
biological processes, (for example: the inhibition of Ig Class Switching) which all could potentially drive
B-cell lymphomagenesis [37, 69].

Besides the membrane-bound myristoylated conformation of Nef, a cytosolic
version of the protein exists and has been reported to alter certain biological
process within macrophages by binding to MHC II class receptors and the
trans-Golgi network. Both membrane and cytosolic forms can make use of the
cellular protrusions to be transferred to B-cells, therefore allowing Nef to
instigate many B-cell damages via the interference of several biological
processes, possibly promoting B-cell lymphomagenesis [16, 37]. A study done
by Swingler, and colleagues reported that Nef-expressing macrophage

supernatants were potentially able to induce B-cell proliferation indirectly via

the secretion of ferritin by infected macrophages [86, 87].

Lamers and colleagues proposed that the Nef protein could possibly be
initiating B-cell activation, resulting in the overexpression of the AICDA gene,
by stimulating infected macrophages to excessively produce anti-
inflammatory cytokines. Furthermore, the overexpression of the AICDA gene
in turn could potentially result in the advent of oncogenic chromosomal

rearrangements (MYC-immunoglobulin gene loci), thus promoting
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lymphomagenesis. However, the mechanism surrounding this remains

undetermined and demands further exploration [16, 17, 37].

Overall, the potential phenotypic changes brought on by HIV-1 Nef in B-cells
and their possible contribution to lymphomagenesis have not been extensively
explored. Therefore, more work must be done to further investigate and
understand the role of HIV-1 Nef in B-cell lymphomas, such as BL. This
continues to be the topic of investigation in our laboratory with the next

section describing some the preliminary data generated.

1.4 Preliminary Studies and Aims of current study.

Previous work in our laboratory, aimed at defining the role of HIV Nef in B-
cell lymphoma, specifically, in Burkitt lymphoma, found that the protein
could influence key cellular processes, potentiating enhanced carcinogenesis

in lymphoma cells.

The extracellular exposure of BL cells to recombinant Nef protein led to
enhanced expression of two key lymphoma promoting factors, namely c-MYC
and AID, in these cells. This occurred at both the transcriptional and protein
levels (Figure 1.6) [52]. Furthermore, Nef exposure led to increased
recruitment of phosphorylated y-H2AX, a factor which gets recruited to the
site of Double-Stranded Breaks (DSBs), to the DNA of the lymphoma cells,
indicative of increased genomic instability (Figure 1.7). The latter is known to
be a precursor for chromosomal translocations which is a hallmark feature of

haematopoietic malignancies including BL.
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Figure 1.6: AID and c-MYC expressions are altered in B-cells upon exposure to HIV Nef. (A) Bar graphs
showing relative mRNA expression of c-MYC (left panel) and AICDA (right panel) at 3 hr, 6 hr and 12
hr exposure to HIV Nef, in lymphoblastoid cells (LCL) and Burkitt lymphoma cells (Ramos). The levels
were normalised to the internal control GAPDH and plotted relative to mock (0 ng/ml) treated cells.
*** p<0.001; **p<0.01; * p<0.05. All experiments were performed in triplicate. (B) Western blot of
whole protein extracts from Ramos cells exposed to extracellular Nef at the indicated concentrations
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(ng/mL) for the indicated times. p38 was detected as a loading control. All experiments were
performed in triplicate [52].

Control Nef Exposed

y-H2AX Phase contrast -Hzax

Phosphorylated
y-H2AX

Figure 1.7: Extracellular exposure to recombinant HIV Nef led to an increased expression of y-H2AX in lymphoma cells,
indicating enhanced genomic instability. Ramos cells were extracellularly treated with 500 ng/ml of recombinant Nef
protein for 3hr. After exposure, cells were fixed and permeabilized. The presence of c-MYC, AID and y-H2AX were
detected with specific primary antibodies and fluorescently tagged (Cy3 - red) secondary antibodies. DNA was stained
with DAPI (blue). Cells were mounted on slides and images were captured using confocal microscopy. Left hand panel:
Mock-treated/Control; Right hand panel: treatment with recombinant Nef protein; Far-right hand side: Enlarged image
of one representative Ramos cell from treated group [52].

The current project is aimed at further exploring the oncogenic effects of HIV-
1 Nef protein on BL cells using specific cellular assays. Furthermore, the

possible internalization of the Nef protein by B-cells during extracellular

exposure will be explored.

Therefore, the objectives of the current study are:

e To measure the effect of HIV-1 Nef on BL cell proliferation

e To assess the impact of HIV-1 Nef exposure on the expression of cyclins
and the cell cycle profile in BL cells

e To measure changes in apoptosis in cells exposed to HIV-1 Nef, in the
presence and absence of a chemotherapeutic insult

e To explore the potential internalization of HIV-1 Nef by BL cells.
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Chapter 2

Methodology

2.1 Tissue Culture

2.1.1 Cell Lines and Storage

The Burkitt Lymphoma (BL) cell line Ramos was purchased from the American
Type Culture Collection (ATCC®, Virginia, USA) and the BL cell line BL-41
was kindly donated by Professor Dave Sandeep, from Duke University (North
Carolina, USA). Both cell lines are negative for EBV infection. The HT1080 cell
line is originally derived from a fibrosarcoma and kindly donated by Professor

Sharon Prince (Department of Human Biology, University of Cape Town).

Both Ramos and BL-41 cell lines were cryopreserved in freezing media
containing 10% dimethyl sulfoxide (DMSO), Roswell Park Memorial Institute
(RPMI) media (Sigma Aldrich, Missouri, USA); Fetal Bovine Serum (FBS)
(Appendix A) and stored in liquid nitrogen. The HT1080 cell line was
cryopreserved in freezing media containing 10% DMSO, Dulbecco’s Modified
Eagle Medium (DMEM) media (Sigma Aldrich, Missouri, USA); Fetal Bovine
Serum (FBS) (Appendix A).

2.1.2 Thawing, Expansion and Freezing

For suspension cell lines (Ramos and BL-41), complete growth media was first
prepared by combining RPMI-1640 media (Sigma Aldrich, Missouri, USA);
10% FBS and 1% Penicillin/Streptomycin (P/S) (Appendix A). One vial of
cryopreserved cells was removed from liquid nitrogen, thawed and added to
pre-warmed growth medium in the 15 ml Falcon tube. The cells were then
pelleted in order to remove the toxic DMSO. The pellet was then resuspended
in 1 ml of the warmed media and added to a T25 flask, containing an
additional 5 ml of media, which was then placed in the incubator (5% COa2,

37°C). Ramos and BL-41 cells were maintained and expanded by adding fresh
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growth media every 2-3 days and depopulated as needed. The cells grew best
and were maintained at a density of between 2 X 105 and 1 X 10¢ viable

cells/ml.

For adherent cell lines (HT1080), cells were thawed in a similar process, as
described above, with the exception being the completed growth media used
which consisted of DMEM (Sigma-Aldrich, USA) containing 10% FBS and 1%
Penicillin/Streptomycin (P/S) (Appendix A). Cells were resuspended in 1 ml
of media and transferred into a 10 cm tissue culture dish containing 9 ml of
media, previously warmed to room temperature (RT). The dish was agitated
gently and then incubated in the COz incubator (5% CO2, 37°C). When the
HT1080 cells reached ~80% confluency, the dish was removed from the
incubator and media suctioned off. Cells were trypsinized by adding 1 ml of
1X Trypsin-EDTA (Appendix A) to the dish. The dish was incubated at 37°C
for 3 minutes or until the cells were detached from the base of the plate.
Thereafter, 1 ml of complete media was added to inactivate the trypsin, and
the cell resuspension was transferred to a new 10 cm dish containing 9 ml of
complete media. The dish was then incubated in the CO2 incubator (5% COa,
37°C).

In terms of freezing suspension cells, cryomedia consisting of RPMI (Sigma
Aldrich, Missouri, USA), 10% FBS and 10% DMSO (cryoprotective agent)
(Appendix A) was prepared and place on ice (in the fume hood). The expanded
cells were counted (using a Haemocytometer), pelleted and resuspended in
the cryomedia (the final density of the cell suspension was approximately 1 X
106 cells/ml). The cell suspension was added to cryovials (1 ml/vial), which
were then placed in a freezing container with isopropanol at -80°C overnight.
The cryovials were transferred into liquid nitrogen for long term storage the
following day. A similar process was employed for adherent cells with some
alterations. The cryomedia prepared contained DMEM (Sigma Aldrich,
Missouri, USA), 10% FBS and 10% DMSO (Appendix A). Adherent cells were
trypsinized (as described above), counted, pelleted and resuspended in

cryomedia. Once resuspended, the cell suspension was distributed to
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cryovials (1 ml/vial) and placed in liquid nitrogen using the same method

described for Ramos and BL-41 cells above.

2.1.3 Transfection of HT1080 cells to generate a Nef-
expressing control.

2.1.3.1  Plating of HT1080 cells

16 hours prior to transfection, HT1080 cells were plated to ensure a
confluency of 70-80% on the day of transfection. To achieve this, cells were
lifted using Trypsin-EDTA (Appendix A), transferred to a 15 ml sterile tube,
diluted appropriately and counted using a Haemocytometer. Cells were then
plated in low serum media (media supplemented with 0,5% FBS and 1% P/S)
(Appendix A) at a concentration of 3,5x105 cells/ml in 35 mm cell culture

dishes and placed in the COz incubator overnight.

2.1.3.2 Transfection

Transfection of HT1080 cells were performed using the X-tremeGENE HP DNA
Transfection Reagent (Roche, SA) in accordance with the manufacturer’s
instructions. Briefly, 2 ug of pcDNA3.1-Nef, an HIV-1 Nef mammalian
expression vector (kindly donated by Professor Mitra, National Centre for Cell
Science, India) isolated using a method which has an endotoxin-removal step,
was mixed with 2 ul of XtremeGENE HP diluted in 200 ul of DMEM only, as
per the manufacturer’s guidelines. Following a 30 minute incubation at RT to
allow for the transfection reagent (TR)/DNA complex to form, the mixture was
added dropwise to the cells. A control plate was also generated, which did not

contain plasmid DNA. Both plates were incubated at 5% CO- for 30 hours.

2.1.3.3  Harvesting

Approximately 30 hours post-transfection, the cell lysates were harvested in
the 2X Boiling Blue extraction buffer (Appendix A). The dishes were placed on
ice, the medium was aspirated off and the cells washed twice with 1 ml of ice-
cold 1XPBS (Appendix A). The cells from each well were scraped in 70 ul of 2X

Boiling Blue using a 1 ml syringe plunger, transferred into 1,5 ml
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microcentrifuge tubes, boiled for 5-10 minutes and stored at -20°C until

further use.

2.1.4 Mycoplasma Testing

All cell lines were tested for mycoplasma contamination prior to receiving any
treatments. Cells (1 X 10° cells/ml) were cultured in antibiotic free complete
media for at least 48 hours prior to the test. Approximately 3 pl of cell
suspension was deposited directly on a sterilised microscope slide and
allowed to air dry before being fixed for 2 minutes using the fixative (enough
to cover the cells) (Appendix A). Cells were thereafter washed with distilled
water and stained with Hoechst stain reagent (0,5 ug/ml) (H33342; Sigma
Aldrich, MO, USA) for 5-8 minutes. The stain was removed, and the cells were
washed with distilled water with excess water being blotted out using tissue
paper. Next, a drop of mounting fluid (Appendix A) was added to the cells
before covering with a clean cover slip. The cells were viewed by fluorescent
microscopy at 40X magnification using the Zeiss Axiovert Fluorescence

Microscope (Carl Zeiss Microimaging, Germany).

2.1.5 Cell Treatments

Recombinant Nef protein treatment: Ramos and BL-41 cells were counted
using a haemocytometer and plated (3,5x105 cells/ml) approximately 16
hours prior to treatment in low serum medium (Appendix A). The cells were
treated with either the recombinant HIV-1 Nef protein at the appropriate
concentrations which was made by diluting the stock (1 mg/ml) (NIH AIDS
Research and Reference Reagent Program, USA; HIV-1 HXB2 Nef
Recombinant Protein cat# 13134) or left untreated (control). The treatment

times varied, depending on the assay.

Doxorubicin treatment: This treatment was used to induce apoptosis in
Ramos cells, while investigating the potential anti-apoptotic effect of HIV-1
Nef on cells. Ramos cells were plated in low-serum medium as described above
and treated with 0,35 ug/ml Doxorubicin Hydrochloride (Sigma Aldrich,
Missouri, USA; Product No. D1515; stock concentration: 250 ug/ml) for 24

hours. The assay is described in more detail in Section 2.4 below.
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2.1.6 Cell Viability Assay
2.1.6.1 SDS-PAGE

Before conducting the WST-1 assay, the integrity of the recombinant Nef
proteins were first assessed. Protein samples were then separated using an
SDS-PAGE (sodium dodecyl sulphate-polyacrylamide gel electrophoresis) to
separate proteins by molecular weight. In accordance with the manufacturer’s
instructions, a 1.5 mm 15% resolving gel (Appendix A) and a 5% stacking gel
(Appendix A) was prepared using the Mini-PROTEAN 3 casting apparatus
(Bio-Rad, California, USA). All samples were prepared and heated to 95°C for
5 min to denature the protein and centrifuged briefly prior to loading on the
polyacrylamide gel. Samples were loaded into the wells of the gel which was
assembled in the gel-running apparatus, as per manufacturer’s instructions.
5 ul of the BenchMark™ Pre-stained 1 Kb Protein Ladder (Figure B1, Appendix
B) was loaded into at least one well and 5 pl of 5X SDS loading dye (Appendix
A) being loaded into any empty wells to ensure proteins separate evenly. The
tank was then closed and connected to the Bio-Rad Power pack 200 and the
gel was electrophoresed for 2-2.5 hours at 100 volts (until the dye front
reached the bottom of the gel).

2.1.6.2  Visualization using Coomassie blue

After the proteins have been separated on the gel, Coomassie blue (Appendix
A) was used to stain the protein bands in the gel by incubating the gel in the
stain at RT overnight with gentle agitation. Next, destaining solution
(Appendix A) was added to the gel, accompanied by gentle agitation, and was
continuously discarded and replaced with fresh destaining solution till the
protein bands were clearly visible on the gel without any background staining.

Gels were then transferred into distilled H»O.

2.1.6.3 WST-1 Assay

To investigate changes in the proliferation of BL cell lines (Ramos and BL-41)
in response to treatment with recombinant Nef protein, a viability assay was

performed using the WST-1 cell proliferation reagent (Roche Applied Science,
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Penzberg, Germany). The WST-1 reagent is a tetrazolium salt that is normally
cleaved by mitochondrial enzymes, produced by metabolically active cells, to
form a soluble formazan dye. Therefore, the amount of formazan dye formed
directly correlates to the number of metabolically active cells in the culture.
The more salt that is cleaved, the greater the colour change, which serves as

an indirect indicator of cellular viability [96].

Approximately 16 hours prior to treatment, cells were counted using a
haemocytometer and plated in low-serum media (0,5% FBS) at a
concentration of 3,5x10° cells/ml in 12-well plates. Culture media containing
no cells was also included to serve as a blank/background for the viability
assay. Cells were treated with recombinant Nef protein at the following
concentrations: 0; 50; 100; 200 and 400 ng/ml for 3; 6 and 24 hours. Controls
were left untreated as the Nef protein was diluted in RPMI and the volume of
Nef used was very small — less than 10 ul . Thus, it was not deemed necessary
to add diluent to the control plates. At the end of treatment, 100 ul of cell
suspension (or background control) was added to a 96-well plate, followed by
10 ul of WST-1 reagent. The plate was then covered in foil and placed in a CO2
incubator for 2 hours (37°C; 5% COz) before colourimetric analysis using the
spectrophotometer function of the Glo-Max®-Multi+ multiplate reader
(Promega, Wisconsin, USA) at a wavelength of 450 nm. The experiments were

repeated at least three times for both cell lines.

2.2 Protein Extraction, Quantification and Western Blotting

2.2.1 Protein Extraction

Total soluble protein extraction was performed using Radio-
Immunoprecipitation Assay (RIPA) buffer (Appendix A) combined with 7X
complete™ mini EDTA-free Protease Inhibitor (Appendix A) (Roche Applied
Science, Penzberg, Germany). The RIPA buffer contains specific detergents
which effectively lyse and permeabilise the cells while the Protease Inhibitor
prevents degradation of extracted proteins. At the time of extraction, fresh

RIPA /Protease Inhibitor extraction buffer was made and kept on ice. Cells
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were transferred to 15 ml Falcon tubes, pelleted by centrifugation at 2000
rpm for 5 min, with the resulting pellets being washed twice in 1 ml of cold
1XPBS before being transferred to a 1.5 ml microcentrifuge tube for the final
PBS wash. The amount of extraction buffer added was determined by the
pellet size. Generally, 70 ul of the RIPA /Protease buffer was used to resuspend
the cell pellet. Thereafter, the suspension was incubated at -80°C overnight
to optimise cell lysis before spinning at high speed (12 000 rpm at 4°C) for 20
minutes. The resulting supernatant, containing the soluble proteins, was then

transferred in aliquots to fresh tubes and stored at -80°C until use.

2.2.2 Protein Quantification using BCA

To determine the concentration of the total protein in each sample, a
Bicinchoninic acid (BCA) assay was performed using the Pierce™ BCA Assay
kit (Thermo Fisher Scientific™, Massachusetts, USA). The BCA assay utilises
a specific colourimetric system based on the Biuret reaction. This involves the
reduction of Cu*? to Cu*! by the protein peptide bonds in an alkaline
environment. BCA molecules will then chelate with the reduced Cu*! cations
to form a BCA/Cu*! complex, resulting in a purple colour being produced

which is proportional to increasing protein concentrations [97].

Briefly, the protein samples were thawed on ice and diluted into a ratio of 1:5
using the RIPA buffer (total volume of 25 pl) or kept undiluted. The BCA
working reagent was prepared according to the manufacturer’s protocol by
mixing reagents A and B in a ratio of 50:1. A standard curve was generated
using the Bovine Serum Albumin (BSA) standards at a range of
concentrations (2000 pg/ml, 1000 pg/ml, 500 pg/ml, 125 pg/ml and O
pg/ml) (RIPA buffer blank). In a 96-well plate, 10 pl of each diluted protein
sample as well as the standards were added to wells in duplicates, followed
by 200 ul of the working reagent. The plate was then incubated at 37°C for
30 minutes with the resulting colour changes being measured using the Glo-
Max®-Multi+ multiplate reader (Promega, US) at a wavelength of 560 nm. The
experimental sample concentrations were then extrapolated from the

standard curve using the Microsoft Excel software.
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2.2.3 Western Blotting Analysis
2.2.3.1 SDS-PAGE

The appropriate concentration of protein samples were separated by
molecular weight using SDS-PAGE gels which were prepared as described in
Section 2.1.6.1 above. All protein samples were prepared as shown in Table
2.1 below; heated to 95°C for 5 min to denature the protein and pulsed-spun

briefly prior to loading onto the polyacrylamide gel.

Table 2.1: Components for protein sample preparation for SDS-PAGE.

Protein sample (8,8 ug — 20 ug)* X

100 mM DTT 1

5X SDS Loading Dye 6

1X RIPA Buffer 30-(x+7)
Total Volume 30

*Protein concentration varied to determine optimal detection of the protein for Western Blotting
5 ul of the BenchMark™ Pre-stained 1 Kb Protein Ladder (Figure B1, Appendix
B) was included in one of the lanes, and empty wells were loaded with 5 ul of
5X SDS loading dye (Appendix A) to ensure consistent protein movement
along the gel. The gel was electrophoresed for 2-2.5 hours at 100 volts or as

appropriate.

2.2.3.2 Protein Transfer onto Nitrocellulose Membrane

Once electrophesis was completed, the separated proteins were transferred to
a Nitrocellulose membrane (Bio-Rad, California, USA). This was achieved by
assembling the fiber pad, filter paper, polyacrylamide gel and nitrocellulose
membrane in the correct order, as shown below in Figure 2.1, in a gel holder
cassette. The cassette was then placed into the Mini-PROTEAN 3 casting
apparatus (Bio-Rad, California, US), with cold 1X Transfer buffer (Appendix

A) and an ice pack. The power pack was then set at 100 V for 75 minutes.
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Figure 2.1: Diagram illustrating the “Western Blot Sandwich” cassette
orientation for protein transfer. Adapted from:
https://www.licor.com/bio/guide/westerns/transfer _options

2.2.3.3 Antibody Incubation and Protein Visualisation

Once the transfer was completed, the membrane was washed in 1XPBS
containing 0,1% Tween-20 (PBST) (Appendix A) and thereafter stained with
Ponceau S (Sigma Aldrich, Missouri, USA) (Appendix A) to confirm successful
transfer. The stain was washed off using deionised water. The membrane was
blocked in Blocking buffer (PBST containing 5% Fat-free milk) (Appendix A)
for one hour at RT with gentle agitation, followed by incubation in primary
antibody diluted in blocking buffer at 4°C, with gentle agitation, overnight.
The primary antibodies used are Nef (NIH AIDS Research and Reference
Reagent Program, USA; Catalog No. 2949); Cyclin A (Cell Signalling
Technology, USA; Product No. 4656) Cyclin B1 (Cell Signalling Technology,
USA; Product No. 12231); Cyclin E2 (Cell Signalling Technology, USA; Product
No. 4131) and p38 (Sigma Aldrich, USA; Product No. MO800). The dilutions of

both primary and secondary antibodies are shown in Table 2.2 below.
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Table 2.2: Primary and Secondary Antibody dilutions used for Western Blot analysis

Protein Primary Antibody Secondary Antibody
Nef 1:1000 (Rabbit) 1:5000 (Goat Anti-Rabbit)
Cyclin A 1:1000 (Mouse) 1:5000 (Horse Anti-Mouse)
Cyclin B1 1:1000 (Rabbit) 1:5000 (Goat Anti-Rabbit)
Cyclin E2 1:1000 (Rabbit) 1:5000 (Goat Anti-Rabbit)
p38 1:5000 (Rabbit) 1:5000 (Goat Anti-Rabbit)

After overnight incubation, the membrane was washed with PBST (2 X 5
minutes followed by 2 X 10 minutes) with gentle agitation at RT, followed by
incubation in the appropriate HRP-conjugated secondary antibody (Table 2.2),
diluted in blocking buffer, for 1 hour at RT with gentle agitation. The
membrane was washed as Dbefore and visualised by enhanced
chemiluminescence using the Clarity™ Western ECL substrate as per the
manufacturer’s instructions (Bio-Rad, California, USA). Membranes were
exposed to X-ray film and the resulting chemiluminescent signal captured by
developing and fixing the film. Where quantification was required, the
developed film of the western blot was scanned, and the intensity of the bands
was quantified using the ImageJ software (National Institute of Health,

Maryland, USA).

2.2.3.4 Membrane Stripping

For re-probing of nitrocellulose membranes, the antibodies were removed
from the membrane by incubating in pre-heated stripping buffer (Appendix A)
at 50°C for 30 minutes, with brief agitation every 10 minutes. Next, the
membrane was washed twice for 10 minutes with PBST. The membrane was
able to be reused from the blocking stage as described above. This procedure
was employed when the membranes were probed for detection of an internal

loading control protein (p38).

2.3 Cell Cycle Profiling using flow cytometry

Flow cytometric analysis was performed, using the BD FACSCalibur™ Flow
Cytometer instrument (BD Biosciences, USA), to detect alterations to the cell

cycle profile when cells were treated with recombinant Nef. Briefly, cells were
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counted and plated in low-serum media approximately 16 hours prior to
treatment. Cells were treated with recombinant Nef protein at a concentration
of 400 ng/ml for 2, 4 and 6 hours or left untreated (control). All treatments

were done in duplicates.

At the end of treatment, cells were counted, pelleted (1500 rpm; 5 min) and
washed twice in 1 ml of 1XPBS. The cell suspension was then resuspended in
2 ml of 1XPBS and fixed by adding 5 ml of ice-cold 70% ethanol, drop-wise
whilst simultaneously vortexing to prevent any clumping. Cells were then
placed in -20°C freezer overnight. The following day the ethanol-fixed cells
were centrifuged (1500 rpm; 5 min) and the ethanol was aspirated off. The
cells were resuspended in 1 ml of 1XPBS and transferred to fresh 1,5 ml
microcentrifuge tubes. Next, cells were then centrifuged at 6000 rpm for 1
min, and the pellet resuspended in 1 ml of 1XPBS. This step was repeated
once more. The supernatant was carefully removed leaving approximately 50
ul of 1XPBS over the pellet. The cells were then resuspended in RNAse A
(Stock: 10 mg/ml; Final concentration: 0,05 mg/ml) (Appendix A) diluted in
1X PBS, which was determined based on the number of cells. For example, if
the number of cells counted was 60x10% cells in 10 ml of cell suspension, the
volume of RNAase A solution added per sample will be 600 ul. Cells were then
incubated in the PI staining solution (Appendix A) at 4°C overnight. Propidium
Iodide (PI) is a fluorochrome known for binding to nuclear DNA, thus allowing
it to be stained [98]. The volume of the PI staining solution used was nine
times the volume of the RNAse A solution. The cell solution was then subject
to flow cytometric analysis using the BD FACSCalibur™ Flow Cytometer
instrument. The forward and side scatter, the DNA content and overall cell
cycle profile was visualized using the BD Cell Quest Pro™ software (Version

5.2.1, BD Biosciences, USA).

2.4 Annexin V/7-AAD Analysis

Ramos cells were plated in low-serum medium as described above, and
thereafter treated with recombinant Nef protein at a concentration of 400

ng/ml for 6 hours (based on the results of the Cell viability assay, Section
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2.1.6.3) or left untreated. At the end of the 6 hour treatment, cells were
exposed to Doxorubicin, at a final concentration of 0,35 ug/ml for 24 hours
to induce apoptosis. The various treatment groups are outlined in Table 2.3
below. To evaluate apoptosis, the Annexin V/7-Amino-actinomycin (7-AAD)
staining assay was performed using the PE Annexin V Apoptosis Detection Kit
I (BD Biosciences, USA). Independent experiments were performed at least in

triplicate.

Table 2.3: Various treatment groups (Ramos Cells)

Recombinant Nef (400 ng/ml; 6hrs)

Nef D ici
ef and Doxorubicin + Doxorubicin (0,35 pg/ml; 24hrs)

Nef only Recombinant Nef (400 ng/ml; 6hrs)
Doxorubicin only Doxorubicin (0,35 ug/ml; 24hrs)
No Nef or Doxorubicin

No treat t ived
(Untreated/Control) © Hreatments recetve

Compensation Control
(5% DMSO - Annexin V and 7-AAD
positive population)

Plated in low serum media
supplemented with 5%DMSO

Compensation Control
(Untreated, Annexin V and 7-AAD No treatments received
negative population)

At the end of the treatments, cells were pelleted by centrifugation (1500; 5
min), resuspended in 2 ml medium and counted using the Haemocytometer.
The cells were then pelleted again and resuspended in the appropriate volume
of 1X Annexin Binding Buffer (based on the cell concentrations) to ensure a
final cell concentration of 1x10°6 cells/ml. 100 ul of each cell suspension was
removed and added to 5 ml Falcon Round Bottom Test Tubes, resulting in a
final concentration of 1x105 cells/ml in each tube. Each treatment group was
stained with both 5 ul of PE Annexin V and 5 ul of 7-AAD. Three tubes of the
5% DMSO control group was prepared, with one tube being stained with PE
Annexin V only; another tube being stained with 7-AAD only and the final
tube being stained with both. Two tubes of the untreated, normal population
was included, with one tube being stained with both PE Annexin V and 7-AAD
and another tube being left unstained (no PE Annexin V or 7-AAD). All tubes
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were gently vortexed to ensure mixing, covered in foil to protect from light,
and allowed to incubate for 15 min at RT. After incubation, 400 ul of 1X
Annexin Binding buffer was added to each tube and the samples were then
analysed on the BD FACSCalibur™ Flow Cytometer instrument using the BD
Cell Quest Pro™ software. All compensation controls were read first to allow
for correct compensation and size determination, followed by the experimental

samples.

2.5 Sub-cellular Fractionation

To determine if HIV-1 Nef is being internalized by Ramos cells after
extracellular exposure, cell lysates underwent sub-Cellular Fractionation
using the Subcellular Protein Fractionation Kit for Cultured cells (Thermo
Fisher Scientific™, Massachusetts, USA). This process yielded five different
sub-cellular protein extracts which include the Membrane; Cytoplasmic;
Nuclear; Chromatin-bound Nuclear and Cytoskeletal proteins. Ramos cells
were plated in low-serum medium as described previously and treated the
following day with recombinant Nef protein at a concentration of 400 ng/ml
for 3 hours (concentration and time point was chosen based on the results of
the Cell viability assay, Section 2.1.6.3) or left untreated. After the treatment
period, the various fractions were isolated as per the manufacturer’s
instructions. Briefly, cells were pelleted by centrifugation at 500 x g for 5
minutes and resuspended in ice-cold 1XPBS. 1-10 x 10° cells were transferred
to a 1,5 ml microcentrifuge tube and centrifuged at 500 x g for 2-3 minutes,
and thereafter the various factions were extracted sequentially, in a stepwise
process involving five specific extraction buffers containing protease
inhibitors, namely, Cytoplasmic (CEB); Membrane (MEB); Nuclear (NEB);
Nuclear (NEB containing CaCl> and Micrococcal Nuclease) and Pellet (PEB).
The CEB is first added to the cell pellet, resulting in selective membrane
permeabilization and the release of the soluble cytoplasmic content
(cytoplasmic extract). The MEB is added next to break down the plasma,
mitochondrial and ER-Golgi membranes (membrane extract) but leaves the

nuclear membrane intact. Centrifugation allows for the recovery of the intact
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nuclei (pellet), after which the NEB is added to the pellet to produce the
soluble nuclear extract. To release the chromatin-bound nuclear proteins,
additional NEB containing CaCl, and Micrococcal Nuclease is added. Finally,
the PEB is added to the remaining insoluble pellet, isolating the cytoskeletal
proteins. The volume of the cell pellet dictates the volume of all the extraction
buffers used, with the volume ratio of CEB:MEB:NEB:PEB reagents being
maintained at 200:200:100:100 ul, respectively. After fractionation was
completed, protein quantification was performed used the BCA assay as

described in Section 2.2.2.

2.6 Statistical Analyses

The two-way Analysis of Variance (ANOVA) test and the Dunnett’s multiple
comparison test was performed to test statistical significance (p <0,05) using
the GraphPad PRISM version 8 for Windows, GraphPad Software, San Diego
California, USA.
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Chapter 3

Results

3.1 BL cells extracellularly treated with recombinant Nef
protein display enhanced proliferation.

3.1.1 Verification of the specificity and integrity of recombinant
HIV-1 Nef protein.

In previous studies done within the laboratory, cell treatments were
performed using a recombinant HIS-tagged HIV-1 Nef protein (pET-14b-Nef
SF2), which was developed in the laboratory by a previous Masters student
[29]. Subsequently, we acquired another recombinant HIV-1 Nef protein,
which was purchased from the AIDS Research and Reference Reagent
Program (ARRP), with the latter being used for the current study. It was
imperative to perform some quality checks on this product prior to
commencing any experimental work. First, the integrity and relative quantity
of the recombinant protein were verified using SDS-PAGE (Section 2.1.6.1)
and BCA assay (Section 2.2.2), and second, the specificity of the protein was
verified using Western blotting (Section 2.2.3).

3.1.1.1 The ARRP-Nef protein is stable and specific, but less
concentrated than indicated.

The ARRP-Nef was electrophoresed by SDS-PAGE and compared side-by-side
with our in-house HIS-tagged HIV-1 Nef protein. Additionally, BSA protein
standards, of known concentrations, were also included. The gel was stained

with Coomassie to allow for visualization (Section 2.1.6.2).

As shown in Figure 3.1, one major band is observed in lane 5 representing
the ARRP-Nef protein, corresponding to the reported size of the Nef protein
(27 kDa) [38]. Although some smearing can be observed above and below the
main band, the integrity of the protein seems largely preserved, as opposed to

the pET-14b-Nef SF2 in-house recombinant Nef protein (lanes 6-8), which
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show three major bands in each lane, indicated by the three red arrows. It is
likely that the in-house Nef protein is unstable and the smaller two bands are

degradation products of the main larger protein.

:gz:__ Lane 1: Ladder
% Lane 2: 0,25 pg BSA Standard
— Lane 3: 0,5 ug BSA Standard
¥ " €= | ane4:1ug BSA Standard
g Lane 5: 5 pl of 1 mg/ml Nef
19 (ARRP-Nef)
15— : Lane 6: 1 pl pET-14b-Nef SF2

Lane 7: 2 yl pET-14b-Nef SF2
Lane 8: 4 pl pET-14b-Nef SF2

Figure 3.1: Recombinant HIV-1 Nef proteins on Coomassie stained SDS-PAGE gel. SDS-PAGE analysis
followed by Coomassie staining of proteins as indicated for each lane. Lane 1 is the molecular weight
marker. The red arrows indicate the three main bands of the in-house His-tagged Nef protein.

A second observation was that the intensity of the ARRP-Nef did not reflect
the amount loaded (as per the concentration indicated on the stock tube — 1
mg/ml). A total of 5 ul of ARRP-Nef was loaded onto the gel, which should
amount to S ug of protein. However, when compared to the BSA standards of
known concentration (lanes 2-4), the band observed in lane 5 appeared to be
of an intensity similar to that observed in lane 4, if not slightly less. To explore
this further, BCA quantification was performed, using the BSA proteins as
standards (Section 2.2.2). As is shown in the graph below (Figure 3.2),
extrapolation based on the BSA standard curve produced a quantification
amount of 0,55 mg/ml of ARRP-Nef, as opposed to the expected 1 mg/ml.

This is approximately half of the expected stock concentration.
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Figure 3.2: BSA Protein Standard Curve. Extrapolation using the standard curve indicated a
concentration of 550 pug/ml (0,55 mg/ml). The red dot and green lines indicate the recorded
absorbance and corresponding concentration of the ARRP-Nef protein (values are indicated on the

graph).

To verify that the ARRP-Nef protein is indeed Nef, western blotting was
performed (Section 2.2.3) using a Nef specific antibody. Based on the results
of the BCA quantification assay performed above, 2 ug of both recombinant
Nef proteins (ARRP and pET-14b-Nef SF2) were separated by SDS-PAGE and
transferred onto a nitrocellulose membrane. As a positive control, 1 ul of cell
lysate from HT1080 cells transfected with a Nef-expressing mammalian
expression construct (Section 2.1.3) was also included. As can be seen in
Figure 3.3, a major band representing the Nef protein (lane 2, black arrow)
was clearly observed for the ARRP-Nef protein. In addition to this, there are
higher molecular weight bands present in the same lane (displaying a lower
intensity compared to the main band) which is assumed to be residual Nef
protein that did not migrate fully, or a non-specific band, as it is not detected
upon lower exposures (data not shown). For the in-house pET-14b-Nef SF2
recombinant protein, two main bands were detected (lane 1), corresponding
to the regions where the three bands (representing the in-house Nef protein
and its assumed degradation products) are located in the SDS-PAGE gels
shown in Figure 3.1 (red arrows), as well as numerous higher molecular

weight bands. This therefore confirms that the in-house Nef protein is much
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more susceptible to degradation than the ARRP-Nef protein. The positive
control (HT1080 cells expressing recombinant Nef protein) could be detected
after longer exposure (Supplementary Figure B2, Appendix B). The ARRP-Nef
protein was used for all future experiments, using the concentration 0,5

mg/ml, in accordance with the BCA assay.

Figure 3.3: Western blotting analysis of
recombinant Nef proteins (pET-14b-Nef
SF2 and ARRP-Nef) using the polyclonal
Nef antibody (NIH AIDS Research and
Reference Reagent Program). The
27 kDa contents of each lane are indicated. The
black arrow indicates the Nef protein

Lane 1: 2 ug of pET-14b-Nef SF2  (27kDa) of the ARRP-Nef.

Lane 2: 2 ug of ARRP-Nef protein

3.1.2 Assessment of the effect of Nef on the cellular
proliferation of BL cells.

As mentioned earlier in Chapter 1, Section 1.3.1.2, various studies have
demonstrated that HIV-1 Nef is able to alter proliferation of certain cell types
such as Non-Small Cell Lung Cancer (NSCLC) cells (cancerous epithelial
cells), CD4* T cells and TF-1 cells, potentially enhancing tumorigenesis. A
previous study in our laboratory has shown enhanced expression of the
known pro-proliferative factor c-MYC, in BL cells that have been
extracellularly exposed to Nef [52]. However, the corresponding phenotypic
changes, including changes in proliferation, have not yet been explored, and

therefore is one of the aims of this project.

3.1.2.1 Extracellular treatment with recombinant Nef protein
leads to a 20% increase in cellular proliferation.

The two BL cells lines Ramos and BL-41 were plated in low serum medium
approximately 16 hours prior to treatment. Serum starvation is a common

technique employed in cell-based assays and is performed due to the
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stimulatory effects of growth factors present within FBS that could potentially
be concealing any cellular responses. Cells were treated extracellularly with
ARRP-Nef at varying concentrations (0, 50; 100; 200 and 400 ng/ml) for 3; 6
and 24 hours (Section 2.1.5). These treatment conditions were selected based
on previous studies done in our lab [52]. The WST-1 assay was performed as

outlined in Section 2.1.6.3.

As shown in Figure 3.4A, for Ramos cells, a significant 20% increase in
proliferation was measured for the highest concentration of 400 ng/ml ARRP-
Nef, after an exposure time of 3 hours (dark grey bars). A small but
reproducible increase, of approximately 10% in proliferation, was observed for
50 ng/ml ARRP-Nef treatment, with the highest increase noted at the longest
exposure time of 24 hours (brown bars). For BL-41 cells (Figure 3.4B), a
significant 20% increase in proliferation was measured for the highest
concentration of 400 ng/ml ARRP-Nef, after an exposure time of 3 hours (dark
grey bars), which is similar to what was observed for Ramos cells.
Additionally, smaller increases in proliferation (~7-10%) were observed at an
exposure time of 24 hours for 50, 100 and 200 ng/ml (brown, grey and light
blue bars, respectively). These results demonstrated that recombinant Nef

protein is able to cause an increase in proliferation in Ramos and BL-41 cells.
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Figure 3.4: ARRP-Nef enhances cellular proliferation. Ramos (A) and BL-41 (B) cells were treated with
recombinant Nef protein at varying concentrations (0; 50; 100; 200 and 400 ng/ml) for 3; 6 and 24
hours and thereafter proliferation was measured, relative to control (untreated cells) using the WST-
1 cell proliferation reagent (Roche Applied Science, Penzberg, Germany). The colour coded bars
indicate the different concentrations of protein used, and the exposure times are indicated on the x-
axis. Error bars represent the standard deviation.* represents a p-value of <0,05 (a Two-way ANOVA
test was performed using GraphPad PRISM 8, GraphPad Software, California, USA). Each experiment
was performed at least in triplicate.
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Relative protein levels

3.2 Investigation of the effect of Nef on expression of cell
cycle proteins.

Cancer is characterized by uncontrollable tumour cell proliferation which is a
direct result of aberrant activity of various cell cycle proteins. The progression
of the cell cycle is governed by the presence of Cyclin-Dependent Kinases
(CDKs) with their activation being dependent on the concentration of their
corresponding cyclins [105]. CDKs are regulatory subunits that form
complexes with their corresponding cyclin, acting specifically as checkpoint
kinases of various target proteins involved in the regulation of cell cycle
progression. For example, Cyclin D1 complexes with CDK4 and CDK6 to
phosphorylate the retinoblastoma protein (pRB), resulting in the release of
E2F from the pRB-E2F complex, allowing for the expression of various target
genes related to proliferation [102, 103, 105]. The expression of cyclins are
“cyclic”, as their name implies, and continuously fluctuates during the cell
cycle, and thus the expression of specific cyclins can be used to monitor cell
proliferation [104, 103] (Figure 3.5).
G, S G, M

Cyclin B (M) Figure 3.5: Cyclin expression levels
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3.2.1 The expression of various cyclins are enhanced upon
exposure to ARRP-Nef.

Results of the previous section (Section 3.1.2.1) indicated enhanced
proliferation of BL cells in response to Nef protein exposure. Therefore, it

would be interesting to see if the expression of certain cell cycle proteins
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reflected the increase in proliferation that was observed. Thus, changes in the
expression of specific cell cycle proteins was investigated in BL cells exposed
to ARRP-Nef in comparison to controls. Ramos cells were plated as discussed
before, and treated with 400 ng/ml of the recombinant viral protein, for two
time points, an “early” timepoint of 3 hours, and a “late” timepoint of 24 hours.
Thereafter, total soluble protein was harvested and used in western blot
analyses (Section 2.2.3). As can be observed in Figure 3.6 below, an increase
in expression of all three Cyclins was observed, but most notably for Cyclins
B1 (20% increase at 24 hours) and E2 (60% increase at 24 hours). This
indicated that exposure to ARRP-Nef did in fact enhance proliferation via the

expression of cyclin proteins.
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3.2.2 No major changes observed in cell cycle profile at early
exposure, with enhanced sub-G1 peak at later exposure times.
Analysis of the cell cycle by DNA content is a method that is frequently
employed to distinguish cells in different phases of the cell cycle, using flow
cytometry. Changes in the typical profile of the cell cycle may provide clues
on the mechanism of action of agents such as the Nef protein. Based on the
above observations, we were interested in investigating the impact of Nef-

exposure within the first 6 hours after exposure, and thus, Ramos cells were
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treated with 400 ng/ml of ARRP-Nef for 2, 4 and 6 hours after which cells
were processed for cell cycle profile analysis (Section 2.3). Control cells were

left untreated.

Untreated Ramos cells display a normal cell cycle profile, with a majority of
cells in the G1 phase of the cell cycle (~71%), followed by cells in the G2/M
phase (~12%), with the remainder being in the S phase (~7%) (Figure 3.7;
Table 3.1). It should be noted that a small sub-G1 peak (~10%) can be
observed in the untreated sample, which may correspond to a natural
apoptotic population. The results reveal that there were no major changes to
the profile of Ramos cells exposed to 400 ng/ml Nef after 2 hours. Although
there is a seemingly reduced sub-G1 peak at the 2 hour treatment point
compared to untreated, the actual number of cells within that population
represents only ~8% of the total population. At the later time points of 4 and
6 hours, significant increases in the sub-G1 peaks can be observed,
corresponding to a ~33% and 30% increase respectively, with significant
reductions in the other peaks. This indicates a potential increase in apoptosis
upon exposure to Nef, which was unexpected (based on the previous results

of this study).
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Figure 3.7: Cell cycle profiling of Ramos cells exposed to recombinant Nef protein. Ramos cells were
treated with 400 ng/ml of ARRP-Nef protein for 2, 4 and 6 hours or left untreated (control). Cells were
then stained with Pl and processed for cell cycle profile analysis by flow cytometry. M1, M2, M3
represents the GO/G1, S, G2/M phases, respectively. M4 represents the Sub-G1 peak, which refers
the population of cells with fragmented DNA. This experiment was perfromed at least in triplicates.

Table 3.1: The distribution of Ramos cells within different phases of the cell cycle in response to
treatment with ARRP-Nef protein.

Untreated 2 hours 4 hours 6 hours
G0/G1 Peak 5110 (70, 86%) | 2268 (71,21%) | 1575 (49,10%) 1371 (51,74%)

S-Phase 524 (7,27%) 229 (7,19%) | 334 (10,41%) 278 (10,49%)

G2/M Peak 845 (11,72%) | 424 (13,31%) 233 (7,26%) 210 (7,92%)

Sub-G1Peak | 732(10,15%) 264 (8,29%) | 1066 (33,23%) | 791 (29,85%)
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3.3 Nef treatment does not induce apoptosis in B-cells, nor
does it provide protection against cell death.

3.3.1 Nef does not induce apoptosis in B-cells.

The increase in the sub-G1 peaks observed at exposure times 4 and 6 hours
in the assay described in Section 3.2 was perplexing because our earlier
experiments indicated enhanced proliferation and expression of Cyclins A, B
and E in response to treatment, which does not support a scenario of
apoptosis. This warranted further investigation and therefore we next opted
to use Annexin V/7-Amino-actinomycin (7-AAD) staining, a well-established
technique that is used to measure apoptosis, and can allow for distinguishing
between early apoptosis, late apoptosis and necrosis. When cells become
apoptotic, the phospholipid component phosphatidylserine is exposed on the
outer leaflet of the cell membrane. In the assay, Annexin V will bind to cells
displaying this component as it has a high affinity for it. Annexin V is
conjugated to a fluorochrome, allowing it to serve as a probe when flow
cytometry is performed. 7-AAD is a DNA intercalating dye that can penetrate
cells and bind to DNA only when membrane integrity is compromised (during
late apoptosis and necrosis). Therefore, any viable cells will not be stained at
all (Annexin V- ,7-AAD"), early apoptotic cells will be stained with Annexin V
only (Annexin V*, 7-AAD-) and finally late apoptotic and necrotic cells will be
stained by both (Annexin V*, 7-AAD*) [113].

Ramos cells were plated in low serum medium as previously described
(Section 3.1.2.1), and then exposed to 400 ng/ml of ARRP-Nef for 6 hours.
This time point was chosen as this was the latest time point used in the
experiment described in Section 3.2.2 above, where a significant sub-G1 peak
was observed. After treatment, cells were stained with Annexin V and 7-AAD
and prepared for flow cytometric analysis as described in Section 2.4. Control

cells were left untreated.

As can be seen in Figure 3.8 below, and contrary to what was observed in
Figure 3.7 above, no significant increase in the percentage of cells positive for

Annexin V, or 7AAD, or both, was observed after 6 hours of exposure to
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recombinant Nef. A small percentage of Annexin V positive cells (5-6%) was
found to naturally occur within the untreated Ramos population, and this
was also the observation made for the untreated population shown in Figure
3.7. The result shown here was reproducible when the experiment was

repeated (at least in triplicate).
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Figure 3.8: Annexin V/7-AAD staining using flow cytometry to evaluate Ramos cell apoptosis upon exposure to ARRP-
Nef protein. Q1 refers to viable cells (Annexin V-, 7-AAD’); Q2 refers to early apoptotic cells (Annexin V*, 7-AAD’); Q3
and Q4 refers to late apoptotic and necrotic cells, respectively (Annexin V*, 7-AAD"). Labelling on top of each dot plot
indicates the treatments received by the population. This experiment was performed at least in triplicates.

3.3.2 Nef does not protect against Doxorubicin-induced cell
death in B-cells.

Having demonstrated that Nef provides a proliferative advantage to lymphoma
cells, the next experiment was designed to investigate whether this viral
protein provides a protective effect against cell death induced by
chemotherapeutic agents. This is especially relevant in the context of the
inferior response to chemotherapeutic treatment observed among HIV positive
patients with aggressive lymphoma, compared to their HIV negative
counterpart [124, 125]. Doxorubicin is a critical anti-cancer drug used in
chemotherapeutic regimens for various cancers including Burkitt lymphoma,

leukaemia, ovarian and lung cancer. Furthermore, Doxorubicin induces cell
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death by intercalating DNA, resulting in the inhibition of DNA replication
[114, 115].

In order to assess whether Nef could provide a protective effect against
apoptosis, Ramos cells were exposed to ARRP-Nef (400 ng/ml) for 6 hours,
after which Doxorubicin was added to the culture medium at a concentration
of 0,35 ug/ml for 24 hours. This concentration was chosen based on previous
observations made by our research group in which ~50% of cell death was
observed when cells were treated with Doxorubicin (0,35 ug/ml) for 24 hours.
Following Doxorubicin exposure, apoptosis was measured using the Annexin
V assay, as outlined in Section 2.4. Controls included cells which were not
pre-exposed to Nef, but did receive the Doxorubicin treatment, as well as cells
which were left completely untreated. The results show that, while treatment
with Doxorubicin led to almost the entire population becoming positive for
Annexin V, the presence of the Nef protein caused no change to the level of
apoptosis induced by Doxorubicin. This is evident by the lack of major
changes observed in the various cell populations of cells exposed to
Doxorubicin only, compared to cells exposed to Nef and Doxorubicin (Figure
3.9; upper and lower right quadrants). This therefore indicates that Nef did
not provide any protective effect against Doxorubicin-induced cell death of
Ramos cells. It is also important to note that the percentage of cells positive
for Annexin V, when treated with 0,35 ug/ml for 24 hours was much higher

than expected.
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Figure 3.9: Annexin V/7-AAD staining using flow cytometry to evaluate the effect of the Nef protein on Doxorubicin-
induced cell death in Ramos cells. Q1 refers to viable cells (Annexin V-, 7-AAD’); Q2 refers to early apoptotic cells
(Annexin V*, 7-AAD’); Q3 and Q4 refers to late apoptotic and necrotic cells, respectively (Annexin V*, 7-AAD"). Labelling
on top of each dot plot indicates the treatments received by the population. This experiment was done in at least
triplicates.
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3.4 Investigating the internalization of recombinant Nef protein
in B-cells post extracellular exposure.

While only cells which harbour the CD4 receptor are known to be hosts for
the HIV virus, several studies have found that HIV auxiliary proteins can
invade other cell types. For instance, a study done by Xu et al. (which was
briefly mentioned in Chapter 1, Section 1.3.1.2) used immunocytochemistry
and flow cytometry to validate the presence and accumulation of the Nef
protein in B-cells co-cultured with HIV-infected macrophages for 24 hours.
The study reported that during HIV infection, Nef was shown to be trafficked
to B-cells via specific conduits, formed by infected macrophages, which
selectively attach to neighbouring B-cells [37]. Other studies have shown that
the HIV p17 protein has the ability to bind the CXCR1/2 receptors on B cells
and become internalized [33]. In an attempt to shed some clarity on the
movement dynamics of ARRP-Nef within our experimental setting, an
experiment was devised where cells were exposed to the protein and thereafter
proteins were extracted from various cellular fractions and assessed for the

presence of Nef using western blotting.

3.4.1 Successful cellular fractionation, protein extraction and
transfer.

Ramos cells were treated with 400 ng/ml recombinant Nef protein for 3 hours.
Control cells were left untreated. Sub-cellular fractionation was performed on
cells, allowing for the extraction of protein from five different cellular
components (sub-cellular protein extracts) (Figure 3.10), which consisted of
the Membrane extract (ME), Cytoplasmic extract (CE), Nuclear extract (NE),
Chromatin-bound Nuclear extract (CNE) and the Cytoskeletal extract (CSKE)

(see Section 2.5 for detailed protocol).
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Figure 3.10: Diagram displaying an overview of the sub-cellular fractionation procedure. Various
cellular components were extracted using extraction buffers: Cytoplasmic extraction buffer (CEB)
followed by Membrane extraction buffer (MEB) and Nuclear extraction buffer (NEB). Micrococcal
nuclease (MNase) was further added to NEB to separate chromatin-bound proteins from the cell
pellet. Finally, the Pellet extraction buffer (PEB) was added to remove and solubilize cytoskeletal
proteins. (Adapted from https://www.thermofisher.com/).

A

Protein isolates were quantified using the BCA assay (Section 2.2.2),
separated using SDS-PAGE (Section 2.2.3.1) and transferred onto a
nitrocellulose membrane (Section 2.2.3.2). In order to visualize the protein
fractions, the membrane was stained with Ponceau S staining solution
(Appendix A) as described in Section 2.2.3.3. The pattern of each protein
fraction is distinct, as can be seen in Figure 3.11 below, and no major

differences can be observed between the untreated (UT) and Nef-treated (T)

lanes.
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Figure 3.11: Ponceau S staining of blotted proteins of the different sub-cellular protein isolates
(extracts). Ramos cells were treated with ARRP-Nef protein (400 ng/ml) for 3 hours (T) or left
untreated (UT). Cells underwent sub-cellular fractionation to yield five protein extracts: Membrane
extract (ME), Cytoplasmic extract (CE), Nuclear extract (NE), Chromatin-bound Nuclear extract (CNE)
and Cytoskeletal extract (CSKE). Sub-cellular protein isolates were separated using SDS-PAGE,
transferred onto nitrocellulose membranes and stained with Ponceau S. “L” denotes the
BenchMark™ Pre-stained 1 Kb Protein Ladder (lanes 1 and 9).
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3.4.2 Nef protein may localize to the cytoplasm and nucleus.

Next, western blotting analysis was performed, as briefly described in Section
2.2.3, on all protein extracts using a Nef-specific antibody to determine
whether Nef could be detected in any of the extracts. This would allow us to
determine if B-cells are internalizing Nef and if so, to what compartment of
the cell is the Nef protein being localised to. As a positive control for the
western blotting experiment, total cellular protein extracts from HT1080 cells

transfected with a Nef expressing plasmid was used (Section 2.1.3).

As shown in Figure 3.12 below, numerous bands were detected within the
positive control lanes (lanes 8 and 15) with the blue arrow pointing to what is
assumed to be the band representing the Nef protein, based on size. Bands of
a similar size to the positive control is seen in the Cytoplasmic (CE) (lanes 3
and 4) and Nuclear (NE) (lanes 9 and 10) extracts. However, these bands are
also present in both the untreated (UT) and Nef-exposed lanes (T), which
therefore means that they may not be “true” Nef protein bands. In the
Cytoskeletal extract (CSKE), two bands of a higher molecular weight,
compared to the CE, appear in both untreated and Nef-exposed lanes (lanes
5 and 6) and do not correspond with the Nef protein band of the positive
control. No notable bands can be seen in the Membrane extract (ME) (lanes 1
and 2) or the Chromatin-bound Nuclear extract (CNE) (lanes 12 and 13) which
indicates the likelihood that the amount of Nef protein present within these
cellular fractions are very low. Several steps could be taken to improve on
these results, which will be elaborated upon in the discussion section. Due to
time constraints, a repeat could not be performed within the available

timeframe.
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Figure 3.12: Western blotting analysis of the sub-cellular protein isolates (extracts) for the presence of
the Nef protein. Ramos cells were treated with ARRP-Nef protein (400 ng/ml) for 3 hours (T) or left
untreated (UT). Cells underwent sub-cellular fractionation to yield five protein extracts: Membrane extract
(ME), Cytoplasmic extract (CE), Nuclear extract (NE), Chromatin-bound Nuclear extract (CNE) and
Cytoskeletal extract (CSKE). The presence of the Nef protein was detected using an anti-Nef antibody (NIH
AIDS Research and Reference Reagent Program). The blue arrows indicate where the Nef protein is
potentially located. The Positive control represents total cellular protein extract from HT1080 cells
transfected with a Nef expressing plasmid.
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Chapter 4

Discussion and Conclusion

As mentioned in the literature review (Chapter 1), HIV-associated cancers
such as Burkitt lymphoma (BL) are overrepresented within the HIV infected
population. Initially, the high incidence of such cancers was attributed to the
immunosuppressive role of HIV. However, recent studies have shown that
HIV-1 viral proteins are capable of directly driving oncogenic processes. These
viral proteins have been shown to either act alone or in conjunction with
cellular proteins and, in some cases, oncoproteins of certain oncogenic
viruses such as the Kaposi’s Sarcoma-associated Herpes Virus (KSHV) and
the Epstein-Barr Virus (EBV). Prior studies have extensively reported on the
potentially oncogenic capabilities of HIV-1 viral proteins such Tat, p17 and
Nef [14-16, 19, 24, 25, 33, 34, 55|. However, of note to this study is the

oncogenic function of HIV Nef protein in the development of BL.

A review of the literature reveals that the Nef protein plays a potentially
oncogenic role in several cancer types. In Kaposi’s Sarcoma (KS), Nef has been
reported to synergize with viral oncoproteins of KSHV to enhance angiogenesis
and tumorigenesis [25, 54]. In Non-Small Cell Lung Cancer (NSCLC), the
presence of Nef resulted in a more aggressive phenotype by enhancing
proliferation, angiogenesis and decreasing the expression of pS53.
Furthermore, Nef has also been shown to enhance proliferation in other cell
types such CD4* T-cells and TF-1 cells [50, 72, 85]. Additionally, Nef has been
linked to other cancer hallmarks including the inhibition of apoptosis and
autophagy. In MOLT-4 cells (human leukaemia CD4-expressing T-cell line),
the N-terminus of the Nef protein was shown to directly interfere with p53,
resulting in the inhibition of p53-dependent apoptosis [90]. Nef has also been
shown to disrupt the process of autophagy, potentially driving tumorigenesis
as the dysregulation of autophagy has long been associated with cancer [48,

95]. These reports illustrate a clear oncogenic role for this viral protein.
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There is currently little knowledge available on the oncogenic role of Nef in B-
cells, and the possible contribution to lymphomagenesis. Previous work done
by our research group shed some light on this matter and reported that Nef
was able to increase the expression of two key lymphoma promoting factors
(c-MYC and AID) and cause increased genomic instability, in BL cells.
Genomic instability is a precursor of chromosomal translocations, a hallmark
feature of haematopoietic malignancies including BL [52]. In this study, we
set out to investigate the phenotypic changes associated with extracellular
exposure of BL cells to the Nef protein, in order to further understand the
oncogenic role of Nef in B-cell lymphoma. Since B cells are not hosts to HIV,
the extracellular exposure mimics an in vivo scenario, where these
lymphocytes are exposed to soluble viral proteins circulating in the serum of
HIV infected patients. In the current study, following Nef-exposure, cells were
monitored for changes in proliferation, expression of key cell cycle proteins
(cyclins), the cell cycle profile, and the ability to provide protection against
apoptosis. Additionally, a preliminary attempt was made to assess the

potential internalization and trafficking of Nef within B cells.

The results of this study found that treatment with the Nef protein caused an
increase in B-cell proliferation (Figure 3.4). An increase in proliferation was
confirmed by increases in Cyclins A, B and E (Figure 3.6). Cell cycle profiling
showed an increase in the sub-G1 peak at later exposure times in BL cells
exposed to the Nef protein (Figure 3.7), indicating that apoptosis could be
occurring, which was contrary to what was shown in the viability assays and
with changes in the cyclin expression. However, using an apoptosis assay,
this was found to be an anomaly, and no significant changes in apoptosis was
confirmed to be taking place upon exposure to Nef (Figure 3.8). The findings
of this project also indicate that Nef did not provide any protective effect
against apoptosis induced by the chemotherapeutic agent Doxorubicin
(Figure 3.9). Finally, the initial attempt to investigate potential internalization
of Nef by B cells was inconclusive, and ways to improve on the experimental

design is discussed below.
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Our in-house recombinant Nef protein (pET-14b-Nef SF2) was less stable than
the recombinant Nef protein obtained through the AIDS Research and
Reference Reagent Program (ARRP-Nef), and this was illustrated by the
significantly higher level of degradation observed, compared to the ARRP-Nef
protein. However, the concentration of the ARRP-Nef protein, as measured by
BCA assay, and as observed on SDS-PAGE gel, was about half of the indicated
concentration. Although not quite evident in the same way as seen for the in-
house Nef protein, this could be attributed to degradation, possibly due to
repeated freezing and thawing. The latter has been shown to cause the
denaturation of proteins in aqueous solutions by inducing certain stressors
(such as recrystallization, changes to pH, crystallization of buffer solutes)
[116]. Furthermore, the buffer solution the protein is resuspended in must be
considered as certain buffers, during a low freezing rate (<1°C/min), will
experience salt precipitation, resulting in a pH shift (acidification) which could
also be contributing to protein degradation [116]. The in-house recombinant
Nef protein, which experienced more degradation, was eluted in a His-elution
buffer which contained a sodium phosphate buffer (pH-7,7) and sodium
chloride [29]. The addition of sodium chloride to a sodium phosphate buffer
encourages crystallization of NaoHPO4 during freezing, resulting in a drop in
pH, contributing to protein denaturation [116]. The degradation of ARRP-Nef
protein most likely occurred due to the same process, as the ARRP-Nef protein
is resuspended in 1XPBS. Freezing of 1XPBS encourages the recrystallization
of NaoHPO4.12H20, resulting in a pH shift (~4 units down) [117]. Alternatively,
there could have been potential error in the original quantification of the

ARRP-Nef protein, prior to its shipment to our laboratories.

As mentioned earlier in this Chapter, hyperproliferation is one of the many
phenotypic changes caused by the Nef protein in various cell types. Our
results appear to reflect this as recombinant Nef protein was able to cause a
significant increase in cellular proliferation of Ramos and BL-41 cells, which
was most notable when cells were exposed to 400 ng/ml of the recombinant
viral protein, for 3 hours (Figure 3.4). Although this increase is relatively small
(20%), it is significant and reproducible, and indicates that this viral protein

can provide a growth advantage to tumour cells, potentially driving
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tumorigenesis. This could be a reason behind the clinical observation that
cancers in HIV infected individuals progress faster, when compared to HIV
uninfected individuals, even those receiving ART [61]. The results observed
mirror those of previous studies that have also investigated the effect of the
Nef protein on proliferation, although in other cancer cell types. For instance,
a previous study showed that Nef protein, expressed intercellularly using a
plasmid, was able to cause an increase in proliferation of a macrophage
precursor cell line through a cytokine independent mechanism [50]. Another
study demonstrated that NSCLC cells ectopically expressing the Nef protein
(generated using a Nef-expressing plasmid) caused enhanced proliferation
[72]. Our future studies should focus on performing a second assay that
measures proliferation, such as the Bromodeoxyuridine (BrdU) incorporation
assay, to further confirm this finding. Furthermore, the mechanism by which
recombinant Nef protein causes increased proliferation in B-cells must be
explored. Our results suggest that this mechanism could be occurring via the
enhanced expression of the cyclin proteins A, B and E (Figure 3.6). The
possibility exists that Nef could be enhancing the activity of transcription
factors which activate the promoters of the cyclin genes. HIV auxiliary
proteins have been found to collaborate with cellular transcription factors in
order to enhance oncogenic events. For example, HIV protein Tat has been
shown to collaborate with the Activator Protein-1 (AP-1) transcription factors,
leading to enhanced expression of c-MYC [110]. Another mechanism could be
through binding to or mimicking cellular components. For instance, Nef has
been shown to structurally mimic the B-catenin binding sites on endogenous
B-catenin ligands, an important regulator of the Wntl pathway, a signalling
pathway which plays a role in promoting proliferation [100, 101]. In B-cells,
of the pancreatic islets, Wnt signalling was shown to enhance its proliferation
by promoting the expression of Cyclin D2 (a crucial regulator of the B-cell
cycle)[120]. In addition to this study, various other studies have demonstrated
a potential link between Wnt signalling and cyclin expression [121, 122].
Therefore, in B-cells, the Nef protein could potentially be enhancing B-cell
proliferation by using Wnt signalling to drive the expression of certain cyclins.

In future experiments, the status of the Wnt pathway in Nef-exposed B cells
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should be explored. At around 24 hours post exposure, the proliferative effect
of Nef was lost. One likely explanation for this is that recombinant Nef protein
could be subject to protein degradation, which is most likely accelerated at
37°C after 24 hours during incubation of the cells. A second explanation could
be due to augmented proliferation of Ramos cells, being a cancer cell line of

high proliferative potential, resulting in the Nef effect being diluted.

Cell cycle profiling of Ramos cells exposed to the Nef protein for 2 hours
showed no changes in their profile, while exposure for later times revealed an
increase in the sub-G1 peak, accompanied by a significant reduction in the
cell populations of the GO/G1; S and G2/M phases, as well as an overall
reduction in the total population of cells that was gated using the flow
cytometer (Figure 3.7) (Table 3.1). This was not an expected result, as previous
treatments under the same conditions yielded enhanced cell activity, as
demonstrated by the WST-1 cell viability assays in two BL cell lines. This
result was found to be anomalous. A possible explanation for the reduced
number of cells positive for Propidium lodide (PI) staining at later time points
is that cells were not appropriately stained due to the low concentration of PI
within the stain (Appendix A), which was most likely not sufficient enough to
effectively stain the entire population of Ramos cells. Another likely
explanation would be that since cells were permeabilized using Triton X-100
(Appendix A), this may have resulted in the leakage of DNA out of the cell
causing a complete loss of DNA content while staining took place, which could
explain the unexpected appearance of the sub-G1 peak Furthermore, the
preparation steps leading to analysis included numerous cell pelleting steps,
via centrifugation, and pellet resuspension, via vigorous pipetting. This is
likely to have resulted in massive damage to the cell population. Suspension
cells are known to be highly susceptible to these mechanical manipulations.
Therefore, the sub-G1 peaks observed at the latter time points cannot be

taken as a true reflection of apoptosis.

To address this contradiction in the results, we went on to investigate whether
apoptosis was being induced in response to Nef protein exposure using

Annexin V/7-Amino-actinomycin (7-AAD) staining. The results revealed that
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Nef did not induce apoptosis in B-cells (Figure 3.8), confirming that the
enhanced sub-G1 peak observed at later exposure times during the cell cycle

profiling is an anomaly.

Previous studies have demonstrated the capability of Nef to block apoptosis
[50, 90, 111]. In the present study, this was investigated by inducing
apoptosis using the chemotherapeutic agent Doxorubicin. Our current results
show that Nef does not provide protection to cells exposed to Doxorubicin
(Figure 3.9). This result does not align with previous studies in which Nef is
reported to block apoptosis, although these studies involved the use of other
cell types such as T-cells [50, 90, 111]. It should however be noted that, in
our experiment, we aimed to achieve moderate cell death in our population
when inducing apoptosis. However, this was not the case as treatment with
0,35 mg/ml of Doxorubicin for 24 hours resulted in almost 100% Annexin V
positivity. Therefore, if Nef were to have a subtle protective effect, this would
have been missed. Previous work in the laboratory had identified the
concentration of 0,35 mg/ml Doxorubicin to induce approximately ~50% cell
death after 24 hours in Ramos cells. The increased cell death could have been
due to the Ramos cells not being in a healthy state, or a miscalculation of the
Doxorubicin working solution. In future experiments, this could be resolved
by using freshly cultured Ramos cells and re-assessing the toxic effect of the
Doxorubicin working solution. Another way to improve on this result could be
to adjust the design of the assay. In the current assay, cells were first pre-
treated with recombinant Nef protein for 6 hours prior to exposure to
Doxorubicin. Therefore, the viability of the Nef protein could be compromised
at the end of this 6 hour pre-exposure time, as well as any cellular events it
may have initiated. In future experiments, the length of time of this pre-
exposure could be shortened to between 1 and 3 hours. More repeats should
also be performed, until a firm conclusion can be made about the protective

effect of Nef.

In reviewing the literature, very little information was found on the question
of whether HIV-1 Nef is able to enter B-cells from the extracellular space. One

study did demonstrate that Nef could use extensions/conduits of HIV infected
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macrophages, to be trafficked directly into B-cells (Figure 1.5) [37]. However,
this is not applicable to our study as Nef can also exist as an extracellular
protein in the sera of an HIV-infected patient [118], therefore we
extracellularly exposed cells to recombinant Nef protein. It is currently
unknown whether Nef, by itself, is able to penetrate B-cells. Although a
possibility does exist that Nef might not be even entering the cell and mediates
its effects using cell surface molecules as previous studies indicated that Nef
is able to interact with cell surface molecules like CD4 and MHC-I [38-41], as
well as interact with and form a complex with the T-cell receptor (TCR) to
mediate downstream effects [99]. The results of our study were however rather
inconclusive due to several reasons. Firstly, protein separation was not
adequate, due to the length of the SDS-PAGE gel: a longer resolving gel will
lead to better separation. This ineffective separation contributed to the non-
specific binding as a lot of protein was concentrated within a small area. This
also indicates that blocking stage was sub-optimal. Therefore, in future,
separation over a longer SDS-PAGE gel is required, as well as optimization of
the blocking step. Another significant drawback is that the positive control
did not function as expected. It is seldom that only one specific band is
detected for Nef in the positive control. Generally, at least one or two other
non-specific bands are detected, usually at higher molecular weights.
However, in this case, almost the entire lane contained numerous bands,
which made it extremely difficult to locate the correct Nef band. Nevertheless,
the most appropriate positive control band was selected, based on size.
Another significant anomaly is that, in addition to being detected in the
treated group (3 hours post exposure) of the Cytoplasmic and Nuclear
extracts/fraction, the Nef protein also appeared to be present in the
corresponding control groups (untreated) for both extracts (Figure 3.12). The
protein appearing in both treatment groups therefore indicates that the
observed band is non-specific and not the Nef protein. Alternatively, one could
assume that an error was made during the cell treatment stage, or the cell
harvesting stage, where both treated and untreated wells received Nef, or wells
were erroneously merged during harvesting. Furthermore, cross

contamination between untreated and treated groups could have potentially
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occurred when samples were loaded onto a gel for SDS-PAGE (Section
2.2.3.1). However, if we consider the results, as they are, they do appear to
fall in line, somewhat, with what we know about the localisation of the Nef
protein in the cell. Prior studies have indicated that during HIV infection,
majority of the Nef protein remains in the cytosol, although Nef has been
shown to be localised to the cell membrane by utilizing its myristoylated N-
terminal anchor domain to attach to the cytoplasmic leaflet of the cell
membrane [90, 91, 107]. Furthermore, the Nef protein was also reported to
localize within the nucleus and at the nuclear membrane [90]. One particular
study demonstrated that in Nef-transfected Raji cells (another BL cell line)
that have undergone sub-cellular fractionation, the Nef protein was almost
entirely present in the cytoskeletal fraction, with only a small amount of Nef
being detected in the membrane fraction and no Nef being present within the
cytoplasmic fraction [119]. While we used recombinant Nef protein, the
previously mentioned studies either transfected a Nef-expressing plasmid or
electroporated recombinant Nef protein directly into cells. Therefore, there is
a strong possibility that we may not be able to achieve detection of Nef using
this assay design as the amount of Nef used is extremely small and dilute,
and of this, an even smaller percentage would be transported within the cells.
It must be mentioned that the experimental design could include appropriate
controls to validate whether sub-cellular fractionation was successful.
Western blotting could be used to probe for protein known to be present in a
specific compartment of the cell even after fractionation has occurred,
therefore allowing us to confirm the identification of each protein
isolate /extract. This experiment could not be repeated or improved within this
study due to time constraints. Future studies that further investigate Nef
internalization must be performed, possibly using another technique to track
the localization of the Nef protein post extracellular exposure such as
immunocytochemistry or immunofluorescence using a fluorescently tagged

Nef protein.

Other limitations of the current study need to be considered. For instance,
the high cell death achieved during Doxorubicin treatment of Ramos cells. As

mentioned earlier, the concentration of Doxorubicin used (0,35 ug/ml)
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resulted in almost 100% of the population becoming apoptotic, therefore if Nef

was producing a subtle effect on apoptosis, it would most likely be missed.

Despite its limitations, this project did contribute new knowledge and allowed
for a better understanding of the oncogenic role of HIV-1 protein Nef in the
development of BL. Our data demonstrated that the Nef protein caused
enhanced proliferation of cells, via enhanced expression of cyclin proteins.
Therefore, this does shed some light on what phenotypical changes the Nef
protein is able to cause that will potentially contribute to B-cell
lymphomagenesis. In addition to optimizing and improving the experimental
design of various assays used, future studies should focus on further defining
the oncogenic potential of Nef by examining its role in processes/pathways
known to be implicated in cancer, such as the various hallmarks of cancer in
the context of B-cells and BL. These include processes such as cellular
metastasis and invasion, autophagy, angiogenesis as well as the induction of
oncogenic pathways such as the ERK/MAPK pathway or the AKT signalling
pathway of which Nef has been shown to play a role in (Chapter 1, Section
1.3.1.2). In addition to this, determining the protein-protein interactions that
Nef is a part of, as mentioned earlier, might also reveal how the Nef protein is
able to potentially internalize itself into the cell. Ultimately, more research
must be undertaken to further elucidate the oncogenic role of HIV-1 Nef

protein in HIV-associated lymphomas such as BL.
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Appendices:

Appendix A: Recipes and Reagents

Tissue culture

Complete growth media for Ramos and BL-41 cell lines

In a 50 ml Falcon tube:

10% FBS — 5 ml

1% Penicillin/Streptomycin - 0.5 ml

Fill up to 50 ml with RPMI media and mix well
Store at 4°C

Cryo-media for Ramos and BL-41 cell lines

For 5 ml, combine 10% DMSO (500 pul) and 10% FBS (500 pl) in RPMI media (as needed for
immediate use)

Place on ice in fume hood until use

Low serum media for pre-treatment (RPMI)

Add 0.1 ml (0.5%) of FBS and 0.2ml (1%) of P/S in a 50 ml Falcon tube
Fill up to 20 ml with RPMI media
Mix well before using for plating cells

Trypsin-EDTA

Dissolve 8 g NaCl, 1.26 g Na2HPO4, 0.2 g KClI, 0.2 g KH2PO4, 0.5 g Trypsin (Sigma) and
0.5 g EDTA in 800 mL dH20

Adjust pH 7.4

Filter sterilise using 0.2 pm filter

Aliquot into 250 ml bottles and autoclave

Store at 4 °C.

Complete growth media for HT1080 cell line

In a 50 ml Falcon tube:
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10% FBS — 5 ml

1% Penicillin/Streptomycin - 0.5 ml

Fill up to 50 ml with DMEM media and mix well
Store at 4°C

Cryo-media for HT1080 cell line

For 5 ml, combine 10% DMSO (500 ul) and 10% FBS (500 pl) in DMEM media (as needed
for immediate use)

Place on ice in fume hood until use

Low serum media for pre-treatment (DMEM)

Add 0.1 ml (0.5%) of FBS and 0.2ml (1%) of P/S in a 50 ml Falcon tube
Fill up to 20 ml with DMEM media
Mix well before using for plating cells

2X Boiling Blue (10 ml)

For 10 ml, combine 1,25 ml of Tris-HCL (pH-6,8); 4 ml 10% SDS; 1 ml B-mercaptoethanol; 2
ml Glycerol; 1,75 ml of deionised water and a pinch of Bromophenol Blue (at room
temperature)

Mix well, aliquot and store at -20°C

10 X Phosphate-Buffered Saline (PBS)

Dissolve 1 tablet in 100 ml of deionised water per manufacturer’s instructions
Autoclave and store at 4°C

1 X PBS

Add 100 ml of 10X PBS to 900 ml of deionised water
Autoclaved or filter sterilize if necessary
Store at 4°C

Mycoplasma Testing

Antibiotic-free media for mycoplasma testing
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10% FBS in RPMI media (make fresh for immediate use, as needed)

Fixative

Mix glacial acetic acid and methanol in a ratio of 1:3 in a 50 ml Falcon tube

Cover the tube with foil and store at 4°C

Mounting Fluid

Combine 22.2 ml 0.1 M citric acid; 27.8 ml 0.2 M Na, HPO4.2H>O and 50 ml glycerol
Adjust to pH 5.5
Aliquot and store at 4°C

Annexin V/TAAD Analysis

1X Annexin Binding Buffer (15 ml)
Add 1,5 ml of 10X Annexin Binding buffer to 13,5 ml of deionised water
Use immediately or store covered in foil at 4°C.

Cell Cycle Profiling

RNAse A solution (1,5 ml)

Based on the cell count which was 30x10* cells/ml in 10 mls, thus the volume of RNAse A
solution required is 300 pl.
Add 7,5 pl of RNAse A (10 mg/ml) to 1,5 ml of 1X PBS

Use immediately

Propidium lodide staining solution (11 ml)

Mix 110 pl PI stock (1 mg/ml) with 11 pl (0,1%) Triton X-100 to 15 ml tubes.
Top up till 11 ml with 1X PBS

Cover tube with foil and keep on ice till use
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Protein Extraction

RIPA buffer

Dissolve 0.5 g (1%) deoxycholate powder in 40 ml deionized water

Combine with the following: 1.5 ml 5M NaCl (150 mM); 0.5 ml Triton X100 (1%); 0.25 mi
20% SDS (0.1%) and 0.5 ml 1M Tris (pH 7.5) (10 mM)

Top up to 50 ml with deionized water

Store at 4°C

7X protease inhibitor

Dissolve 1 protease inhibitor tablet in 2.5 ml 1X PBS
Store at -20°C

RIPA solution

Mix 423 ul RIPA buffer and 71 pl 7X protease inhibitor
Store on ice until use

Western blot analysis

SDS-PAGE reagents:

30% acryl-bisacrilamide

29 g acrylamide

1 g N.N’-methylenbisacrylamide

Dissolve in 60 ml deionised water

Heat the solution to 37°C

Adjust volume 100 ml and cover with foil to protect from light
Store at 4°C

1.5M Tris buffer (pH 6.8)

Dissolve 60.5 g Tris in 300 ml deionised water
Adjust pH to 6.8 with HCI

Fill up to 500 ml with deionised water
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Store at 4°C

1.5M Tris buffer (pH 8.8)

Dissolve 60.5 g Tris in 300 ml deionised water
Adjust pH to 8.8 with HCI

Fill up to 500 ml with deionised water

Store at 4°C

10% Sodium dodecyl (SDS)

Dissolve 5 g SDS in 40 ml deionised water
Fill up to 50 ml with deionised water

Store at room temperature

0.1% SDS

Dissolve 0.05 g SDS in 40 ml deionised water
Adjust volume to 50 ml with deionised water

Store at room temperature

10% Ammonium persulfate (APS)

Dissolve 0.1 g APS in 1 ml deionised water

Cover tube with foil and store at 4°C

15% resolving gel for SDS-PAGE (7,5 ml)

1.65 ml deionised water

3.75 ml 30% acryl-bisacrylamide

1.95 ml 1.5M Tris (pH 8.8)

0.075 ml 10% SDS

0.075 ml 10% APS

0.005 ml tetramethylethylenediamine (TEMED) (under the fume hood)

Mix and pour between the glass plates in gel casting apparatus using a 10 ml glass beaker
Add 2 ml 0.1% SDS on top to even the gel out and allow to set.

Pour out the SDS after the gel has set.

5% Stacking gel for SDS-PAGE (3 ml)
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2.1 ml deionised water

0.5 ml 30% acryl-bisacrylamide

0.38 ml 1.5M Tris (pH 6.8)

0.03 ml 10% SDS

0.03 ml 10% APS

0.005 ml tetramethylethylenediamine (TEMED) (under the fume hood)
Mix and pour on top of the resolving gel between the glass plates

Add comb and allow to set

5X SDS loading dye

0.04 g Bromophenol blue (0.04%)
10 g SDS (10%)

Dissolved in 52.5 ml deionised water
12.5 ml 2M Tris (pH 6.8)

30 ml 100% glycerol

5 ml B-mercaptoethanol

Mix, aliquot and store at room temperature

10X SDS-PAGE running buffer

10 g SDS

30.3 g Tris

144.1 g glycine

Dissolve in 800 ml deionised water

Adjust to 1 litre with deionised water and store at room temperature

1X SDS-PAGE running buffer

100 ml of 10X SDS-PAGE running buffer stock
900 ml deionised water

Mix and store at room temperature

Coomassie Blue Staining solution (100 ml)
Dissolve 0.25 g Coomassie Brilliant Blue R-250 in a mixture of 45 ml methanol, 10 ml acetic
acid, and 40 ml deionised water.

Adjust volume to 100 ml with deionised water.
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Store at room temperature.

Destaining solution (1 litre)
Mix 450 ml methanol, 100 ml acetic acid, and 400 ml deionised water.
Adjust volume to 1 litre with deionised water.

Store at room temperature.

10X SDS-PAGE transfer buffer

38 g Tris
144 g glycine
Dissolve in 800 ml deionised water

Adjust volume to 1 litre with deionised water and store at room temperature

1X SDS-PAGE transfer buffer

100 ml 10X SDS-PAGE transfer buffer stock
700 ml deionised water

200 ml Isopropanol

Make in advance and store at 4°C

Protein detection and washing:

0.1% (w/v) Ponceau S staining solution, in 5% (v/v) acetic acid

0.05 g Ponceau S

2.5 ml Acetic acid (5%)

Dissolve and adjust volume to 50 ml with deionised water

Cover with foil to protect from light and store at room temperature

1X PBS/0.1% Tween (PBS-Tween)

1 ml Tween-20 to 1 litre of 1X PBS
Add magnetic stirrer bar and place on magnetic stirrer

Mix well, remove stirrer bar and store at 4°C

Blocking buffer
41.7 ml fat-free milk (5%)
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58.3 ml PBS-Tween
Mix and store at 4°C

Stripping buffer

0.69 ml 100 Mm B-mercaptoethanol
10 ml 2% SDS

6.25 ml 62.5 mM Tris (pH 6.7)

Adjust to 100 ml with deionised water

Store at room temperature
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Appendix B: Additional Data
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Figure B1: BenchMark™ Pre-Stained Protein
Ladder

Positive
Control

Figure B2: Western blotting analysis of HT1080 cells
transfected with Nef-expressing mammalian expression
construct (Positive Control). The black arrow indicates the
Nef protein
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