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Abstract

Background: The sub-Saharan African region is one that is affected most by the HIV/AIDS
pandemic, with South Africa being the country with the highest number of infected
individuals at 7.06 million. Infection with HIV is often associated with co-morbidities, including
HIV-associated Non-Hodgkin’s Lymphomas (HIV-NHLs). Burkitt’s lymphoma (BL), a highly
aggressive cancer, is one of the most common NHLs associated with HIV infection. Despite
receiving highly active anti-retroviral therapy, the prognosis for this HIV-associated
lymphoma remains poor and the incidence keeps on increasing in this group of patients.
Recent studies have shown that microRNA (miRNA) dysregulation play essential roles in the
pathogenesis of many cancers, including NHLs. While several human pathogenic viruses have
been shown to deregulate cellular miRNAs, to date, no comprehensive studies have been
carried out to determine whether HIV infection can lead to miRNA dysregulation in B-cells,
which may contribute to the development of HIV-associated lymphomas.

Objective: This research project aimed to validate the differential expression of selected
miRNAs which were identified as potentially important in a PCR array, and characterise their
roles in Burkitt’'s lymphoma cells exposed to an attenuated strain of HIV-1, compared to
control cells.

Methods: Single-tube TagMan miRNA assays were used to validate the previously observed
differential expression of four selected miRNAs in Burkitt’s lymphoma cell lines (Ramos and
BL41) exposed to HIV-1 compared to matched-microvesicle treated (control) cells. Following
validation, the role of miRNA hsa-miR-200c-3p in the development of HIV-associated BL was
investigated. This was done by using online bioinformatic prediction tools, as well as literature
searches, to identify gene targets. Thereafter, the differential expression of a selected gene
target was investigated by qPCR and western blotting. The functional significance of the
observed changes in miRNA and gene expression was investigated by performing cell viability
and migration assays.

Results: Three upregulated (hsa-miR-575, hsa-miR-363-3p and hsa-miR-222-3p) and one
downregulated (hsa-miR-200c-3p) miRNAs that were significantly deregulated by 2-fold or
more (p<0.05) in the PCR array were selected for validation. Thereafter, the miRNA hsa-miR-
200c-3p was selected for further analysis. Upon exposure to attenuated HIV-1, hsa-miR-200c-
3p was downregulated in the BL cell line Ramos, and this was reproducible in a second BL cell
line BL41. The transcription factors ZEB1 and ZEB2, which are involved in cancer cell
migration, were identified as targets of hsa-miR-200c-3p. Contrary to what is expected, the
MRNA expression of both genes was found to be significantly downregulated in Ramos and
BL41 exposed to attenuated HIV-1. At the protein level, in the Ramos cells, ZEB1 and ZEB2
matched what was observed for the mRNA. In contrast, both ZEB1 and ZEB2 protein were
upregulated in BL41 cells under the same treatment conditions. At the functional level, the



migration of both cell lines was enhanced when exposed to attenuated HIV-1, compared to
control cells.

Conclusions: The present study has demonstrated that HIV-1 has the ability to modulate
cellular miRNA expression in Burkitt’s lymphoma cells. Of these miRNAs, hsa-miR-200c-3p is
consistently downregulated when two BL cell lines were exposed to HIV. The ZEB transcription
factors ZEB1 and ZEB2, which promote Epithelial-to-Mesenchymal Transition (EMT) through
enhancing cellular migration, were investigated as hsa-miR-200c-3p targets. The mRNA levels
of ZEB1 and ZEB2 were downregulated in both cell lines under the same experimental
conditions. This is contrary to what is expected, since miRNAs lead to the attenuation of
transcription or translation of their target genes and a downregulation of a miRNA should
lead to an upregulation of its target. However, protein expression rather than mRNA
expression has been described as a more accurate indication of target validation for miRNAs.
The protein expression levels for ZEB1 and ZEB2 correlated with the mRNA expression results
observed in the Ramos cells. In the BL41 cells, ZEB1 and ZEB2 protein levels were upregulated.
Furthermore, in both cell lines, an increase in migratory ability was observed when cells were
exposed to attenuated HIV-1. These results demonstrate that exposure to HIV enhances the
cancer phenotype and that this is potentially due to changes in cellular miRNA expression
brought about by the virus or viral components. Future studies should focus on gain-of-
function and loss-of-function studies to determine whether the increase in cell migration is
specifically due to a decrease in hsa-miR-200c-3p.
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Chapter 1

Introduction

Background

1.1 MicroRNAs

MicroRNAs (miRNAs) are small non-coding single-stranded ribonucleic acid (RNA) that can
negatively regulate gene expression (Ambros et al., 2003). The first members of this class of
RNA molecules were discovered in Caenorhabditis elegans, where they were shown to be
spatially and temporally expressed and involved in regulating development (Wightman et al.,
1993, Lee et al., 1993). Recently, more miRNAs have been identified in a wide range of plants
and animals (Luo et al., 2013, Lee et al., 2007, Altuvia et al., 2005). Due to their fairly recent
discovery, many miRNAs still do not have functions assigned to them. However, thus far,
miRNAs have been found to be involved in normal cellular processes such as proliferation,
growth, differentiation and apoptosis. Importantly, the deregulation of miRNA expression has
been linked to several pathological processes, one of which being cancer (Ranganathan and
Sivasankar, 2014, Cheng et al., 2005).

1.1.1 MicroRNA Biogenesis

The biogenesis of miRNAs has been well studied and described in the literature. Two
processing events are involved in the most widely accepted model for miRNA biogenesis. As
Figure 1.1 indicates, the first processing event occurs in the nucleus while the final processing
event occurs in the cytoplasm. Primary miRNAs (pri-miRNAs), which are 70-100 nucleotides
long, are transcribed from the miR-genes (Nathans et al., 2009). The pri-miRNAs then fold to
form hairpin structures, which can be recognised and cleaved by the microprocessor complex.
This complex mainly consists of the RNase Il endonuclease enzyme Drosha and its co-factor
DiGeorge syndrome critical region 8 (DGCR8) (Roth et al., 2013, Han et al., 2004, Gregory et
al., 2004). The resulting product is referred to as the precursor miRNA (pre-miRNA), which is
a 60-70 nucleotides long double-stranded molecule (Ranganathan and Sivasankar, 2014, Roth
et al., 2013, Han et al., 2004, Gregory et al., 2004).

The processed pre-miRNA is then recognised by the karyopherin Exportin 5 (Exp5) transporter
protein. Nuclear export by Exp5 is dependent on the cofactor Ran-GTP (Yi et al., 2003). In the
cytoplasm, the pre-miRNA is recognised by the RNase Ill endonuclease enzyme Dicer and its
cofactor, the HIV-1 trans-activation response (TAR) RNA binding protein (TRBP) (Haase et al.,
2005). Dicer performs the second processing step, resulting in a short double-stranded RNA
(dsRNA) product, denoted as miRNA/miRNA*. The dsRNA duplex consists of the miRNA that
will become the mature guide (as indicated by the red strand in Figure 1) for the RNA induced
silencing complex (RISC), and the other passenger strand (miRNA*) that will be degraded. The
Dicer-TRBP dimer, while bound to the miRNA/miRNA* duplex can recruit one of four
argonaute (Ago) proteins to form the RISC (Lee et al., 2006, Chendrimada et al., 2005, Gregory



et al., 2004). Once the mature miRNA is incorporated, the mi-RISC is ready to bind to the 3’-
UTR of target mRNAs to induce degradation or inhibit translation.
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Figure 1.1: Pathway of miRNA biogenesis and mechanism of action (Adapted from Velu et
al., 2012).

Gene silencing occurs in specialized cytoplasmic regions called processing bodies (P-bodies),
which contain proteins essential for mRNA degradation and/or those with 5’- and 3’-
exonuclease activity (Nathans et al., 2009). A stretch of 7-8 nucleotides in the guide miRNA
referred to as the “seed region” can bind complementarily to the 3’-UTR of the target mRNA.
Perfect complementarity between the seed region and the target mRNA results in
degradation while imperfect complementarity is enough to induce translational inhibition
(MacFarlane and Murphy, 2010, lorio et al., 2005). The small size of the seed region allows
one miRNA to have multiple mRNA targets. Since these small molecules regulate essential
cellular processes, their deregulation can have detrimental effects that results in diseases,
including cancer formation and progression.



1.1.2 Mechanisms of MiRNA Regulation

As already mentioned, miRNAs are essential for many biological functions which require
stringent modulation by different effectors. Therefore, more clarity on the underlying
molecular mechanisms regulating miRNA expression levels is needed to understand the
variations in protein-coding gene expression (Gulyaeva and Kushlinskiy, 2016). There are
various levels in this pathway that can be regulated. These regulatory factors may be
promoted or inhibited by various physiological and pathological stimuli (hormones,
cytokines), as well as external factors (diet and lifestyle). As shown in Figure 1.2, these
regulatory levels can either be transcriptional or post-transcriptional. At the transcriptional
level, the methylation status of the miRNA-encoding genes (miR-genes) as well as activating
or inhibitory transcription factors acting on the promoter and regulatory regions of the miR-
genes affect their expression. Hypermethylation of CpG islands or regions enriched in CpG
residues may result in transcriptional silencing (Morales et al., 2017), and therefore less pri-
miRNA hairpins to be processed by the Drosha microprocessor complex. For example, work
by Vera et al has shown that methylation of miR-7 in platinum-sensitive patients could be
used as a clinical tool for predicting a poorer response to platinum-based treatment regimens
(Veraetal., 2017).
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Figure 1.2: Levels of regulation of miRNA expression (Adapted from Gulyaeva and

Kushlinsky, 2016).

At the post-transcriptional level, miRNAs can be affected by changes in expression or activity
of dsRBD-containing proteins that interact with them, namely, the processing enzymes
Drosha and Dicer as well as their cofactors. For instance, the c-Myc oncogene is known to



regulate the expression of certain miRNAs directly at the transcriptional level and indirectly
through transcriptional regulation of Drosha (Wang et al., 2013, Guo et al., 2013). The Dicer
cofactor TRBP has been shown to be phosphorylated by the mitogen-activated kinases/
extracellular signal-regulated kinases (MAPK/ERK) pathway as well as the S6 kinases (Paroo
et al., 2009, Warner et al., 2016). Hyper-phosphorylation of TRBP activates and stabilizes it,
resulting in increased binding to Dicer and thereby increased processing of growth-promoting
miRNAs (Blahna and Hata, 2013, Paroo et al., 2009).

As with protein-coding genes in the genome, miRNA gene expression can also be affected by
mutations. Furthermore, miRNA genes have been found to be frequently located at fragile
sites and hotspots for chromosomal abnormalities or cancer susceptibility loci that correlate
with tumorigenesis (Calin and Croce, 2006, Calin et al., 2002).

1.2 miRNAs and cancer

Cancer is a group of diseases which develop from abnormal cell division. These group of
diseases can develop from any cell type and are caused by changes in gene expression,
function and regulation, usually brought upon by genetic mutations. Normal cell division and
differentiation depends on the balance and stringent regulation of several cellular processes
involving proto-oncogenes, tumour suppressor genes and DNA repair genes. If the
homeostasis of a cell is disrupted, the expression of these different genes can be altered in a
manner that favours cancer formation and progression. It has recently become evident that
miRNA biogenesis is one of the cellular pathways altered in cancer development.

As mentioned earlier, miRNAs are expressed in a way that is specific to particular tissues or
developmental stages and their expression patterns have been found to be altered in several
human diseases, including cancers (Velu et al., 2012). By comparing miRNA expression levels
between normal and tumour tissue one can determine which miRNAs may be involved in the
development and pathogenesis of these cancers (lorio et al.,, 2005). These differentially
expressed miRNAs can act in a similar manner to protein proto-oncogenes and tumour
suppressors in regulating cancer development and progression. miRNAs that can act as
oncogenes, termed “oncomiRs”, are upregulated in tumours compared to normal tissues.
These oncomiRs negatively regulate tumour suppressor genes, thereby contributing to the
cancer phenotype, for instance by halting cell differentiation and evading apoptosis (Ullah et
al., 2015). On the other hand, miRNAs that are downregulated in cancers can be called tumour
suppressors. These can negatively regulate oncogenes; thus, their suppression is essential in
cancer progression. Calin and co-workers determined that miR-15 and miR-16, which are
located in the 13q14 region that is often lost in chronic lymphocytic leukaemia (CLL), can act
as tumour suppressors by controlling normal CD5+ B cell homeostasis (Calin et al., 2002).
Therefore, the loss of these two miRNAs is essential for the formation and pathogenesis of
CLL. In a bid to determine a miRNA signature for breast cancer, a genome wide miRNA
expression profile was done in normal and breast cancer samples using microarrays (lorio et
al., 2005). The study found that miR-21 and miR-155 were significantly upregulated in breast



cancer tissues and cell lines compared to normal tissue samples, whereas miR-10b, miR-125b
and miR-145 were downregulated.

Another example was illustrated in hepatocellular carcinoma (HCC), where miR-122a was
identified as a target for Cyclin G1, which is usually upregulated in these cancers to inhibit the
function of the tumour suppressor p53 (Gramantieri et al., 2007). Therefore, miR-122a is
usually downregulated in HCC and indirectly causes the downregulation of p53 and increased
chromosomal instability. These and many other studies show that miRNAs expression profiles
can potentially be used for diagnostic, prognostic and therapeutic purposes (Velu et al., 2012).
Through further studies, miRNAs can be characterised and classified based on the type of
cancer, and can potentially be used as biomarkers in diagnosis and prognosis of these specific
cancers.

According to GLOBOCAN estimates, there was an estimated 14.1 million new cancer cases
and 8.2 million cancer deaths in 2012 (Torre et al., 2015). Southern African had the 4t highest
incidence of new cancer cases at 82 900 (Figure 1.3). The increase in the incidence of cancer
in developing countries such as South Africa emphasises the need for more research centred
around these African population. The focus of our research group is Non-Hodgkin’s
lymphomas. Of interest are those that are associated with the Human immunodeficiency virus
(HIV), including Diffuse Large B-cell Lymphoma (DLBCL) and Burkitt’s lymphoma (BL).

Worldwide*

14,090,100
1 Eastern Africa (287,300) 7 Central America (197,600) 13 Western Asia (317,600) 19 Melanesia (10,000)
2 Middle Africa (74,100) 8 South America (807,700) 14 Central and Eastern Europe (1,036,900) 20 Micronesia (800)
3 Northern Africa (220,600) 9 Northern America (1,786,400) 15 Northern Europe (525,900) 21 Polynesia (1,200)
4 Southern Africa (82,900) 10 Eastern Asia (4,145,000) 16 Southern Europe (769,200)
5 Western Africa (182,100) 11 South-Eastern Asia (786,400) 17 Western Europe (1,110,300)
6 Caribbean (90,800) 12 South-Central Asia (1,514,000) 18 Australia/New Zealand (143,400)

Figure 1.3: Estimated new cancer cases in the world for 2012 (Adapted from Torre et al.,
2015).



1.2.1 Non-Hodgkin’s lymphomas

Lymphomas are a type of cancer that originates from lymphocytes, which are white blood
cells of the immune system. Lymphomas can be of B-cell, T-cell or natural killer (NK) cell origin
and have varying degrees of aggressiveness. Since most B-cells are located in the lymph
nodes, most of the B-cell lymphomas are associated with enlarged lymph nodes and other
lymphatic organs. These cancers can be broadly grouped into two, namely, Hodgkin’s
lymphomas (HLs) and Non-Hodgkin’s Lymphomas (NHLs). It is very important to diagnose the
exact subtype of lymphoma and stage, using clinical means, imaging, laboratory investigations
and specific tests on the tissue, including immunohistochemical staining, cytogenetics and
molecular profiling, as they require different treatment strategies and doses. There are many
subtypes of B-cell derived NHLs and because some morphological and clinical features
overlap, there is continuous need for the identification of new diagnostic and prognostic
biomarkers.

Burkitt’s lymphoma (BL) is a high-grade lymphoma and its common molecular feature is the
translocation of the oncogene c-MYC (t(8;14) (g24;932)), leading to its constitutive
expression. Table 1 provides a summary of the three variants of this NHL subtype. As with
other cancers, the WHO 2008 classification criteria is used to accurately diagnose BL cases,
which includes analysis of cell morphology, where the characteristic starry background is
observed. The pathologic specimens are also examined for CD20 positivity, expression of
germinal centre markers CD10 and B-Cell Lymphoma (BCL) 6, a Ki-67 proliferation index of
over 95%, BCL2 negativity and genetic features such as the presence of c-MYC
rearrangements and/or translocations. (Sissolak et al.,, 2017, Campo et al., 2011).
Furthermore, staging of the disease depends on lymph and organ involvement using the Ann
Arbor staging system (Armitage, 2005). Currently, there is no standard approach to treating
BL cases. Depending on the stage of the disease upon diagnosis, treatment strategies include
Lymphome Malins de Burkitt (LMB) 86 (cytoreduction with low-dose cyclophosphamide,
vincristine, and prednisone followed by induction with vincristine, methotrexate,
cyclophosphamide, doxorubicin and prednisone) (Stefan and Rabeen Lutchman, 2014),
hyper-CVAD (hyperfractionated cyclophosphamide, vincristine, doxorubicin, dexamethasone,
methotrexate, and cytarabine), Stanford regimen (cyclophosphamide, doxorubicin,
vincristine, and prednisone and high-dose methotrexate with leucovorin rescue on day 10
with accompanying prophylactic IT chemotherapy) and the CHOP-like (cyclophosphamide,
doxorubicin, vincristine, and prednisone) regimen (Sissolak et al., 2017). The outcome of
these cases greatly depends on the subtype, age and stage of the disease at diagnosis. The
more advanced and aggressive the cancer, the lower the rate of survival.

Of interest in South Africa is the immunodeficiency associated variant. Although very rare in
the general population, BL is one of the most common NHL subtypes associated with HIV
infection and often presents as more aggressive with poor prognosis. Therefore, more
research on the molecular pathogenesis of BL, in the presence of HIV needs to be conducted
in order to get a better understanding of cellular processes and mechanisms that drive the
disease. This will aid in the development of improved treatment strategies.



Table 1.1: Variants of Burkitt’s lymphoma

Common Characteristics

Endemic - Found in Malaria endemic areas
- EBVin almost all cases
- Mostly in children, the jaw bone is
often affected

Sporadic - “non-African” variant. In areas
where malaria is not endemic
- Rarely associated with EBV
- Most common site is the ileocecal

region
Immunodeficiency-associated - Associated with HIV infection or
post-transplant patients on

immunosuppressive drugs

References: (Pannone et al., 2014), (Magrath, 2012), (Dunleavy et al., 2013)

In recent years, HIV has been directly implicated in cancer. One potential mechanism is that
HIV may alter cellular processes in favour of lymphoma development is through miRNA
biogenesis. Studying the deregulation of miRNA expression profiles brought upon by the
presence of HIV may provide the valuable information needed to better understand these
HIV-associated BL cases.

1.3 Deregulation of miRNAs by viruses

RNA interference (RNAI) or silencing can be activated as a host defence mechanism against
viral (RNA or DNA) infections (Triboulet et al., 2007). However, some miRNAs have been
shown to be deregulated as a result of viral infections. For instance, infection with Hepatitis
C virus (HCV), a causative agent of liver cancer, results in a downregulation of miR-130a.
Moreover, re-introduction of this miRNA into cells resulted in restoration of the innate
immune system through the upregulation of the interferon proteins; causing a
downregulation of another miRNA, miR-122, and a decrease in HCV replication (Li et al.,
2014). This indicates that the virus down-regulates miR-130a as the latter can act as a tumour
suppressor and hinder effective viral replication.

Some viral infections are prerequisites for the development of certain cancers. These viruses
infect the host cells and remain latent until physiological conditions change to favour their
reactivation, which can then lead to cellular transformation (Massimelli et al., 2015). The
Epstein Barr Virus (EBV), a member of the herpes virus family has been found in variants of
BL that are associated with immunosuppression. Recently, through modified computational
prediction methods, it was found that EBV has 7 pre-miRNA sequences (Pfeffer et al., 2005).
This is an indication that viruses are evolving to exploit the RNAi mechanism to their own
advantage. Furthermore, the EBV-encoded protein EBNA2 was shown to increase levels of



mature cellular miR-21, a known oncomiR, and downregulate miR-146a, which regulates
immune-related genes (Rosato et al., 2012). Another example is the Kaposi’s Sarcoma
associated Herpes Virus (KSHV), which expresses multiple viral miRNAs in its latent cycle
(Gottwein et al., 2011). KSHV is predominantly latent in Kaposi Sarcoma (KS), aiding in host
immune evasion. One of the ways that viral latency is maintained is through the inhibition of
the replication and transcription activator (RTA) protein by the host miR-1258, which is
activated by the HIV-1 accessory protein Nef (Yan et al., 2014). In addition, one of the viral
miRNAs (KSHV-miR-K12-11) encoded by the virus is an ortholog of the cellular miRNA miR-
155. Since both miRNAs share 100% seed sequence homology, KSHV-miR-K12-11 can target
miR-155 gene targets such as BACH-1 (Skalsky et al., 2007).

1.3.1 MicroRNA deregulation by HIV

The Human Immunodeficiency Virus (HIV) is the cause of one of the most detrimental diseases
to affect humankind. Thus far there is no cure; however, the lives of individuals with the virus
can be prolonged through the use of Highly Active Antiretroviral Therapy (HAART). According
to the United Nations Programme on HIV and AIDS (UNAIDS) Global report
(http://www.unaids.org) as well as the World Health Organisation (WHO) global health
observation data, approximately 36.7 million people were living with HIV as of June 2017
(http://www.who.int/gho/hiv/en/). As highlighted in Figure 1.4, the sub-Saharan Africa
region is the most affected region. In South Africa specifically, the Statistics South Africa mid-
year report estimated the prevalence of HIV to be approximately 12.6% of the country’s
population at 7.06 million (http://www.statssa.gov.za).
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Figure 1.4: Prevalence of HIV in the world according to UNAIDS 2016 Global Statistics report
(Adapted from http://www.who.int/gho/hiv/en/, http:www.unaids.org).

HIV can affect various cellular processes in the host, including cellular miRNA expression
patterns. A study by Houzet et al (2008) showed from patients’ peripheral blood mononuclear
cell (PBMC) samples that each stage (I-IV, based on viral load and CD4+ count) of the disease
is associated with different miRNA expression profiles (Houzet et al., 2008). It was further
noted that most of the miRNAs that were downregulated were T-cell specific. This
observation indicates that miRNAs may have anti-viral effects and that the virus alters their
expression somehow to evade detection by the host. Because the HIV-1 genome is so small,
the virus needs some host proteins for efficient replication and survival. The host can
manipulate this dependency and target specific proteins through RNAi. An example is the
P300/CBP-associated factor (PCAF), which is an endogenous protein that is a co-factor of HIV-
1 Tat. The miR-17-92 cluster targets PCAF, making it unavailable to bind the Tat protein and
resulting in inefficient HIV-1 transactivation (Triboulet et al., 2007).

1.4 HIV and cancer

The high prevalence of HIV within the South African population has resulted in an increased
incidence of HIV-associated co-morbidities, including certain types of cancers. These cancers
are termed HIV-associated or AIDS-defining cancers. While a compromised immune system is
known to lead to the development of cancers, new evidence has emerged pointing to a more
direct role of HIV in carcinogenesis. The most common AIDS-defining cancers include KS,
cervical cancer and subtypes of NHLs, including BL and DLBCL. Furthermore, a study by
Abayomi et al (2011) noted that there is a difference between the prevalence of certain
lymphoma types in the presence and absence of HIV (Abayomi et al., 2011). For example, BL
cases are more prevalent in the HIV positive population, whereas its occurrence is very rare
in the HIV negative population (Figure 1.5). As mentioned earlier, the research in our
laboratory focusses on understanding the pathology of HIV-associated BL and DLBCL.



D diffuse large B-cell lymphoma (DLBCL) @O Hodgkin lymphoma (HL)

@ follicular lymphoma (FL) @ other non Hodgkin lymphoma
B Burkitt ymphoma (BL) lympho blastic lymphoma

D small cell ymphoma O anaplastic large cell lymphoma
B plasmablastic lymphoma (PL) @ marginal zone lymphoma
peripheral T-cell ymphoma O Castleman's disease

0 primary effusion lymphoma

Figure 1.5: The distribution of types of lymphomas in the HIV-positive and HIV-negative
populations (Adapted from Abayomi et al., 2011).

1.4.1 miRNAs in HIV-associated Non-Hodgkin’s lymphomas

HIV-positive individuals have a 60- to 200-fold higher chance of developing NHLs (Dunleavy
and Wilson, 2012). Even with chemotherapy, the patients have lower survival rates compared
to their HIV-negative counterparts (Gloghini et al., 2013). The presence of HIV makes
treatment of these lymphomas more difficult as, although the virus does not infect B-cells, it
directly affects B-cell maturation and activation. In vitro studies confirm that exposure of
isolated peripheral B-cells with HIV-1 increases their survival and proliferation rates, changing
the ratios of B-cell subpopulations and inducing activation of naive B-cells (Perise-Barrios et
al., 2012). Additionally, the study showed that the full integrity of the HIV-1 virus particle is
essential to overexpression of the activation-induced cytidine deaminase (AID) gene, an
enzyme which induces class switch recombination (CSR) and somatic hypermutation (SHM),
but when overexpressed, lead to cellular transformation.

The presence of HIV causes a greater risk and complication for these lymphomas, which are
already challenging to treat with current chemotherapy regimens, as overlapping toxicity and
pharmacokinetic factors must be taken into consideration. As a result, some physicians opt
to suspend HAART during chemotherapy cycles and resumed after the treatment regimen is
complete; this is a better way to reduce HIV drug resistance as opposed to a stop-and-start
strategy (Little and Dunleavy, 2013, Dunleavy and Wilson, 2012). Another treatment strategy
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is combination anti-retroviral therapy (c-ART), where chemotherapy is administered
simultaneously with HAART. The latter option is the general standard of practice in South
Africa (Patel et al., 2015). Better understanding of the molecular pathogenesis of these NHLs
in the presence of HIV is needed, which could improve the current treatment regimens and
prognosis of these cases. For instance, a retrospective study by Lim et al (2005) showed that
even in the HAART era, CHOP (cyclophosphamide, hydroxydoxorubicin, vincristine (onovin),
prednisone) and M-BACOD (methotrexate, bleomycin, cyclophosphamide, etoposide)
treatment regimens, which are normally used for NHL cases in HIV-negative individuals, did
not improve the survival of HIV-BL patients (Lim et al., 2005).

The added challenge of HIV to these NHLs further highlights the urgent need for more
diagnostic and prognostic molecular markers. In addition, there should be more emphasis on
studying these cases in the context of HIV, as there may be distinct pathological features that
may be affected by or caused by the virus. There is, as yet, no data available to show whether
HIV causes miRNA deregulation in B-cells which may ultimately lead to the development
and/or progression of NHLs in HIV-positive individuals. It is this gap in HIV-associated NHL
research which is hoped to be addressed in the current project. With the use of microarray
and quantitative PCR (qPCR)-based methods, novel miRNAs that are deregulated due to HIV
can be identified and characterised in the context of their role in B-cell derived
lymphomagenesis. The identified miRNAs can then be further characterised, with regards to
their targets and functions in carcinogenesis. Ultimately, this information can be used to
identify miRNAs as biomarkers, which is of particular interest as this may lead to earlier
diagnosis and better prognosis.

1.5 Previous work

A customised miRNA PCR array was performed as part of a fellow student’s (Goolam Hoosen,
2017) research project in our laboratory to identify the differentially expressed miRNAs in
lymphoma cells when exposed to HIV-1, compared to control cells. Attenuation of the virus
was achieved by treatment with the chemical aldrithiol — 2, 2 dithiopyridine (AT-2), which
covalently modifies zinc fingers in the nucleocapsid protein, thus eliminating the virus’ ability
to infect while maintaining the structure and integrity of the envelope glycoproteins (Rossio
et al., 1998). Control cells were treated with matched microvesicle (Rossio et al., 1998). Both
the attenuated HIV and matched microvesicles control were kindly provided by Dr Jeff Lifson
of the National Institutes of Health (NIH, Maryland, USA).

Following extensive statistical analysis, a total of 32 miRNAs were identified to be deregulated
by 2-fold or more (Figure 1.6) (Goolam Hoosen, 2017). This project focuses on the validation
and characterisation of four miRNAs selected from that list.

11



Figure 1.6: Complete list of selected miRNAs that were deregulated in HIV-treated
compared to microvesicle-treated Ramos cells in the PCR array experiment (Adapted from
Goolam Hoosen, 2017)

1.5.1 Project aims

The aim of this research project was to validate the differential expression of four miRNAs
(hsa-miR-200c-3p, hsa-miR-222-3p, hsa-miR-363-3p and hsa-miR-575), that were found to be
significantly deregulated upon exposure of BL cells to HIV-1 in a PCR array. Thereafter, the
role of hsa-miR-200c-3p in the pathogenesis of HIV-associated BL was further characterised.
Literature and bioinformatic tools were then used to identify potential gene targets of hsa-
miR-200c-3p. The functional role of the selected miRNA and gene targets in the context of
lymphoma development was thereafter, examined using various cellular biology techniques.
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Chapter 2
Materials and Methods

2.1 Cell culture

2.1.1 Cell lines and storage

The cell lines Ramos and BL41 were used in this research project. The Ramos cell line was
purchased from the American Type Culture Collection (ATTC®, Virginia, USA). This cell line is
an EBV negative human lymphoblastic cell line established from a 3-year-old Caucasian male
with Burkitt’s lymphoma. The second cell line, BL41 was kindly donated by Professor Dave
Sandeep, from Duke University (North Carolina, USA). The BL41 cell line is also EBV negative
and was established from an 8-year-old Caucasian male. The cells were cryopreserved in
freezing media (consisting of 10% dimethyl sulfoxide (DMSO), Roswell Park Memorial Institute
(RPMI) media (Sigma Aldrich, Missouri, USA), fetal bovine serum (FBS)) and stored in liquid
nitrogen.

2.1.2 Thawing, expansion and freezing

Complete growth medium was prepared using RPMI-1640 media (Sigma Aldrich, Missouri,
USA), FBS and penicillin/streptomycin (P/S) solution. Once all the reagents were brought to
room temperature, they were cleaned with 70% Ethanol and placed in a biosafety level one
fume hood. The growth medium (complete medium) was composed of 10% FBS and 1% P/S
in RPMI (Appendix A). 5 ml of the complete medium was added to a T25 flask and warmed in
the CO; incubator (5% CO», 37°C) while 4 ml was added to a 15 ml Falcon tube and placed in
the Fume Hood. One vial of cryopreserved cells was removed from liquid nitrogen and thawed
by hand. Once thawed the contents of the vial were added to the complete medium in the 15
ml Falcon tube and centrifuged at 1000 revolutions per minute (rpm) for 5 minutes in order
to pellet the cells. The supernatant was removed and the pelleted cells were resuspended in
1 ml of the warmed media from the T25 flask. The cells were then added to the flask and
placed in the incubator. Both cell lines were maintained and expanded by adding fresh growth
media every 2-3 days and depopulated as needed. The cells grew best and were maintained
at a density of between 2 X 10° and 1 X 108 viable cells/ml. Once the volume in the T25 flask
exceeded 20 ml, the cells were transferred to a bigger flask.

For freezing of cells, the freezing medium consisting of RPMI (Sigma Aldrich, Missouri, USA),
10% FBS and 10% DMSO (Appendix A) was prepared and place on ice (in the fume hood). The
expanded cells were transferred from T25 or T75 flasks to 15 ml Falcon tubes (about 10 mlin
each), and centrifuged at 1000 rpm for 10 minutes. The supernatant was removed and the
pelleted cells were resuspended in the freezing medium (the final density of the cell
suspension was approximately 1 X 108 cells/ml). The resuspended cells were distributed to
cryovials (Iml each), which were placed in a freezing container with isopropanol. The
container was placed in a -80°C freezer overnight. The added isopropanol in the container
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allows the cells to cool down at a rate close to 1°C/minute, ensuring that fewer crystals are
formed. The cryovials were transferred into liquid nitrogen for long term storage the following
day.

2.1.3 Mycoplasma testing

The cells were tested for mycoplasma contamination prior to treatment and at regular
intervals during the project. 1 X 10° cells/ml were suspended in P/S free media (containing
only RPMI and 10% FBS) and plated in a 35 mm tissue culture dish. The cells were allowed to
expand for 2-3 days in the antibiotic-free medium before being prepared for the test. A
microscope slide was cleaned thoroughly with 70% ethanol and about 3 pl of the cell
suspension was smeared on it with a pipette tip. The slide was allowed to air dry before the
fixative (Appendix A) was added to the cells (enough to cover the cells). After two minutes
the fixative was washed off with distilled water and stained with Hoechst stain (0.5 ug/ml)
(Sigma Aldrich, Missouri, USA) for 5-8 minutes. The stain was washed off with distilled water
and excess water was blotted out with tissue paper. A drop of mounting fluid (Appendix A)
was added to the cells and a clean cover slip was carefully placed on top. The cells were
visualised using a fluorescent microscope at 40X magnification (Zeizz Axiovert 200M, Carl
Zeizz Microimaging, Germany).

The Hoechst stain, a blue fluorescent stain, can bind nuclei material biosynthetically.
Mycoplasma contamination of cells were indicated by the presence of blue fluorescent dots
in the cytoplasm and on the cell membrane. Contaminated cells were disposed of properly as
they could not be used in further experiments. A negative mycoplasma result was indicated
by the stain being present only in the nuclei of the cells.

2.1.4 Cell treatment

Following binding to the primary cellular receptor CD4, HIV uses the CCR5 and CXCR4
chemokine co-receptors to enter its host cell and replicate. Although HIV does not infect B-
cells (due to lack of CD4), it has been shown to interact with the cells as they express the
CXCR4 chemokine co-receptor as well as other surface receptors that the virus can use (Moir
and Fauci, 2009, Nie et al., 2004). The HIV virions used in this project were the HIV-1 (HIV-
Ina-3 and HIV-1gai; lot P4244), which was kindly donated by Professor Jeff Lifson (NIH,
Maryland, USA) and Dr Wendy Burgers (Division of Medical Virology, Department of
pathology, UCT). The virions were treated with Alrithiol-2 (AT-2), a mild oxidising agent which
inactivates the virus’ ability to infect cells by breaking down sulphide bonds between cysteine
residues of the nucleocapsid proteins (Rossio et al., 1998). This reaction does not affect the
structural integrity of the glycoproteins on the surface of the virus, ensuring that it is still able
to interact with cell surface receptors. As the virions are non-infectious, they are safe for
experimental use in the laboratory. As a precautionary measure, all cell treatments were
performed in a biosafety level two fume hood. Microvesicles (MV), which are non-virion
material co-purified with the attenuated virion, were used as matched controls for the cell
treatment experiments (SUPT1-CCR5 (MV-CCRS5; lot P4287).
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Prior to treatment, cells were thoroughly resuspended and 10 pl was used for cell counting
using a haemocytometer. Viable cells were counted in four 1 mm? squares and the obtained
number was converted to cell number per ml. 8 X 10° cells/ml were plated in 35mm wells
approximately 16 hours before treatment in low serum media (consisting of 0.5% FBS, 1% P/S
and RPMI) (Appendix A). A predetermined number of wells were treated with 500ng/ml of
AT-2 inactivated HIV-1 virions while an equal number of wells were treated with the
equivalent amount of microvesicles. The plate(s) were covered with foil and incubated at 37°C
(in the CO; incubator) for 3 hours.

2.2 RNA isolation and quantification

2.2.1 RNA isolation for miRNA Validation studies

In preparation for RNA extraction, all plasticware to be used was treated with water
containing 0.1% diethyl pyrocarbonate (DEPC) (Appendix A), an effective nuclease inhibitor,
and autoclaved thereafter. The working bench was wiped thoroughly with decon (Thermo
Fisher Scientific™, Massachusetts, USA) or diluted bleach, followed by 70% ethanol. The water
used was also treated with DEPC (unless the water required was RNAse-free, provided in the
kit used). Furthermore, sterile techniques were used and gloves were worn at all times.

After treatment, the cells were removed from the wells and placed in 15ml Falcon tubes. The

wells were rinsed with cold 1X phosphate-buffered saline (PBS) (Appendix A) to remove
remaining cells. The cells were centrifuged at 1000 rpm (Measuring and Scientific Equipment
(MSE), Essex, UK) and the supernatant was discarded. The cell pellets were washed twice with
cold 1X PBS. The cells were transferred to 1.5 ml centrifuge tubes for the final wash step. The
mirVana™ miRNA lsolation kit (Thermo Fisher Scientific™, Massachusetts, USA) was used for
small RNA isolation for initial experiments. The manufacturer’s instructions were followed.
The kit combines both the organic and solid-phase extraction methods. In summary, the
pelleted cells were lysed by adding the lysis/binding solution after the PBS wash supernatant
was discarded. The cells were vortexed to obtain a homogenous lysate before the miRNA
homogenate additive was added. The mixtures were incubated on ice for 10 minutes.
Thereafter, Acid-Phenol:Chloroform (125:24:1) was added to the cell lysates and mixed by
vortexing for 30-60 seconds. The cell lysates were then centrifuged at maximum speed for 5
minutes to separate the aqueous and organic phases. The upper aqueous was carefully
removed and transferred to fresh 1.5ml centrifuge tubes. 100% ethanol (at room
temperature) was added and the contents of the centrifuge tubes were mixed thoroughly and
then transferred onto a filter cartridge prior to centrifugation at 10 000 rpm for 15 seconds
to allow the mixture to pass through the filter. The filtrate was discarded and the filter was
washed once with the first RNA wash solution and twice with the second one. The RNA was
eluted with nuclease-free/DEPC-treated water in DEPC-treated centrifuge tubes, quantified,
aliquoted and stored at -80°C.
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2.2.2 Total RNA isolation for miRNA and target expression studies

The Roche High Pure RNA Isolation Kit (Roche Applied Sciences, Penzberg, Germany) was used
for total RNA isolation of treated cells as per the protocol provided. The cells were treated as
in Section 2.14. Thereafter, the treated cells were transferred to 15 ml Falcon tubes, pelleted
and washed twice with cold 1X PBS. The cells were then resuspended in 200 ul of the cold 1X
PBS in 1.5 ml centrifuge tubes. 400 pl of the Lysis/Binding buffer was added to the
resuspended cells and vortexed for 15 seconds. The cell lysates were pipetted onto the High
Pure Filter tubes, which were centrifuged at 8000xg for 15 seconds. The flow through was
discarded and DNase | solution was added to the filter tubes. The samples were incubated for
15 minutes at room temperature. Thereafter, the filter was washed once with the wash buffer
| and twice with the wash buffer Il. The first 2 washes were done with 500 pl of each solution,
centrifuged at 8000xg for 15 seconds while the last wash was done with 200 ul of the buffer,
centrifuged at maximum speed for 2 minutes. The RNA was eluted in the elution buffer
provided (nuclease-free water), quantified, aliquoted and stored at -80°C.

2.2.3 RNA quantification

Quantification of the isolated RNA was performed using the NanoDrop™ 1000
spectrophotometer (Thermo Fisher Scientific™, Massachusetts, USA). This machine uses
ultra-violet (UV) spectrophotometry to determine the concentration of nucleotides as well as
the level of contamination using the 260/280 and 260/230 ratios. Generally, nucleotides are
detected at 260 nm while protein and organic (phenol) contamination can be detected at
280nm and 260nm, respectively. Briefly, 1 pl of each RNA sample was used for analysis on the
NanoDrop™. Prior to measuring the samples, 1 ul of nuclease-free, DEPC-treated water or
elution buffer was used to blank the machine.

2.2.4 Gel electrophoresis of RNA

The integrity of the isolated RNA was checked using gel electrophoresis. The gel tray, comb
and chamber were soaked in DEPC-treated water with sodium hypochlorite (~10%) for at
least 3 hours to prevent RNA degradation. A 1% or 1.5% agarose gel was prepared with 1X
TBE buffer containing 0.5mg/ml ethidium bromide (EtBr) (Sigma Aldrich, Missouri, USA). The
RNA samples were prepared for loading onto the gel by adding 5 ul of 2X RNA loading buffer
(Appendix A) to 5 ul of RNA in clean (DEPC-treated) 1.5 ml centrifuge tubes. The RNA was
denatured by incubating the samples at 55°C for 5 minutes. Thereafter, the samples were
centrifuged briefly and loaded onto the wells. The gel was electrophoresed at 100 volts for
35-45 minutes and visualised over a UV trans-illuminator (Uvitec, UK).

2.3 TagMan® miRNA assays

To determine the expression levels of selected miRNAs under experimental conditions, single-
tube TagMan® miRNA assays (Applied Biosystems™, California, USA) were used. Assays for
hsa-miR-200c-3p, hsa-miR-575, hsa-miR-222-3p, hsa-miR-363-3p as well as endogenous
control assays for RNU48 and RNU6B were purchased (Table 2.1) The use of these single-tube
assays is more advantageous as they are more specific and sensitive to the mature sequence
of the selected miRNAs. Each assay contains two tubes, one containing specific stem-loop

17



primers for reverse transcription (RT) and the other containing forward and reverse primers
for qPCR as well as the minor groove binder (MGB) probe, which is composed of the
fluorescent reporter at the 5’ end and the nonfluorescent quencher (NFQ) at the 3’ end
(Figure 2.1).

RT primer

miRNA

Step 1:
Stem-loop RT

*IIIIIIIIIIIIII.WO

Step 2:
Real-time PCR

\ Forward primer

>

<&
é Reverse
primer

TagMan probe

Figure 2.1: Overview of the two-step process involved in TagMan® miRNA assays. The first
step is reverse transcription, where a specific stem-loop primer binds to the 3’ end if the
miRNA, allowing the reverse transcriptase enzyme to bind and synthesize cDNA. The RT
product is used in the second stem, where specific forward and reverse primers are used to
amplify the product. The TagMan® MGB probe allows for quantification while the RT product
is being amplified (Chen et al., 2005).

2.3.1 Reverse transcription

Reverse transcription (RT) is the reaction used for synthesizing complementary DNA (cDNA)
from RNA. In these single-tube assays, the stem-loop primers for the RT step are designed to
be specific for the mature sequence of the selected miRNA. After RNA isolation, the RNA was
diluted to 10 ng/ul as recommended by the kit. The kit components were allowed to thaw on
ice and a master mix (Table 2.1) was prepared in a 1.5 ml centrifuge tube according to the
TagMan® miRNA Reverse Transcription kit (Applied Biosystems™, California, USA). The
master mix was mixed and 7 pl was aliquoted to PCR tubes. Thereafter, 1 ul of diluted RNA
(10ng/ul) was added to each reaction tube. The RT primers (3 pl) were added to each reaction
tube respectively for each specific assay. Each reaction was made up to 15 pul with nuclease
free water.
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Table 2.1: Components for the reverse transcription reaction using TagMan® miRNA-
specific RT stem-loop primers

Reagent Volume (ul) for 1 reaction

10 RT buffer 1.50

RNase Inhibitor (20 U/ul) 0.19

100Mm dNTPs 0.15

Multiscribe Reverse Transcriptase (50U/ul) 1.00
Nuclease-free water 4.16

Total Volume 7ul

The cycling conditions were set as indicated in the protocol (Table 2.2) and the Labnet
MultiGene™ Gradient PCR Thermal Cycler (Labnet International, California, USA) was used for
the reaction. The reaction tubes were stored at -20°C to be used in qPCR.

Table 2.2: Cycling conditions for reverse transcription using TagMan® miRNA-specific RT
stem-loop primers

Step type Time (minutes) Temperature ('C)
Hold 30 16
Hold 30 42
Hold 5 85
Hold oo 4

2.3.2 Quantitative real-time PCR

Quantitative real-time PCR (qPCR) is the laboratory technique used to quantify targeted
nucleotide molecules as the amplification reaction occurs. The purchased tube miRNA assays
include a TagMan® MGB probe, which binds specifically to the cDNA generated from the RT
step. As the amplification occurs, the probe will be cleaved by the DNA polymerase enzyme,
which has 5’- exonuclease activity. The cleavage separates the quencher from the reporter,
allowing fluorescence to be detected. The amount of fluorescence detected directly
correlates with the amount of target DNA present in the reaction tube.

For the miRNA expression validation experiments, master mixes were prepared separately for
each miRNA and controls in 1.5ml centrifuge tubes using the TagMan® Universal PCR Master
Mix (No AmpErase®, UNG 2X). The protocol was adjusted as follows: the total reaction volume
was halved to 10ul (recommended by technician operating the platform) and each
component was scaled down as needed (Table 2.3). The master mix was aliquoted to
appropriate wells in a 384-well plate and the cDNA template was added individually to each
well. The plate was sealed and centrifuged for 10 minutes (Eppendorf 5804, Hamburg,
Germany). Thereafter, the plate was loaded into the Applied Biosystems 7900HT Fast Real-
time PCR system machine (Applied Biosystems, California, USA), located at the Centre for
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Proteomic & Genomic Research (CPGR, Observatory, Cape Town, South Africa). The cycling
conditions were set (Table 2.4) as instructed in the protocol and the reaction was started.
Table 2.3: Components for TagMan® miRNA qPCR reaction using the Applied Biosystems
7900HT Fast Real-time PCR machine platform

Reagent Volume (ul) for 1 reaction

TagMan Universal Master Mix X2 5.00
TaqMan 20X MicroRNA assay 0.50
Nuclease-free water 3.90

RT product (cDNA) 0.60

Total Volume 10 pl

Table 2.4: Cycling conditions for TagMan® miRNA assay reactions

Step type Time Temperature ('C) Cycle
Hold 10 min 95 1
Denature 15 sec 95
Anneal 45 sec 60 40

After one miRNA was selected for further investigation, the RotorGene Q platform (Qiagen,
Hilden, Germany) was used for the TagMan® single tube assay experiments that followed.
The master mixes were prepared as in Table 2.5. 18.67 ul of the master mix was added to 0.1
ml reaction tubes provided by the manufacturer (Qiagen, Hilden, Germany). Thereafter, 1.33
ul of cDNAs template was added to corresponding reaction tubes. The tubes were mixed
gently and loaded onto the RotorGene machine. The cycling conditions were set as in Table
2.4 and the run was started.

Table 2.5: Components for TagMan® miRNA qPCR reaction using the Roche Rotor-Gene Q
platform

Reagent Volume (ul) for 1 reaction

TagMan Universal Master Mix X2 10.00
TagMan 20X MicroRNA assay 1.00
Nuclease-free water 7.67

RT product (cDNA) 1.33

Total Volume 20 ul

2.3.2 Data analysis

The file containing the quantification data was obtained from the Applied Biosystems
platform. The plate set up was analysed using SDS 2.3 (Applied Biosystems, California, USA)
and thereafter, exported to RQ manager (Applied Biosystems, California, USA). Each
amplification plot was analysed using RQ manager (Applied Biosystems, California, USA)
software and the baseline and threshold Ct values were set. The data was then exported as a
text file and opened using DataAssist™ version3.01 (Applied Biosystems, California, USA). The
DataAssist™ software was used to view the Ct values for each replicate and to determine the
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best endogenous control between RNU48 and RNU6B. After all the Ct values were visualised
the data was exported as a Microsoft excel file.

Similarly, the data file from the Rotor-Gene Q platform was obtained after each run. The
amplification plots were visualised using the Rotor-Gene Q series Software (Qiagen, Hilden,
Germany). The software was used to visualise the amplification curves. The baseline and
threshold Ct values were set and the data was exported to a Microsoft excel file.

Once the Ct values were in a Microsoft file, outliers were identified (difference of >1 amongst
technical replicates) and excluded. The Ct data was analysed using the comparative method
(AACt) of relative quantification to determine the fold expression of each miRNA. The miRNA
of interest was normalised to the endogenous control and the fold change in expression was
determined in the HIV relative to the microvesicle samples. The equation 272 was used to
calculate fold induction. The data was represented as the average of fold changes, with error
bars representing standard deviation, normalised to the microvesicle samples (set as 1). The
Student t-test (Microsoft excel) was performed to determine statistical significance between
the HIV-treated and the microvesicle control samples, which was set at p<0.05.

2.4 Bioinformatic analysis and gene target selection

After the qPCR data was analysed, one miRNA was selected for further investigation, namely,
hsa-miR-200c-3p. The bioinformatics algorithms miRBase (http://www.mirbase.org),
miRNADB (http://www.mirdb.org), microRNA.org (http://www.microrna.org), TargetScan
(http://www.targetscan.org), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/index.php)
and TarBase V8 (http://carolina.imis.athena-innovation.gr/diana_tools) were used to
determine potential gene targets for the selected miRNA. These prediction tools search for
complementarity between the seed region (6-8 nucleotides at the 5’ end) of the miRNA and
the 3’ untranslated regions (3’UTR) of known genes. By convention, the gene target that was
similar across two or three of the algorithms was selected (Kuhn et al., 2008a). To reduce the
list obtained from each algorithm even further, a literature search (Pubmed, Google Scholar)
was done to determine which targets have been validated for hsa-miR-200c-3p in other
cancers.

2.5 Reverse transcription and qPCR of gene target

2.5.1 Primer design

The complete sequence for ZEB1 (NG_017048.1) and ZEB2 (NG_016431.1) were obtained
from the NCBI database. The sequences were imported into the Primer3Plus program
(http://www.bioinformatics.nl/cgi-bin/primer3plus/primer3plus.cgi). This program was used
to design the forward and reverse primers according to specific parameters, such as primer
length (18-25 base pairs (bp)), melting temperature (48-55°C) and GC content (40-60%).
Oligoanalyzer (Integrated DNA Technologies, lowa, USA) was used to analyse the possibility
of the primers forming stable secondary structures. It was ensured that the AG for potential

21


http://www.mirbase.org/
http://www.mirdb.org/
http://www.microrna.org/
http://www.targetscan.org/
http://mirtarbase.mbc.nctu.edu.tw/index.php

secondary structures for the primer pair was kept lower than 3 kcal/mole. Thereafter, the
selected primers were analysed for complementarity to the specific genes using the Basic
Local Alignment Search Tool (BLAST) (http://blast.ncbi.nlm.nih.gov). The primer pair was
selected if they showed 100% complementarity to the specific gene and less than 75%
complementarity to non-related genes. The primer information is shown in Table 2.6.

Table 2.6: Selected primer pairs for gene expression analysis

Primer Sequence Melting temperature Amplicon size
(Tm) (C) (bp)
ZEB1_F 5’-GCCTGAAATCCTCTCTGAATG-3’ 59.8
ZEB1_R 5’-CACCTCTTGTCAAAC-3’ 58.6 95
ZEB2_F 5’-GAAGAGACTGGAGATCACTC-3’ 51.0
ZEB2_R 5’-GCCATCTTCCATATTGTC-3’ 50.9 93
GAPDH_F 5’-GAAGGCTGGGGCTCATTT-3’ 55.4
GAPDH_R 5’-CAGGAGGCATTGCTGATGAT-3’ 55.2 133
RPL27_F 5’-ATCGCCAAGAGATCAAAGATAA-3’ 51.7
RPL27_R 5’-TCTGAAGACATCCTTATTGACG-3’ 52.1 123

F — forward primer; GAPDH — Glyceraldehyde-3-Phosphate Dehydrogenase; R — reverse
primer; RPL27 — 60S ribosomal protein 27; ZEB 1/2- Zinc Finger E-box Binding protein 1/2

2.5.2 Reverse transcription using OligodT and random hexamer Primers

The iScript™ cDNA Synthesis Kit (Bio Rad, California, USA) was used for reverse transcription
according to the protocol provided. For each sample, the reaction was set up as indicated in
Table 2.7 in 0.5 ml nuclease-free PCR tubes. Based on the concentrations obtained from the
NanoDrop™ readings, 1 ug of RNA template was added to the reaction tubes for each RNA
sample. The samples were made up to 20 ul with nuclease free water. The tubes were mixed
and centrifuged briefly, after which they were loaded onto the Labnet MultiGene™ Gradient
PCR Thermal Cycler (Labnet International, California, USA) and the cycling conditions used
were as shown in Table 2.8. The cDNA was stored at -20°C until use for gPCR.

Table 2.7: Reagents for cDNA synthesis using the iScript™ cDNA synthesis kit

Reagent Volume (ul) for 1 reaction

5X iScript™ reaction mix 4.00

IScript Reverse Transcriptase 1.00
Nuclease-free water Variable
RNA template (1 pg) Variable

Total Volume 20 pl
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Table 2.8: Cycling conditions for Reverse Transcription using the iScript™ kit

Step type Time (minutes) Temperature (C)
Hold 5 25
Hold 30 42
Hold 5 85
Hold oo 4

2.5.3 Endpoint PCR of gene targets

Endpoint PCR was performed to confirm the specificity of the selected primer pairs. The
selected primers were synthesised (Department of Molecular and Cell Biology, UCT, South
Africa) and the stock diluted to 10 uM. The reaction was prepared using the MyTag™ DNA
polymerase (Bioline, Tennessee, USA). The total reaction volume was halved to 25 ul and all
the reagent volumes were adjusted as needed (Table 2.9). The master mix consisted of the
buffer, DNA polymerase and nuclease-free water in a 1.5 ml centrifuge tube. The master mix
was mixed thoroughly and centrifuged briefly. Thereafter, 23 ul was aliquoted to PCR tubes,
were the primers and cDNA template were added individually. The reaction was mixed and
centrifuged before loading onto the Labnet MultiGene™ Gradient PCR Thermal Cycler (Labnet
International, California, USA). The parameters were set as shown in Table 2.10 and the
reaction was run for

30 cycles.

Table 2.9: Components for PCR using MyTaq™ DNA polymerase

Reagent Volume (ul) for 1 reaction

5X MyTaq™ Buffer 5.00
MyTag™ DNA polymerase (50 U/ul) 0.25
Forward Primer (10pM 1.00
Reverse Primer (10uM) 1.00
cDNA template 1.00
Nuclease-free water 16.75

Total Volume 25 ul

Table 2.10: Cycling parameters for PCR using the My Taq™ DNA polymerase

Step type Time Temperature (C) Cycle
Initial denaturation 1 min 95 1
Denaturation 15 sec 95
Annealing 15 sec 48 30
Extension 15 sec 72
Hold oo 4
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2.5.4 Gel electrophoresis of PCR products

Agarose gel electrophoresis was used to visualise the PCR products. A 1.5% gel was prepared
with 1X TBE buffer (Appendix A) and EtBr (0.5 mg/ml). 2 pl of 5X DNA loading dye (Appendix
A) was added to 15 pl of each PCR product sample. The samples were mixed and centrifuged
briefly before loading onto the gel and 1Kb ladder (Thermo Fisher Scientific, Massachusetts,
USA was added to the first lane (Appendix B). The gel was electrophoresed at 100 volts for 35
minutes. The gel was visualised under a UV trans-illuminator (Uvitec, UK)

2.5.5 gPCR of gene targets

Once the specificity of the designed primers and the optimum annealing temperature were
confirmed, qPCR was performed using the KAPA SYBR® FAST qPCR Kit (Kapa Biosystems, Cape
Town, SA). Glyceraldehyde-3-Phosphate Dehydrogenase (GAPDH) and 60S ribosomal protein
27 (RPL27) were included as endogenous controls to be used for normalisation. Master mixes,
accounting for 3 technical replicates as well as a no template control, for each gene were
prepared in 1.5 ml centrifuge tubes containing all the components except the cDNA (Table
2.11). The master mix was mixed thoroughly and centrifuged briefly. Thereafter, 19 ul was
aliquoted to corresponding PCR tubes (Qiagen, Hilden, USA). The cDNAs template (1 pl) was
added last to each PCR tube, which were mixed thoroughly before loading onto the Rotor-
Gene Q (Qiagen, Hilden, Germany) machine. The cycling parameters were set as indicated in
Table 2.12 and the reaction was run for 40 cycles. The data was exported and analysed using
the comparative (AACt) method and student t-test as described in Section 2.3.2

Table 2.11: Components for qPCR using the KAPA SYBR®FAST qPCR kit

Reagent Volume (ul) for 1 reaction

2X KAPA SYBR® FAST qPCRs Master Mix 10.00
Universal
Forward Primer (10 uM 0.40
Reverse Primer (10 puM) 0.40
cDNA template 1.00
Nuclease-free water 8.2

Total Volume 20 pl

Table 2.12: Cycling conditions for qPCR using the KAPA SYBR® FAST qPCR kit

Step type Time Temperature (C) Cycle
Pre-incubation 3 min 95 1
Denaturation 3 sec 95
Annealing 20 sec 48 30
Extension (data 20 sec 72
acquisition)
Cooling 10 sec 40 1
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2.6 Functional analysis of gene targets

2.6.1 Protein extraction

Protein was isolated using Radio-Immunoprecipitation Assay (RIPA) buffer (Appendix A) and
7X complete™, mini EDTA-free Protease inhibitor (Appendix A) (Roche Applied Science,
Penzberg, Germany). The RIPA buffer contains detergents which lyse the cells while the
Protease inhibitor prevents degradation of the isolated proteins. The RIPA buffer and
Protease inhibitor solution was fresh placed on ice in the fume hood in preparation for the
protein isolation. After cell treatment, the cells were transferred to 15 ml Falcon tubes and
the wells were rinsed with cold 1X PBS. The cells were centrifuged at 2000 rpm (MSE,
California, USA) for 5 minutes. The supernatant was discarded and the pelleted cells were
washed three times by resuspending in cold 1X PBS (Appendix A) and centrifugation.
Depending on the cell pellet, 200-500 pl of the RIPA/Protease inhibitor solution was used to
resuspend the cells and the tubes were stored at -80°C overnight for optimum lysis. The cells
were then thawed on ice and centrifuged at 4°C at 12 000 rpm (Beckman, London, UK) for 20
minutes, in order to pellet DNA, and the soluble proteins were transferred to a new tube,
aliquoted and stored at -80°C.

2.6.2 Protein quantification

The bicinchonic acid (BCA) reagent was used to determine the concentration of protein in the
isolated samples. This was performed using the Pierce™ BCA assay kit (Thermo Fisher
Scientific™, Massachusetts, USA). This sensitive colorimetric assay relies on two reactions.
The first reaction, known as the biuret reaction, is the reduction of Cu?* to Cu* by the protein
peptide bonds in an alkaline environment. The second reaction occurs when BCA molecules
chelates with the reduced Cu'* cations. These BCA/Cu'* complexes are soluble in water and
the colour produced from this reaction is proportional to increasing protein concentrations.
Briefly, the protein samples were thawed on ice and diluted in ratios of 1:2 and 1:5 using the
RIPA buffer (total volume of 25 pl). The BCA working solution was prepared according to the
protocol by mixing reagents A and B in a ratio of 50:1. In parallel, a standard curve was
generated using the bovine serum albumin (BSA; 2 mg/ml) protein (provided in the kit) diluted
in RIPA buffer at known concentrations (2000 pg/ml, 1000 ug/ml, 500 pg/ml, 125 pg/ml and
0 pg/ml (RIPA buffer blank)). In a 96-well plate, 10 ul of each protein sample as well as the
standards were added to wells. 200 ul of the working reagent was added to the protein and
standard samples in the wells, which was then covered with parafilm and the plate was
incubated at 37°C for 30 minutes and the intensity of the colour was measured at a
wavelength of 560 nm using the Glo-Max®-Multi+ multiplate reader (Promega, Wisconsin,
USA). The measurements were corrected by subtracting the average blank readings from the
average readings for the other samples and standards. A curve was plotted using the
corrected absorbance readings of the BSA samples. The equation from the standard curve
generated was used to extrapolate the concentration of the diluted protein samples.
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2.6.3 Western blot analysis

2.6.3.1 SDS PAGE

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) was used to
separate the proteins. SDS, an anionic detergent was used to denature and linearize the
proteins. The proteins bind the amount of SDS in proportion to its molecular mass. The now
negatively charged proteins become strongly attracted to the positively charged anode in an
electric field. Since the mass-to-charge ratio in SDS-denatured proteins in nearly the same,
the proteins will be separated solely based of their relative molecular mass. An 8% resolving
gel (7.5 ml) and a 5% stacking gel (3 ml) was prepared according to the manufacturers
protocol (Appendix A) using the Bio-Rad mini-PROTEAN 3 casting apparatus (Bio-Rad,
California, USA). The samples were prepared as shown in Table 2.13 and incubated at 100°C
for 5 minutes and centrifuged briefly before loading onto the polyacrylamide gel.

Table 2.13: Sample preparation for protein samples loaded onto the SDS-PAGE gel

Reagent Volume (ul) for 1 reaction

Protein sample (20 ug) Variable
100 mM DTT 1.00

5X protein Loading dye 6.00
RIPA Buffer Up to 30

Total Volume 30 pl

Once set, the polyacrylamide gel was set up in the electrode assembly cassette and placed
inside the electrophoresis chamber (Bio-Rad, California, USA). 1X running buffer (Appendix A)
was added to the chamber, ensuring that the wells were submerged. The comb was then
removed carefully. The samples were carefully loaded into the wells, with 1 pl of the
BenchMark™ Pre-stained 1 Kb Protein Ladder (Appendix B) being loaded into at least one
well. The 5X protein loading dye (Appendix B) (6ul) was added to the empty wells to ensure
that the proteins were separated evenly. The chamber was then closed and connected to the
Bio-Rad power pack and electrophoresed for 2-2.5 hours at 100 volts (until the dye front
reached the bottom of the gel).

2.6.3.2 Protein transfer onto nitrocellulose membrane

After the proteins were separated, the polyacrylamide gel was prepared for transfer to a
nitrocellulose membrane (Bio-Rad, California, USA). The nitrocellulose membrane was cut to
size, labelled at the bottom left corner and soaked in cold 1X running buffer (Appendix A). The
transfer was assembled by placing the fiber pad, filter paper, the gel and membrane as shown
in Figure 2.2 in a cassette. The cassette was placed into the transfer assembly. The assembly
was then placed into the electrophoresis chamber, with an ice pack on the side. The chamber
was then filled with 1X transfer buffer (Appendix A), closed and connected to the Bio-Rad
power pack. The transfer was done for 1 hour 30 minutes at 100 volts.
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Figure 2.2: Orientation of gel and nitrocellulose membrane in the cassette for protein
transfer. (Adapted from manual, Bio-rad, California, USA)

2.6.3.3 Antibody incubation and protein visualisation

Following transfer, the membrane was stained with Ponceau S (Sigma Aldrich, Missouri, USA)
to confirm that the transfer was successful (Appendix A). The stain was then washed off with
deionised water. The membrane was incubated, with gentle agitation, in blocking buffer
(Appendix A) for one hour. The membrane was then incubated with blocking buffer
containing primary antibody at 4°C with gentle agitation overnight. The primary antibodies
used were ZEB1 and SIP1 (ZEB2) (Santa Cruz Biotechnology, California, USA) and p38 (Bio-Rad,
California, USA). The dilution used as well as secondary antibodies used are shown in Table
2.14.

Table 2.14: Concentration of primary and secondary antibodies used for western blot
analysis

Protein Primary antibody Secondary antibody
ZEB1 1:1000 1:5000 (goat anti-rabbit)
ZEB2 1:1000 1:5000 (goat anti-mouse)

p38 1:5000 1:5000 (goat anti-rabbit)

After overnight incubation, the membrane was washed with PBS/Tween (2 X 5 minute
followed by 2 X 10 minutes) on the orbital shaker. The membrane was then incubated with
the appropriate HRP-conjugated secondary antibody diluted in blocking buffer for two hours
at room temperature on the orbital shaker. After incubation the membrane was washed as
before and visualised by the chemiluminescence using the Clarity™ Western ECL substrate
(Bio-Rad, California, USA). The two reagents provided in the kit were mixed in a ratio of 1:1
and the membrane was incubated in that solution for 1 minute. The membrane was then
transferred to a transparency pocket and exposed to X-ray film in the dark. The film was
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developed and fixed to visualise the protein signal. The developed film of the western blot
was scanned and the intensity of the bands was quantified using the Imagel software
(National Institute of Health, Maryland, USA).

2.6.3.4 Membrane stripping

After protein visualisation, the membrane was rinsed with PBS/Tween. The stripping buffer
(Appendix A) was pre-heated at 55°C. The stripping buffer was then added to the membrane
in a small container and incubated at 55°C for 30 minutes, with brief shaking every 15 minutes.
Thereafter, the membrane was washed twice with PBS/Tween for 10 minutes. The membrane
was then blocked again and reused to detect the loading control p38.

2.7 Transwell migration assays

Transwell® migration assays (Coning, New York, USA) were used to determine the migratory
ability of cells. This technique involves the use of a chamber separated by a porous filter
membrane, as depicted in Figure 2.4 (Hulkower and Herber, 2011). Briefly, the cells were
plated in low serum media (0.5% FBS) and exposed to attenuated HIV-1 or matched
microvesicles. The wells were gently shaken to evenly distribute the HIV or microvesicles as
described in Section 2.1.4. 600ul of complete media (10% FBS) was added to the bottom
chamber (12-well plate). The Transwell® chambers (8um pore size) were carefully placed over
the wells containing complete media using sterile forceps. 1 X 10* cells (100 pl) of the HIV-
exposed and microvesicle control cells were carefully seeded inside the respective chambers.
The plate was covered with foil and incubated at 37°C in the COz incubator for 24 hours. The
cells were then fixed by placing the chambers in 600 ul of 100% methanol in a 12-well plate
for 5 minutes. The chambers were rinsed in distilled water and sterile cotton swabs were used
to firmly wipe the upper side of the membrane and walls of the chambers in order to remove
cells which were left behind and not migrated. The chambers were then placed in 0.2% crystal
violet (Appendix A) to stain the migrated fixed cells for 30 minutes. As controls, some cell
chambers were not wiped before staining. Excess stain was removed from the chambers with
a pipette. The chambers were then rinsed thoroughly three times in distilled water.
Thereafter, the upper side of the membrane and the walls were wiped with sterile cotton
swabs to remove excess stain. The chambers were then rinsed again as before and the upper
side of the membrane and walls were again wiped thoroughly with cotton swabs. The
chambers were left overnight to dry completely. The chambers were carefully placed in 1.5
ml centrifuge tubes and the crystal violet stain of the migrated cells was solubilised in the
chambers with 150 pl 50% acetic acid. 100 pl of the acetic acid washes were added to wells
in a 96-well plate, which was read at 595 nm using the Glo-Max®-Multi+ multiplate reader
(Promega, Wisconsin, USA).
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Figure 2.4: Overview of the Transwell® migration assay. (A) The membrane is inserted into a
well to create two compartments. (B) Cells suspended in low-serum media are added to the
upper compartment while serum-rich media is added to the well. (C) The cells migrate
through the membrane during the incubation period. (D) The membrane is fixed and stained,
and migrated cells can be counted on the lower side of the membrane. (Adapted from

Hulkower and Herber, 2011)
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Chapter 3

Validation of differentially expressed miRNAs

3.1 Introduction

Microarrays are used to study changes in expression of genes/miRNAs and have the
advantage of allowing the large scale study of multiple genes/miRNAs simultaneously in one
experiment (Chen et al., 2009). In cancer biology, these types of studies are useful as a
screening tool to identify factors that may play significant roles in the disease, and hence
become targets for therapy.

3.2 Aim

A custom miRNA PCR array experiment was performed in our laboratory to identify
differentially expressed miRNAs in the Burkitt’s lymphoma cell line Ramos when exposed to
an attenuated form of HIV-1 (AT-2 treated) compared to microvesicle-treated (MV) cells as a
control. The array identified 32 significantly up- and downregulated miRNAs (by 2-fold or
more) of which, four miRNAs were selected for validation in this project. The four miRNAs,
namely hsa-miR-200c-3p, hsa-miR-222-3p, hsa-miR-363-3p and hsa-miR-575 were selected
because, although they have all been implicated in cancer, there is little to no information
available in the literature on their role in lymphomas. The aim was to validate the expression
of the selected miRNAs using TagMan® miRNA single tube assays and miRNA-specific primers
for both the RT and gqPCR reactions (Chapter 2, Section 2.3) and the results are presented
below.

3.3 Results

3.3.1 Cell treatment and RNA isolation

As was done for the PCR array, Ramos cells were treated with 500ng/ml of AT-2 inactivated
HIV or matched microvesicles. Thereafter, total RNA was isolated using the mirVana™ RNA
isolation kit (Thermo Fisher Scientific, California USA; Chapter 2, Section 2.2.1) and quantified
using the Nanodrop (Table 3.1). The 260/280 and 260/230 ratios displayed in the table
indicated that the isolated RNA was free of significant protein and phenol contamination
respectively. The RNA integrity was checked using agarose gel electrophoresis. As Figure 3.1
shows, the isolated RNA was of good integrity as no significant amount of degradation could
be seen.
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Table 3.1: Quantification of the isolated RNA using the NanoDrop™ 1000
Concentration (ng/ul)* 260/280 ratio 260/230 ratio

mMV1 244,54 2.08 1.80
Mv2 285.66 2.10 1.77
HIV1 206.10 2.12 1.97
HIV2 269.40 2.11 1.84

*1ul of RNA for measurement, RNAse-free water used as blank.

MV1l MV2 HIV1 HIV2

Figure 3.1: Integrity of RNA isolated from Ramos cells exposed to either 500 ng/ul HIV or
matched microvesicles. 1% agarose gel (1X TBE) was electrophoresed at 100 volts for 35
minutes and visualised under UV light. 5ul of 2X RNA loading dye (Appendix A) was added to
1lug of the samples. Each sample was topped up to 15ml with DEPC-treated water and
incubated at 55°C for 5 minutes before loading onto the wells. The RNA from microvesicles
(MV) control cells are in lanes 1 and 2 while the RNA from HIV-exposed cells are in lanes 3 and
4.

One of the most widely used methods to validate array results is RT-qPCR, as it is the gold
standard for measuring gene expression (Thomson et al., 2011, Morey et al., 2006). TagMan®
miRNA assays, which contain specific primers for both the reverse transcription and gPCR
steps, were used to validate the differential expression of the four selected miRNAs.

3.3.2 Validation of Hsa-miR-200c-3p

Hsa-miR-200c-3p has been classified as a tumour suppressor in many types of cancers,
including female reproductive cancers such as breast cancer, ovarian cancer and endometrial
cancer (Cochrane et al., 2010). Along with other miRNAs in the miR-200 family, it’s expression
has been found to be a marker of the epithelial phenotype, as they target numerous
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mesenchymal genes and inhibit tumour cell migration and invasion (lbrahim et al., 2015,
Elgaaen et al., 2014).

The aim was to determine if a similar trend is observed between the array and single-tube
gPCR results. The small RNA molecules RNU48 and RNU6B were used as endogenous controls
(Forte et al., 2012, Malumbres et al., 2009). The microvesicle-treated cells were used as the
calibrator samples and the fold change in expression was determined. The experiments were
performed at least twice (Appendix B) and Figure 3.2 depicts the results. A downregulation
was observed in the HIV-treated cells (0.76-fold, p=0.16) compared to the microvesicle-
treated ones. Therefore, we can confidently conclude that we have successfully validated the
differential expression of hsa-miR-200c-3p in response to treatment with HIV compared to
microvesicles.

Expression of hsa-miR-200c-3p in HIV-
treated compared to microvesicle-treated
Ramos cells

Relative fold change
o
[e2}
o

MV HIV

Figure 3.2: Hsa-miR-200c-3p is downregulated in cells exposed to attenuated HIV compared
to microvesicles control cells. The qPCR data is represented as average fold change in HIV-
exposed cells normalised to the microvesicle control, which has been set to 1. The small RNA
molecule RNU48 was used as an endogenous control (Raw data in Appendix B). Each sample
had three technical replicates. The error bars represent the standard deviation between the
HIV-exposed and microvesicle control groups.

3.3.3 Validation of Hsa-miR-575

Hsa-miR-575 has recently been shown to be upregulated in non-small-cell lung cancer
(NSCLC) (Wang et al., 2015). It was also found to be upregulated in miRNA profiling studies
conducted in gastric, ovarian and oesophageal cancers (Drahos et al., 2016, Nam et al., 2016,
Yao et al., 2009). Additionally, the BH3-Like Motif-Containing Cell Death Inducer (BLID) has
recently been validated as a direct target of hsa-miR-575, thereby regulating cell proliferation,
migration and invasion in cancer NSCLC cells (Wang et al., 2015).
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As shown in Figure 3.3 below, in the single-tube assay, hsa-miR-575 found to be
downregulated in Ramos cells exposed to attenuated HIV-1 compared to the microvesicle
control. A fold change of 0.78 is observed compared to the microvesicle control set at 1.
Furthermore, this particular result was not statistically significant. However, upon multiple
repeats, a similar trend was observed but these results are not presented here as they were
performed as part of another project which focussed on characterising the role of hsa-miR-
575 in HIV-associated lymphoma (Goolam Hoosen, 2017).

Expression of hsa-miR-575 in HIV-treated
Ramos cells compared to microvesicle-
treated cells
1.20
1.00
0.80
0.60

0.40

Relative Fold Change

0.20

0.00
MV HIV

Figure 3.3: hsa-miR-575 is downregulated in HIV-treated Ramos cells. Data represented as
average fold change in HIV-exposed cells normalised to control microvesicle. RNU48 was used
as an endogenous control (Raw Data in Appendix B). The experiment was performed in
triplicate and the error bar represents the standard deviation between the HIV and
microvesicle group.

3.3.4 Validation of Hsa-miR-222-3p

Hsa-miR-222-3p has been classified as a tumour suppressor, as it has been found to be
downregulated in many cancers, including breast cancer, tongue Squamous Cell Carcinoma
and thyroid papillary carcinomas (Liu et al., 2009, Miller et al., 2008, Visone et al., 2007).
Functional studies done on the miRNA also indicate that it is involved in inhibition of migration
and invasion. Furthermore, hsa-miR-222-3p has also has oncogenic effects, as it been shown
to inhibit apoptosis by directly targeting the cell cycle inhibitor p27 (Liu et al., 2009, Visone et
al., 2007). The miRNA was also found to promote cell proliferation and invasion by directly
targeting the Oestrogen Receptor a (ERa) in endometrial cancer cells (Liu et al., 2014).

Although the PCR array results indicate that this miRNA was upregulated, we could not
successfully validate the differential expression of hsa-miR-222-3p. After multiple
experiments, our results were inconclusive (Raw data in Appendix B).
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3.3.5 Validation of Hsa-miR-363-3p

Hsa-miR-363-3p has been implicated in tumour metastasis in cancers, including Head and
neck squamous cell carcinoma and neuroblasotoma (Sun et al., 2013, Qiao et al., 2013) It has
been classified as a tumour suppressor as in vitro studies show that its overexpression results
in a decrease in cancer characteristics such as anchorage-independent growth, cell invasion
and metastasis (Sun et al., 2013, Qiao et al., 2013). Hsa-miR-363-3p was also found to be
downregulated in gastric cancer and the miRNA was validated to directly target NOTCH1
(Song et al., 2015). Furthermore, hsa-miR-363-3p also has an antiapoptotic effects, as it has
been found to target Caspase-3 and -9 as well as Bim (Floyd et al., 2014).

This miRNA was found to be upregulated in response to HIV treatment in the PCR array.
However, despite numerous attempts, hsa-miR-363-3p was not detectable by qPCR in the
single tube assays (Raw data in Appendix B).

3.4 Discussion

The validation of PCR array results is an essential step as array data can vary greatly depending
on the platform and the procedures used. This is due to the shortcomings of microarrays such
as different spot intensities and cross-hybridisation (Git et al., 2010). Additionally, in the case
of miRNA arrays, some miRNAs are clustered in families that can differ by only one nucleotide.
Therefore, Quantitative real-time PCR (gPCR) is often a common and often preferred method
for validation. Although this technique also has its pitfalls, the results are likely to be less
variable than microarray data because it focusses on amplifying one specific miRNA per
reaction.

The first stage to ensuring optimum gPCR results is the amount and quality of RNA template
used. As indicated in Table 3.1 and Figure 3.1, the RNA isolated was of good quality, integrity
and of sufficient quantity, with little DNA contamination, in order to proceed with the qPCR.
In general, RNA samples are considered “pure” if both the 280/260 and 230/260 ratios are
approximately 2.00. According to the 260/230 ratios (Table 3.1), there was some organic
contamination in the RNA samples, most likely from the reagents used in the isolation. As
there is no consensus on the lower limit of this ratio, and it has been shown that the low ratio
does not affect downstream processes, the RNA samples were used for downstream reverse
transcription experiments (Ahlfen and Schlumpberger, 2010).

Single tube gPCR-based assays such as TagMan® miRNAs have become very popular in miRNA
studies. These assays are convenient as they contain specific primers for both the reverse
transcription and gPCR steps. Validation of microarray results can be defined as obtaining
similar quantitative and qualitative results for both the microarray and the gPCR (Morey et
al., 2006). This means that one hopes to obtain a fold change in the same direction as well as
similar amounts for both methods. By this definition, we did not successfully validate three
of the four selected miRNAs, namely, hsa-miR-575, hsa-miR-222-3p and hsa-miR-363-3p
(Table 3.2).
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Table 3.2: Comparison between fold change results obtained from the original miRNA PCR
array and the single tube TagMan® miRNA PCR assays. (Both experiments were done on the
same cell line-Ramos)

MicroRNA Microarray Results (FC) Validation Results (FC)

hsa-miR-200c-3p Downregulated (FC = 0.15) Downregulated (FC = 0.76 +
0.16)

hsa-miR-575 Upregulated (FC = 4.52) Downregulated (FC = 0.78 +
0.33)

hsa-miR-222-3p Upregulated (FC = 6.74) Inconclusive

hsa-363-3p Upregulated (FC = 3.50) Undetected

Table 3.2 above summarises the single-tube assay results, and compares them side by side
with The PCR array result obtained previously. For hsa-miR-575, the calculated fold changes
are in opposite direction between the miRNA PCR array and the single tube assays. This
miRNA was found to be upregulated by 4.52-fold in the PCR array. However, a mild
downregulation was observed in the single-tube assays. On the other hand, hsa-miR-363-3p
could not be detected using the TagMan® miRNA assays. Unfortunately, there were no
positive controls set up in the experiment to check whether the primers for this assay were
functional. This was because it was assumed that the specificity of the primers had been
tested and verified by the manufacturer (Applied Biosystems™, California, USA). Another
factor to consider is the variability and difference between how the microfluidic array and
single tube assays are set up. The array may give a lot of false positive results, due to factors
such as cross hybridisation and spot quality (Chugh and Dittmer, 2012).

The results obtained for hsa-miR-222-3p were inconsistent, despite numerous biological and
technical repeats. This can happen if a miRNA is present in very low levels. A different assay,
with reported higher sensitivity could be used to check this. However, due to cost and time
constraints, this was not possible.

Of the four miRNAs, hsa-miR-200c-3p was the only miRNA that was successfully validated as
matching the results obtained in the PCR array experiment. It was therefore selected for
further investigation. Hsa-miR-200c-3p has been classified as a tumour suppressor in various
cancer types (Zhou et al., 2015, Prislei et al., 2013, Cochrane et al., 2010). The next chapter
presents the results obtained upon further characterisation of the role of hsa-miR-200c-3p in
lymphoma development.
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Chapter 4

MicroRNA hsa-miR-200c-3p targets ZEB1 and ZEB2 to inhibit cell
migration

4.1 Introduction

The miRNA hsa-miR-200c-3p is a member of the miR-200 family cluster. This family consists
of five members which are transcribed in two polycistron clusters (Brabletz and Brabletz,
2010, Burk et al., 2008, Korpal et al., 2008). The first transcript consists of hsa-miR-200a, hsa-
miR-200b and hsa-miR-429, which is found in chromosome 1. The second transcript is located
in chromosome 12, and consists of hsa-miR-200c and hsa-miR-141. These miRNAs have been
termed “the guardians of the epithelial phenotype”, as they have been found to be enriched
in epithelial tissues and epigenetically silenced in mesenchymal tissues (Cochrane et al., 2009,
Peter, 2009). Numerous studies have shown the essential role that the miR-200 family plays
in the inhibition of EMT and metastasis in tumour progression (Bracken et al., 2008, Korpal et
al., 2008).

4.1.1 The ZEB family of transcription factors

One of the validated targets of hsa-miR-200c-3p, which is relevant to this project, is of the
Zinc Finger E-box Binding (ZEB) family of transcription factors. The ZEB proteins are
characterised by two zinc finger domains for DNA binding and a centrally located
homeodomain (Vandewalle et al., 2009, Zhang et al., 2015). This group of transcription factors
consist of two members, namely ZEB1 and ZEB2. The first member of this family, ZEB1, plays
an essential role in tumour progression and metastasis as well as chemoresistance (Zhang et
al., 2015, Zhang et al., 2014). ZEB1 has also been shown to have a regulatory role in T cell
development and modulating adaptive immunity (Rojas-Marquez et al., 2015). ZEB2, also
known as the Smad Interacting protein (SIP1), is the second member of the ZEB family and is
involved in regulating multiple neurodevelopmental processes (Hegarty et al., 2015).
Mutations in the ZEB2 gene causes the development of Mowat-Wilson syndrome, a rare
disorder affecting many parts of the body, with dysmorphic features of the brain, head and
face (Moore et al., 2016).

Along with the SNAIL and TWIST protein families, the ZEB genes are well characterised as
master regulators of epithelial-to-mesenchymal transition (MR-EMT) (Hill et al., 2013, Browne
et al., 2010). These factors play an essential role during embryonic development and cell
differentiation (Sanchez-Till6 et al., 2011, Vandewalle et al., 2009). This transition process has
also been shown to be an essential step in cancer metastasis. These genes induce or maintain
EMT in various cancer types through suppression of epithelial specific genes such as E-
cadherin (E-Cad). Furthermore, increased expression of the ZEB genes has been found to be
linked to more aggressive and metastatic stages of these cancers. Other carcinogenic
processes that these transcription factors are associated with include cancer cell stemness,
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replicative senescence, tumour angiogenesis, and resistance to chemotherapy (Browne et al.,
2010, Brabletz and Brabletz, 2010)

4.2 Aims

The validation studies of the PCR array, which was presented in the previous chapter, led to
the selection of hsa-miR-200c-3p for further investigation. The current chapter presents
results obtained from the attempts to define the role of hsa-miR-200c-3p in lymphoma
development. The main questions that this chapter aims to answer are outlined in Figure 4.1.
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Figure 4.1: Steps followed in Chapter 4 to better define the potential role of hsa-miR-200c-
3p in the context of lymphomagenesis.

4.3 Results

4.3.1 Hsa-miR-200c-3p is differentially expressed in two BL cell lines

As mentioned in Chapter 1, miRNAs tend to be differentially expressed in a spatio-temporal
manner. Therefore, one would expect to observe a similar trend of deregulation in different
samples of the same tissue, cell or cancer type. The BL cell line BL41 was selected to further
validate the change in expression of hsa-miR-200c-3p observed. BL41 has similar
characteristics to Ramos cells — both are EBV-negative and grow at similar rates. Therefore,
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in order to ascertain the importance and relevance of hsa-miR-200c-3p in HIV-associated BL,
its expression in this second BL cell line was investigated. Cells were cultured and exposed to
attenuated HIV-1 as well as matched-microvesicles for controls as done previously (Chapter
2, Section 2.2). Ramos cells were also treated in parallel in order for the results to be directly
comparative. Total RNA was isolated, quantified using the NanoDrop™ (Table 4.1), and
acceptable 260/280 and 260/230 ratios were obtained. Furthermore, gel electrophoresis of
the samples (Figure 4.2) indicate good RNA integrity. The hsa-miR-200c-3p expression levels
in both cell lines (treated versus control) were determined using single-tube TagMan miRNA
assays as described in Section 2.3.

Table 4.1: Quantification of RNA isolated from HIV/MV treatment using the Nanodrop™
1000 (data represents one of several replicates)

Ramos MV 211.1 2.09 2.25
Ramos HIV 185.2 2.09 2.18
BL41 MV 218.2 2.07 1.99
BL41 HIV 210.8 2.04 1.92

*1ul of each sample used for measurement. The elution buffer (nuclease-free water) provided
in the High Pure kit (Roche Applied Sciences, Mannheim, Germany) was used as the blank.

a) Ramos b) BL41
MV HIV MV HIV
28S 28S
—)
18S 18S
—)

Figure 4.2: Integrity of RNA isolated from Ramos and BL41 cells treated with HIV or matched
microvesicles. 1.5% agarose gel (in 1X TBE, EtBr (0.5mg/ml)) was electrophoresed at 100 volts
for 35-45 minutes and visualised under UV light. 5ul of 2X RNA loading dye (Appendix A) was
added to 5ul of each sample, which was then incubated at 55°C for 5 minutes before loading
onto the wells.

4.3.2 hsa-miR-200c-3p is downregulated in both BL cell lines upon exposure to attenuated HIV
The TagMan® miRNA assays (Section 2.3) were used to determine expression of hsa-miR-
200c-3p in cells exposed to attenuated HIV, compared to controls, for both cell lines. The
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small RNA molecules RNU48 and RNU6B were used as endogenous controls (Forte et al.,
2012, Malumbres et al., 2009). The microvesicle-treated samples were used as the calibrator
samples and the fold change in expression was determined. The results are shown in Figure
4.3 below and correlates with both the PCR array data (Chapter 3, Table 3.2) as well as the
validation study (Chapter 3, Section 3.2.2). An approximately 2-fold decrease in hsa-miR-200c-
3p expression is observed in both cell lines when the cells are exposed to attenuated HIV. It
should be noted that the Roche High Pure RNA Isolation Kit (Roche Applied Sciences,
Mannheim, Germany) was used in this instance, as opposed to the mirVana™ miRNA Isolation
Kit (Thermo Fisher Scientific™, Massachusetts, USA) used for the validation studies presented
in Chapter 3. This is because the Roche High Pure RNA Isolation Kit (Roche Applied
Biosciences, Mannheim, Germany) allows for detection of both miRNA expression as well as
gene target expression (using messenger RNA (mRNA) as template). In addition, this kit has
the added advantage of having a genomic elimination step, which ensures the accuracy of the
gPCR result.

Expression of hsa-miR-200c-3p in HIV-treated
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Figure 4.3: Hsa-miR-200c-3p expression is downregulated in BL cells exposed to attenuated
HIV. Expression of hsa-miR-200c-3p in Ramos (R) and BL41 (B) cell lines exposed to attenuated
HIV virions compared to matched microvesicle (MV) cells as control. Data represents one of
at least 2 independent experiments. Each experiment was done in triplicate and error bars
represent standard deviation between the HIV and MV groups (*p <0.05, ***p<0.001, t-test)

4.3.3 hsa-miR-200c-3p targets genes involved in the EMT Process

The next step in this research project was to identify potential gene targets of hsa-miR-200c-
3p which are relevant in the context of our study, i.e., which play a role in lymphoma
development. The use of predictive bioinformatic algorithms which are available online
typically produce an extensive list of potential targets. As an example, a list of some predicted
targets for hsa-miR-200c-3p are shown in Table 4.2 below, using the DIANA-TarBase Version
8 program (http://carolina.imis.athena-innovation.gr/diana_tools). To help narrow down this
list, an extensive literature search was conducted in order to identify gene targets which have
been validated using molecular tools such as qPCR, reporter assays, western blotting and
others. The experimentally validated microRNA-target interactions database 7.0
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(miRTarBase) (http://mirtarbase.mbc.nctu.edu.tw/index.php) was also used in this instance,
as it provides links to updated literature and the techniques used to validate the gene targets.
Some of these validated gene targets are presented in Table 4.3.

Table 4.2: Summary of predicted gene targets for hsa-miR-200c-3p using the DIANA-TarBase
V8 online program.
KRAS
MSN
ZEB1
FN1
PPM1F
NTRK2
LEPR
CDH1
PMAIP1
Hsa-miR-200c-3p 7EB2
VIM
BCL2
ERRFI1
RHOA
PKIA
BMI
ACVR2B
HOXB5
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Table 4.3: Experimentally validated gene targets of hsa-miR-200c-3p and supporting

literature

Tubulin Beta 3 Class llI
(TUBB3)

Polycomb complex protein
BMI 1 (BMI)
Zinc Finger E-box Binding
Protein 1 (ZEB1)
Zinc Finger E-box Binding
Protein 2 (ZEB2)
Fibronectin 1 (FN1)

Vascular endothelial growth
factor A (VEGFA)

Moesin (MSN)

Fms Related Tyrosine
Kinasel (FLT1)

Inhibitor of Nuclear Factor

Kappa B Kinase Subunit
Beta (IKBKB)

Reporter assay, Western
Blotting, gPCR
Reporter assay, Western
Blotting, gPCR
Reporter assay, Western
Blotting, gPCR
Reporter assay, Western
Blotting, gPCR, NGS
Reporter assay, Western
Blotting, gPCR, NGS
Reporter assay, Western
Blotting, gPCR
Reporter assay, Western
Blotting, gPCR
Reporter assay, Western
Blotting, gPCR
Reporter assay, Western
Blotting, gPCR

(Cochrane et al., 2009,
Cochrane et al., 2010)

(Qiu et al., 2017, Liu et al.,
2012)

(Zhou et al., 2015, Park et al.,
2008)

(Zhou et al., 2015, Park et al.,
2008)

(Howe et al., 2011, Zhang et
al., 2017)

(Chuang et al., 2012, Erturk et
al., 2015)

(Howe et al., 2011)

(Panda et al., 2012, Hur et al.,
2013)
(Chuang and Khorram, 2014,
Panda et al., 2012)

4.3.4 ZEB1 and ZEB2 mRNAs expressions are downregulated in BL cell lines exposed to HIV

4.3.4.1 ZEB primer design and testing using PCR

The open reading frame (ORF) sequence information for the human ZEB1 (NG_017048.1) and
ZEB2 (NG_016431.1) were obtained from the NCBI nucleotide database
(https://www.ncbi.nlm.nih.gov) and used for the design of gene specific primers to be used
in quantitative real-time PCR assays. Primers were designed and optimised using Primer3Plus
(http://www.bioinformatics.nl/cgi-bin/primer3plus.cgi) and Oligoanalyzer (Integrated DNA
Technologies, lowa, USA). The primer sequences, positions on the ORF, as well as transcript
size are presented in Table 4.4 below. To test these primers, endpoint PCR was performed
using cDNA as template, which was reverse transcribed from mRNA isolated from untreated
Ramos cells (incubated in low serum media). The endpoint products were separated using gel
electrophoresis and bands of the expected size were produced as shown in Figure 4.4.
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Table 4.4: Sequences of primer pairs designed for the ZEB1 and ZEB2 genes for qPCR
analysis.

Gene Primer pair sequences Position on gene Transcript size
sequence (bp)
ZEB1_F (5'-GCCTGAAATCCTCTCGAATG-3’) 3069-3088
ZEB1  ZEB1_R (5’-CATCCTCTTCCCTTGTCAAAC-3’) 3143-3163 95
ZEB2_F (5'-GAAGAGACTGGAGATCACTC-3’ 4068-4088
ZEB2 ZEB2_R (5’-GCCATCTTCCATATTGTC-3') 4144-4161 93

ZEBY1  7EB2 BLID NTC

Figure 4.4: ZEB1 and ZEB2 primers successfully amplify transcripts. PCR products visualised
on gel to determine the specificity of the designed primers. Agarose gel (1.5% in 1X TBE).
Amplification bands for ZEB1 and ZEB2 are found in lanes 1 and 2 respectively. Lane 3 shows
result using an unrelated primer set for the gene BLID and lane 4 shows the no template
control (NTC).

4.3.4.2 ZEB1 and ZEB2 mRNA expression is decreased in BL cells exposed to HIV

Once the ZEB primers were successfully tested using PCR, gPCR was then performed to
determine the expression levels of the gene targets in cells exposed to attenuated HIV
compared to the matched microvesicle control. cDNA was synthesised using the mRNA
isolated from the Ramos and BL41 cells (Section 4.1.1), which were exposed to attenuated
HIV and matched microvesicles (Chapter 2, Section 2.2). The results obtained indicate that
both ZEB1 and ZEB2 are significantly downregulated in Ramos (Figure 4.5) and BL41 (Figure
4.6) cells. An approximately 2-fold decrease in the mRNA expression of both genes was
observed in the Ramos cells exposed to HIV, relative to cells exposed to matched-
microvesicles. The housekeeping gene GAPDH was used to normalise the result. Similarly, a
decrease in the mRNA expression of both genes was observed the BL41 cells upon exposure
to HIV, although to a lesser extent compared to what was observed in the Ramos cells.
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Figure 4.5: ZEB1 and ZEB2 mRNA is downregulated in Ramos cells exposed to HIV.
Expression of ZEB1 and ZEB2 in Ramos cells exposed to attenuated HIV compared to cells
exposed to matched microvesicles (MV control). Data represents one of at least 2
independent experiments. Each experiment was performed in triplicate and the error bars
represent the standard deviation (***p <0.001, t-test)
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Figure 4.6: ZEB1 and ZEB2 mRNA is downregulated in BL41 cells exposed to HIV. Expression
of ZEB1 and ZEB2 in BL41 cells exposed to attenuated HIV compared to cells exposed to
matched microvesicles (MV) cells. Data represents one of at least 2 independent experiments.
Each experiment was performed in triplicate and the error bars represent the standard
deviation (*p <0.05, **p<0.01, t-test).
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4.3.5 ZEB1 and ZEB2 protein |levels are downregulated in Ramos, but upregulated in BL41 cells,
exposed to HIV

To assess the functional significance of the altered expression of any miRNA, it is important
to measure the downstream impact of changes in the protein expression of its potential gene
targets. To this end, western blotting was performed using antibodies against ZEB1 and ZEB2
(Chapter 2, section 2.5). Cells were treated as previously described (Chapter 2, Section 2.2)
and total protein was isolated using RIPA buffer (Appendix A). Thereafter, the protein was
guantified using the BCA assay (Chapter 2, Section 2.5). The western blotting results for
Ramos and BL41 cells are presented in Figure 4.7 and Figure 4.8 respectively. A clear and
reproducible downregulation of both ZEB1 and ZEB2 proteins were observed in the Ramos
cells exposed to attenuated HIV compared to those exposed to matched controls (Figure
4.7a). The result was normalised to p38, a constitutively expressed protein used as a loading
control. The bar graphs below the blots represent densitometry readings generated from
analysing the protein bands using Imagel software (National Institute of Health, Maryland,
USA). In contrast to what was observed in the Ramos cells, the expression of ZEB1 and ZEB2
protein increase in the BL41 cells upon exposure to attenuated HIV, compared to those
exposed to matched microvesicles (Figure 4.8a).
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Figure 4.7: ZEB1 and ZEB2 protein expressions are downregulated in HIV exposed Ramos
cells. Western blot analysis showing ZEB1 and ZEB2 expressions (both observed at ~ 200 kDa
due to post-translational modification) in the Ramos cell line. Total protein was isolated from
Ramos cells exposed to attenuated HIV and matched microvesicle controls. 20ug of protein
was added to 6ul of the 5X SDS loading dye (Appendix A) and 1l of DTT. The samples were
topped up to 30ul with RIPA buffer and incubated at 100°C for 5 minutes before loading onto
an 8% SDS-PAGE gel. The proteins were electrophoresed at 100V for 2 hours in 1X running
buffer. The Proteins were then transferred to a nitrocellulose membrane (Bio-Rad, USA) for
1.5 hours in 1X transfer buffer. The membrane was then incubated with the Clarity™ Western
ECL Blotting Substrate (Bio-Rad, USA) and exposed to X-ray film. The film was then developed
and fixed to visualise the proteins. Protein bands for ZEB1 and ZEB2 (a) obtained from
membrane exposed to X-ray film. (b and c) Quantification of band intensities using Image)
software (normalised to p38 loading control). Data represents one of several repeats.
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Figure 4.8: ZEB1 and ZEB2 protein expressions are upregulated in HIV exposed BL41 cells.
Western blot analysis showing ZEB1 and ZEB2 expressions (both observed at ~ 200 kDa due
to post-translational modification) in the BL41 cell line. Total protein was isolated from BL41
cells exposed to attenuated HIV and matched microvesicle controls. 20ug of protein was
added to 6l of the 5X SDS loading dye (Appendix A) and 1l of DTT. The samples were topped
up to 30ul with RIPA buffer and incubated at 100°C for 5 minutes before loading onto an 8%
SDS-PAGE gel. The proteins were electrophoresed at 100V for 2 hours in 1X running buffer.
The Proteins were then transferred to a nitrocellulose membrane (Bio-Rad, USA) for 1.5 hours
in 1X transfer buffer. The membrane was then incubated with the Clarity™ Western ECL
Blotting Substrate (Bio-Rad, USA) and exposed to X-ray film. The film was then developed and
fixed to visualise the proteins. Protein bands for ZEB1 and ZEB2 (a) obtained from membrane
exposed to X-ray film. (b and c) Quantification of band intensities using Imagel) software
(normalised to p38 loading control). Data represents one of several repeats.

4.3.6 Burkitt’s lymphoma cells migrate faster when exposed to HIV

One of the most well described roles of the ZEB family of transcription factors in cancer is in
promoting cancer cell invasion through facilitating the EMT process (Brabletz and Brabletz,
2010). Tissue invasion and metastasis is one of the hallmarks of cancer, and to achieve this
cancer cells found in solid tumours such as lymphomas have to untether themselves and
degrade the extracellular matrix so that they can become mobile (Hanahan and Weinberg,
2011). To further characterise the role of hsa-miR-200c-3p in Burkitt’'s lymphoma, the
transwell® migration assay was performed (Chapter 2, Section 2.6). This assay consists of a
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two-chamber system separated by the cell membrane. The membrane contains pores which
are blocked with a gel composed of components of the extracellular matrix, thus mimicking
the physiological matrices that tumour cells encounter during the invasion process in vivo.
The cells are placed on one side of the gel and a chemoattractant-usually a higher
concentration of serum-is placed on the other side of the gel. The invasion potential of cells
is determined by counting those cells that have traversed the cell-permeable membrane.
Ramos and BL41 cells were plated as normal, and after attenuated HIV or matched
microvesicles had been added to the medium, cells were transferred to the transwell®
chambers and incubated for 24 hours, with complete medium (10% FBS) as a chemoattractant
in the wells. The result is shown in Figure 4.9 below. For both cell lines, the ability of the cells
to migrate was significantly enhanced upon exposure to HIV relative to the controls. The
Ramos cells migrated ~32% faster, while the BL41 cells migrated ~37% faster.

migration of cells treated with HIV
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Figure 4.9: Ramos and BL41 cells migrate faster when exposed to HIV. The effect of HIV on
the migratory ability of Ramos and BL41 cells were determined by using Transwell® migration
assays. Ramos and BL41 cells were treated with attenuated HIV or matched microvesicles in
low serum medium (containing 0.5% FBS). Thereafter, the cells were plated in the chambers
(8uM pores), while complete medium (containing 10% FBS) was added to the wells. The
number of cells that passed through the membrane pores were stained with 0.2% crystal
violet. The stain was then solubilised with 50% acetic acid and the intensity, which correlates
to the number of migrated cells, was measured using the GloMax®-Multi microplate reader
(Promega, USA). The data was normalised to the total number of cells plated, which was
determined by counting cells in both the upper and lower chambers. Data represents one of
3 independent experiments (p values displayed on graph, t-test).

4.4 Discussion

In order to define the role of hsa-miR-200c-3p in HIV-associated BL, a specific series of steps
were followed, based on published guidelines. A review paper by Kuhn and colleagues
outlined guidelines to follow to successfully validate miRNA gene targets (Kuhn et al., 2008b).
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These guidelines are essential as bioinformatic tools use different methods to predict gene
targets, however, these targets must be validated experimentally. In addition, it may be
possible for a miRNA to not affect a selected gene in the cell/tissue type of interest. Therefore,
it is always essential to confirm experimentally in the tissue/cells of interest, the effect a
differentially expressed miRNA in a predicted gene targets.

To further support the concept that hsa-miR-200c-3p is relevant in Burkitt’s lymphoma
development among HIV-infected individuals, its expression was investigated in a second BL
cell line. BL41 is similar to Ramos in that they both do not harbour EBV. Additionally, in our
laboratory conditions, they both grow at a similar rate. Both cell lines were derived from a
male child who developed BL (Lenoir et al., 1985, Klein et al., 1975). As shown in Figure 4.3,
hsa-miR-200c-3p is downregulated in both cell lines when exposed to attenuated HIV-1.
Therefore, this strengthens our initial data that hsa-miR-200c-3p plays a potentially important
role in the development and/or progression of BL in people who are HIV positive and
therefore warranted further investigations

Hsa-miR-200c-3p has been classified as a tumour suppressor miRNA in various cancers. In
fact, members of the miR-200 family have been named as the “guardians of the epithelial
phenotype”, as they target mesenchymal-specific genes to inhibit EMT (lbrahim et al., 2015).
Some of the genes this miRNA family targets are the E-cad transcriptional repressors (ECTRs)
(Sanchez-Till6 et al., 2011). ZEB1 and ZEB2 are two of the transcription factors that were
selected to be investigated further in this research project. These were chosen because they
were predicted targets of hsa-miR-200c-3p by at least 2 bioinformatic algorithms and this
interaction was validated experimentally in other cancers (Table 4.3).

An inverse correlation in expression exists between a miRNA and its specific gene targets and
hence one would expect the ZEB genes to have been upregulated under the treatment
conditions used. At the mRNA level, both ZEB1 and ZEB2 were significantly downregulated in
cells exposed to attenuated HIV-1 for both cell lines (Figure 4.5 and Figure 4.6). This may be
indicative that hsa-miR-200c-3p not influencing the genes at the transcriptional level. This
may also mean that under our experimental conditions, other factors are contributing to the
suppression of the ZEB gene expression at the mRNA level.

Interestingly, a double-negative feedback loop has been observed between the ZEB
transcription factors and the miR-200 family (Figure 4.10) (Brabletz and Brabletz, 2010). These
transcription factors can bind to conserved recognition sequences (paired E-box elements) in
the promoter regions of the two miR-200 genes (in chromosome 1 and 12) to inhibit
transcription of the primary polycistron transcripts. Conversely, the 3’-UTRs of the ZEB genes
contain eight and nine conserved sites, for ZEB1 and ZEB2 respectively, where the miR-200
members can bind to inhibit translation (Brabletz and Brabletz, 2010). This interaction is
advantageous as it allows cells to reversibly switch between epithelial and mesenchymal
characteristics, depending on extracellular signals (Hill et al., 2013). Recently, a similar
feedback loop was described in B-cells between hsa-miR451 and the c-Myc oncogene (Ding
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et al., 2018). Hsa-miR-451 can directly repress c-Myc by interaction with its 3’-UTR, but the
oncoprotein can inversely regulate hsa-miR-451 by directly binding to its promoter. A
disruption of this loop contributes to lymphomagenesis and there is a strong possibility that
the same is the case with the hsa-miR-200c-ZEB family feedback loop.
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Figure 4.10: The double-negative feedback loop observed between the ZEB and miR-200
families. The ZEB factors are able to bind to E-box sequences to repress transcription of the
miR-200 precursor miRNA genes (located in Chromosomes 1 and 12) while the miR-200 family
can bind to conserved seed sequences in the 3’-UTR of the ZEB genes to inhibit their
expression at the post-transcriptional level. (Adapted from Brabletz and Brabletz, 2010)

Ultimately, changes in protein and not in mRNA expression is a better indicator of functional
impact. Western blot analysis, using antibodies against the ZEB proteins were performed.
While protein expression correlated with the mRNA expression in the Ramos cells, in the BL41
cells, anincrease in ZEB proteins was noted (Figures 4.7 and 4.8). Once again, this discrepancy
between mRNA and protein could be explained by the feedback loop. Nevertheless, an
increase in migratory ability was observed in both cell lines as measured by Transwell® assays
(Figure 4.9). These results give further evidence that the presence of HIV can directly affect
cellular functions in B-cells. The enhanced migration observed in both cell lines suggest that
HIV may promote cellular processes in these B-cells that favour a more motile and invasive
phenotype, thereby leading to a more metastatic and aggressive form of lymphoma.
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Chapter 5
Summary and Conclusions

5.1 Summary

Of late, studies on the role of miRNAs in cancer research have become prominent as these
small molecules are potentially powerful novel candidates for therapeutic intervention.
Infection with HIV has been linked to a significantly increased incidence of certain types of
cancers, including aggressive forms of NHLs. In recent years, it has become evident that HIV
plays a direct role in the pathogenesis of some of these HIV-associated cancers, including
lymphomas. Viruses and viral components have been found to alter cellular biological
pathways, and gene expression, in various ways. One of these biological processes that
viruses may alter to promote disease is the miRNA biogenesis pathway. This is, to the best of
our knowledge, the first study where the ability of HIV to alter the expression of cellular
miRNAs in lymphoma cells is being reported, and the downstream functional consequences
in the cancer phenotype is being investigated.

The first objective was to validate the differential expression of selected miRNAs when
lymphoma cells were exposed to HIV-1, compared to control cells. The result of these are
presented in Chapter 3. The four selected miRNAs, namely, hsa-miR-200c-3p, hsa-miR-575,
hsa-miR-222-3p and hsa-miR-363-3p, were chosen as from a custom miRNA PCR array
performed in our laboratory and the selection criteria for these miRNAs was based on
published reports on their involvement in other types of cancers, as well as having a 2-fold or
more change in expression in the array. Following validation using single-tube qPCR assays,
hsa-miR-200c-3p was selected for further investigation and characterisation. The
downregulation of this miRNA was also further confirmed in a second BL cell line (BL41),
thereby indicating that it may potentially act as a tumour suppressor.

A single miRNA can have multiple gene targets, as the recognition seed sequence is about
eight bases long (Lewis et al., 2005). In addition, some miRNAs (groups/families) can have
similar seed sequences, which allows for one gene to be repressed by multiple miRNAs.
Furthermore, many of the genes that a specific miRNA targets are often involved in the same
pathway or cellular process (Hashimoto et al., 2013). Among the multiple targets of hsa-miR-
200c-3p (Table 4.3), the zinc finger transcription factors ZEB1 and ZEB2 were chosen for
further investigation. This was because, aside from being experimentally validated targets of
this miRNA (Zhou et al., 2015), the ZEB proteins have a well-defined role in cancer
progression, and are associated with aggressive and advanced stage cancers as they facilitate
cancer cell migration and metastasis. These transcription factors directly inhibit the
transcription of epithelial genes, including the cell adhesion molecule E-Cad, resulting in the
cells losing epithelial characteristics such as polarity and cell-cell adhesion, and
dedifferentiating to gain mesenchymal ones (Brabletz and Brabletz, 2010).
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Chapter 4 outlines the findings about the expression of the ZEB genes in the two BL cell lines,
when exposed to attenuated HIV-1. Both ZEB1 and ZEB2 were found to be downregulated at
the mRNA level. This was not unexpected, as there is an inverse correlation between miRNA
and gene target expression. Nevertheless, these results are physiologically valid as it is
possible for a miRNA’s negative effect on its gene target to be observed at the protein level
(i.e. the miRNA inhibits translation, without targeting the mRNA for degradation). In the
Ramos cells, the ZEB protein expressions were also found to be downregulated. In contrast,
both proteins were upregulated in response to exposure to attenuated HIV-1 in the BL41 cells.
As the ZEB factors play an essential role in EMT, it was important to determine whether
exposure of cells to attenuated HIV affected their migratory ability. Both cell lines were
observed to have enhanced migration when exposed to attenuated HIV. As depicted in Figure
5.1, cells in the tumour microenvironment switch between the epithelial and mesenchymal
phenotypes depending on what the tumour needs. In the initial stages of metastasis, there is
increased levels of ZEB 1 and ZEB2, thereby promoting EMT and the mesenchymal phenotype.
This will result in more tumour metastasis. As the cells reach a secondary site, the cells will
lose their mesenchymal traits. As there is a need for the new solid tumour to form, miR-200c
levels may increase to repress the ZEB factors post-transcriptionally. This will cause an
increase in epithelial markers such as E-cadherin, resulting in more cells differentiating to
become epithelial, and forming a solid tumour. Although this explanation is specific to
epithelial tumours, a similar scenario may occur in the case of lymphomas, as they are also
solid tumours and can migrate to other sites.

miR-200c-3p

$ o
w A

Figure 5.1: Summary of the miR-200c/ZEB double negative feedback loop and its interaction
with the reversible EMT process.

5.2 Role of the ZEB genes in lymphomas

As already mentioned, the ZEB genes have well defined roles in carcinomas. These
transcription factors promote tumour invasion and metastasis mainly through the process of
EMT. However, there is not much information available on their involvement in lymphomas.
One particular study showed that expression of ZEB1 was upregulated by the Wnt signalling

54



pathway in Mantle cell lymphoma (MCL) (Sanchez-Tillo et al., 2014). The study further
elucidated to ZEB1 promoting cell proliferation and resistance to apoptosis in this type of
lymphoma. In some cases of DLBCL, specific mutations in the “seed region” mature sequence
of hsa-miR-142-3p were identified which resulted in the miRNA gaining novel binding sites for
the 3’-UTR of both ZEB1 and ZEB2 (Kwanhian et al., 2012). Furthermore, the miRNA lost the
ability to regulate its known gene targets. Unfortunately, the group did not conduct further
functional studies to investigate the relevance of this interaction in promoting lymphomas.

Consequently, the work on the ZEB genes presented in this research project provides novel
information on their potential role in lymphomas, specifically HIV-associated BL. The
expression of these genes may also contribute towards the aggressive nature of this subtype
of lymphoma. Ultimately, further research needs to be performed looking into the
significance of these two transcription factors in lymphoma development and progression.

5.3 Limitations

Some of the limitations that were encountered during this research project include the
challenge of detecting hsa-miR-363-3p using the TagMan® miRNA assays and failing. Another
limitation was the discrepancies between the PCR array and single-tube assay results
obtained, which may have been due to using different platforms and experimental set up.
When using the Applied Biosystems 7900HT Fast Real-time PCR system machine, the reaction
volume was scaled down as the reaction was performed in a 384-well plate. This may have
increased the chance of technical errors occurring from pipetting small volumes. Evaporation
of samples may have occurred as the plate was not closed for an extended period during
preparation of numerous samples.

5.4 Conclusions and Future Work

In line with the aim, this project has shown that HIV alters miRNA expression levels in
lymphoma cells. Hsa-miR-200c-3p was found to be downregulated in response to HIV-1
exposure in two Burkitt’s lymphoma cell lines, Ramos and BL41. The selected gene targets
ZEB1 and ZEB2 were also found to be downregulated at the mRNA level in cells exposed to
HIV. The gene expression results of the ZEB factors correlated with protein expression in the
Ramos cells under the same experimental conditions. However, both genes were found to be
upregulated in the BL41 cells exposed to HIV. The cells exposed to HIV also exhibited
enhanced migratory ability relative to control cells. Future work should investigate whether
the ZEB factors are indeed involved in the enhanced migration of these cells under HIV-1
exposure. This can be done by either enhancing (overexpressing) or inhibiting (using siRNA)
their expression and repeating the Transwell® migration assays as before. Similarly,
experiments can be performed using hsa-miR-200c-3p mimics or inhibitors to establish
whether this miRNA is involved in the enhanced migration observed. Furthermore, other hsa-
miR-200c-3p gene targets can be selected and investigated further using relevant functional
assays, as well as using other BL cell lines. At an in vivo level, the expression of hsa-miR-200c-
3p can be investigated in BL tumours from HIV positive patients and compare that to BL
tumours from HIV negative patients. Ultimately, these types of studies enhance our
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understanding of the role of miRNAs in cancer and their potential as biomarkers of specific
human cancers, or tools for diagnosis, prognosis and therapy.
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Appendices

Appendix A: Recipes and Reagents
Tissue culture

Complete growth media for Ramos and BL41 cell lines

Add 5ml of FBS (10%) and 0.5ml P/S (1%) to a 50ml Falcon tube
Fill up to 50ml with RPMI media and mix well

Store at 4°C

Freezing media for Ramos and BL41 cell lines
10% DMSO and 10% FBS in RPMI media (as needed for immediate use)
Place on ice in fume hood until use

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

Low serum media for pre-treatment

Add 0.1 ml (0.5%) of FBS and 0.2ml (1%) of P/S in a 50ml Falcon tube
Fill up to 20ml with RPMI media

Mix well before using for plating cells

Mycoplasma Testing

Fixative
Mix glacial acetic acid and methanol in a ratio of 1:3 in a 50ml Falcon tube
Cover the tube with foil and store at 4°C

Mounting Fluid

22.2ml 0.1 M citric acid
27.8ml 0.2 M Na2HP0O4.2H20
50ml glycerol

Mix and adjust to pH 5.5
Aliquot and store at 4°C

RNA Extraction

0.1% diethyl pyrocarbonate- (DEPC) treated water
Fill a large bottle with deionized water and add 1ml of DEPC per 1| of water
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Add a stirrer bar and place in stirrer for a few hours (3-5 hours)
Place the bottle in the fume hood overnight

Remove stirrer bar and autoclave to inactivate the remaining DEPC
Store the water at room temperature

0.1% diethyl pyrocarbonate- (DEPC) treatment of plasticware

Fill a big beaker with deionised water and add 1ml of DEPC per 1| of water

Add a stirrer bar and plasticware (pipette tips, centrifuge tubes, etc.) and cover with foil
Place the beaker in the stirrer for a few hours (3-5 hours) and transfer to the fume hood for
overnight storage

Remove the plasticware from the water and airdry

Place the plasticware in autoclave bags and autoclave to inactivate the remaining DEPC

1X Phosphate-buffered saline (PBS)
Dissolve tablets in deionised water per manufacturer’s instructions
Autoclave and store a 4°C

10X Tris/Borate/EDTA (TBE) buffer

108g Tris

55g Boric acid

Dissolve in 900m| DEPC-treated water.

Add 40ml EDTA (0.5M, pH 8)

Adjust to 1L and store at room temperature

1X TBE

100ml of 10X TBE stock

900mI DEPC-treated water

Mix and store at room temperature

2X RNA loading buffer

900ul formamide

99ul sucrose

0.5ul Bromophenol Blue

0.5ul Xylene Cyanol

Mix and store at room temperature

10X DNA loading buffer
0.025g Xylene cyanol
0.025g Bromophenol Blue
1.25ml 10% SDS
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12.5ml glycerol
Dissolve in 6.25 mL of deionised
Store at room temperature

1%/1.5% agarose gel

1g/1.5g agarose

100ml 1x TBE

Dissolve all the agarose by heating.

Allow cooling and then add 2ul Ethidium Bromide (EtBr, 0.5mg/ml) per 30ml of gel
Pour gel on tray and allow to set

Protein Extraction

RIPA buffer

Dissolve 0.5g (1%) deoxycholate powder in 40ml deionized water
1.5ml 5M NaCl (150mM)

0.5 ml Triton X100 (1%)

0.25ml 20% SDS (0.1%)

0.5ml 1M Tris (pH 7.5) (10mM)

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

Western blot analysis

SDS-PAGE reagents

30% acryl-bisacrilamide

29g acrylamide

1g N.N’-methylenbisacrylamide

Dissolve in 60ml deionised water

Heat the solution to 37°C

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

1.5M Tris buffer (pH 6.8)

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

Fill up to 500ml with deionised water

Store at 4°C

1.5M Tris buffer (pH 8.8)

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

Fill up to 500ml with deionised water

Store at 4°C

10% Sodium dodecyl (SDS)

Dissolve 5g SDS in 40ml deionised water
Fill up to 50ml with deionised water
Store at room temperature

0.1% SDS

Dissolve 0.05g SDS in 40ml deionised water
Adjust volume to 50ml with deionised water
Store at room temperature

10% Ammonium persulfate (APS)
Dissolve 0.1g APS in 1ml deionised water
Cover tube with foil and store at 4°C

8% resolving gel for SDS-PAGE

3.45ml deionised water

1.95ml 30% acryl-bisacrylamide

1.95ml 1.5M Tris (pH 8.8)

0.075ml 10% SDS

0.075ml 10% APS

0.0045ml tetramethylethylenediamine (TEMED) (under the fume hood)
Mix and pour between the glass plates in gel casting apparatus using a ml pipette, minimising
exposure to air

Add 0.1% SDS on top to even the gel out and allow to set.

Pour out the SDS after the gel has set.
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5% Stacking gel for SDS-PAGE

2.1ml deionised water

0.5ml 30% acryl-bisacrylamide

0.38ml 1.5M Tris (pH 6.8)

0.03ml 10% SDS

0.03ml 10% APS

0.003ml 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

0.04g Bromophenol blue (0.04%)

10g SDS (10%)

Dissolved in 52.5ml deionised water

12.5ml 2M Tris (pH 6.8)

30ml 100% glycerol

5ml B-mercaptoethanol

Mix, aliquot and store at room temperature

10X SDS-PAGE running buffer

10g SDS

30.3g Tris

144.1g glycine

Dissolve in 800ml deionised water

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

1X SDS-PAGE running buffer

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

Mix and store at room temperature

10X SDS-PAGE transfer buffer

38g Tris

144g glycine

Dissolve in 800ml deionised water

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

1X SDS-PAGE transfer buffer
100ml 10X SDS-PAGE transfer buffer stock
700ml deionised water
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200ml isopropanol
Make on the same day to be used, store at 4°C

Protein detection and washing

0.1% (w/v) Ponceau S staining solution, in 5% (v/v) acetic acid
0.05g Ponceau S

2.5ml acetic acid (5%)

Dissolve and adjust volume to 50ml with deionised water

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

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

1ml Tween 20 in 1l 1X PBS

Add stirrer bar and place on stirrer

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

Blocking buffer

41.7ml fat-free milk (5%)
58.3ml PBS-Tween

Mix and store at 4°C

Stripping buffer

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

6.25ml 62.5mM Tris (pH 6.7)

Adjust to 100ml with deionised water
Store at room temperature

Migration assay reagents

0.1% (w/v) Crystal violet solution, in 2% (v/v) ethanol
0.04g Crystal violet

0.4ml 100% ethanol

Dissolve and adjust volume to 20ml with deionised water
Mix and store at room temperature

50% Acetic acid
Mix ml 100% glacial acetic acid with 5ml deionised water
Store at room temperature
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Appendix B: Additional data

Table B1: Stem loop primer sequences for selected miRNAs and controls

miRNA Sequence

RNU48 5’-GAUGACCCCAGGUAACUCUGAGUGUGUCGCUGAUGCCAUCACCGCAGCGCUCUG
ACC-3’
RNU6B 5’-GUGCUCGCUUCGGCAGCACAUAUACUAAAAUUGGAACGAUACAGAGAAGAUUAG

CAUGGCCCCUGCGCAAGGAUGACACGCAAAUUCGUGAAGCGUUCCAUAUUUU-3
Hsa-miR-200c-3p 5’-UAAUACUGCCGGGUAAUGAUGGA-3’
Hsa-miR-222-3p 5’-AGCUACAUCUGGCUACUGGGU-3’
Hsa-miR-363-3p 5’-AAUUGCACGGUAUCCAUCUGUA-3’
Hsa-miR-575 5’-GAGCCAGUUGGACAGGAGC-3’
Hsa- homo sapiens, miR- microRNA

GeneRuler™ 1 kb DNA Ladder

0’GeneRuler™ 1 kb DNA Ladder,
ready-to-use
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Figure B1: 1Kb pre-stained DNA ladder
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Figure B2: BenchMark™ Pre-Stained Protein Ladder

Table B2: Raw data Ct values obtained from validation* experiment to measure expression
levels of hsa-miR-200c-3p, hsa-miR-222-3p, hsa-miR-363-3p, and hsa-miR-575 in Ramos
cells

Ct(repl) Ct(rep2) Ct(repl) Ct(rep2) Ct(repl) Ct(rep2) Ct(repl) Ct(rep2)

UT1_R | 32.904457  33.557125 | 36.26741 34.806908 | 35,196262 | 40 40.00 31.382
UT2_R  34.39949 34.660065  39.317074  34.79593 35,639393  35,43049 11.924 31.830
MV1_R | 34.16631 38.288887 | 36.62299 33.508793 | 36,51687 36,404068 @ 40.00 31.380
MV2_R  35.351856  34.766544 | 34.419777  35.221294  37,365463  37,61949 40.00 32.426
HIV1_R | 34.841084  33.409992 | 40 39.10493 36,746952 | 36,440174  40.00 31.748
HIV2_R  33.83914 34.717674  34,994736 40 35,13842 35,306335  40.00 31.479

* The Applied Biosystems 7900HT Fast Real-time PCR system was used for these experiments.
UT-untreated cells, MV-microvesicle-treated cells, HIV-HIV-treated cells, rep-technical
replicate

73



Table B3: Raw data Ct values obtained from qPCR experiments* performed to determine
expression of hsa-miR-200c-3p in Ramos and BL41 cell lines

RNU48 Hsa-miR- RNU48 Hsa-miR-

200c-3p 200c-3p
MV_repl 11.68 16.60 11.48 15.92
MV_rep2 11.72 16.44 11.05 16.94
MV_rep3 11.94 15.85 11.24 16.39
HIV_repl 11.81 17.28 11.27 18.03
HIV_rep2  11.62 17.38 11.24 15.45
HIV_rep3 11.43 16.85 11.29 17.42

*Roche RotorGene Q platform used. MV- microvesicle-treated cells, HIV- HIV treated cells

Table B4: Fold change in hsa-miR-200c-3p expression in Ramos cells when normalised to
RNU6B

Sample Fold change

Rep 1.1 0.59
Rep 1.2 0.93
Rep 2.1 0.87
Rep 2.2 0.67

Table B5: Raw Ct values obtained from gPCR experiment performed to measure expression
levels of ZEB1 and ZEB2 in Ramos and BL41 cell lines

ZEB1 ZEB2 GAPDH ZEB1 ZEB2 GAPDH

MV_repl  17.33 21.30 11.99 20.35 21.32 16.30
MV_rep2  17.28  20.70 11.98 20.17 21.23 15.64
MV_rep3  16.95 20.60 11.96 20.06 21.15 16.11
HIV_repl  18.13 2228 12.00 20.27 21.58 17.74
HIV_rep2  18.38 21.83 11.99 20.37 21.36 15.69
HIV_rep3 17.66 21.72 12.08 20.25 21.40 16.07
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