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ABSTRACT

Breast cancer is the primary cause of female cancer-related deaths across the world. One
specific subtype of breast cancer, known as triple-negative breast cancer (TNBC), responsible
for ~45% of breast cancer frequency in West Africa and is distinguished by the null
expression of estrogen, progesterone, and human epidermal growth factor 2 receptors. It is
the most aggressive subtype and has a poor prognosis, especially in women of African
ancestry. TNBC is a complex and heterogeneous disease with diverse molecular subtypes and
its incidence is rapidly increasing in Africa. Genetic and epigenetic factors, including
microRNAs (miRs), play a significant role in TNBC pathogenesis. miRs are short non-coding
RNA sequences that are involved post-transcriptional regulation and their dysregulation is a
key epigenetic factor in TNBC. Mutations (such as SNPs) in miRNA genes impact their
processing and expression, and have been linked to TNBC pathophysiology. A novel SNP,
rs73991220 was discovered in miR-4725, and has been associated with the risk of estrogen
receptor-negative breast cancer in women of African ancestry. In a preliminary study of a
Ghanaian breast cancer cohort, the SNP rs73991220 was identified in two out of six TNBC
tumour samples. However, the function of miR-4725 and the impact of the SNP rs73991220
on miR-4725 expression have not been established in breast cancer. This study sought to
identify the role of miR-4725 in TNBC and how the SNP affects miR-4725 expression.

Twenty-four breast tumour samples and their matched normal adjacent tissues were screened
for SNP rs73991220 (G) using PCR-RFLP. Two of the twenty-four (8%) tumour samples
were found to have the heterozygous AG genotype and were both TNBC subtypes. The effect
of the SNP on the stability of the secondary structure of the primary miR-4725 transcript was
determined using the RNAfold online tool. Subsequently, the expression of miR-4725 was
determined in the 2 AG and 2 AA TNBC tumour samples. It was observed that the SNP (G)

conferred more stability to pri-miR-4725 compared to A; there was however, no significant

Xi



difference in expression between the AA and AG genotypes of the TNBC tumour tissues.
Furthermore, the putative targets of the mature miR (miR-4725-5p) were determined using
online bioinformatics tools, and the target validation was performed by overexpressing miR-
4725-5p in MDA-MB-468, a basal-like 1 subtype of the TNBC cell line obtained from an
African-American woman. KIF2C was found to be significantly repressed with exogenous
expression of miR-4725 and hence predicted to be the most likely target of miR-4725-5p in
the MDA-MB-468 cell line out of five validated putative targets. Additionally, other tumour-
promoting markers (WISP1, SNAIL, MYC, and VEGFA) were upregulated following miR-
4725-5p overexpression. These findings suggest that miR-4725-5p may have a tumour-
promoting function in MDA-MB468 cells, which may be independent of KIF2C suppression
and the SNP rs73991220 may favour miR-4725 expression thus contributing to the increased

risk of TNBC progression.

xii



CHAPTER ONE
1.0 INTRODUCTION

1.1 Background

Breast cancer is a complex genetic disease with high incidence and mortality rates among
women worldwide. It has surpassed lung cancer in cancer incidence, with an estimated 2.3
million newly diagnosed cases in 2020 (Sung et al., 2021). According to recent reports breast
cancer incidence and mortality in the African population are increasing significantly
(Adeloye et al., 2018) with an estimated 32% of Ghanaian women diagnosed with the disease

(GLOBOCAN, 2020), with further increase expected.

Breast cancer is heterogeneous, and manifests with several clinical, histological, and
molecular characteristics; thus, the disease is classified into subtypes. Hormone receptors;
estrogen -ER, progesterone -PR, and human epidermal growth factor 2 -HER2 have been
used as molecular markers to subtype the disease into luminal (A and B), HER2 enriched and
TNBC. TNBC is the most aggressive of these subtypes, has limited treatment options owing
to the lack of expression of hormone receptors, which is commonly targeted in therapy.
Approximately 15% of breast cancer cases are TNBC globally (Stanistawek, 2021).
Furthermore, the TNBC subtype is more common in West Africans (53.2%) than in African
Americans (29.8%) and White Americans (15.5%), implying that a genetic component may

be responsible for this difference (Jiagge et al., 2016).

Many factors contribute to breast cancer pathogenesis; however, genetic abnormalities in
protein-coding genes present a major risk to development of breast cancers. These include
mutations in BRCA 1 and BRCA 2, as well as TP53 tumour suppressor genes. However,

epigenetic and noncoding components of the genome, such as microRNAs (miRNAs), have



also been implicated in the pathogenesis of breast cancer as well as other types of tumours

(Qian et al., 2016; Ellsworth et al., 2019).

The microRNA (miR) network is a hon-protein-coding component composed of short single-
stranded RNA molecules of approximately 22 nucleotides (nt) long and are responsible for
post-transcriptional regulation. miRs are typically transcribed by RNA polymerase Il or Il
from the genome as part of introns (mirtrons) or as primary miRNAs (pri-miRNA) which are
processed into matured 22nt miRNAs. miRNAs are involved in regulating many biological
processes, including cell cycle regulation, proliferation, and apoptosis (Gong et al., 2015).
They have been shown to regulate the temporal and spatial expression of genes by promoting
MRNA degradation or suppressing mRNA translation (Hu et al., 2013). Dysregulation and/or
dysfunction of miRNAs have been linked to tumorigenesis and cancer progression. Factors
such as single-nucleotide polymorphisms (SNPs) within primary (pri)-miRNAs play

important roles in mMiRNA dysregulation and dysfunction.

SNPs have been linked to various cancers, including colon, breast, and bladder cancers (Jurj
et al, 2020). SNPs in protein-coding genes may have a significant effect on protein structure,
function, and/or abundance. Similarly, SNPs within miR genes have been shown to affect
miR processing, resulting in aberrant expression that has been linked to various cancers (Jurj
et al., 2020). Changes in miR expression and processing can affect many targeted mRNAs,
resulting in altered cellular respond. Therefore, miRs and non-functional SNPs should be

investigated as potential biomarker for breast cancer (lorio & Croce, 2012).



1.2 Problem statement

Breast cancer is multifaceted and complex disease and still a global health problem and a
major cause of death among women. Although significant progress has been made to
understand the molecular basis of breast cancer pathogenesis, and the quest to identify more
potent biomarkers and targets for therapy for the disease has yielded many useful discoveries,
there are still many gaps, particularly within the African population, which is the world's
most genetically diverse. Moreover, as the disease evolves with the emergence of drug
resistance, more potent and precise molecular targets are required to improve diagnosis and
treatment, particularly in more aggressive forms such as TNBC. Currently, there is a dearth
of research in Ghanaian populations regarding the molecular genetics of the development and
progression of Triple-Negative Breast Cancer (TNBC). This subtype of breast cancer is
particularly prevalent among women of African descent under the age of 40 and tends to
progress rapidly, leading to late detection (Plasilova et al., 2016; Stanistawek, 2021). and a
limited range of treatment options, primarily surgery and some forms of chemotherapy
(Hercules et al., 2022). However, in recently, a new targeted chemotherapy drug,
Sacituzumab govitecan-hziyno, has been introduced for the treatment of TNBC in many
countries (So et al., 2022). Nonetheless, given the heterogeneity of TNBC and the high
genetic diversity including SNPs of the Ghanaian and African populations, there is a
significant risk of drug resistance and reduced efficacy with this new therapy. The purpose of
this study is to understand unique molecular signatures of TNBC and explore the potential of
miR-4725 as a biomarker or therapeutic target for people of African descent, in order to

provide more personalized diagnosis and treatment for this diverse population.



1.3 Significance of Study

miRNAs are essential components of normal cells. Their dysregulation has been implicated
in breast cancer pathogenesis. The chaotic nature of tumour cells causes MiRNA
dysregulation. Additionally, random mutations in the miRNA gene that may be caused by

this chaos have been shown to affect miRNA expression or binding to its target.

In genome-wide association studies, Qian et al. (2016) discovered that SNPs within the pri-
miRNA, as well as genes involved in miRNA biosynthesis, are associated with breast cancer
risk in women of African ancestry. The study also discovered that risk differed depending on
hormone receptor status and that the novel SNP rs73991220 (A/G) in mir-4725 is associated

with ER-negative breast cancer (Qian et al., 2016).

A preliminary study found the SNP rs73991220 in two out of six TNBC tumour samples but
not in their matched adjacent non-neoplastic or five matched non-TNBC sample controls in
Ghanaian breast cancer patients using Sanger sequencing (Mbirbah, unpublished). This
indicated the presence of the SNP in the population; thus, further screening is required to
ascertain the frequency of the SNP in the breast cancer cohort. Furthermore, the precise
function of miR-4725 has not been defined as well as its role in breast cancer. This study
provided data on the association of the SNP rs73991220 and miR-4725 expression and the
potential role of miR-4725-5p in TNBC pathophysiology. This information provides basis for
the further exploration of miR-4725 as a potential biomarker or therapeutic target for TNBC

in people of with African ancestry.



1.4 Research questions
1. I of miRr-4725?
2. What is the relationship between SNP rs73991220 and miR-4725 expression?
3. What role does miR-4725 have in the pathophysiology of triple-negative breast

cancer.

1.5 Aim and specific objectives
1.5.1 Aim
This study aimed to identify the role of miR-4725 and its SNP rs73991220, in the

pathophysiology of TNBC.

1.5.2 Specific objectives
The specific objectives were;
1. To determine the effect of SNP rs73991220 and miR-4725 expression.
2. To determine putative targets of miR-4725 using in silico analysis and validate
predicted genes using gene expression analysis.

3. To determine the effect of the miR-4725 expression on selected oncogenes.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Cancer pathobiology
Cancer is a complex genetic disease characterized by uncontrolled growth and the spread of
aberrant cells in the body (Malumbres, 2020). Cancer pathobiology is a complex interaction
between genetic and environmental factors that contributes to the development and
progression of cancer (Patierno, 2020). Tumorigenesis is usually characterized by genetic and

epigenetic alterations, as well as chronic “insults” to cells that drive neoplastic transformation

(Cullen & Breen, 2016).

Accumulation of mutations in essential regulatory genes involved in cell growth and
replication plays a significant role in tumour development (Costa et al., 2020). Tumour
protein p53 (TP53), a tumour suppressor gene, arrests cells with damaged DNA from the G1
phase to the S phase of the cell cycle, allow reversal of the damage, and induce apoptosis
when the repair of defective cells is unsuccessful (Cullen & Breen, 2016). Mutations within
these types of genes could lead to loss of regulatory function, which allows cells with the
compromised genetic makeup to thrive, consequently leading to neoplastic transformation of

the cell lineage (Costa et al., 2020).

Gain-of-function mutations that result in the perpetual activation of oncogenic functions,
consequently lead to cancer development (Galluzzi et al., 2020). An important example of
such oncogenes is the RAS gene family, which codes for proteins involved in promoting cell
growth and division (Hanrahan et al., 2020). Another example of genes that can undergo
gain-of-function mutations is BCL2, which encodes an anti-apoptotic protein. (Cullen &

Breen, 2016; Pylayeva-Gupta et al., 2011).



Epigenetic modifications that regulate gene expression also contribute to neoplastic
transformation and cancer progression (Kanwal et al. 2015). Epigenetic changes are heritable
and reversible alterations affecting gene expression even in the absence of genomic mutations
(Cullen & Breen, 2016). These processes include DNA methylation, histone acetylation, and
small non-coding RNA expression, particularly miRNA (Kanwal et al., 2015). Histone
modification patterns, global alterations in DNA methylation, and altered expression profiles
of chromatin-modifying enzymes as well as miRNAs, encompass the cancer epigenome
(Kanwal et al., 2015). These changes lead to a global aberrant gene expression profile and the

resultant neoplastic state (Sharma et al., 2009).

The immune system also plays a significant role in tumorigenesis and tumour progression;
however, its involvement is complex and a “double-edged sword” (Hanahan & Coussens,
2012). Immune responses mounted against tumour cells can equitably suppress and promote
tumour development and progression (Pandya et al., 2016). Although the immune system is
responsible for the clearance of abnormal cells, the mechanisms of response contribute
immensely to tumour development and progression owing to chronic stimulation of both the
innate and adaptive systems by tumour antigens (Disis, 2010; Gonzalez et al., 2018; Gregory
& Houghton, 2011). Additionally, cancer cells can circumvent the immune system by
downregulating receptors that make them targets for immune destruction. Alternatively, they
upregulate the expression of molecules such as PD-L1 (Topalian et al., 2015) that suppress
the function of immune cells such as T cells, which are responsible for the identification and
destruction of these abnormal cells thereby permitting cancer cells to continue to grow and

spread undetected (Gregory & Houghton, 2011; Pandya et al., 2016)



In addition to genetic and epigenetic factors, chromosomal translocations and exposure to
certain environmental conditions such as cigarette smoke, ultraviolet radiation, and certain
microorganisms (viruses and bacteria) can increase the risk of developing cancer (Anand et
al., 2008). For instance, smoking is the primary cause of lung cancer, accounting for

approximately 80-90 per cent of lung cancer fatalities (American Cancer Society, 2021).

2.2 Cancer hallmarks

Cancer hallmarks, as established by Hanahan and Weinberg in 2000, are characteristics
exhibited by neoplastic cells during their evolution from normal cells. These hallmarks of
cancer represent the genetic and cellular changes that contribute to carcinogenesis and tumour
progression (Hanahan & Weinberg, 2000, 2011). To unravel the complexities of cancer
development and malignant progression, Hanahan and Weinberg initially proposed six major
cellular phenotypes: evading growth suppressors, sustaining proliferative signalling, enabling
replicative immortality, resisting cell death, inducing angiogenesis, and activating invasion
and metastasis (Hanahan, 2022; Hanahan & Weinberg, 2011). However, with increasing data
on the mechanisms of tumorigenesis and progression, a myriad of molecular and cellular
phenotypes displayed by transforming cells has been described (Galluzzi et al., 2020). These
characteristics are based on the fundamental knowledge that cancer development and
malignant progression are multistep processes involving many contributing factors (Carmen,
2017; Hanahan, 2022; Hanahan & Weinberg, 2011). These factors include epigenetic
alterations, chromosomal aberrations, oncogenic microorganisms, as well as cellular activity
of the stroma within the tumour microenvironment (TME) (Figure 2.1) (Fouad & Carmen,

2017; Hanahan, 2022; Hanahan & Weinberg, 2011).



Genetic and Epigenetic Alterations
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NORMAL MALIGNANT

Figure 2.1 Transformation of normal cells. A variety of chronic insults leads to the
transformation of these cells from normal to malignant (Fouad & Carmen, 2017).

Cancer cells defy most biological systems employed to regulate cell division and growth
through a variety of mechanisms to maintain proliferative signalling (Cheng et al., 2008;
Bhowmick et al.,, 2004). Cancer cells utilize two classic mechanisms to evade cell
proliferation checkpoints: they generate mitotic signals and induce normal cells within the
tumour surrounding stroma to release growth factors (Hanrahan et al., 2020). In response to
these signals, cancer cells express cognate ligands that permit their interminable proliferation.
Oncogenes, such as those in the RAS signalling pathway, are involved in the sustained
proliferation of cancer cells (Hanrahan et al., 2020). Proteins encoded by these genes promote
cell growth through the mitogen-activated protein kinase (MAPK) and phosphoinositide-3
kinase (PI3K)/Akt signalling pathways (Pylayeva-Gupta et al., 2011). Mutations in RAS
family genes, such as KRAS, NRAS, as well as in PI3K, are among the most prevalent
genetic abnormalities reported in human malignancies, including breast, lung, and
endometrial cancers (Hanrahan et al., 2020). These mutations continuously activate these
proteins, resulting in uncontrolled cell growth and division (Pylayeva-Gupta et al., 2011).

In addition, cancer cells can evade the typical processes of growth regulation and apoptosis
(Hanrahan et al., 2020). This process of evasion is achieved through the inactivation of
tumour suppressor genes, such as TP53. TP53 encodes the tumour protein p53, which is a

DNA damage sensor (Galluzzi et al., 2020) which triggers apoptosis in cells with significant



DNA damage (Junttila and Evan, 2009). Mutations in the TP53 gene, which lead to loss of
function and uncontrolled cell proliferation and division, have been found in a wide range of
human malignancies (Galluzzi et al., 2020). Alternatively, cancer cells can circumvent
apoptosis by promoting anti-apoptotic genes including BCL-2 and suppressing caspases
activity making them resistant to apoptotic signals and thus promoting their survival (Adams

& Cory, 2007; Fouad & Carmen, 2017; Hanahan & Weinberg, 2011).

Another distinct characteristic of cancer cells is their ability to indefinitely proliferate, a
condition known as replicative immortality. Telomerase, an enzyme that is normally dormant
in normal cells, is commonly reactivated in cancer cells to maintain the length of telomeres,
which are protective endcaps of chromosomes; thus, telomeric shortening does not occur.
Eventually, cells do not become senescent or die but are rather immortalized (Blasco, 2005;

Hanahan & Weinberg, 2011).

Cancer cells require a blood supply for development and propagation (Rankin & Giaccia,
2020). Angiogenesis, a term that describes the formation of new blood vessels. This process
is normally “switched off” after development but is frequently enhanced in cancers (Madu et
al., 2020). Vascular endothelial growth factor A (VEGFA), an angiogenic growth factors,
facilitates this process and are secreted by neoplastic cells (Rankin & Giaccia, 2020). VEGF
stimulates the formation of new blood vessels. High levels of VEGF have been reported in

many human malignancies, including breast, lung, and colorectal cancer (Ferrara, 2010).

Cancer cells' ability to invade surrounding tissues and colonize distant sites to form
secondary growths is a prominent feature of malignancy known as metastasis (Jain et al.,

2020). This is a complicated process that results in epithelial cells losing their cell-to-
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cell/cell-to-extracellular matrix adhesion capability and polarity (Das et al., 2019). Epithelial
cells transform into mesenchymal cells in a process known as epithelial-mesenchymal
transition (EMT) (Das et al., 2019). Genes encoding matrix metalloproteinases (MMPs)
encode a family of enzymes that contribute to cancer cell invasion (Kapoor et al., 2016).
Some MMPs (such as MMP 2 and MMP 9) are known to be upregulated in cancers, including
breast carcinomas (Kapoor et al., 2016). They break down the basement membrane and
extracellular matrix, which allows cancer cells to invade surrounding tissue (Brown &
Murray, 2015). Other genes, such as TWIST and SNAIL, participate in the EMT process,
allowing cancer cells to migrate and metastasize to distal organs (Benson et al., 2013; Fouad

& Carmen, 2017; Hanahan & Weinberg, 2011; Micalizzi et al., 2010).

Further understanding of the mechanisms of neoplastic changes and malignant progression
has led to the development of eight proposed hallmarks and two enabling processes
(Hanahan, 2022). The two processes that enable neoplastic changes include genome
instability and tumour-promoting inflammation (Hanahan & Weinberg, 2016). A new review
by Hanahan proposed four prospective characteristics that provide new insights into
neoplastic development and malignant progression including unlocking phenotypic plasticity,
non-mutational epigenetic reprogramming, polymorphic microbiomes, and senescent cells

(Figure 2.2) (Hanahan, 2022).
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Figure 2.2 Prospective Cancer Hallmarks. The ten core characteristics include the four newly
proposed features of tumorigenesis. (Hanahan, 2022).

2.3 Cancer epidemiology

Cancer incidence and mortality are rapidly increasing worldwide, and as a result, the global
impact of the disease Is progressively worsening (Mattiuzzi & Lippi, 2019). The increase in
cancer incidence and mortality can be attributed to alterations in the prevalence and
distribution of major cancer risk factors that are characteristic of varying degrees of

socioeconomic development (Mattiuzzi & Lippi, 2019).

Cancer is rapidly becoming the predominant factor causing increased mortality in several
continental sub regions, including sub-Saharan Africa (SSA) (Bray et al., 2018; Ngwa et al.,
2022). The actual burden of cancer, particularly breast and prostate cancers, in SSA, is
significantly underestimated despite an increase in cancer mortality (Anyigba et al., 2021;

Sung et al., 2021).
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2.4 Breast cancer in sub-Saharan Africa

The global incidence of breast cancer is 11.7%, whereas that of lung cancer is 11.4%, which
makes breast cancer the commonest cancer. It is rank fifth with regards to cancer mortality
worldwide, according to the GLOBOCAN 2020 report. In women globally, it is, regrettably,
the foremost cause of cancer-related death, affecting approximately 2.3 million women and

resulting in approximately 685,000 deaths in 2020 (GLOBOCAN, 2020)

Although breast cancer incidence in SSA appears to be lower than in first-world countries,
the mortality rate is disproportionately high. (Ngwa et al., 2022). This disparity has been
attributed to the absence of infrastructure that permits early detection and effective treatment;
additionally, the actual disease burden is statistically underrepresented in the SSA region as

reviewed by Anyigba et al. (2021).

Breast cancer accounts for 32% of newly reported cancer cases in the Ghanaian female
population (GLOBOCAN, 2021). Regrettably, breast cancer in Ghanaian women is often
diagnosed late after the onset (Martei et al., 2018), resulting in high frequency of advanced
stage cancers and, therefore, significantly reduces the five-year survival rate to less than 40%
compared to 86% in developed countries (Akuoko et al., 2022; Anyigba et al., 2021; Sighoko
et al., 2013). The distinguishing factors that create this disproportion include late detection of
breast cancer symptoms, socio-cultural and economic factors as well as absence of screening
programs (Asoogo & Duma, 2015; Bonsu & Ncama, 2019; Martei et al., 2018). To improve
breast cancer survival rates in SSA, efforts have been made to sensitize the population and
provide more efficient healthcare systems to combat issues of poor detection rates, late

detection, and substandard treatment of the disease (Kohler et al., 2017).
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2.5 Breast cancer pathogenesis

The pathogenesis of breast cancer does not significantly differ from that of other cancers.
Similar to most cancers, this disease is complicated and has many contributing factors that
ultimately result in the accumulation of genetic mutations and cellular alterations at various
phases of development and progression (Low et al., 2018; Vodicka et al., 2021). The
pathophysiology of breast cancer can be broadly classified into three stages: initiation

(tumorigenesis), promotion, and progression (Basu, 2018).

Tumorigenesis results from the accumulation of genetic alterations in healthy breasts
(Nielsen et al., 2016). The most commonly mutated genes, also classified as high-penetrance
genes in breast cancer, include the tumour suppressor genes BRCA1 and BRCA2 (Ali et al.,
2021). BRCAL and BRCA2 encode regulatory molecules that ensure DNA damage repair;
therefore, alterations in these genes lead to inadequate and inefficient repair, resulting in the
accumulation of mutations and high susceptibility to breast cancer (Pilger et al., 2021;
Sadeghi et al., 2020). Other genes commonly mutated in breast cancer include p53, PTEN,

and APC (Sheikh et al., 2015).

The accumulation of essential genetic mutations and epigenetic alterations in transforming
cells characterizes the promotion stage (Feng et al, 2018). These modifications result in the
silencing of tumour suppressor genes such as TP53 while activating of oncogenes such as
RAS and HER2 (Feng et al, 2018). Consequently, cancer cells acquire a new quality that

confers immortality and their proliferation proceeds unregulated (Feng et al., 2018)

The progression stage is characterized by the development of a malignant neoplasm and the

dissemination of cancer cells to distant sites in the body (metastasis) away from the original
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start site (Al-Mahmood et al., 2018). The process of metastasis is complicated and requires
the activation of numerous signalling pathways such as the PI3K/Akt and MAPK pathways

(Wee & Wang, 2017; Xu et al., 2015).

Furthermore, the epithelial-mesenchymal transition (EMT) program plays a pivotal role in the
development of breast cancer malignancy (Bill & Christofori, 2015). The EMT program is a
distinct set of genetic and cellular alterations that enables cancer cells to separate from the
initial tumour and migrate to distant sites in the body (Bill & Christofori, 2015; Xu et al.,
2015).

Accurate and precise diagnosis of breast cancer requires comprehensive knowledge of its
pathogenesis at the cellular and molecular levels (Rakha & Green, 2017). Additionally,
targeted therapies developed based on an understanding of the molecular pathways and
cellular characteristics of breast cancer have resulted in enhanced patient prognosis (Tang et

al., 2016; Yin et al., 2020).

2.6 Breast cancer classification and molecular subtypes

The categorization of breast cancer into various clinical classifications and molecular
subtypes is a significant factor in determining the treatment and disease management options
(Tang et al., 2016). Breast cancer can be classified into two principal categories: invasive and
non-invasive (in situ) carcinomas (Araujo et al., 2017). Invasive carcinomas can infiltrate the
surrounding tissue and possibly more remote sites from the tumour origin, whereas non-
invasive carcinomas exclusively remain in the ducts or lobules of the breast (Araujo et al.,

2017).
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Recently, however, it has become crucial to classify breast cancer according to the various
molecular features of the tumour to direct the development of more effective treatment
options (Garrido-Castro et al., 2019). Four main molecular subtypes of breast cancer are
distinguished based on immunohistochemistry-based categorizations: luminal A, luminal B,

HER2-enriched, and triple-negative (Tsang & Tse, 2020).

2.6.1 Luminal A

Luminal A subtype of breast cancer is characterized by the expression of estrogen receptors
and progesterone receptors and the absence of HER2 (Tsang & Tse, 2020). Approximately
65% of all breast cancers fall into this category (Zhang et al., 2022). They are low-grade
tumours, develop slowly and tend to respond better to hormone therapy, thus, have a better

prognosis (Stanistawek, 2021).

2.6.2 Luminal B

The Luminal B subtype has ER and PR expression and a relatively high expression of HER2
expression (Tsang & Tse, 2020). Approximately 20% of breast cancers are classified as
Luminal B (Feng, et al., 2018). These tumours have high expression of proliferation-related
genes (such as MKi67); are less responsive to hormone therapy and higher risk of recurrence

(Rakha & Green, 2017; Stanistawek, 2021).

2.6.3 HER2-enriched

HER2-enriched subtype represents tumours that lack ER and PR but the HER2 gene is
amplified together with other proliferation gene clusters such as GRB7 (Feng et al., 2018;
Stanistawek, 2021). This subtype constitutes 10 to 15% of breast cancer cases (Stanistawek,

2021). HER2-positive breast cancer is more aggressive and has a higher risk of recurrence
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(Tsang & Tse, 2020). This subtype is treated with targeted therapies such as Herceptin or

trastuzumab, a monoclonal antibody that binds to the HER2 protein (Feng et al., 2018).

2.6.4 TNBC

TNBC is a diverse group of breast cancers that are ER-negative, PR-negative, and HER2-
negative. TNBC accounts for around 20% of all breast cancers and is more prevalent in
women under the age of 40 and in African-American women (Plasilova et al., 2016;
Stanistawek, 2021). These tumours are more aggressive and highly metastatic with the
highest risk of recurrence. Metastasis in TNBC is complicated and poorly understood (Al-
Mahmood et al., 2018; Rankin & Giaccia, 2020); however, various factors that have been
identified as key contributors to the process of metastasis include angiogenesis, tumour-
stroma associations, survival in_circulation, intravasation into circulation via basement
membranes, extravasation into foreign tissues, and genetic and epigenetic modifications (Al-
Mahmood et al., 2018; Rankin & Giaccia, 2020). Treatment options for triple-negative breast
cancer are limited to chemotherapy and surgical excisions. This is because, TNBCs cannot be
managed with endocrine therapy or treatments designed to target HER2 (Al-Mahmood et al.,
2018; Dai et al., 2015; Lehmann et al., 2016). The triple negative characteristic with absence
of hormone receptors accounts for the poor sensitivity to standard hormone treatment options

(Dai et al., 2015).

TNBCs are heterogenous and may be classified into six subtypes based on gene expression
profiling: basal-like (BL1 and BL?2), mesenchymal (M), mesenchymal stem-like (MSL),
immunomodulatory (IM), and luminal androgen receptor (LAR), as well as an unidentified

group (UNS)] However, the clinical significance of the subtyping is yet unknown, and
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additional study is needed to determine its influence on TNBC therapy options (Stanistawek,

2021).

TNBC accounts for approximately 80% of breast cancers caused by a BRCAL germline
mutation, whereas 11-16% of all TNBCs have BRCA1 or BRCA2 germline mutations. This
indicates a major role of genetic factors playing a significant role in TNBC development.
However, epigenetic factors including miRNAs initiate the sub clonal evolution of TNBC

and shape its progression (Zolota et al., 2021).

2.7 MicroRNA

MiRNAs (miRs) are small non-coding RNA sequences of 19 to 24 nucleotides long and play
a significant role in post-transcriptional regulation (Bail et al., 2010). miRs are found in the
genome, mainly within introns or intergenic domains, and are transcribed as primary
miRNAs (pri-miRs) by RNA polymerase Il and 11, respectively (Bail et al., 2010). The pri-
miR produced after initial transcription is a lengthier sequence of approximately 200

nucleotides, which is then processed into a mature miRNA (Yates et al., 2013).

Regulation of gene expression is achieved by miRs through the ability to interact with mRNA
and inhibit translation or facilitate the degradation of mMRNA transcripts (Correia de Sousa, M
etal., 2019). In most cases, miRNAs interact with the 3°-UTR (untranslated region) of target
MRNASs to suppress their expression (Correia de Sousa et al., 2019). However, the interaction
of miRNAs with other regions, including the 5’-UTR, coding sequences, and gene promoters,
has also been reported (Correia de Sousa et al., 2019; O'Brien et al., 2018). Developmental
processes in living organisms are critically regulated by miRNA action, which also affects

health or fosters disease development (Gebert et al., 2019).
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2.8. MiRNA biosynthesis

The biosynthesis of miRNAs is an intricate process that involves the transcription of miRNA
genes, subsequent processing of the primary miRNA transcript (pri-miRNA), and maturation
of the resulting miRNA (Gebert et al., 2019). MIiRNA biosynthesis begins with the
transcription of miRNA genes by RNA polymerase Il (Yates et al., 2013). MiRNA genes are
typically situated in intergenic regions or within introns of protein-coding genes (Yates et al.,
2013). The initial transcript produced by RNA polymerase Il is the primary miRNA transcript

(pri-miRNA) (Yates et al., 2013).

Following the production of pri-miRNA, the subsequent phase of miRNA biosynthesis
involves the processing of the initial transcript into a mature transcript (Yates et al., 2013).
This function is executed by the microprocessor complex, which comprises endonuclease
Drosha and its cofactor DGCR8 (Ha & Kim, 2014; Kian et al., 2018). The microprocessor
complex cleaves pri-miRNAs to produce a stem-loop structure known as the precursor

miRNA (pre-miRNA) (Ha & Kim, 2014; Kian et al., 2018).

Subsequently, the exportin-5 protein aids in relocating the modified pre-miRNA from the
nucleus to the cytoplasm. Once in the cytoplasm, pre-miRNA undergoes additional
processing by the endonuclease Dicer and its cofactor TRBP. This step results in the

production of mature miRNAs, which are short single-stranded RNA molecules.

After processing, the mature miRNA adheres to the RNA-induced silencing complex (RISC)
and guides the RISC to effectively locate a targeted mRNA sequence through complementary
base-pairing (Ha & Kim, 2014; Kian et al., 2018; Yates et al., 2013). Silencing of the target

gene is then accomplished by miRNA, either by facilitating mRNA cleavage or by interfering
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with translation pathways (Gebert et al., 2019). A schematic of the process is shown in figure
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Figure 2.3. The Canonical miRNA biogenesis pathway. Adapted from Blelloch (2009).

Several factors can influence the biogenesis process, resulting in abnormal miRNA regulatory
function. These include the effect of other aberrantly expressed transcription factors of
miRNA in an abnormal cellular state, as well as mutations in the miRNA genes or genes
involved in their synthesis (Qian et al., 2016). miIRNA dysregulation/function can promote

tumorigenesis or contribute to tumour progression.

2.9 Mutations in miRNA

Mutations in miRNAs can significantly affect their stability, secondary structure, and
expression (Ha & Kim, 2014). Mutations in or in the vicinity of a pre-miRNA hairpin
structure may have a greater impact on miRNA biosynthesis and the function than mutations
in other regions pri-miRNA or precursor (Rice et al, 2020). Additionally, mutations found in
the seed region of miRNAs can affect their ability to bind target mRNAs. For example, a

mutation in the seed region of miR-96-5p was shown to disrupt the base pairing between
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miR-96-5p and its target mMRNA; as a result, repression of the target gene significantly

decreased (Olavarrieta et al., 2009).

According to one study, the SNP rs2910164 in miR-146a was associated with a higher risk of
papillary thyroid carcinoma and reduced levels of pre-miR-146a and mature miR-146a-5p by
nearly twofold, resulting in a less efficient downregulation of miR-146a-5p targets
(Jazdzewski et al, 2008). Mutation in the loop region of the miR-30e-3p precursor decreased
its processing by the Drosha-DGCR8 complex, consequently, levels of mature miR-30e-3p

were reduced in the cells (Wang et al., 2019).

Several factors influence the effect of a mutation on the structure of pri or pre-miRNA, such
as the type of mutation, its localization, and the thermodynamic stability of the precursor.
Mutations have been shown to affect miRNA expression by altering its stability. In a study, a
mutation in the stem region of miR-128 altered the thermodynamic stability of its secondary
structure, resulting in decreased expression of mature miR-128 (Cho, 2010; Machowska et

al., 2022).

2.10 MiRNA secondary structure stability effect on expression

The integrity of a miRNA’s secondary structure can affect its expression and processing
(Linbo et al., 2011). miRNAs with more stable secondary structures have higher levels of
expression in cells which have attributed to the fact that stable miRNAs are ultimately more

resistant to degradation (Wu et al. 2008).

Other publications have indicated that alterations to a miRNA’s secondary structure stability

can affect the processing of the miRNA by ribonucleases that cleave it from its precursor
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(Gebert et al., 2019; Ha & Kim, 2014). This implies that miRNAs with more stable
secondary structures are less efficiently processed, suggesting that the stability of the
secondary structure can affect the accessibility of the miRNA to ribonucleases (Ha & Kim,

2014).

It is important to acknowledge that the influence of miRNA stability on its processing and
subsequent expression is not fully understood, as multiple factors are involved in this
relationship. These factors include cell type, miRNA family, and the specific conditions of
the experiment, which can result in varying observations when studying miRNA (Wu et al.,

2008).

2.11 The role of miRNAs in TNBC

Recent research has shown that miRNAs play a crucial role in the development and
progression of breast cancer, thus, TNBC (Kian et al., 2018; Shen et al., 2009; Wu et al.,
2008). miRNAs regulate the expression of regulatory genes that play tumour suppressor or
oncogenic roles and shape the molecular landscape of TNBC. miRNAs that are dysregulated
in TNBC have been identified and they include miR-10b, miR-21, miR-155, and miR-
221/222. These miRNAs are involved in various aspects of TNBC progression, including cell

proliferation, invasion and metastasis. (Santana et al., 2023; Yang et al., 2015).

In one study, miR-10b was shown to promote metastasis in TNBC by targeting the HOXD10
gene, which suppresses the expression of the pro-metastatic gene RhoC (Ma et al., 2007,
Yang et al., 2015). Likewise, miR-221/222 promotes TNBC cell growth and invasion by
repressing the tumour suppressor gene PTEN (Li et al., 2020; Zhao et al., 2008). Another

study showed that miR-155 regulates the expression of various proinflammatory genes in
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TNBC cells, suggesting that it may contribute to the development of TNBC by promoting

inflammation (Tili et al., 2011).

In addition to their roles in TNBC pathophysiology, miRNAs have emerged as potential
diagnostic and prognostic biomarkers for TNBC. The expression signature of a particular
miRNA or a combination of miRNAs can be identified as a prognostic determinant or
biomarker in TNBC. In a study by De Rinaldis et al. (2013), seven miRNAs were found to be
associated with TNBC clinical prognosis. Moreover, upregulation of miR-16-2* and miR-766
have been associated with favourable distant metastases-free survival (DMFS), while miR-
381 and miR-409-5p have been associated with poor DMFS. miR-409-5p, miR-376b, miR-
410, and miR-193a-3p together have also been negatively associated with breast cancer-
specific survival (De Rinaldis et al., 2013; Yang et al., 2015).

Overall, these findings suggest that dysregulation of miRNAs plays a crucial role in TNBC
pathophysiology and that targeting these miRNAs may represent a promising therapeutic

strategy for TNBC treatment.

2.12 MiR-4725 in human disease

There is a paucity of data on the miR-4725 and it function and the role it plays in cancer,
specifically in breast cancer has not been elucidated till date. In one study, miR-4725-3p was
found to be significantly upregulated in response to xanthohumol in glioblastoma multiforme
(GBM). MiR-4725-3p in this study was found to inhibited cell invasion in GBM by
downregulation stromal interacting molecule 1 (STIM1) which promoted glioma cell
invasion (Ho et al., 2018). In another study, miR-4725-3p was identified as a core regulatory

MIRNA in RNA networks involving ncRNAs, miRNAs and mRNAs when esophageal
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squamous cell carcinomas (ESCC) were treated with neoadjuvant chemoradiotherapy (Shao

& Li, 2019).

Furthermore, in study to identify an extracellular biomarker for glaucoma, miR-4725-3p has
also been found to be upregulated in plasma and aqueous humour samples of glaucoma
patients (Hindle et al., 2019). The miR-4725-5p isomir has also been found to be
downregulated in patients with acute myeloblastic leukaemia (AML) compared to healthy
controls in a study using miRNA microarray followed by RT-gPCR validation (Ozdogan et
al., 2017).

Clearly, miR-4725 is involved in different diseases and have varied expression pattern in
different tissue and disease condition, however, there is an unmet understanding the exact

role the gene plays in diseases.
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 Study design
A cross-sectional study was used to determine the frequency of the SNP rs73991220 and
miR-4725 expression pattern using archival breast cancer tissue samples collected from

treatment naive patients during a mastectomy procedure at the Korle-Bu Teaching Hospital.

An experimenial design was also used to determine the role of the miR-4725 using the triple

3.2 Sample selection.

Thirty matched (tumour and adjacent-normal) breast tissue samples were selected randomly
from the archival breast tissue samples stored at -80°C. Immunohistochemistry (IHC) data
was later retrieved for the patient data of the selected samples from the REDCap (Research
electronic data capture) database to classify tissue samples by hormone receptor status. Six of
the matched pairs had no IHC data and hence were excluded from the study. The remaining

24 matched breast tissue samples were grouped into TNBC and non-TNBC.

3.3 Ethical clearance

Samples used in this study were a part of collected breast tissue samples for a previous breast
cancer study for which ethical approval had been sort from the Korle-Bu Teaching Hospital
Protocol with IRB number KBTH-IRB /0009/2018. Additionally, the study participants
recruited for the study signed a written informed consent before the tissue samples were

collected.
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3.4 DNA extraction

The Quick-DNA™ Miniprep plus Kit (Zymo Research) was used to extract genomic DNA
from tissue samples and cell lines, following the manufacturer’s protocol. Tissue samples
were removed from the -80 °C freezer and allowed to thaw on ice before cutting.
Approximately 25 mg of breast tissue was cut using a sterile surgical blade and pair of
forceps and transferred into a sterile 2 ml Eppendorf tube. A mixture containing 95l of solid
tissue buffer, 95ul of molecular grade water and 10ul of proteinase K was added to the cut
tissue samples, vortexed for 15 s, and incubated at 55 °C overnight. The solubilized tissue
was centrifuged at 14,000 x g for 1 min to separate debris, and the supernatant was

transferred to a 1.5 ml Eppendorf tube.

Genomic binding buffer was added to the supernatant and vortexed for 15 s, and then the
whole mixture was transferred into a Zymo-Spin™ [IC-XLR Column in a collection tube and
centrifuged at 14,000 x g for 1 min. The flow-through in the collection tube was discarded
and the column was subjected to three successive washing with 400ul of pre-wash buffer,
700ul and 400ul of g-DNA buffer. DNA was then eluted in a 60ul elution buffer, and the
purity and concentration of DNA were determined using a Nanodrop spectrophotometer

(Thermo Fisher Scientific).

3.5 MiR-4725 genotyping.

MiR-4725 was genotyped for the SNP rs73991220 in breast tissue and cell lines (MDA-
MB468 and MDA-MB231) using restriction digest following amplification of the gene by
Polymerase Chain Reaction (PCR). The SNP was found to be a restriction site for Nlalll
(Hinl1ll). Hence, specific primers were designed to amplify 280 bp, including flanking

regions of the gene.
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Table 3.1 Primer sequence for miR-4725 amplification

Sequence Amplicon size
Forward 5’-GGCTTTAGGTGGAACCCAGG-3’ 280bp
Reverse 5'-ACAGCTGCCCCTGAAAGTC-3’

3.5.1 Gene amplification (polymerase chain reaction-PCR)

The final volume of 20ul PCR mix contained 2ul of gDNA, 1pul each of forward and reverse
primers, 10ul of Q5 High Fidelity HotStart Master Mix 2X (New England Biolabs) and 6pl
of nuclease-free water. The reaction was done using the conditions in Table 3.2.

Table 3.2 PCR conditions

Step Temperature (°C) Time (seconds) Cycles
Initial denaturation 98 30 1
Denaturation 98 10 30
Annealing 58 15 30
Extension 72 15 30
Final extension 72 180 1

3.5.2 Restriction digest

PCR amplicons were then digested with Nlalll purchased from Thermo Fisher Scientific in a
final reaction mix containing 5ul of amplicons, 1ul of 10X buffer G, 0.5 pl of Nlalll
restriction and 8.5l of nuclease-free water to a final reaction volume of 15 pl. Digestion was
performed at 37 °C for 2 h, followed by 20 min of enzyme inactivation at 65 °C. The digested
products were resolved by electrophoresis on a 2% agarose gel for 90 min, and the bands

were visualized using a gel imager. The homozygous wild type shows a single band with
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lower molecular weight (~140bp). However, the SNP allele is resistant to digestion and hence
a homozygous mutant (GG) has band size same as the PCR product (280bp). A heterozygous
genotype (AG) showed a double band at 140bp and 280bp whereas a homozygous (AA)

wild-type showed a single digested band at 140bp marker (figure 3.1).

Ladder AA GG AG

N
(=]
=
o

100 bp

Figure 3.1 Virtual digest showing of PCR amplicon of miR-4725: AA is homozygous wild-
type (band size =140bp), GG is homozygous mutant (band size = 280bp) and AG
heterozygous genotypes (band sizes =140bp and 280bp).

3.6 RNA extraction

3.6.1 Breast tissue samples

Breast tissue samples were stored in TRIzol reagent, and Direct-zol™ RNA Miniprep Plus
(Zymo Research) was used to extract total RNA from the samples. Briefly, tissue samples
were thawed on ice, and approximately 25 mg of tissue was cut with a sterile surgical blade
and placed into 2 ml Eppendorf tubes. Eight-hundred microlitres of Tri-zol was added to the
cut tissue sample, and bashing beads were added and homogenized for 15 min. The samples

were centrifuged after homogenization at 14,000 x g for 1 min, and the supernatant was
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carefully transferred to a 1.5 ml Eppendorf tube. Eight-hundred microlitres of absolute
ethanol were added to the supernatant and thoroughly mixed by pipetting up and down.

The mixture was then transferred to a Zymo-Spin™ [1ICG Column in a collection tube and
centrifuged at 14,000 x g for 30 s. The flow-through was discarded. The column was washed
and underwent a DNA digestion step with DNasel enzyme for 15 minutes. The column was
washed twice with 400ul of Direct-zol™ RNA PreWash buffer and 700ul of RNA wash
buffer respectively. Subsequently, RNA was eluted in 60ul of 1X Tris EDTA (TE) buffer

(pH=8.0) and stored at -80°C until use.

3.7 Plasmid expansion

3.7.1 Bacteria transformation

Human microRNA (miR4725 (MI0017362) expression Plasmid under control of a CMV
promotor was purchased from Origene Technologies (USA). Plasmid came in a 2-D bar-
coded matrix tube as dried plasmid DNA. A volume of 100ul of nuclease-free water was
used to reconstitute the plasmid DNA to a final concentration of 100ng/ul of plasmid DNA.
The pCMV-Mir backbone of the plasmid contains a kanamycin resistance marker for

selection in Escherichia coli (E. coli).

Chemically competent DH5a E. coli strain, a high-efficiency transformation strain, was
transformed with the plasmid using the heat-shock method optimized in the lab. Briefly, the
chemically competent DH5a was thawed on ice and 50l was pipetted in a pre-chilled round
bottom 2ml Eppendorf tube on ice. One tube for the miR-4725 plasmid and another for a no-
plasmid control. Five microlitres of a 10ng/ul dilution of miR-4725 plasmid was added to
tube labelled miR-4725 and 5ul of nuclease-free water was added to the no plasmid control

tube. The tubes were mixed gently by flicking the bottom and incubated on ice for 30

29



minutes. The tubes were transferred into a water bath at 42°C for 45 seconds and then placed
back on the ice for about 5 minutes during which 500ul of Luria-Bertani (LB) broth was

added to the transformation mix and incubated at 37°C for 1 hour with shaking at 180rpm.

After incubation, 250ul of each culture was plated on an appropriate LB agar plate containing
kanamycin for selection. The non transformed bacterial culture was plated on a kanamycin
plate (negative control) and on a plate free of antibiotics as a positive control (bacteria
viability control). The plates were incubated at 37°C overnight.

Six colonies from the transformed bacteria culture on kanamycin plate were selected and
transferred into 5 ml of LB broth containing kanamycin in six separate 15 ml falcon tubes and
incubated overnight at 37°C with shaking at 180rpm. Tube caps were left slightly unscrewed

to allow for aeration.

3.7.2 Plasmid purification

Plasmid was extracted from bacterial cells using PureYield™ Plasmid Miniprep System
(Promega). The 5ml broth culture was centrifuged at 14,000g for 5 minutes to pellet the
bacterial cells. The supernatant was poured off and the cells were resuspended in 600ul of
Tris EDTA (TE) buffer (pH=8.0) and transferred into a 2ml round bottom Eppendorf tube.
Hundred microlitres of cell lysis buffer was added and thoroughly mixed. Subsequently,
350ul of neutralization solution (at 4°C) was added and mixed by pipetting until the mixture
was completely neutralized. Cell debris was separated from the solution by centrifugation at
14,000g for 3 minutes. The supernatant was carefully transferred into a PureYield™
minicolumn on a collection tube. The column was centrifuged at 14,0009 for 30 seconds and
the flowthrough was discarded. The column was then washed with 200ul of endotoxin

removal buffer and 400ul of column wash solution sequentially. Plasmid was eluted into a
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1.5ml Eppendorf tube with 60ul of 1X TE buffer (pH=8.0). Plasmid purity and quantity were
determined with a nanodrop (Thermofisher Scientific) and stored at —20°C until ready for

use.

3.8 Cell cultures

MDA-MB468 cell line was cultured in DMEM (Dulbecco's Modified Eagle Medium —
United States) supplemented with 10% foetal bovine serum and penicillin/streptomycin
antibiotics in a T 75 culture flask. All experiments were done when cells were at 60-80%
confluence. Before experiments, cells were trypsinized with 2ml of 1X trypsin-EDTA for 5
minutes at 37°C and 5% CO.. The reaction was stopped with 5ml of DMEM supplemented
with FBS and cells were transferred into a 15ml falcon tube for centrifugation. Cells were
centrifuged at 1000rpm for 5 mins to obtain cell pellets. Pellets were resuspended in 1ml of

media and then cells were counted before seeding the required cells for experiments.

3.8.1 RNA extraction from cell lines

RNA was extracted from MDA-MB-468 using Quick-RNA™ Miniprep plus Kit. Cells were
lysed in wells after media was removed post-transfection using 200ul of RNA lysis buffer per
well for 5 minutes. The lysate was transferred into a Spin-Away™ Filter! (yellow) in a
collection tube and centrifuged at 14,000g for 1 minute to remove the majority of genomic
DNA which bound to the column. An equal volume of absolute ethanol was added to the
flowthrough and mixed, then transferred to a Zymo-Spin™ IHICG Column! (green) in a
collection tube and centrifuged. The column was washed and treated with DNasel for 15
minutes to further remove genomic DNA. Subsequently, 400ul of RNA Prep Buffer was
added to the column and centrifuged at 14,000g for 30 seconds. The column was washed

twice using 700ul and 400ul of RNA Wash Buffer in succession. The RNA was then eluted
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in 60ul of 1X TE Buffer (pH=8.0) and stored at -80°C until ready for use. The purity and
quantity of RNA were measured using a nanodrop spectrophotometer after extraction and

prior to use in subsequent experiments. (Thermofisher Scientific).

3.9 Transfection of cell lines

MDA-MB4-68 cell line was transfected with pCMV-MIR4725 plasmid in increasing
concentration of plasmid DNA in a 12-well plate (0.5ug, 1pg and 1.5ug per well) with
Polyfect transfection reagent (Qiagen, Germany) using optimized manufacturer’s protocol.
Approximately 300,000 cells were seeded in each well of a 12-well plate in 1ml of DMEM
supplemented with 1% penicillin/streptomycin and 10% foetal bovine serum a day before
transfection. On the day of transfection, media was pipetted off and cells were rinsed with 1x
phosphate-buffered saline (PBS) and 1ml of fresh media was added. The transfection mix
contained specific concentration of plasmid DNA (0.5ug, 19 and 1.5ug per well) to a final
volume of 20ul with incomplete DMEM (free of antibiotics and FBS). Three microlitres of
polyfect reagent was added to the mix, vortexed, spun down and incubated for 15 minutes at
room temperature. A 100ul of complete media was then added after incubation and the mix
was pipetted into each well. Cells were allowed to incubate for 48 hours at 37°C in 5% CO

after transfection before RNA extraction for expression analysis.

3.10 MiR-4725 expression analysis

Both mature miR-4725-5p (sequence; AGACCCUGCAGCCUUCCCACC) and miR-4725-3p
(sequence; UGGGGAAGGCGUCAGUGUCGGG) TagMan Assay were purchased from
Thermofisher Scientific as well as a small nuclear RNA U6 as endogenous control (RNUG).
Quantification using the TagMan assay involved a two-step reverse transcription quantitative

PCR (RT-gPCR) kit following the manufacturer's protocol with modifications.
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3.10.1 cDNA synthesis

cDNA was obtained through reverse transcription from 0.5ug of total RNA samples using
specific miR-4725-3p, 5p and RNUG6 stem-loop primers from the TagMan MicroRNA Assays
and reverse transcription reagents from the TagMan® MicroRNA Reverse Transcription Kit
(Thermofisher scientific). The stem-loop primer binds to the 3* end of the mature miRNA
giving the reverse transcriptase a starting material for the extension of the cDNA. Briefly, a
reaction mix containing 0.2ul RNase inhibitor, 0.3ul dNTPs, 1.5ul of RT buffer, 2ul of stem-
loop primer, 2ul of multi-scribe reverse transcriptase, 0.5ug of total RNA and nuclease-free
water to a 15ul final volume in a PCR tube. Tube was placed in a thermocycler with

conditions set as seen in Table 3.3.

Table 3.3 Reverse transcription reaction condition

Step Temperature (°C) Times (min)
1 16 30

2 43 30

3 85 3

4 4 hold

3.10.2 gPCR

cDNA product from the reaction described in 3.10.1 was used as a template in addition to
TagMan MicroRNA Assays (containing a primer-probe of miR-4725-3p, 5p and RNUS6),
TagMan™ Universal Master Mix H, with no UNG used in quantification of the miRNA
expression. The assay consists of a probe which has miRNA-specific primers, a 5’ reporter
FAM dye and a 3’ non-fluorescent quencher which inhibits the fluorescence of the dye. The

quencher is cleaved by the polymerase before the extension, after specific binding of the
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primers and allowing the FAM dye to emit a fluorescence which is detected. Briefly, the
reaction mix consisted of 10ul of master mix, 1ul of the primer-probe, 8.5ul of nuclease-free
water and 0.5ul of cDNA template. The PCR was run using the conditions in Table 3.4
below.

The comparative AACt method was used to determine the fold change expression after the
appropriate threshold was set and samples normalized with snRNA U6 assay as an

endogenous control in each sample.

Table 3.4 Quantitative PCR reaction conditions

Step Temperature (°C) Time Cycles
Enzyme activation 95 10 min

Denaturation 95 15 sec 40
Annealing/Extension 60 60 sec (read) 40

3.11 In silico prediction of miR-4725-5p targets and gene ontology
The isomir miR-4725-5p Is the mature miRNA that is expressed and its putative targets were
determined using various online tools. First, the gene expression profile in TNBC of samples

in The Cancer Genome Atlas (TCGA) was accessed using the University of Alabama at

Birmingham Cancer (UALCAN) database analysis portal (https://ualcan.path.uab.edu/)
(Chandrashekar et al, 2022). The top 250 significantly upregulated genes were obtained.
Subsequently, the predicted targets of miR-4725-5p were also obtained from TargetScan

database version 8.0 (hitps://www.targetscan.org/vert 80/). The putative targets were

determined by finding the intersection between the two gene setlist. Gene ontology and

Reactome was determined using Metascape v3.5.20230101 (https://metascape.org) and

graphs plotted with SRplot software (https://www.bioinformatics.com.cn/en).
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3.12 Target gene expression

The expression of miR-4725-5p putative target genes determined using bioinformatics, as
well as selected genes involved in endothelial-mesenchymal transmission (EMT),
angiogenesis and apoptosis were evaluated using a Luna® Universal One-Step RT-gPCR Kit
using specific primers designed for each gene (Table 3.5). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) expression was used as an endogenous control for the
normalization of gene expression in samples. RT-qPCR was performed following the
manufacturer’s instructions. Briefly, a final reaction mix containing 0.5ug of total RNA, 10ul
of Luna Universal One-Step Reaction Mix (2X), 1ul of Luna WarmStart RT Enzyme Mix
(20X), 0.8ul each of both forward and reverse primers and nuclease-free water to make up a
20pl final volume in a 96 well optical plate. RT-qgPCR was run using cycling conditions in
Table 3.5 on a QuantStudio 5 thermocycler (Thermofisher Scientific). CT values were
retrieved and the comparative AACT was used to calculate the fold change of expression

using RNA from untransfected MDA-MB468 cell line as normal control.

Table 3.5 Reverse transcription gPCR run conditions

Step Temperature (°C) Time cycles
Reverse transcription 55 15 min 1
Initial denaturation 95 1 min 1
Denaturation 95 15 sec 40
Annealing Dependent on the primer sequence 15 sec

Extension 60 1 min (Read)
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Table 3. 6 Primer sequences for gene expression analysis

Gene Name Forward 5'>3" Reverse 5'>3"
Putative Gene Targets
ANLN TCGAAGATGGTGTGTTCTTTCT TTCTCTGTTGGCTGGTTCTATC
MKi67 GACCTCAAACTGGCTCCTAATC GCTGCCAGATAGAGTCAGAAAG
ASFIB CCATGGTTGGAAGATGGTATCAG TCCTAGCAGAGGACAGGTTAAG
KIF2C TTCAGTGGAATGGGCAGAAG CCTTCGGATGTAAGGGAAGAAG
NUSAP1 GCAGTCTTCTGCTAGCCAAT GGCCTTTCTATCCCAGCTTAC
Other genes
VEGF CAGGACATTGCTGTGCTTT CTCAGAAGCAGGTGAGAGTAAG
WISP1 ACTCATTAAGGCAGGGAAGAAG CCACAGTACTTGGGTTGATAGG
C-MYC AAGCTGAGGCACACAAAGA GCTTGGACAGGTTAGGAGTAAA
SNAIL1 CCACGAGGTGTGACTAACTATG ACCAAACAGGAGGCTGAAATA
TWIST1 AGGCATCACTATGGACTTTCTC GGCCAGTTTGATCCCAGTAT

Anillin (ANLN), Marker of proliferation Ki67 (MKIi67), Anti-silencing function 1 B
(ASFIB), Kinesin family member 2C (KIF2C), Nucleolar and spindle-associated protein 1
(NUSAP1), Vascular endothelial growth factor A (VEGFA), WNT-induced signalling
protein 1 (WISP1),

3.13 Alamar blue assay

Alamar Blue is a cell viability assay reagent containing resazurin, a cell-permeable, non-
toxic, and faintly fluorescent blue indicator dye. Resazurin is a redox (oxidation-reduction)
indicator that changes colour in response to cellular metabolic reduction. The reduced form,
resorufin, is pink and strongly fluorescent, with the intensity of fluorescence proportional to
the amount of respiring live cells. Alamar Blue is a direct biomarker of cell health, detecting

the quantity of oxidation during respiration and quantifying cell viability and cytotoxicity.

Three hundred thousand (300,000) cells of MDA-MB468 were seeded in a 12-well plate in
500ul of DMEM (supplemented with 1% penstrep and 10% FBS) and incubated at 37°C and
5% CO. overnight. Cells were then transfected with increasing concentrations of pPCMV-mir-

4725 (0.5, 1.0 and 1.5 pg) and 0.5 pg of control plasmid. The transfected cells were
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incubated for 24 hours at 37°C. After the 24-hour lapsed, the media was changed and 50ul of
5mg/ml of Alamar blue reagent was added and incubated for 5 hours. The supernatant was
pipetted into a 96-well plate and the fluorescence was read at 590nm emission

(excitation=545nm).

3. 14 Statistical analyses

All data generated from this study were captured and calculated using Microsoft Excel.
Graph Pad Prism 8.4.3 Software was used for further data analysis. Categorial data were
represented with graphs and pie chart. Differential gene expression (fold change) data was
calculated using the AACT method and represented as bar graphs. Significant differences
between differential gene expressions were determined using ANOVA and compared relative

to the control. The significant level was set at 5% (p-value < 0.05) for all statistical analyses.
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CHAPTER FOUR
4.0 RESULTS
4.1 Genotype of SNP rs73991220 in selected breast cancer samples.
Forty-eight (48) breast cancer samples (24 tumour and 24 normal-adjacent) were screened for
the 50A>G mutation (rs73991220) in the miR-4725 gene. Four out of the 24 samples (17%)
were TNBC (Figure 4.1), 12 (50%) were non-TNBC and 8 (33%) had no
immunohistochemistry data (Figure 4.1). Two out of 24 (8%) of the tumour samples were
found to have a heterozygous (AG) genotype (Figure 4.2). These 2 samples were TNBC.
Samples and account for 50% of the TNBC samples. All the normal-adjacent samples had a

homozygous (AA) genotype.

A N =0.004
BNec p=0.
Bnon-TNBC 922
Bno IHC =

8%

. 1 |
Genotype
Figure 4.1 Screening the SNP rs73991220 in a breast tissue sample (24 tumour and 24

normal-adjacent): (A) Classification of the tumour sample. (B) Allele frequency distribution.
TNBC-triple-negative breast cancer, IHC- immunohistochemistry
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Figure 4.2 Representative gel of Restriction digest product. A single band at 140bp indicates
a homozygous Wild Type (AA) genotype. A double band at 280bp and 140bp represents a
heterozygous (AG) genotype.

4.2 G mutant allele confers higher stability to miR-4725 secondary folding structure
The secondary structure of the primary (pri) miR-4725 as well as the minimum free energy
(MFE) of the wild type (A) and mutant (G) gene was determined using the RNAfold

webserver (http://rna.tbi.univie.ac.at/). The SNP rs73991220 (G mutant) did not show any

effect on the secondary structure of the pri-miR-4725. However, the A>G mutation reduced
the entropy at its position (50) within the RNA and the base pairs within its vicinity in the
RNA sequence resulting in a lower total minimum free energy (MFE) (-47.24kcal/mol) of the
mutant compared to the wild type (-44.85kcal/mol). A lower MFE indicates a more

thermodynamically stable structure of the RNA molecule. Thus, the in-silico analysis
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suggests that the G mutant confers higher stability to the miR-4725 secondary folding

structure (Figure 4.3).

o B_ =
[ E 2
ﬁﬂiJL*MMM EJMJ&LM

T : - i . T » e

Pemitian Posman
A allele MFE = =44 85 kcal/mol. 3 allele MFE ==47.24 kecal/'maol
D
ﬁl 1 e vk '{. ¥ -"'i

_____
e .

Figure 4. 3 G mutant allele confers higher stability to miR-4725 secondary structure. (A)
And (B) show the entropy within the sequences of the pri-miR-4724. (C) and (D) are
predicted folded structures of the pri-miR-4725. MFE- minimum free energy

Furthermore, the expression miR-4725-5p was quantified and compared between TNBC
tumour samples with the heterozygous genotype AG (n=2), and homozygous wild type AA
(n=2). Expression in the homozygous wild type sample was observed to be reduced
compared to the heterozygous sample (mean Fold change of 0.02 vs 0.06). However, the

observed difference was not statistically significant (p=0.5029) (Figure 4.4).
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Figure 4.4 Expression of miR-4725-5p in 2 TNBC tumour sample with homogenous (AA)
and the 2 TNBC heterogonous (AG) genotypes.

4.5 MiR4725 expression in breast cancer

Expression of miR-4725 was determined from RNA sequence data of TCGA invasive breast
carcinoma patients’ using UALCAN analysis software. There were 749 primary invasive
breast carcinoma samples and 76 normal breast samples. Expression data showed miR-4725
has general low reads per million (RPM) (upper limit of 3.6RPM). However, expression was

relatively higher in tumour samples compared to normal (figure 4.5).

Normal Primary tumor
(n-76) (n=749)

TCCGA samples

Figure 4.5 mir-4724-5p Expression in TCGA samples. Jitter plot of miR-4725 expression in
the primary tumour of invasive breast carcinoma and normal samples from TCGA database.
RPM-reads per million, TCGA- The Cancer Genome Atlas

4.3 MiR-4725-5p putative targets

MiR-4725 is downregulated in TNBC breast tumours and more so in the normal breast
tissues (appendix), hence, significantly upregulated genes in TNBC were determined using
UALCAN online analysis software (figure 4.6). Additionally, the target list consisting of

3479 possible genes with the potential complementary sequence for the mature miRNA
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(miR-4725-5p) was obtained from TargetScan. A Venn diagram was used to depict the

distribution of the potential targets of miR-4725-5p in TNBC. A total of 36 genes were

obtained as potential targets (figure 4.7).
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Figure 4.6 Heatmap of differentially upregulated genes in TNBC from TCGA expression

database generated using UALCAN online analysis software. 250 significantly upregulated
gene were identified.

TNBCupreg gene
Target Scan B

42



Figure 4.7 Predicted miR-4725-5p targets in TNBC. Venn diagram indicates the intersection
of genes between significantly upregulated genes in TNBC and TargetScan gene list of miR-

4725-5p Targets

4.4 Gene ontology of target genes

The gene ontology, as well as Reactome pathway analysis of the 36 potential targets of miR-
4725-5p, was done using Metascape online software and the graphs were generated using the
SRplot online tool. Generally, the 36 genes were found to be involved in mitotic processes
and regulation (figure 4.8). Highly enriched genes such as kinesin family member 2 C
(KIF2C) also known as mitotic-centromere associated kinesin (MCAK) and centromere
protein A (CENPA) were observed to be involved in many Reactome pathways including
amplification of signal form kinetochore, mitotic prometaphase and sister chromatid

segregation (figure 4.9).

Enrichment score

Biological process Cellular component Molecular ﬁmctiqﬁ
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Figure 4.8 Gene ontology of the 36 identified Targets of miR-4725-5p. The putative target
genes are enriched in biological processes encompassing chromosomal movement and
packing and cytokinesis.
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Figure 4.9 Reactome pathway of 36 identified genes from enrichment analysis. Significantly
enrich gene (red) are involved in mitotic prometaphase and highly enriched gene in

kinetochore signalling.

4.6 Baseline expression of miR-4725-5p in MDA-MB468 and MDA-MB231 cell lines.

The baseline expression of mir-4725-5p was determined within two triple-negative breast
cancer cell lines MDA-MB468 and MDA-MB231. MIiR-4725 expression was significantly
low with the fold change of 0.00164 and 0.000185 in MDA-MB-468 and MDA-MB-231

respectively (figure 4.10).
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Figure 4.10 MiR-4725-5p expression in TNBC cell lines. Mature miR-4724-5p expression in
MDA-MB231 and MDA-MB468 determined through RT-gPCR

With the observed low endogenous expression of miR-4725 in MDA-MB 468 cell lines, the
cells were transfected with varying concentrations of pPCMV-miR-4725 (CAT#: SC401868)
plasmid which expresses the mature miR-4725-5p. Transfection was validated with the
quantification of the mature miR-4725-5p expression. The result showed a significant
increase in the relative fold change (RFC) of the miR-4725-5p (to the increasing plasmid

DNA (pDNA) concentration (0.5ug, 1.0ug and 1.5ug) in MDA-MB-468 cells (figure 4.11).
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Figure 4.11 MiR-4725-5p expression validation. Increasing levels of miR-4725-5p
expression after transfecting with increasing plasmid concentration ns- no significance, *-
p<0.05, **-p<0.01.***- p<0.001, ****- p<0.0001

4.7 MiR-4725-5p putative target gene expression analysis

Five putative target genes were selected for use in this study based on a preliminary analysis
done using gene expression data from 37 TNBC patients of African descent. Expression
levels of the 5 putative targets (ANLN- anillin, MKi67- marker of proliferation ki67, ASF1B-
anti-silencing function 1B chaperone protein, NUSAP1- nucleolar and spindle associated
protein 1 and KIF2C- kinesin family member 2C) was determined after transfection of MDA-
MB468 cell lines with miR-4725-5p expression plasmid. KIF2C expression was significantly
reduced in response to the increased expression of the miR-4725-5p (RFC= 0.323, 0.157,
0.128 for 0.5 pg, 1.0 pg and 1.5ug of pDNA). NUSAP1 and ANLN showed a dose-dependent
decrease in expression, however, a significant reduction was observed in cells transfected
with the 1.5pg concentration of pDNA (RFC=0.733 and 0.310 respectively). A dose-
dependent increase in ASF1B expression was observed although it wasn’t statistically
significant. Likewise, MKi67 had no significant change in expression in the cells transfected

with 0.5 pg and 1.0 pg of pDNA but not in the 1.5 pg transfection (figure 4.12).
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Figure 4.12 Gene expression levels of Putative targets. NUSAP1-nucleolar and spindle
associated protein 1, ASF1B- ant-silencing function 1B chaperone protein, ANLN- anillin,
KIF2C-kinesin family member 2, MKi67- marker of proliferation Ki 67. ns- No significance,
*-p<0.05, **-p<0.01.***- p<0.001, ****- p<0.0001. KIF2C expression was most
significantly reduced in response to exogenous miR-4725-5p

4.8 Expression of KIF2C in breast cancer
The pattern of expression of KIF2C was determined in breast cancer and the subclasses of
breast cancer (Luminal, HER2-enriched and TNBC) using GEPIA online tool

(https://gepia.cancer-pku.cn/) and UALCAN online analysis software

(https://ualcan.path.uab.edu/). KIF2C was observed to be generally significantly upregulated

in breast tumours than in normal breast tissues. Within the molecular subclasses of breast
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cancer, TNBC had a higher expression of KIF2C than in HER2-enriched and luminal

subtypes (figure 4.13).
A B
o r w* 1259
M (Tumour
e M Normal 100 - —
. !
w 2
E 75
* 4
£
” 3 507 1
o = T
- — _
— I_\:_ —r !
° 0 i

Moemsal Lusrmarsal HERZ parsinive Triple megative
BRCA in=114) =556 =37 =116
ramd Ti= 1085, numii =291 )

Figure 4.13 Differential expressions of KIF2C in Breast cancer subtypes. in normal and
breast tumour samples from TCGA breast cancer samples. Data generated with GEPIA
online software (A) and UALCAN (B). KIF2C is highly expressed in TNBC subtype than in
other subtypes of breast cancer.

4.8 miR-4725-5p effect on cancer hallmarks
The expression of some genes known to play significant roles in breast cancer progressions
such as proliferation, metastasis, endothelial-mesenchymal transition (EMT) and

vascularization was determined in transfected cells.

Alamar blue assay was used to determine the viability of the cells after transfection. There
were no significant changes observed between cell only, and transfected cells (control and
increasing concentration of pDNA). Two gene markers ¢-MYC and TP53 were used to assess
proliferation and apoptosis, respectively. The expression of c-MYC was observed to increase
with increasing pDNA. However, there were no significant changes observed with TP53

expression (Figure 4.14).
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Figure 4.14 MiR-4725-5p effects on proliferation and apoptosis in MDA-MB468 cell line.
(A) And (B) are c-MYC and TP53 gene expression respectively. C is an Alamar blue assay.
Expression of c-MYC was significantly increased with increasing concentration of plasmid
DNA whereas TP53 expression as well as the cell viability (Alamar blue assay) was not
affected by the increasing concentration of plasmid DNA. ns- no significance, *-p<0.05, **-
p<0.01.***- p<0.001, ****- p<0.0001. RCF; relative fold change. RFU: relative fluorescent
units

Expression of markers of endothelial-mesenchymal transition/metastasis and angiogenesis
were also determined in the transfected MDA-MB468 cells. WNT-induced signalling
pathway protein 1 (WISP1) and SNAI1 also known as SNAIL were also observed to be
significantly upregulated. Vascular endothelial growth factor (VEGFA), a marker of

angiogenesis showed significant upregulation (Figure 4.15).
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Figure 4.15 MIiR-4725-5p promotes endothelial-mesenchymal transition (EMT) and
angiogenesis. WISP1, SNAIL and VEGF which are tumour promoting markers are
upregulated in responses to exogenous miR-4725-5p ns- no significance, *-p<0.05, **-
p<0.01.***- p<0.001, ****- p<0.0001. RCF; relative fold change. RFU: relative fluorescent
units
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CHAPTER FIVE
5.0 DISCUSSION AND CONCLUSION

5.1 Discussion

TNBC is a highly aggressive form of breast cancer with complex and heterogeneous
molecular characteristics. Unlike other breast cancer subtypes, TNBC expresses none of the
characteristic hormonal receptors, estrogen receptor (ER), progesterone receptor (PR), or
human epidermal growth factor 2 receptor (HER?2); thus, therapies targeting these hormone
receptors are unsuitable. Recently, Sacituzumab govitecan-hziy, a targeted chemotherapy
which targets TROP-2-expressing cancer cells, has been approved for use in TNBC treatment
(Hasanzad et al., 2023; So et al., 2022). However, due to its complex molecular
characteristics and interindividual variations, the potential of Sacituzumab govitecan-hziy
may soon face challenges and drug resistance may develop. The need for highly efficient
therapeutic targets to manage the disease has led to an increased interest in miRNAs, which
have been found to significantly contribute to tumorigenesis and cancer progression.
Generally, miRNAs are involved in post-transcriptional gene regulation. However,
dysregulation of miRNAs leads to tumour development and progression. Dysregulation of
miRNAs has been associated with various factors, including SNPs within miRNA genes and
genes involved in their biosynthesis. This can result in altered expression of miRNAs (Arun

etal., 2022; Hu et al., 2008).

In this study, the novel SNP rs73991220 (A/G) in mir4725 identified by Qian et al. (2016) to
be associated with the risk of estrogen receptor-negative breast cancer was found to affect the
stability of the mir-4725 secondary structure. Secondary structure stability has been shown to
affect miRNAs processing by Drosha complex and dicer downstream (Gebert et al., 2019; Ha

& Kim, 2014). More stable miRNA secondary structures affect further processing and, hence,
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decreased expression of mature miRNAs. The G mutant allele of mir-4725 was shown to
have lower entropy and MFE, and hence, a more stable secondary structure than the reference
A allele. Furthermore, a comparison of the expression of mir-4725 in TNBC tissue samples
with the heterozygous AG genotype and homozygous AA revealed a nonsignificant
difference in expression. It is worth mentioning however that the expression miR-4725-5p in
the tumour samples was observed to be generally reduced and hence a heterozygous genotype

may not have any significant influence in the expression of mature mir4725.

The 5p arm of miR-4725 was investigated in this study as expression analysis of breast
cancer showed that mir4725-5p is the isomiR expressed in the breast (Appendix 4). Gene
ontology of the thirty-six putative targets showed that miR-4725-5p could have a conserved
mitotic function, specifically involved in chromosomal movement and packaging. The
identified 36 targets including ANLN, MKI67, KIF2C, NUSAP1 and ASF1B have been
implicated in oncogenic roles in many cancers including TNBC (Gao et al., 2021; Han et al.,

2018; Maryam & Chin, 2021; Sun et al., 2020).

ANLN, MKI67, NUSAP1, KIF2C, and ASF1B are upregulated in TNBC and involved in
disease progression (Han et al., 2018; Jiang et al., 2021; Maryam & Chin, 2021; Sun et al.,
2020). The expression of these genes was determined in MDA-MB-468 cells 48 h post-
transfection with increasing concentrations of the miR-4725 expression plasmid. KIF2C was
found to be significantly downregulated with increasing concentrations of mir-4725 plasmid.
KIF2C or mitotic centromere-associated kinesin (MCAK) is important for mitosis in
eukaryotic cells. It encodes a kinesin-like protein that can depolymerize microtubules at the
plus-end, thereby promoting mitotic chromosome segregation. (Barr & Gergely, 2008).

KIF2C forms a complex with KIF18B to execute its function. However, this complex is
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negatively regulated by AURORA kinases by the phosphorylation of KIF2C (Tanenbaum et
al., 2011). It has also recently been shown to be a crucial component of DNA double-strand

break repair (Zhu et al., 2020).

In many cancers, including breast cancer, KIF2C is overexpressed (Appendix 5), and has
been shown to play various roles in tumour progression, including increased proliferation,
metastasis, maintenance of stemness, and drug resistance (Jiang et al., 2021) and
consequently, predicted to be a potential biomarker or therapeutic target. It was therefore
hypothesized that miR-4725-5p will reduce tumorigenesis following KIF2C downregulation.
In contrast, gene associated with tumorigenesis and cancer progression were observed to be
upregulated in the MDA-MB468 cell line following exogenous expression of miR-4725-5p.
Tumorigenic phenotypes such as metastasis, EMT, angiogenesis, proliferation, and apoptosis
were assessed using P53, MYC, WISP1, VEGF, and SNAIL The genes MYC, WISP1, VEGF,
and SNAIL were significantly upregulated in response to mir-4725-5p expression in MDA-
MB468 cells. These genes are upregulated in breast cancers and, therefore, in TNBC, where
they play tumour-promoting roles (Casciano et al., 2020; Ferrara, 2010; Liu et al., 2019;

Zhang et al., 2013).

c-MYC is a member of the MYC family of proto-oncogenes, which are important signalling
hubs for many cellular processes that maintain the growth, proliferation, and survival of
cancer cells. MYC is amplified in approximately 25% of breast cancers and occurs more
frequently in TNBC (~50%), and is associated with the risk of relapse, poor prognosis, and

death (Casciano et al., 2020).
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WISP1 belongs to the CCN growth factor family and plays an important role in
tumorigenesis and progression of a wide range of human malignancies. WISP proteins appear
to be important for cancer cell proliferation, apoptosis, invasion, and metastasis (Liu et al.,
2019). Upregulation of WISP1 in breast cancer promotes EMT and expression of N-cadherin,
Snail, and B-catenin, and represses E-cadherin (Chaing et al., 2015). In addition to these
processes, WISP1 has also been shown to suppress antitumor immunity via the

downregulation of interleukin 12 (IL-12) in breast cancer (Klinke, 2014).

SNAI1 or Snail is a conserved zinc finger transcription factor, which, together with
SNAI2/SLUG, forms a small family of EMT inducers during embryogenesis. SNAIL
maintains the stemness characteristics of TNBC cells and drives mesenchymal stem cell
differentiation, fuelling tumour invasion, metastasis, and chemoresistance (Tsirigoti et al.,

2022).

The upregulation of the angiogenic marker VEGFA in MDA-MB468 cells suggests the
potential of mir4725-5p to promote blood vessel formation for tumour progression. VEGFA
encodes ligands that are crucial for coordinating new blood vessel formation during

embryonic and postnatal development (Ferrara, 2010).

Together, these genes (MYC, WISP1, VEGF, and SNAIL) may be involved in interconnecting
pathways that lead to tumour progression. Although these genes on their own have specific
pathways through which they are activated, WNT signalling and mitogen-activated protein
kinase (MAPK) activation are pathways common to these genes. These two pathways are
chiefly implicated in cancer development and progression. These pathways are involved in

many cellular processes including the activation of the expression of transcription factors and
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genes that promoting cell growth, differentiation and proliferation. Aberrant regulation of
WNT and MAPK pathways results in development and progression of many cancers
including breast cancer (Shorning et al., 2020). It can therefore be inferred that miR-4725-5p
may be involved in these pathways by repressing the regulator gene(s) within these pathways,
leading to the upregulation of SNAIL, WISP1, VEGFA, and c-MYC, thus facilitating tumour

progression.

5.2 Conclusion

In conclusion, SNP rs73881220 is associated with TNBC and confers greater stability to the
secondary structure of mir4725, which may favour the expression of mature mir-4725-5p.
Furthermore, the downregulation of KIF2C by the overexpression of miR-4725-5p indicates
that KIF2C is a significant target of miR-4725-5p in MDA-MB468 cells. Overexpression of
miR-4725-5p resulted in the upregulation of SNAIL, WISP1, ¢-MYC, and VEGFA, which are
pro-tumour gene products involved in WNT and MAPK signalling pathways. Therefore,
miR-4725-5p may be an oncomir that contributes to cancer progression by upregulating
oncogenes including SNAIL, WISP1, VEGFA, and c-MYC. Although KIF2C, a tumour
promoting gene, is a significant target of miR-4725-5p in this study, its repression did not
influence the expression of other tumour promoting genes in the MDA-MB468 cell line. Thus,
the repression of KIF2C by miR-4725-5p may be independent of miR-4725-5p function as an

oncomir (figure 5.1).
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5.2.1 Graphical summary
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Figure 5.1 Possible interaction of miR-4725-5p in TNBC progression. miR-4725-5p may
promote tumour by repressing KIF2C or independent of KIF2C
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5.3 Limitations and recommendations

This study was unable to address the effect of the homozygous genotype of SNP rs73991220
(G) on miR-4725 expression. Moreover, only two tumours were identified as having the
heterozygous genotype; hence, comparative expression showed no significant differences.
Hence, a larger sample size should be investigated for the frequency of the SNP and to
determine the association of the SNP to the expression of miR-4725 within the tissue samples.
Additionally, an in vitro investigation of how the homozygous genotype of the SNP
rs73991220 affects the expression of miR-4725 should would be necessary to further validate

the effect of the SNP on mir4725 expression.

Only five of the 36 identified putative targets were investigated. However, a global
expression profile, when miR-4725-5p is stably expressed, should be investigated to
understand the mechanism of its gene regulation in TNBC and normal breast. A specific
focus on miR-4725-5p downregulation of KIF2C and other downstream effect should be
investigated to determine the possible mechanism involved in the tumour-promoting

phenotype observed in this study.
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APPENDICES

Appendix I: List of 36 putative target genes of miR-4725

Gene Ensembl Gene ID Description

MFAP2 ENSG00000117122 microfibril associated protein 2
KIF2C ENSG00000142945 kinesin family member 2C
MEX3A ENSG00000254726 mex-3 RNA binding family member A
SLAMF8 | ENSG00000158714 SLAM family member 8
CENPL ENSG00000120334 centromere protein L
LAD1 ENSG00000159166 ladinin 1
SDC1 ENSG00000115884 syndecan 1
CENPA ENSG00000115163 centromere protein A
QPCT ENSG00000115828 glutaminyl-peptide cyclotransferase
NCAPH ENSG00000121152 non-SMC condensin | complex subunit H
POCIA ENSG00000164087 POC1 centriolar protein A

minichromosome maintenance complex component
MCM2 ENSG00000073111 2
SMC4 ENSG00000113810 structural maintenance of chromosomes 4
LAMP3 ENSG00000078081 lysosomal associated membrane protein 3
LRRC15 | ENSG00000172061 leucine rich repeat containing 15

potassium two pore domain channel subfamily K
KCNK5 ENSG00000164626 member 5
ANLN ENSG00000011426 anillin actin binding protein

eukaryotic translation initiation factor 4E binding
EIFAEBP1 | ENSG00000187840 protein 1
RDH10 ENSG00000121039 retinol dehydrogenase 10
MELK ENSG00000165304 maternal embryonic leucine zipper kinase
MKI67 ENSG00000148773 marker of proliferation Ki-67
CHEK1 ENSG00000149554 checkpoint Kinase 1
NUSAP1 | ENSG00000137804 nucleolar and spindle associated protein 1
SBK1 ENSG00000188322 SH3 domain binding kinase 1
CENPN ENSG00000166451 centromere protein N
GINS2 ENSG00000131153 GINS complex subunit 2
FANCA ENSG00000187741 FA complementation group A
DBNDD1 | ENSG00000003249 dysbindin domain containing 1
LIMD2 ENSG00000136490 LIM domain containing 2
TK1 ENSG00000167900 thymidine kinase 1
SECTM1 | ENSG00000141574 secreted and transmembrane 1
FAMS83D | ENSG00000101447 family with sequence similarity 83 member D
CHAF1B | ENSG00000159259 chromatin assembly factor 1 subunit B
TMSB15B | ENSG00000158427 thymosin beta 15B
ASF1B ENSG00000105011 anti-silencing function 1B histone chaperone
TCF19 ENSG00000137310 transcription factor 19
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Appendix 2
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Figure 1: Network interactions between putative target genes. Most of the identified genes are
found in to interact with each other. Generated with cytoscape.

Apendix 3: Expression of 5 selected gene target in breast cancer
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Figure 2 : differential expression 5 putative targets gene in tumour and normal match
samples from TCGA database. All genes are upregulated in tumour but not in normal
matched samples. Generated with GEPIA.

Appendix 4: Expression of miR-4725 in tissue samples and cell lines
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Figure 3a: expression analysis of miR4725 isotypes in Ghanaian tumour and adjacent non-
neoplastic tissues (n=6).
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Figure 3b. Expression of miR-4725 in cell lines. Expression is generally low although
variable. (generated with DIANA Tools-miTED)
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Figure 3c: Expression of miR4725 in breast cancer subtypes. Luminal and TNBC subtypes
have a relatively lower mean expression. (Generated with UALCAN analysis software)
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Appendix 6 survival analysis of miR4725 expression in breast cancer

Effect of hsa-mir-4725 expression level on BRCA patient survival
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Figure 5a: Survival analysis of miR-4725 expression in breast cancer. High expression is
associated with low survival although not statistically significant.
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Figure 5b: Survival analysis of miR-4725 expression in breast cancer subtypes. High
expression is associated with low survival in TNBC although not statistically significant.
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