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ABSTRACT

GLOBAL MICRORNA GENE EXPRESSION PROFILES ANALYSIS
AND POSSIBLE ROLE OF MICRORNA-5P AND 3P PAIRS IN
HUMAN COLON CANCER CELLS

Soon Yuen Loon

Colon cancer is the second most prevalent cancer-related death in
Malaysia. Previous studies have revealed involvement of microRNA (miRNA)
in colon carcinogenesis. A miRNA precursor may generate alternative species
(derived from 5p or 3p of the precursor) targeting at different genes. In most
cases, only one species, either 5p or 3p-derived miRNA, remains while the
other is degraded. However, recent reports have demonstrated co-expression
of some functional miRNA-5p and -3p species contribute to disease
progression. To systematically identify differentially expressed miRNAs in
colon cancer cells, four colon cancer cell lines were subjected to global
miRNA gene expression profiling analysis, followed by bioinformatics and
statistical analysis. Selected miRNAs data were validated using real-time gRT-
PCR. Furthermore, putative targets of selected miRNAs and associated
biological functions correlating with respective pathways were predicted using
bioinformatics algorithms. In the analysis, 128 miRNAs (10.8%) were
revealed to be differentially expressed in colon cancer cells relative to normal
tissues. Among them, 92 miRNAs (71.9%) were up-regulated and 36 (28.1%)
were down-regulated, suggesting significant miRNA deregulation in colon

carcinogenesis. Hierarchical clustering analysis demonstrated separation of



normal from cancer cells. Nineteen miRNA-5p/-3p pairs (38 miRNAS) were
significantly co-expressed in colon cancer cells indicating the biological
significance of both species. The target genes of the nineteen miRNA-5p/-3p
pairs were found involved in specific cancer-related pathways: 42.1% are
epithelial-mesenchymal transition (EMT)-related, 42.1% are p53 signalling
pathway-related, 55.3% are angiogenesis-related and 71.1% are apoptosis-
related. To experimentally validate differential targeting by miRNA-5p/-3p
pair, let-7d-5p and -3p and their respective putative targets, IGF1R and KRAS,
which are both associated with colon cancer, were tested. To achieve miRNA
over-expression or knockdown, HCT-15 cells were transiently transfected
with let-7d-5p inhibitor or let-7d-3p mimic, respectively. Real-time qRT-PCR
and western blot quantification results supported differential targeting of the
two transcripts by let-7d-5p and -3p. In conclusion, a miRNA profile of colon
cancer cells was established which had led to the finding of frequent miRNA-
5p and -3p pairs co-expression in colon cancer cells. A co-expression miRNA
pair and their putative targets were experimentally confirmed suggesting the

miRNA pair could be functionally relevant to colon carcinogenesis.
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CHAPTER 1

INTRODUCTION

Colon cancer is a disease initiated from abnormal and uncontrolled cell
division and growth in colon, forming a growing mass of cancer cells.
According to global cancer statistic GLOBOCAN 2008, colon cancer is the
third most frequent cancer worldwide (Ferlay et al., 2010; Bray et al., 2013).
Approximately one million new cases are reported annually with an estimated
mortality of more than half a million death (Wu et al., 2011). In Malaysia,
colon cancer is emerging as the second most frequently diagnosed cancer and
the second leading cause of cancer mortality regardless of sex (Ariffin and
Saleha, 2011), with a prevalence which is even higher than the worldwide
statistics. The National Cancer Registry of Malaysia has reported that colon
cancer is slightly more common in males and in the Chinese ethnic group in
Malaysia (Ariffin and Saleha, 2011). National Cancer Institute of U.S. and the
National Cancer Society Malaysia have listed the risk factors that may
increase the chances of developing colon cancer include: ageing, polyps,
sedentary lifestyle, unhealthy eating habits, smoking, family history, inherited
genetic conditions (Familial adenomatous polyposis and Lynch syndrome) and

ulcerative or Crohn colitis.



The pathogenesis of colon cancer involves step-wise progression
starting from benign adenoma (polyps) which may take decades to develop
into invasive adenocarcinoma (Nguyen et al., 2009). Once the invasive stage is
reached, the malignant colon cancer cells rapidly spread, infiltrate and
colonise distant organs, such as the liver, to become a metastatic cancer
(Alberici, 2007; Nguyen et al., 2009; Wu et al., 2011). For this reason,
screening and early diagnosis of colon cancer are highly recommended to ease
the disease burden and to improve the survival rate (Geiger and Ricciardi,
2009; Al-Naggar and Bobryshev, 2013), highlighting the necessity of unique

and specific diagnostic cancer markers and screening tools.

In recent years, non-coding genomic sequences, including small
nucleolar RNA, small interfering RNA (siRNA) and miRNA have been
revealed to be involved in the carcinogenesis process (Galasso et al., 2010). Of
these noncoding RNAsS, a remarkable number of miRNAs have been shown to
exhibit differential expression in various cancer tissues, including colon cancer,
which alter cell proliferation, apoptosis and metastasis through interactions
with intracellular signalling networks (Galasso et al., 2010; Liu et al., 2011a;
Wu et al., 2011). Polymorphisms within miRNA binding sites in cancer-
related genes such as CD86 and INSR, are associated with higher risk for
colon cancer (Landi et al., 2008; Wu et al., 2011). Furthermore, miRNA
dysregulation or polymorphisms of miRNA target transcript are reported to
show correlation with patient survival or disease prognosis of several cancer

types, including colon cancer (Christensen et al., 2009; Wu et al., 2011;



Cascione et al., 2013). Further investigation into dysregulation of miRNA in
colon cancer, together with the development of RNA delivery technology,
potential novel mMIRNA screening tools and miRNA-based therapeutics are

anticipated.

In most cases, only one strand, either derived from the 5p or 3p arm, of
the RNA duplex is selected to enter and assemble with the RNA-induced
silencing complex (RISC), and is consequently expressed in abundance, while
the alternative strand, known as passenger strand or miRNA* strand, is
degraded (Alexiou et al., 2010; Guo and Lu, 2010; Yang et al., 2011). The
selection as to which strand is incorporated into RISC is influenced by the
difference in thermodynamic stabilities between the two ends of the
miRNA:miRNA* duplex (Ruby et al., 2007; Alexiou et al., 2010; Guo and Lu,
2010; Barrero et al., 2011). Functional miRNAs usually have less stable 5’
ends that preferentially leads to incorporation of the 5’ end into the RISC and,
this results in efficient mRNA targeting and degradation (Schuck et al., 2004;

Barrero et al., 2011).

However, recent reports have demonstrated abundant co-expression of
both miRNA strands, including the miRNA* strand, and both co-expressed
miRNAs are functional and contribute to disease progression, including colon
cancer (Jazdzewski et al., 2009; Guo and Lu, 2010; Jiang et al., 2010; Lin et

al., 2010; Jin et al.,, 2011; Almeida et al., 2012). In the case where the



MIRNA>* strand was reported as the abundant mature miRNA, miR-#-5p (from
5 arm) or miR-#-3p (from 3’ arm) was denoted. And the miRNA-5p and 3p
species have different sequences, they target different transcripts sets. Guo and
Lu (2010) have reported that well-conserved miRNA* strands in seed

sequences may contribute to network regulation in cellular processes.

Many research have demonstrated that cancer cells have differential
mIiRNA expression profiles relative to normal cells in various cancers,
highlighting the diagnostic and therapeutic potential of miRNAS in cancer
detection and treatment (Paranjape et al., 2009; Wu et al., 2013). Analyses of
miRNAs in mechanistic studies are crucial for a better understanding of colon
cancer pathogenesis of at early stages and for eventual identification of novel
biomarkers and therapeutic targets with fewer side effects for better prognosis.
Besides, miRNA expression profiles can correctly classify human cancers of
unknown primary origin as well as of poorly differentiated tumours (Lu et al.,
2005; Calin and Croce, 2006). Therefore, the elucidation of the molecular
mechanism of the pathogenesis of colon cancer enables us to understand
miRNA dysregulation and their cancer-related phenotypic functions in the
disease, and provides a better and earlier clinical diagnosis and prognosis

mean for colon cancer patients.

We hypothesise that both miRNA-5p and -3p are co-dysregulated in

colon cancer cells and miRNA dysregulation of 5p and 3p species are



associated with alterations of expression of miRNA targeted transcripts in

important cancer pathways in colon carcinogenesis. These epigenetic changes

and the affected gene expression changes in the cancer cells may help to

elucidate crucial steps in colon carcinogenesis.

1)

2)

3)

4)

5)

The objectives developed for this study were:-

To identify differentially expressed miRNAs in colon cancer cells
relative to normal cells by high-throughput miRNA real-time PCR
array

From the real-time PCR array results, to identify and focus on the
dysregulated miRNA-5p and -3p pairs in colon cancer cells

To analyse the expression pattern of the miRNA-5p and -3p pairs to
determine if they are co-up or co-down-regulated

To identify and map putative targets for selected dysregulated miRNAs
pairs by bioinformatics approaches

To validate putative targets of a cancer-related regulatory pathway of a
selected miRNA pair in colon cancer cells by miRNA transfection

assays



CHAPTER 2

LITERATURE REVIEW

2.1 Colon Cancer

Colon cancer, together with rectal cancer, is often jointly known as
colorectal cancer (CRC) or large bowel cancer. According to the global cancer
statistic GLOBOCAN 2008, colon cancer is the third most commonly
diagnosed cancer in men, the second most common in women (Ferlay et al.,
2010; Bray et al., 2013). As stated by “World Health Organization” (2012),
colon cancer has become the fourth leading cause of cancer death in both
genders worldwide. Colon cancer is often recurred in patients with advanced
stage of cancer as current available treatments are unable to fully eradicate the
cancer cells though colon cancer is generally well understood from a genetic
perspective (O'Brien et al., 2007). The recurrence of colon cancer and cancer
chemo-drug resistance could be partially due to another recently discovered
rare cell population in the tumour - colon cancer stem cells (Caruso et al.,
2012; Puglisi et al., 2013). This cell subpopulation is probably responsible for
tumour formation and maintenance due to their self-renewal and multi-lineage
differentiation properties (O'Brien et al., 2007; Ricci-Vitiani et al., 2007,
Seidel et al., 2010; Leng et al., 2013; Puglisi et al., 2013). The current
treatments such as chemotherapy and radiotherapy are likely having no effects

on active cancer stem cells. However, the mechanism on how the cancer stem



cells are being regulated remains unknown. Based on the understanding of
unique genetic properties of colon cancer stem cells, novel effective drugs
should be designed to target on these cells for a better prognosis to successful

treatment and cure (O'Brien et al., 2007).

Colon cancer cells may invade through the lymph vessels leading to
lymph node metastases, or through the blood stream which result in
widespread metastasis to distant organs within the abdominal cavity, such as
the liver and lung (National Cancer Institute of the USA, 2013). Nevertheless,
colon cancer is still one of the most potentially curable cancers amongst
gastrointestinal cancers if it is detected not later than stage 111 cancer (Magaji
et al.,, 2012), where it is not yet metastasised to distant sites. In general,
patients survive for 5 years or more after diagnosis with treatment at an early
stage. If the cancer does not recur within 5 years, the patient is considered

cured (Chen, 2012).

Hence, screening is important as a routine prevention step for adults
over the age of fifty. Besides, high-risk individuals require careful and routine
follow-up to confirm no abnormal cell growth such as polyps and nonpolypoid
lesions at the colon lining (Ackroyd and Hedberg, 1985). Screening
procedures such as tumour marker carcinoembryonic antigen (CEA) blood test,
faecal occult blood test (FOBT), sigmoidoscopy and colonoscopy are regularly

used to detect colon cancer (Desch et al., 1999; Ouyang et al., 2005) when the



patient presents with symptoms such as abdominal discomfort, fatigue, loss of
appetite, unexplained weight loss and changes in bowel movement: persistent
diarrhoea or constipation, rectal bleeding, mucus or blood detected in stool
(Neugut et al., 1993; Fijten et al., 1995; Minardi et al., 1998). However, the
screening procedure stated above may have a chance to overlook small polyps,
non-polypoid lesions and cancers. On the other hand, CEA is used in
determining prognosis rather than a diagnosis test for colon cancer. Moreover,
the CEA as a marker has low specificity as it is also elevated in breast and
lung cancers and in other non-cancerous diseases. Hence, insufficient and slow
development of improved early diagnosis and screening tools have resulted in
most cancers escaping early detection, delaying timely treatment and leading
to poor prognosis (Paranjape et al., 2009). Poor prognosis for patients with
metastatic colon cancer and side effects of chemotherapy lead to high

mortality rates in advanced-stage of this cancer.

Hereditary and environmental factors are important contributors to
colon cancer development. According to National Cancer Institute of the USA,
the risk of colon cancer increases with age, especially in individuals over age
of 50 (Haggar and Boushey, 2009). Besides, individuals with a personal or
family history of colon cancer or adenoma, polyps, nonpolypoid lesions and
inflammatory bowel disease are also at higher risk of emerging colon cancer
(Fernandez et al., 2004; Haggar and Boushey, 2009; Cummings and Cooper,
2011). The majority of colon cancer cases sporadically occur under the

influence of environmental factors such as unhealthy dietary and cigarette



smoking habits (Haggar and Boushey, 2009). However, distinguishable
genetic risk factors are not identified in most patients. Genetic variation such
as single nucleotide polymorphisms (SNPs) may increase the sensitivity of
cells towards environmental carcinogens (Aizat et al., 2013). Carcinogens
such as polycyclic aromatic hydrocarbons (PAHS), heterocyclic amines (HCA)
and N-nitrosamines that are present in cigarettes and processed food are
caused damaging to the colon, either through direct consumption or the
circulatory system, to induce DNA adducts in crypt cells and eventually cause
mutations in the colon (Aizat et al., 2013). Acting together with the effects of
environmental factors, environmentally sensitive genetic polymorphisms are
known to influence cancer susceptibility (Christensen et al., 2009; Aizat et al.,

2013).

Despite the multi-factorial aetiology of colon cancer, pathological
changes of colon are predominantly caused by either the activation of cancer-
associated protein-coding oncogenes and or the inactivation of tumour
suppressor genes, respectively (Wu et al., 2011). These abnormalities cause
alteration of expression of oncogenic or tumour suppressor proteins which in
turn, affect the carcinogenesis processes, such as proliferation, apoptosis,
metastasis, multidrug resistance and genetic and genomic stability
maintenance (Wu et al., 2011). Hence, understanding the genetic and
epigenetic alterations in different stages of progression of colon cancer
provide valuable insight into the mechanism of tumorigenesis especially in

metastatic colon cancer (Sarver et al., 2009; Kim et al., 2010).



2.1.1 Colon Cancer in Malaysia

Cancer statistics in Malaysia have been raised intensely in recent years.
A total of 18,219 new cases were diagnosed in 2007 involving 8,123 males
and 10,096 females (Ariffin and Saleha, 2011). Besides, cancer are likely
more predominant among the Chinese than in the Malay and Indian ethnic

groups (Ariffin and Saleha, 2011).

In Malaysia, colon cancer has now arisen to be the second most
frequently diagnosed cancer in men and the third most frequent in women with
most patients are above 50 years old (Ariffin and Saleha, 2011). Colon cancer
has emerged as the third most common cancer-related death in both genders
after lung and breast cancer, with a prevalence which is even higher than the

worldwide cancer statistics (Aslam et al., 2009; Ariffin and Saleha, 2011).

Early diagnosis through blood or stool screening tests and colonoscopy
is proven capable of significantly reducing mortality due to colon cancer and
the occurrence of metastasis. However, colon cancer screening is not yet
common in many countries (Ouyang et al., 2005). In Malaysia, screening
guidelines recommend a yearly screening for individuals at average risk by
using FOBT and colonoscopy (Yusoff et al., 2012). However, the acceptance
of colon cancer screening is much lower than the more established cervical

cancer screening probably due to anxiety towards invasive screening

10



approaches such as colonoscopy. Besides, Malaysian patients are mostly not
aware of colon cancer risk factors and the importance of colon cancer
screening (Yusoff et al., 2012). Therefore, the majority of colon cancers in
Malaysia were first diagnosed at the late advanced-stage (Yusoff et al., 2012).
Hence, colon cancer is chosen for this study in the hope to discover miRNA
biomarkers for early diagnosis and better prognosis of this disease. Notably,
the majority of previous studies have focused exclusively on either
dysregulation of miRNA or alteration of genes associated with cancer

phenotypes, but there is no attempt to conduct studies combining both aspects.

2.1.2 Colon Cancer Cell Lines

There are at least 44 reported cell lines derived from patients with
colorectal adenocarcinoma in the American Type Culture Collection (ATCC).
Among these cell lines, 23 are adherent type epithelial cells isolated from the
colon, and four cell lines: HCT-15, SK-CO-1, HT-29 and WiDr were selected
to serve as cell culture models for studying dysregulation of miRNA in colon
cancer with miRNA expression profiling analysis in this dissertation. HCT-15
and SK-CO-1 were selected from the highly metastatic colorectal
adenocarcinoma cell types; whereas HT-29 and WiDr were selected from the
colorectal adenocarcinoma cell types with unknown cancer staging. These four

cancer cell lines are widely used in various colon cancer-related researches.
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According to ATCC, HCT-15 and SK-CO-1 cell lines are derived from
male patients, and HT-29 and WiDr are cells derived from female patients; all
four of them are biosafety level 1 cancer cell lines. These colon cancer cells
grow as monolayer of clustered cells in appropriate culture media and adhered
to the plastic surface of the culture flask. Both HT-29 and SK-CO-1 cells are
positive for expression of oncogenes including c-myc, K-ras, H-ras, N-ras,
myb, sis and fos. Furthermore, HT-29 cells are positive for the expression of
secretory component of IgA, CEA and transforming growth factor beta
binding protein and they do express urokinase receptors but do not have
detectable plasminogen activator activity. WiDr cells express epidermal
growth factor receptor (EGFR), CEA, colon specific antigen-p (CSAp),
transforming growth factor beta (TGFB), TP53 and positive for
immunoperoxidase staining of keratin. HCT-15 cells are negative for CSAp

but expressed CEA and positive immunoperoxidase staining of keratin.

2.2 microRNA (miRNA)

miRNA is a class of highly conserved single-stranded non-coding
RNA molecules approximately 18 - 27 nucleotides (nt) in length (Lim et al.,
2005; Choo, 2011). Since the first discovery of miRNA gene in 1993 (Lee et
al., 1993), various studies have clearly shown their significant roles in post-
transcriptional gene regulation by binding to the 3’-untranslated region (3’-
UTR) of its target and further inducing targeted messenger RNA (mMRNA)

degradation or repressing protein translation (Lim et al., 2005; Guo et al., 2010;
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Dong et al., 2011; Lai et al., 2012). miRNA expression is in turn, regulated by
a number of general transcription factors, or proteins involved in
carcinogenesis, such as c-Myc and TP53 (Slaby et al., 2009; Volinia et al.,
2010; Ha, 2011; Yan et al., 2012). Thus, miRNAs are in the centre of a wide
network of expression of genes critical to many important biological processes

(Lu et al., 2008; Choo, 2011; Ha, 2011; Yan et al., 2012).

A single miRNA is revealed to regulate a few to hundreds of genes in
various regulatory pathways (Calin and Croce, 2006; He et al., 2010)
including cell cycle, cell death, MAPK signalling pathway, cancer progression
and others. Therefore, miRNA-based therapies will have an advantage of one
mIiRNA targeting the network of genes with minimal off-target side effects as
compared to siRNA therapy (Ovcharenko, 2007). This is because siRNAs are
pre-designed molecules that can target only single gene for disease treatment
and these chemically synthesised oligonucleotide sequences might cause
undesirable side effects to human body, while miRNAs are naturally

expressed RNA molecules in human cells (Ovcharenko, 2007).

2.2.1 miRNA Biogenesis and Functions

The miRNAs biogenesis pathway involves multiple steps of processing

of primary miRNA to mature miRNA species (Figure 2.1) (Winter et al.,

2009). Briefly, miRNAs are derived from an endogenously expressed
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transcript known as primary miRNAs. After the primary miRNA is cleaved by
Drosha into a shorter miRNA-containing hairpin in the nucleus, it is now
known as precursor miRNA, the precursor is further transported to the
cytoplasm through specialised export machinery by Ran-GTP and Exportin-5
(Lee et al., 2002; Yi et al., 2003; Zeng and Cullen, 2003; Lund et al., 2004;
Castanotto et al., 2009; Wang et al., 2011). The structure of the precursor
miRNA is then cleaved by Dicer to create a 18-27 nt length miRNA:miRNA*
duplex (Bartel, 2004; Castanotto et al., 2009; Tsutsumi et al., 2011). Upon
dissociation of the duplex by helicase, the strand with the least
thermodynamically stable 5’ end is incorporated into a large multiprotein
complex (Siomi and Siomi, 2009; Manavella et al., 2012), the RNA-induced
silencing complex (RISC), which assembles to target mRNA via Watson-
Crick base pairing between the guide strand and the complementary sequence
at the target mRNA 3’-UTR to initiate post-transcriptional repression (Siomi
and Siomi, 2009; Manavella et al., 2012). Target recognition is based on base
pairing between the miRNA seed region (normally base 2 - 8 at the 5’end of
miRNA) and its target. The degree of complementary sites between the guide
and target determined the post-transcriptional gene silencing mechanism to
take place (MacFarlane and Murphy, 2010). The target gene is silenced by
MRNA cleavage if the miRNA seed sequence is perfect or near-perfect base
pairing to the target (MacFarlane and Murphy, 2010). On the other hand, the
target gene is silenced by translational repression or mRNA destabilization if
the miRNA seed sequence is imperfectly base paired to the target transcript
(MacFarlane and Murphy, 2010). Theoretically, both strands derived from the

miRNA duplexes should be produced in equal concentration by Dicer

14



processing (Goedeke et al., 2013). However, accumulations of two miRNA
arms are predominantly asymmetric at steady state (Guo and Lu, 2010; Yang
et al., 2011). Hence, the most abundant strand of a processed precursor
mIiRNA in cells is known as the guide strand, while the less abundant strand is

known as the passenger strand or miRNA* (Guo and Lu, 2010).
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Figure 2.1: Biogenesis pathway of miRNA (Winter et al., 2009).
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To date, according to miRBase release 20 (www.miRBase.org), a
miRNA database, there are 1,872 miRNA precursors that have been reported
producing probably over 2,578 mature miRNA species due to alternative-
strand miRNA species generated by some precursors (Bartel, 2004; Siomi and
Siomi, 2009). Most of the miRNAs are shown to be tissue-specific and some
are cancer-specific. On the other hand, each miRNA may regulate a few to
hundreds of distinct genes (Lim et al., 2005; Lai et al., 2012). Hence, a
comprehensive analysis of involvement of miRNAs in dysregulated gene
repression in cancers is a highly complex affair (Kusenda et al., 2006; Lu et al.,
2008; Lundstrom, 2011; Sayed and Abdellatif, 2011; Cai et al., 2012). In
addition, due to the small size of miRNAs, the lack of extensive base-pairing
(approximately 6 - 8 bases in the seed sequence of a miRNA) between a
miRNA and the targeted mRNA to achieve gene repression has also
contributed to the complexity (Bartel, 2009). Although target prediction
software could be helpful, understanding of cell type-specific expression
patterns of miRNAs and their targeted genes are crucial in elucidating miRNA
functions and contributions to carcinogenesis (Romero-Cordoba et al., 2012).
Thus, screening a large pool of protein-coding genes involved in important
biological processes, such as apoptosis, cell cycle and signalling, could also
provide a more comprehensive picture of miRNA involvement in target genes

leading to carcinogenesis (Slaby et al., 2009; Romero-Cordoba et al., 2012).
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2.2.2 miRNA-5p and miRNA-3p: Guide and Passenger Strands

In most cases, the passenger strand, or the miRNA*(star) sequence is
expressed in low levels or is undetectable (Figure 2.2) (Guo and Lu, 2010).
Previous research has neglected the passenger miRNA strand due to its
insignificant expression level in cells and is assumed to be not functional.
However, recent researches have reported that some miRNA* sequences do
act as functional guide miRNAs with abundant level of expression and are
involved in various diseases, including cancers (Jazdzewski et al., 2009; Guo
and Lu, 2010; Jiang et al., 2010; Jin et al., 2011; Kuchenbauer et al., 2011,
Lopez and Alvarez-Salas, 2011; Almeida et al., 2012). In the case where the
miRNA* strands are reported as the abundant mature mIiRNA, the
nomenclature miR-#-5p (5p means 5 primer or 5° from left arm) or miR-#-3p
(3> from right arm) is denoted (Figure 2.2) (Guo and Lu, 2010). This is
because both strands from the miRNA duplex have similar thermodynamic
stability and energy at both termini of the miRNA duplex. Hence, there is no
thermodynamic basis for the mature selection of either miRNA duplex ends
(Mah et al., 2010). Both the mature sequences guide RISC to silence
respective target mRNAs through mRNA cleavage, translational repression or
MRNA degradation (Figure 2.2). Well-conserved miRNA* strands potentially
offer opportunities in the target gene regulatory network. Guo and Lu (2010)
reported about 80 species of human miRNA precursors that can yield the two
alternatives (miR-#-5p and miR-#-3p) of abundant mature miRNAs with

different seed sequences and target mRNASs, while most miRNA precursors
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only yield abundant mature miRNAs from the left or the right arm, and the

rare miRNA* sequences.
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Figure 2.2: Mature selection of miRNA-5p and -3p (Guo and Lu, 2010).
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MIiRNA* species have noticeable influence on vertebrate regulatory
networks, as reported in Yang et al. (2011), and should be taken into account
in studies of miIRNA functions and their contribution to disease states. The
microarray data provided transcriptome-wide evidence for the regulation of
seed-matched targets for both miR-#-5p and -3p species of several miRNAs
relevant to tumorigenesis, including miR-17, miR-34a, and miR-19 (Yang et

al., 2011).

On the other hand, Eichner et al. (2010) reported that miR-378*
expression is regulated by ERBB2 and induced a metabolic shift in breast
cancer cells, from an oxidative to a glycolytic bioenergetics pathway, which is
known as Warburg effect, a novel signature of cancer cell metabolism. miR-
378* performs this function by inhibiting the expression of two PGC-1p
partners, ERRy and GABPA, leading to a reduction in tricarboxylic acid cycle
(TCA cycle) gene expression and oxygen consumption as well as an increase
in lactate production and in cell proliferation. Besides that, miR-378*
expression was shown to be correlated with progression of human breast

cancer (Eichner et al., 2010).

Furthermore, Jazdzewski et al. (2009) reported that polymorphic
mature miRNAs from the passenger strand of pre-miR-146a (single nucleotide

polymorphism of G and C base: miR-146a*G and miR-146a*C) contribute to
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thyroid cancer. They also proposed that mature miRNAs from the passenger

strand may regulate many genetic processes (Jazdzewski et al., 2009).

There are growing evidences suggest that mature sequences derived
from both ends of the miRNA precursor may be biologically functional.
Therefore, in 2013, miRBase started to substitute the original nomenclature of
mature sequence miRNA and miRNA*(star), the guide strand and passenger
strand, with new nomenclature miR-#-5p and -3p for sequences derived from
the 5’ and 3’ end of the miRNA precursor (Kozomara and Griffiths-Jones,
2014), regardless of their expression levels in cells. Hence, the nomenclature
miRNA*(star) is still commonly used in miRNA research before the year of

2014.

In this study, the dysregulation of miRNAs derived from 5p and 3p and

their respective downstream target transcripts were focused.

2.3 mMiRNAs in Cancers

As a consequence of the vital gene regulatory roles of miRNAs in

numerous metabolic and cellular pathways controlling cell proliferation,

differentiation and survival, it is not surprising that alterations in the miRNA

expression contribute to the pathogenesis of various human diseases (Lu et al.,
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2008; Aslam et al., 2009; Jazdzewski et al., 2009; Ryan et al., 2010; Ha, 2011,
Lundstrom, 2011; Zhu et al.,, 2012). There are also increasing evidences
demonstrating a relationship of miRNAs to various types of cancers as
dysregulation of miRNA expression profiles has been revealed in most

tumours examined (Calin et al., 2002; Ha, 2011; Cai et al., 2012).

Yan et al. (2012) demonstrated that transcription factor (TF)-miRNA
feed-forward loops may be common drivers of the development of various
cancers. The regulation mechanisms between TF, miRNA and the common
target genes form the miRNA-mediated feed-forward loops (FFL). The
miRNA common target genes are also known as FFL target genes, as TF
regulates transcription of the miRNA and both TF and miRNA regulate a
similar set of targets (Yan et al., 2012). These FFL networks are recurrent and
govern many normal cell functions and are functional in the larger regulatory
network. For instance, the FFL consisting of c-Myc, the miR-17 cluster and
E2F1 modulates cellular proliferation in cancer (Yan et al., 2012). Thus,
altered regulatory network is able to be identified by combining the data sets
of miRNA, TF and target genes expressed in normal and cancer, hence,
understanding of the causes of cancer and discovery of novel drug targets are

possible.
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2.3.1 miRNAs as Tumour Suppressors or Oncogenes in Cancer

Lu et al. (2008) have reported that miRNAs often emerge as defined
miRNA groups for a particular state of pathology such as cancers. These
unique sets of miRNAs might be used for development of assays for diagnosis
and prognosis. In cancers, miRNAs could function as either or both as
oncogenes or tumour suppressor genes depending on the genes being regulated
(Zhang and Chen, 2009; Ha, 2011; Romero-Cordoba et al., 2012; Yan et al.,
2012). Besides, the enzyme factors or genes that are required for the
biogenesis of miRNAs have been associated with various cancers and might
themselves function as oncogenes and tumour suppressors (Esquela-Kerscher
and Slack, 2006). However, due to different miRNA expression patterns for
specific tissue and cancer differentiation states, it is difficult to classify them
as oncogenes or tumour suppressor genes (MacFarlane and Murphy, 2010). It
still remains unclear whether alterations of miRNAs are the direct or indirect

cause of the cancer.

Oncogenic miRNAs are frequently up-regulated in cancer to promote
cancer-related phenotypes and to sustain growth of cancer cells (Zhang et al.,
2007; Shenouda and Alahari, 2009). As shown in Table 2.1 (Garzon et al.,
2009), the miR-17-92 cluster and miR-21 are up-regulated in acute
myelogenous leukaemia, glioblastoma, colon cancer, stomach cancer and
breast cancer. These miRNAs are located particularly in the minimal regions

of amplification (Zhang et al., 2007; Shenouda and Alahari, 2009). Tumour
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suppressive miRNAs are often found to be down-regulated in cancer (Zhang et
al., 2007; Shenouda and Alahari, 2009). For example, members of the miR-29
family are down-regulated in lung cancer, chronic lymphocytic leukaemia
(CLL) and acute myelogenous leukaemia (AML) (Table 2.1). Members of the
miR-29 family are revealed to function as tumour suppressive miRNAs to
induce apoptosis and reduce tumorigenecity (Table 2.1). However, their
functions in repressing malignant transformation of normal cells are lost due
to genetic variations including genomic deletions, mutations, epigenetic
silencing and miRNA processing alterations (Garzon et al., 2009). These
miRNAs are often localised at the cancer-related genomic regions — the
minimal regions of loss of heterozygosity (LOH) (Zhang et al., 2007;

Shenouda and Alahari, 2009).
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Table 2.1: miRNA with experimental data supporting tumour suppressor

or oncogene function in cancer (Garzon et al., 2009)

mMiRNA Expression in Confirmed | Experimental data Function
patients targets
miR-15a Down-regulated in Bcl-2, Wt-1 | Induce apoptosis and Ts!
miR-16-1 cLL! decrease tumorigenicity
let-7 Down-regulated in RAS, c-myc, | Induce apoptosis TS
(a,-b,-c,-d) lung and breast cancer | HMGA?2
miR-29 Down-regulated in TCL-1, Induce apoptosis and TS
(a,-b,-c) CLL, AML(11g23), MCL1, decrease tumorigenicity
lung and breast DNMT3s
cancers, and
cholangiocarcinoma
miR-34a-b-c | Down-regulated in CDKA4, Induce apoptosis TS
pancreatic, colon, and | CDKG,
breast cancers cycling2,
E2F3
miR-155 Up-regulated in CLL, | c-maf Induce OoG*
DLBCL', FLT3-ITD!, lymphoproliferation,
AML, BL?, and lung pre-B lymphoma/
and breast cancers leukemia in mice
miR-17~92 | Up-regulated in E2F1, Bim, | Cooperates with c-myc | OG
cluster lymphomas and in PTEN to induce lymphoma in
breast, lung, colon, mice, transgenic miR-
stomach, and pancreas 17-92 develop
cancers lymphoproliferative
disorder
miR-21 Up-regulated in breast, | PTEN, Induce apoptosis and oG
colon, pancreas, lung, | PDCDA4, decreases
prostate, liver, and TPM1 tumorigenicity
stomach cancer;
AML(11923); CLL;
and glioblastoma
miR-372/ Up-regulated in LATS?2 Promote tumorigenesis | OG
miR-373 testicular tumours in cooperation with

RAS

Abbreviations: CLL, chronic lymphocytic leukemia; AML, acute myeloid leukemia; DLBCL, diffuse
large B cell lymphoma; FLT3-ITD, FMS-like tyrosine kinase 3 in tandem duplication mutations; BL,
Burkitt’s lymphoma; TS, tumour suppressor; OG, oncogene.
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2.3.2 miRNAs in Colon Cancer

A range of dysregulated miRNAs was previously identified to be
associated with CRC pathogenesis, progression and therapeutic responses
(Luo et al., 2011). The CRC pathway derived from KEGG Pathway Database
is shown in Figure 2.3. Colon cancer is arisen in a step-wise manner from the
colon epithelium to become benign adenoma (polyp or polypoid lesion),
predominantly due to accumulation of genetic variations or alterations of the
oncogenes and tumours suppressor genes (Wu et al., 2011). The polypoid
lesion is then progressively developed to invasive adenocarcinoma and later
on distant metastasis (Wu et al., 2011). According to KEGG pathway
database, there are two main mechanisms of genomic instability identified in
CRC tumorigenesis: chromosomal instability and microsatellite instability
pathways (Figure 2.3). Chromosomal instability arises from a series of
genetic alterations involving the activation of oncogenes such as B-catenin
and KRAS and also the inactivation of tumour suppressor genes such as APC,
DCC, SMAD2, SMAD4 and TP53 (Kanehisa and Goto, 2000; Kanehisa et al.,
2014). The second pathway, the microsatellite instability pathway, is a result
of inactivation of DNA repair genes MLH1, MSH2, MSH3 and MSH6 by
promoter hypermethylation and also secondary mutation of TGFBR2 and
BAX genes (Kanehisa and Goto, 2000; Kanehisa et al., 2014). Besides the
major chromosomal instability and microsatellite instability pathways, there
are a number of other pathways involved in tumorigenesis process of CRC,
including apoptosis, cell cycle, p53 signalling pathway, PI3K-Akt signalling

pathway and Wnt signalling pathway (Figure 2.3) .
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Figure 2.3: Colorectal cancer pathway. Adapted from KEGG pathway database (Kanehisa and Goto, 2000; Kanehisa et al., 2014).
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2.3.3 mIiRNA Associated with Cancer-related Phenotypes and

Pathways

Uncontrolled cell proliferation is commonly revealed in malignancy
(Wu et al, 2011). Activated Ras/Raf/mitogen activated protein kinase
extracellular signal-regulated kinase (MAPK-ERK) cascade is reported
promoting cell proliferation in colon cancer (Calcagno et al., 2008; Wu et al.,
2011). A number of miRNAs including let-7a (Akao et al., 2006), miR-143
(Chen et al., 2009) and miR-18a* (Tsang and Kwok, 2009), were reported to
be involved in inhibiting cell proliferation in colon cancer via targeting on
KRAS protein. miR-143 is regularly down-regulated in colon cancer and
significantly suppresses CRC cell growth through inhibition of KRAS
translation (Slaby et al., 2007; Ng et al., 2009; Akao et al., 2010). Apart from
KRAS, Wu et al. (2011) and others revealed that extracellular signal-regulated
kinase 5 (ERK5) and DNA methyltransferase 3A (DMNT3A) were direct
targets of miR-143 (Borralho et al., 2009; Ng et al., 2009). The tumour-
suppressive role of miR-143 in the epigenetic aberration of CRC provides a
potential development of miRNA-based targeted approaches for CRC therapy.
In contrast, the up-regulation of miR-200b by chemotherapeutic drug 5-
fluorouracil, represses the KRAS-inhibiting PTPN12, which in turn, indirectly
activated KRAS. This suggests that miR-200b-mediated KRAS activation
could serve as an auto-regulatory mechanism to neutralise the cytotoxic effects

of 5-fluorouracil (Rossi et al., 2007; Wu et al., 2011).
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The dysregulation of miRNA has been shown to involve in apoptosis
regulatory pathway by affecting anti-apoptotic Bcl-2 family members’
expressions in colon cancer (Wu et al., 2011). For example, the down-
regulation of miR-195 is shown to promote apoptosis in colon cancer cells

HT-29 and LoVo by targeting the Bcl-2 protein (Liu et al., 2010).

Furthermore, a few miRNAs have been shown to involve in the
regulation of colon cancer cells invasion and metastatic processes (Wu et al.,
2011). For example, miR-196a promotes the detachment, migration and
invasion of colon cancer cells by direct targeting the homeobox genes, a class
of transcription factors (Schimanski et al., 2009). On the other hand, the up-
regulation of miR-21 had been demonstrated to target tumour suppressor
programmed cell death protein 4 (PDCD4), which is frequently down-
regulated in solid tumours and is associated metastasis of colon cancer cells
(Yamamichi et al., 2009), whereas the up-regulation of miR-141 inhibits
mesenchymal-to-epithelial transition (MET) by targeting SIP1, an E-cadherin
transcriptional repressor (Hu et al., 2010; Wu et al., 2011). Other miRNAs
such as miR-26, miR-145 and miR-200c are also involved in the control of
invasiveness and metastasis in CRC (Burk et al., 2008; Arndt et al., 2009; Ma

etal., 2011; Wu et al., 2011).

Besides, miRNAs have been reported in regulating other cancer-related

phenotypes. For instance, miR-107 inhibits angiogenesis, the new blood vessel
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formation process, through suppressing hypoxia-inducible factor p (HIFp)-
mediated expression of vascular endothelial growth factor (VEGF)
(Yamakuchi et al., 2010; Wu et al., 2011). Furthermore, miRNA is found to be
involved directly in the genetic integrity maintenance. For example, miR-155
promotes mutation by targeting of three enzymes: MSH2, MSH6, MLH1,
which are involved in DNA repair (Haggar and Boushey, 2009; Valeri et al.,
2010; Wu et al., 2011). Apart from that, miR-200 family, which is activated by
ZEBL, inhibits stem cell-like properties in colon cancer cells via targeting on
SOX2 and KLF2 (Wellner et al., 2009). Besides, miR-21 and miR-181b-1
were revealed to associate inflammation to cancer, target phosphatase and
tensin homolog and CYLD, respectively, to enhance nuclear factor-kappa B
(NFxB) activity (lliopoulos et al., 2010). The transcriptional signatures of the
above-mentioned miRNAs could be detected mainly in primary colon cancer

tissues (lliopoulos et al., 2010; Wu et al., 2011).

2.4  Potential Applications of miRNA for Cancer Management in

Clinical Settings

miRNA expression profiles are better suited for cancer biomarkers
discovery as compared to the existing cancer biomarker CEA or cancer-
associated gene expression profiles. Previous studies showed that miRNAs are
better in classifying human cancers of unknown primary origin and poorly
differentiated tumours better than mRNA classifier (Lu et al., 2005).

Furthermore, most of the miRNAs are tissue-specific and some are cancer-
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specific (Calin and Croce, 2006), e.g. miR-143 and miR-145 are specifically
down-regulated in colon cancer (Michael et al., 2003; Pekow et al., 2012;

Takaoka et al., 2012).

miRNA profiling in sera and plasma samples can serve as a minimal
invasive approach to discover important new biomarkers for a wide range of
critical diseases and biological processes (Ha, 2011). Recent reports
demonstrated that miRNAs isolated from blood may suitable for early cancer
diagnosis markers. Wu et al. (2011) revealed that both normal and cancer cells
released miRNAs into peripheral blood and circulated in a highly-stable
complex, known as exosomes or microvesicles, which was protected from
RNase degradation (Hunter et al., 2008; Kosaka et al., 2010), and the miRNA
levels were reproducible among individuals (Grady and Tewari, 2010; Shen et
al., 2011; Wu et al., 2011; Weiland et al., 2012). Besides, plasma and serum
miRNAs were found to be stable and robust even after few cycles of freezing

and thawing (Ha, 2011).

Previous reports investigated the expression levels of 95 miRNAs in
plasma of CRC patients, and revealed that miR-17-3p and miR-92a were
significantly increased in plasma (Ng et al., 2009; Wu et al., 2011).
Surprisingly, the plasma levels of these two miRNAs were significantly
reduced following curative surgery to remove tumour tissues. Moreover, miR-

92a is able to differentiate CRC from gastric cancer, inflammatory bowel
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diseases (IBD) and healthy subjects. Another report shown that miR-92a and
miR-29a were able to differentiate healthy subjects from patients with CRC
and advanced adenomas, suggesting that these miRNAs could be useful for

early diagnosis and monitoring of CRC (Huang et al., 2010; Wu et al., 2011).

The combined application of miRNA-based gene therapy and
chemotherapy is possibly an effective or could be the best available approach
to tackle tumorigenesis processes (Li et al., 2009). Altering specific miRNA
levels in cancer cells using miRNA replacement or inhibitor technologies can
restore regular miRNA activities and repair the gene regulatory network and
signalling pathways, which in turn, reverse the cancerous phenotypes of cells
(Yu et al., 2013). A proposed scheme for the treatment of liver cancer with
combined chemotherapy and miRNA-based therapy is shown in Figure 2.4

(Lujambio and Lowe, 2012).
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Figure 2.4: A proposed scheme for the treatment of liver cancer with
combined chemotherapy and miRNA-based therapy (Lujambio and Lowe,
2012).

32



Briefly, liver tumour biopsies and patient blood serum were first
extracted and further subjected to miRNA expression profile by using miRNA
microarray analysis. miRNA diagnostic markers, as showed in Figure 2.4
(Lujambio and Lowe, 2012), miR-21 (oncogenic miRNA) and miR-26
(tumour suppressive miRNAs) were identified in the clinical specimens. The
identified oncogenic miRNAs in miRNA profiling of tumour and serum could
be inhibited by using different strategies, for example locked nucleic acid
constructs or specific miRNA inhibitor for miR-21. On the other hand, down-
regulation of tumour-suppressive miRNA in the tumour could be restored with
mIiRNA replacement or specific miRNA mimic for miR-26. After treatment,
the patient could be monitored for recurrence of cancer periodically by
investigating miRNA levels in circulating blood, which is a minimal invasive
approach, compared to tumour biopsies extraction. If miR-21 was detected in
blood serum during the monitoring screening, this indicates a potential relapse,
and treatment would resume. Therefore, early diagnosis for cancer is possible
by screening cancer with miRNA markers using a less invasive approach,

which then leads to a better prognosis and miRNA-based therapeutic strategies.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Cell Culture

Cell culture was performed in an Airstream Class Il Biological Safety
Cabinet (ESCO, Singapore) under aseptic conditions. A 37 °C cell culture
incubator (ESCO, Singapore) supplied with 5% CO, was used for
maintenance of colon cancer cells. An inverted phase contrast light
microscope (Nikon, Japan) was used to examine the colon cancer cells.
Disposable cell culture T-flask sizes of 25 cm? and 75 cm? with filter cap
(Thermo Fisher Scientific, USA), culture dishes and multiwell plates (TPP,
Switzerland), serological pipette sizes of 5 mL and 10 mL (Omnicell,
Singapore), and conical centrifuge tubes of 15 mL (Nest Biotechnology, China)
were used for cell culture work. Media bottles and pipette tips were sterilised

in an autoclave (HVE-50, Hirayama, Japan) before use in culture work.

3.1.1 Colon Cancer Cell Lines

In this work, four human colorectal adenocarcinoma cell lines, HCT-

15, HT-29, SK-CO-1 and WiDr, were used. HCT-15, SK-CO-1 and WiDr

cells were obtained from American Type Culture Collection (ATCC,
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Manassas, VA, USA). HT-29 cells were kindly provided by Associate
Professor Dr. Noorjahan Banu Mohamed Alitheen, Faculty of Biotechnology

and Biomolecular Sciences, Universiti Putra Malaysia.

3.1.2 Preparation of Culture Medium

Culture media were prepared according to the manufacturer’s
guidelines. Dulbecco's Modified Eagle Medium (DMEM) powder (GIBCO,
USA) was dissolved together with 3.7 g of sodium bicarbonate (Merck KGaA,
Germany) in 900 mL of ddH,O. The pH of the medium was adjusted to pH 7.2
and the volume was topped up to one litre. The medium was filter sterilised
with a 0.2 um cellulose acetate membrane filter unit (TPP, Switzerland) using
a vacuum pump system, stored in a media bottle and kept at 4 °C. Minimum
Essential Medium (MEM) (GIBCO, USA) was prepared using the same
procedure as for DMEM medium preparation, with further addition of 2.2 g
sodium bicarbonate. To make a complete culture medium, 10% (v/v) foetal
bovine serum (FBS) (GIBCO, USA), 2 mM L-glutamine, and 1% antibiotic-
antimycotic (100 units/mL penicillin, 100 ug/mL streptomycin, 0.25 pg/mL

fungizone, GIBCO, USA) were added to the filter-sterilised medium.
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3.1.3 Revival of Cells from Liquid Nitrogen Frozen Stock

A cryovial of frozen cells was removed from liquid nitrogen storage
and was rapidly thawed by gently swirling in a 37 °C water bath until few ice
crystals were observed. The vial was sterilised with 70% ethanol before the
cap was opened. The thawed cells were transferred drop-wise into 9 mL pre-
warmed complete culture medium and the cells were gently mixed.
Cryoprotectant agent dimethyl sulfoxide (DMSO) was removed by
centrifugation at 1,800 rpm for 5 min in a benchtop centrifuge. The cell pellet
was then gently resuspended in 1 mL of fresh pre-warmed complete medium
and the cell suspension was transferred into a 25 cm?® T-flask containing 5 mL
complete medium. The culture was maintained in a 37 °C cell culture

incubator supplied with 5% CO; under humidified atmosphere.

3.1.4 Maintenance of Cell Culture and Subculturing

HCT-15 and HT-29 cells were maintained in DMEM medium while
SK-CO-1 and WiDr cells were maintained in MEM medium. Culture medium
was replaced twice a week. For subculturing, spent culture medium was
discarded and the cells were washed twice with 1X PBS, pH 7.4 (MP
Biomedicals, USA) and the flask was gently rocked back and forth several
times and the wash solution was removed. One mL of pre-warmed 0.25%
trypsin-EDTA solution (GIBCO, USA) was added to the flask and placed at

37 °C for 3 min to facilitate cell detachment. One mL of serum-containing
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culture medium was added to the detached cells to inactivate trypsin. The cell
suspension was transferred to a 15 mL conical tube and was pelleted by
centrifugation at 1,800 rpm for 5 min. The cell pellet was resuspended in 1 mL
pre-warmed complete culture medium. Total cell number was counted using a
hemacytometer and 0.4% (w/v) trypan blue solution in PBS (MP Biomedicals,
USA). Cell concentration was determined by the formula as showed in the

next page.

Cell concentration

Cell number per mL = (the average counted cells) x (dilution factor) x (10%)

The cell suspension was then diluted and seeded at ratio of 1:3 to new flasks.

3.1.5 Cryopreservation of Cultured Cells

Cells were detached following the procedure used for subculturing.
Total cell number and cell viability were determined using a hemacytometer
and healthy cells with a viability rate > 90% were cryopreserved. Cells at a
density of 5 x 10° cells per mL were pelleted by centrifugation at 1,800 rpm
for 5 min. The pellet was gently resuspended in 1 mL cold freezing medium
containing 90% (v/v) FBS and 10% (v/v) DMSO. Aliquot of the cell
suspension was dispensed into cryovial (Corning, USA) and placed in a
styrofoam storage rack. The cells were first kept in a -20 °C freezer for 4 h
before being transferred to a -80 °C deep freezer overnight followed by

transferring to liquid nitrogen for long-term storage.
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3.2  RNA Preparation

3.2.1 RNA Isolation

Total RNA was isolated from colon cancer cells using the RNeasy Plus
Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s
guidelines. The RNA isolation procedures were carried out at room
temperature. Approximately 5 x 10° cells were trypsinised and cell pellet was
collected by centrifugation at 1,800 rpm for 5 min and the cells were lysed in
600 pL Buffer RLT Plus. The lysate was then transferred to a QIAshredder
spin column placed in a 2 mL collection tube (Qiagen, USA) and the lysate
was homogenised by centrifugation at full speed of 14,800 rpm for 2 min. The
homogenate was transferred to a gDNA Eliminator spin column and
subsequently genomic DNA in the lysate was removed by centrifugation at
12,000 rpm for 30 s. Then, 600 pL 70% ethanol was added to the flow-
through which was then mixed well by pipetting. The lysate was transferred to
an RNeasy spin column. The spin-column was spun down at 12,000 rpm for
30 s and the flow-through was discarded. The membrane of spin-column was
washed once with Buffer RW1 and twice with Buffer RPE by centrifugation at
12,000 rpm for 30 s and the flow-through was discarded. RNA was finally
eluted with 30 puL non-DEPC treated RNase-free water by centrifugation at

12,000 rpm for 1 min. RNA was stored at -80 °C for future use.
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3.2.2 RNA Quantification and Integrity Assessment

The concentration of isolated RNAs was determined by measuring
absorbance value at 260 nm (Azso) in a NanoPhotometer (Implen, Munich,
Germany). Purity of RNA was estimated by the ratio of the absorbance 260
nm and 280 nm readings (Azso/Azs0). Only RNAs with a purity achieving
Aol Aggo ratio of 1.8 — 2.1 were qualified for miRNA profiling analysis and
subsequent profiling data validation by real-time quantitative reverse

transcription PCR (PCR).

Integrity of the isolated RNA was also examined by agarose gel
electrophoresis. One pL isolated RNAs were mixed with 1 pL 6X gel loading
dye (Thermo Fisher Scientific, USA) and 4 uL H,O and were subjected to 1%
agarose gel electrophoresis at 80 V for 45 min using 1X TBE running buffer
(89 mM Tris base, 89 mM Boric acid, 2 mM EDTA, pH 8.0). The gel was
stained with 3X GelRed nucleic acid stain (Biotium, USA) and visualised by
exposure to 302-nm UV light under BioSpectrum Imaging System (UVP,
USA). RNAs with sharp bands of 28S and 18S ribosomal RNA (rRNA) with

an approximately 2:1 ratio were considered intact.
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3.3  Global miRNA Expression Profiling Analysis

3.3.1 miRNA Real-Time PCR Array Analysis

Good-quality RNA samples of the four colon cancer cell lines were
sent for global miRNA expression profiling service provided by WaferGen
Biosystems. Two commercially purchased RNA samples isolated from two
individual sources of non-cancerous colonic tissues (Origene, USA) were
included in the study as normal. RNA quality was confirmed again using
NanoDrop ND-1000 (Thermo Fisher Scientific, USA) and 2100 Bioanalyzer
(Agilent Technologies, CA, USA) by WaferGen. One pg total RNA was
analysed using the SmartChip Human MicroRNA Panel V2 (WaferGen
Biosystems, Fremont, CA, USA), a nanoscale miRNA real-time PCR array
containing 1,190 miRNA-specific reactions in quadruplicates for a total of
5,184 reactions per sample chip. miRNA was first ligated to a pre-adenylated
linker (3’ adapter) by RNA ligase 2 at 22 °C for 60 min. Subsequently, the
ligated RNA was subjected to one-step on-chip real-time PCR reaction at
52 °C for 5 min, 95 °C for 10 min, 95 °C for 1 min and 52 °C for 1 min,
followed by 39 amplification cycles of denaturation at 95 °C for 1 min and
annealing at 60 °C for 1 min to synthesise cDNA and to amplify target on the
SmartChip Cycler (WaferGen Biosystems, USA). Additional nineteen
endogenous and four exogenous controls were included for data quality

control in this analysis.
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3.3.2 Profiling Data Analyses

The raw data obtained from the miRNA profiling analysis were cycle
threshold (Ct) values. Cr is defined as the fractional number of PCR cycles
required for the fluorescent signal to cross the threshold of detection in real-
time PCR. In the SmartChip Human MicroRNA panel analysis, the cut-off
value for Ct was set at 30 as designated by the service provider. Data were
analysed using the comparative cycle threshold (AACT) method to obtain the
relative logy(fold change) of miRNAs, in which the Cr value of each sample
for each specific miRNA was normalised to that of the endogenous controls.
Then, the colon cancer cell samples were again normalised to those of the non-
cancerous colonic tissues to quantify the relative expression level of each

specific miRNA in colon cancer cells.

Further analysis was performed to extract relevant information from
the complex miRNA expression profiles in the colon cancer cell samples. The
Crt values obtained from the miRNA expression profiling analysis was first
analysed using the WaferGen in-house macro-enabled excel template. The Cr
values were further applied to SABiosciences miScript miRNA PCR Array
Data Analysis Web Portal (Qiagen, USA) for statistical analysis, scatter plot,
volcano plot and hierarchical clustering analysis. Differentially expressed
miRNAs that showed > 1.5 fold differences, whether they are up- or down-
regulated in colon cancer cells relative to the non-cancerous colonic tissues,

were identified for further validation.
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3.3.3 Nomenclature

Throughout this work, the miR-#-5p and -3p nomenclature as
recommended by miRBase was used to substitute the original mature sequence
miRNA and miRNA*(star) species (Kozomara and Griffiths-Jones, 2014). The
original miRNA names are still available in the database for cross referencing.
All miRNAs described in this work are human (hsa)-miRNA. For simplicity,
the hsa- prefix has been dropped from all miRNA designations in this

dissertation.

3.4 Primers for Real-Time PCR: miRNA and mRNA Quantification

For miRNA real-time PCR, mature sequences of selected miRNAS
were extracted from the miRBase database (www.miRBase.org) and
synthesised as specific forward primers to amplify the selected miRNAs. The
Universal gPCR Primer (Invitrogen, CA, USA) was used as reverse primer in

the miRNA assay.

For real-time PCR on mRNA quantification, primers for IGF1R (Lim
et al., 2011) and GAPDH (Zhang et al., 2011a) were checked using Basic
Local Alignment Search Tool (BLAST) and global alignment algorithm to
ensure the primer pair sequences are specific and do not match other

undesirable gene sequence published in the National Center for Biotechnology
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Information (NCBI) database in order to avoid amplification of non-specific

sequences in the assay. Primer pair for KRAS gene was designed using NCBI

Primer-BLAST (Ye et al., 2012). All primers were synthesised by 1st BASE

Oligos (Singapore) and are listed in Tables 3.1 and 3.2.

Table 3.1: Primers used in miRNA real-time PCR

miRNA Accession Forward primer sequence (5’ — 3”)
miR-20a-5p MIMATO0000075 TAAAGTGCTTATAGTGCAGGTAG
miR-20a-3p MIMAT0004493  ACTGCATTATGAGCACTTAAAG
miR-378a-5p MIMATO0000731  CTCCTGACTCCAGGTCCTGTGT
miR-378a-3p MIMAT0000732  ACTGGACTTGGAGTCAGAAGG
let-7d-5p MIMAT0000065 AGAGGTAGTAGGTTGCATAGTT
let-7d-3p MIMAT0004484  CTATACGACCTGCTGCCTTTCT
RNU6 X07425 CACCACGTTTATACGCCGGTG

Table 3.2: Primers used in real-time PCR for mRNA quantification

. Amplicon
Gene Accession Primer sequence (5’ — 3”) ]
size (bp)

F: TGAGGACTGGGGAGGGCTTTCTT
KRAS NM_004985 255

R: AGAAGGCATCATCAACACCCTGTCT

F: CAAGGCCTGAAAACTCCATC
IGF1R NM_000875 106

R: CGCTGATCCTCAACTTGTGA

F: GAAATCCCATCACCATCTTCCAGG
GAPDH NM_001256799 120

R: GAGCCCCAGCCTTCTCCATG

F: Forward primer sequence; R: Reverse primer sequence
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3.5  Validation of Profiling Data by miRNA Real-Time PCR

Expression profiles of three selected pairs of miRNAs (see Table 3.1)
were confirmed by standard miRNA real-time PCR using the NCode SYBR
GreenER miRNA gRT-PCR Kit (Invitrogen, USA) in a Rotor-Gene Q real-
time PCR cycler (Qiagen, USA). The miRNA assay was performed according
to workflow shown in Figure 3.1. Briefly, miRNA species in 1 pg total RNA
was polyadenylated in a 25 pL reaction volume containing poly A polymerase
and 80 puM ATP in 1X miRNA Reaction Buffer with 2.5 mM MnCls,
incubated in a heat block at 37 °C for 15 min. To synthesise first-strand cDNA,
reverse transcription of the tailed miRNA population was performed. Four pL
poly(A)-tailed RNA was incubated at 65 °C for 5 min with Universal RT
Primer and Annealing Buffer. The reaction was then added to a final volume
of 20 pL with 1X First-Strand Reaction Mix and SuperScript 11l Reverse
Transcriptase (RT)/RNaseOUT Enzyme Mix provided by the kit. The reaction
tube was briefly spun down and incubated in a Veriti 96-well Thermal Cycler
(Applied Biosystems, Foster City, CA, USA) at 50 °C for 50 min and 85 °C

for 5 min to inactivate the reaction.

Synthesised cDNA was subjected to real-time PCR (Table 3.3) using
SYBR GreenER (gPCR SuperMix Universal reagent (Invitrogen, USA)
containing mixture of hot-start Tag DNA polymerase, SYBR GreenER
fluorescent dye, UDG, dNTPs, MgCl,; the specific miRNA sequence was then

amplified using a miRNA-specific forward primer designed (Table 3.1) and
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Universal qPCR primer (Invitrogen, USA) as the reverse primer. Negative
control was included in the assay by substituting cDNA with DEPC-treated
water to ensure no contaminant was detected in the PCR reactions. The
reactions were incubated in a Rotor Gene Q cycler (Qiagen, USA) for UDG
incubation at 50 °C for 2 min, UDG inactivation and hot-start DNA
polymerase activation at 95 °C for 10 min, followed by 40 amplification
cycles of 15 seconds denaturing interval at 95 °C and 60 seconds primer
annealing step at 58 °C. The quality of the cycling products was validated in a
melt-curve analysis by slowly heating the PCR products from 58 °C to 95 °C
in 0.3 °C steps to identify primer dimers and to check the specificity of the
reaction. Experiments were performed in triplicates and were normalised to
the data of the small nuclear RNA (snRNA) U6, which was employed as an
internal control. Relative miRNA expression levels were calculated using the

comparative Ct (AACT) method as described in Section 3.3.2.
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Figure 3.1: Workflow of miRNA real-time PCR.

Table 3.3: Setup of a miRNA real-time PCR reaction

PCR components Volume per reaction Final concentration/amount
2X SYBR GreenER gPCR 10 pL 1X

SuperMix

Forward primer (10 uM) 0.4 pL 200 nM

Universal qPCR primer (10 uM) 0.4 uL 200 nM

cDNA template (5 ng/uL) 2 uL 10 ng

DEPC-treated water 7.2 uL -

Total 20 pL
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3.6 Bioinformatics Analysis — miRNA Target Prediction and Gene

Ontology Analysis

Online web-based miRNA target prediction algorithms were used to
identify miRNA putative targets and their biological functions in the complex
transcription factor — miRNA — mRNA regulatory network. The algorithms
used included miRBase 19 (www.mirbase.org), TargetScanHuman 6.2
(www.targetscan.org), miRWalk (Www.umm.uni-
heidelberg.de/apps/zmf/mirwalk), miRanda (www.microrna.org), TarBase
(diana.cslab.ece.ntua.gr), miRTarBase (mirtarbase.mbc.nctu.edu.tw) and
RNAhybrid  (bibiserv.techfak.uni-bielefeld.de/rnahybrid/).  Criteria  and
parameters such as seed-sequence matching, conservation of miRNA binding
sites in the targeted mRNA untranslated regions across various species and
thermostability of miRNA:target duplexes were set to filter the large number
of predicted targets to enhance the precision of miRNA target prediction. Gene
ontology analysis was performed to further verify functions of the predicted
targets by using the NCBI gene—gene ontology database (provided of Gene
Ontology Annotation—-UniProt-GOA) and the KEGG pathway database
(www.genome.jp/kegg/pathway.html).  Validated and putative target
transcripts of miRNAs of interests were mapped onto selected pathways
extracted from the KEGG pathway database to study if these miRNAs are

associated with cancer-related pathways.
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3.7 Real-Time PCR for Downstream Target messenger RNA (mMRNA)

Quantification

Total RNA was reversed transcribed to synthesise cDNA using the
Phusion RT-PCR kit (Thermo Fisher Scientific, USA). One pg total RNA was
first pre-denatured at 65 °C for 5 min with 0.5 mM dNTP mix and 100 ng
oligo(dT) primer. Then, the reaction was added to a final volume of 20 pL
with 1X RT buffer, RT enzyme mix (M-MuLV RNase H® Reverse
Transcriptase and RNase inhibitor) and RNase-free water. The reaction tube
was briefly spun down and incubated in a Veriti 96-well Thermal Cycler
(Applied Biosystems, USA) at 25 °C for 10 min for primer extension, 40 °C

for 30 min for cDNA synthesis and 85 °C for 5 min to terminate the reaction.

Similar to miRNA amplification, cDNA was subjected to mRNA
quantification by real-time PCR using SYBR® GreenER™ qPCR SuperMix
Universal (Invitrogen, USA) (Table 3.4) under the same real-time PCR
conditions as in miRNA real-time PCR, except that the primer annealing
temperature in the 40 amplification cycles was modified to 60 °C for 1 min.
Negative control was also included in the assay by substituting cDNA with
DEPC-treated water to ensure no contaminant was detected in the PCR
reactions. Experiments were performed in triplicates and were normalised to
the Ct value of GAPDH. Relative mRNA levels were calculated using the

comparative AAC, method.
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Table 3.4: Setup of real-time PCR reaction for mRNA quantification

PCR components Volume per reaction Final concentration/amount
2X SYBR GreenER gPCR

SuperMix 10Uk X

Forward primer (10 uM) 0.4 uL 200 nM

Reverse primer (10 uM) 0.4 uL 200 nM

cDNA template (5 ng/uL) 2 uL 10 ng

DEPC-treated water 7.2 L -

Total volume 20 pL
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3.8 Western Blot Analysis

3.8.1 Preparation of Buffers

Table 3.5: Preparation of buffers

Buffer

Methods of preparation

TGH buffer

(1% Triton X-100, 10% Glycerol, 50 mM

HEPES, pH 7.3)

TGH with 1% Deoxycholate acid

50 mM N-Ethylmaleimide (NEM)

0.5 M Ethylenediaminetetraacetic acid
(EDTA)

100 mM Ethylene glycol tetraacetic acid
(EGTA)

A total of 5 mL Triton X-100 surfactant
(Omnipur, EMD Chemicals, Merck KGaA,
Germany), 50 mL Glycerol (Bio Basic Inc.,
Canada) and 25 mL 1 M HEPES (MP
Biomedicals, USA) were dissolved and the
volume was made up to 500 mL with distilled
water. The solution was kept at 4 °C.

An amount of 0.1 g Deoxycholate acid (Bio
Basic Inc., Canada) was dissolved in 10 mL
TGH buffer. The solution was kept at 4 °C.

An amount of 62.5 mg NEM (Calbiochem, EMD
Millipore, Merck KGaA, Germany) was
dissolved in 10 mL TGH buffer. The solution
was divided into small aliquots and kept at
-20 °C.

An amount of 18.612 g EDTA (MP Biomedicals,
USA) was added to 50 mL of distilled water, and
the pH was adjusted to 8.0 with NaOH (MP
Biomedicals, USA) to aid dissolving of EDTA in
water. When dissolved, the volume was made up
to 100 mL with distilled water and filtered with a
0.45 um syringe filter (Sartorius AG, Goettingen,
Germany). The solution was kept at 4 °C.

An amount of 3.8 g EGTA (Calbiochem, Merck
KGaA, Germany) was added to 20 mL distilled
water, and the pH was adjusted to 8.0 with
NaOH to aid dissolving of EGTA in water.
When dissolved, the volume was made up to 100
mL with distilled water and filtered with a 0.45
um syringe filter (Sartorius AG, Germany). The

solution was kept at 4 °C.
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Table 3.5 continued:

Buffer

Methods of preparation

1 M Sodium fluoride (NaF)

100 mM Sodium orthovanadate (NasVO,)

0.5 M Dithiothreitol (DTT)

10 mg/mL Leupeptin

10 mg/mL Aprotinin

0.25 M Phenylmethylsulfonyl fluoride
(PMSF)

10% (w/v) Sodium dodecyl sulphate
(SDS) solution

10% (w/v) Ammonium persulfate (APS)

1.5M Tris, pH 8.8

An amount of 4.198 g NaF (Merck KGaA,
Germany) was dissolved in 100 mL distilled
water. The solution was kept at 4 °C.

This was prepared freshly as required. An
amount of 18.4 mg Nas;VO, (Bio Basic Inc.,
Canada) was dissolved in 1 mL distilled water.
An amount of 77.12 mg DTT (Bio Basic Inc.,
Canada) was dissolved in 1 mL distilled water.
The solution was divided into each 200 pL
aliquot and kept at -20 °C.

An amount of 5 mg Leupeptin (Bio Basic Inc.,
Canada) was dissolved in 500 pL distilled water.
The solution was divided into small aliquots and
kept at -20 °C.

An amount of 50 mg Aprotinin (Bio Basic Inc.,
Canada) was dissolved in 5 mL distilled water.
The solution was divided into small aliquots and
kept at -20 °C.

An amount of 43.5 mg PMSF (Calbiochem,
Merck KGaA, Germany) was dissolved in 1 mL
Ethanol (Merck KGaA, Germany). The solution
was divided into small aliquots and kept at
-20 °C.

An amount of 10 g SDS (Omnipur, Merck
KGaA, Germany) was dissolved in 90 mL
distilled water. When dissolved, the volume was
made up to 100 mL with distilled water and kept
at room temperature.

This was prepared freshly as required. An
amount of 0.1 g APS (Merck KGaA, Germany)
was dissolved in 1 mL distilled water.

An amount of 18.15 g Tris base (Norgen Biotek,
Canada) was dissolved in 60 mL distilled water.
When dissolved, pH was adjusted to 8.8 with 6 N
HCI (Nacalai Tesque, Kyoto, Japan). The
solution was then made up to 100 mL with
distilled water and kept at 4 °C.
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Table 3.5 continued:

Buffer

Methods of preparation

0.5 M Tris, pH 6.8

SDS-PAGE running buffer
(0.05 M Tris, 0.384 M Glycine, 0.1%
SDS)

10X Tris-Buffered Saline (TBS)
(0.5 M Tris, 1.5 M NaCl)

Washing Buffer: 1X Tris-Buffered Saline
with 0.05% Tween-20 (TBST)

Blocking Buffer: Washing buffer with 3%

milk
1X Transfer Buffer/Towbin Buffer

(25 mM Tris, 192 mM Glycine, 10%
Methanol)

Mild Stripping Buffer

An amount of 6 g Tris base was dissolved in 60
mL distilled water. When dissolved, pH was
adjusted to 6.8 with 6 N HCI. The solution was
then made up to 100 mL with distilled water and
the solution was kept at 4 °C.

An amount of 12 g Tris base, 57.6 g Glycine
(Merck KGaA, Germany) and 2 g SDS were
dissolved in 500 mL distilled water. The volume
was made up to 2 L with distilled water and kept
at room temperature.

An amount of 60.57 g Tris base and 87.66 ¢
NaCl (Bio Basic Inc., Canada) were dissolved in
500 mL distilled water. Then, pH of the solution
was adjusted to 7.5 with 6 N HCI. The volume
was made up to 1 L with distilled water and kept
at room temperature.

To make 1X TBST, 100 mL concentrated 10X
TBS was diluted to 1X by adding 900 mL
Then, 500 pL Tween-20
(Omnipur, Merck KGaA, Germany) was added
to the diluted TBS and mixed well.

This was prepared freshly as required. An

distilled water.

amount of 1.2 g non-fat milk powder (Bio Basic
Inc., Canada) was dissolved in 40 mL 1X TBST.
An amount of 3.03 g Tris base and 14.4 ¢
Glycine were dissolved in 500 mL distilled water
and the solution was then added with 200 mL
Methanol (Merck KGaA, Germany). The volume
was made up to 1 L with distilled water and kept
at room temperature.

An amount of 1.5 g Glycine, 0.1 g SDS and 1
mL Tween-20 were dissolved in 50 mL distilled
water. The pH of buffer was adjusted to 2.2 with
6 N HCI. The volume was then made up to 100
mL with distilled water and kept at room

temperature.
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Table 3.6: Preparation of TGH lysis buffer

Volume Final )
Components ) Function
(uL) Concentration
TGH with 1% - Disrupting and dissociating
Deoxycholate acid protein interaction
Deubiquitinase (DUB)
50 mM NEM 200 10 mM o
inhibitor

Metallo-proteases that
0.5M EDTA 10 5mM required
Mg?* and Mn?*

Metalloproteases that

100 MM EGTA 10 1mM required
ca®
Serine/Threonine
1 M NaF 10 10 mM o
phosphatase inhibitor
100 mM Sodium Tyrosine phosphatase
10 1mM o
orthovanadate inhibitor
0.5MDTT 2 1 mM Redox reagent
Protease inhibitor
10 mg/mL Aprotinin =~ 1 10 pg/mL (Trypsin, Chymotrypsin,
Plasmin)
] Protease inhibitor
10 mg/mL Leupeptin = 1 10 pg/mL
(Lysosomal)
Protease inhibitor (Cysteine,
0.25 M PMSF 4 1 mM ]
Serine)
Total 1000 pL
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3.8.2 Preparation of Cell Lysates and Quantification of Protein Content

in the Lysates

Crude protein lysates were prepared from the four colon cancer cell
lines by lysing the cells in TGH lysis buffer (Table 3.6). The solubilised
proteins isolated from colon cancer cells were then migrated individually
through a separating gel. Two commercially purchased crude protein lysates
which are non-cancerous colonic tissues derived from two donors, were

included in this study as normal.

A T-25 cell culture flask with 90% cell confluency (approximately 5 x
10° cells) was placed on ice and the spent medium was removed by aspiration.
The cells were washed twice with ice-cold PBS and the PBS was discarded. A
volume of 500 pL TGH lysis buffer was added to the adherent cells and the
cells were scraped off the flask using an ice-cold plastic cell scrapper (TPP,
Switzerland). The cell suspension was gently transferred into a pre-cold
microfuge tube and was incubated in the lysis buffer for 15 min on ice with
agitation on a gyratory rocker (Stuart Scientific, UK). The cells suspension
was centrifuged at 12,000 rpm for 15 min at 4 °C. The supernatant was
aspirated and removed to a fresh microfuge tube on ice. The cell pellet was

discarded.

54



Protein concentration was determined by Quick Start Bradford Protein
Assay (Bio-Rad, USA) in order to standardise the amount of protein loaded
into the gel. The assay was carried out in a 250 pL microplate assay format. A
protein standard curve was constructed based on serial dilution of concentrated
bovine serum albumin (BSA) in a linear range from 125 to 2,000 pg/mL. Five
ML of each of the diluted protein standards and 5X diluted unknown samples
were pipetted into the wells in triplicates. Then, 250 uL 1X Dye Reagent (Bio-
Rad, USA) was added to each well, mixed and incubated for 5 min. The
amount of protein in the microplate was then measured at absorbance of 595
nm in a microplate reader (Infinite M200, Tecan, USA). The concentration of
the sample protein lysate was determined based on the average absorbance

reading of the protein lysate and the BSA protein standard curve plotted.

3.8.3 Protein Separation by SDS-Polyacrylamide Gel Electrophoresis

(SDS-PAGE)

A Mini-PROTEAN Tetra Cell system (Bio-Rad, USA) was used in
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). A short plate was
placed on top of a spacer plate (1.0 mm thickness) and they were slide into a
casting frame to form a gel cassette assembly. The gel cassette assembly was

secured on a casting stand.
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A 10% resolving gel was prepared from 2.5 mL of bis/acrylamide [40%
(wiv) T, 3% C, PlusOne ReadySol IEF, GE Healthcare, UK], 2.5 mL 1.5 M
Tris (pH 8.8), 100 pL 10% SDS and 4.85 mL distilled water and mixed well.
Five pL of tetramethylethylenediamine (TEMED, Omnipur, Merck KGaA,
Germany) and 50 pL 10% APS were lastly added to the resolving gel solution.
All the components were mixed well and poured in between the gel cassette
glass plates assembled on the casting stand. The resolving gel was gently
overlaid with 100 pL of 1-butanol (Merck KGaA, Germany) to shield the gel
from air. Butanol was rinsed off with distilled water when the resolving gel
had polymerised. Water residue and butanol were removed with the edge of
tissue paper. A 5% stacking gel was prepared from 0.5 mL 40% (w/v)
bis/acrylamide, 1 mL 0.5 M Tris, pH 6.8, 40 pL 10% SDS and 2.07 mL
distilled water and mixed well. A total of 3.3 pL TEMED and 30 pL 10%
APS were then added to the stacking gel solution and mixed well. The
stacking gel solution was layered directly onto the polymerised resolving gel.
A 10-well 1.0-mm comb was carefully inserted into the stacking gel layer
without forming air bubbles. The comb was removed after the stacking gel
polymerised and the formed wells were rinsed with running buffer. The two-
gel cassette sandwiches with the short glass plates facing inward were
clamped onto the electrode assembly and placed into Mini-PROTEAN Tetra
Tank. If only one gel cassette sandwich was prepared, the buffer dam was
used to create a functioning assembly. The upper chamber (assembly) was
filled with SDS-PAGE running buffer until full and lower buffer chamber was
filled until the indicated level of 550 mL for 2 gels. Then, 35 pg protein lysate

was mixed with an equal volume of 2X Laemmli Sample Buffer (Sigma-
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Aldrich, USA) and the mixture was briefly spun and denatured at 95 °C for 5
min in a block heater (Stuart Scientific, UK). Aliquots of denatured protein
sample buffer mixture and 4 pL Full-Range Rainbow Molecular Weight
Markers (GE Healthcare, UK) were loaded into the wells accordingly. The gel
tank was attached to a power supply at a constant voltage of 120 V and

running time was set for 75 min.

3.8.4 Semi-Dry Transfer of Protein from Gel to Nitrocellulose

Membrane

When the dye front reached almost the bottom of the resolving gel, the
power supply was turned off. The electrophoresis apparatus was disassembled
and the gel cassette was removed. The gel was removed gently from the gel
cassette by separating the two glass plates. The stacking-gel layer was
removed. The resolving gel was then transferred to a container containing 1X
Transfer Buffer (Table 3.5) and was equilibrated for 15 min. Before
termination of electrophoresis, Hybond ECL Nitrocellulose Membrane (GE
Healthcare, UK) and Hybond Blotting Paper (GE Healthcare, UK) were cut to
the dimension of the gel, approximately 10 cm x 6.5 cm. Nitrocellulose
membrane and four pieces of blotting papers were soaked and pre-equilibrated

in 1X Transfer Buffer together with the resolving gel.
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The SDS-PAGE gel with the resolved protein samples was subjected to
semi-dry electro-transfer by using Trans-Blot SD Semi-Dry Electrophoretic
Transfer Cell without prior staining (Bio-Rad, USA). A transfer sandwich was
arranged accordingly. Two pieces of equilibrated blotting papers were placed
on the platinum anode of the semi-dry transfer cell, followed by equilibrated
nitrocellulose membrane, then equilibrated polyacrylamide gel and finally
another two pieces of blotting papers. Trapped bubbles were removed using a
disposable serological pipette as a roller. The upper cathode was placed on top
of the transfer sandwich. The separated protein samples were transferred and
blotted onto nitrocellulose membrane at a constant voltage of 15 V for 15 min.
Then, the transferred membrane was removed from the transfer sandwich and
the gel orientation was marked on the membrane with a pencil. The membrane
was washed twice with distilled water for 5 min each with gentle agitation on
a gyratory rocker. The membrane was stained with RedAlert Stain (Novagen,
Merck KGaA, Germany) to verify the transfer of proteins before western blot
analysis. The stain was reversed by washing the membrane in distilled water.

The membrane was then ready for blocking.

3.8.5 Membrane Blocking

The transferred membrane was blocked with milk to prevent non-

specific background and binding of the primary or secondary antibodies onto

the membrane. The membrane was blocked or incubated in 10 mL of blocking

buffer (Table 3.5) for 2 h at room temperature with gentle agitation on a
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gyratory rocker. The blocking solution was discarded and the membrane was
washed twice with 10 mL washing buffer (Table 3.5) for 5 min with gentle

agitation on a gyratory rocker, with fresh changes of washing buffer.

3.8.6 Antibody Staining

After the washing step, the membrane was probed with 10 mL primary
mouse monoclonal antibody against KRAS (Upstate, EMD Millipore, Merck
KGaA, Germany) diluted at 1:2000 with blocking buffer and incubated
overnight with slight agitation at 4 °C. Expression of IGF1R protein was
detected with 10 mL primary mouse monoclonal antibody against IGF1R
(Upstate, EMD Millipore, Merck KGaA, Germany) diluted at 1:2000 with
washing buffer and incubated overnight with slight agitation at 4 °C. The
membrane was washed with 10 mL of washing buffer with agitation on a

gyratory rocker for 10 min and the step was repeated twice.

The membrane was then incubated in 10 mL horseradish peroxidase
(HRP)-conjugated goat anti-mouse IgG polyclonal secondary antibody
(Genetex Inc., USA) diluted at 1:10000 with blocking buffer and incubated for
1.5 h with gentle agitation at room temperature. The membrane was again
washed with 10 mL washing buffer with agitation on a gyratory rocker for 10

min and the step was repeated twice.
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GAPDH (Abcam, UK) was used as a loading control to ensure that
different protein samples were equally loaded to each lane in the same SDS-
PAGE gel and were evenly transferred to the nitrocellulose membrane. Equal
amounts of protein samples loaded are crucial especially when a comparison

was to be made between the protein expression levels in different samples.

3.8.7 Chemiluminescence Detection

The excessive wash buffer was drained off from the washed membrane
blot and the protein side of the membrane was placed facing upward on a sheet
of SaranWrap. Equal volume of Detection Solutions 1 and 2 supplied in the
Amersham Enhanced chemiluminescent (ECL) Western Blotting Detection
Reagent (GE Healthcare, UK) were mixed and were added directly to the
protein side of the membrane. The membrane was incubated for 2 min at room
temperature. Cumulative chemiluminescent signal emanating from the
membrane after an exposure time of 15 min was captured by a CCD camera of
the BioSpectrum Imaging System (Ultra-Violet Products, Cambridge, UK)

and the image was saved in a computer for further analysis.

3.8.8 Stripping and Reprobing

After chemiluminescence detection, the membrane was rinsed with

washing buffer and the primary and secondary antibodies were stripped from
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the developed membrane. The washed membrane was then incubated in 10
mL mild stripping buffer (Table 3.5) twice for 10 min at room temperature.
The membrane was then washed twice with 10 mL PBS for 10 min. The
membrane was washed again with 10 mL washing buffer twice for 5 min.
Subsequently, the stripped membrane was blocked in 10 mL blocking buffer
for 2 h at room temperature with agitation and was then rinsed with washing
buffer. The membrane was incubated in 10 mL mouse monoclonal antibody
diluted at recommended ratio stated in the protocol with blocking buffer and
incubated for 2 h with agitation at room temperature. This was followed by
washing step, secondary-antibody staining and further washing step as
described in Section 3.8.6. Chemiluminescent signal detection was performed

as described in Section 3.8.7.

3.8.9 Western Blot Densitometric Analysis

Densitometric analysis of the protein bands was performed using the
Area Density Analysis Tool in the VisionWorks®LS Image Acquisition and
Analysis Software (Ultra-Violet Products, UK) to measure the relative
intensities of protein bands developed in the western-blot membrane. The
band intensities were used to quantify the expression levels of the proteins of
interest in colon cancer cells relative to cells of normal colon tissues after the

band intensity values were normalised to those of the GAPDH loading control.
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3.9  Transient Transfection with Synthetic miRNAs

HCT-15 colon cancer cells were seeded to a 6-well plate (TPP,
Switzerland) at a density of 5 x 10° cells per well on Day 0. On Day 1, 90
pmol mirVana miRNA inhibitor, or miRNA mimic, or miRNA inhibitor or
mimic negative control (Applied Biosystems, USA) was diluted in 250 pL
serum-free DMEM medium, then, 9 pL Lipofectamine RNAIMAX Reagent
(Invitrogen, USA) was also diluted in 250 pL serum-free DMEM medium.
Both diluted synthetic miRNAs and Lipofectamine RNAIMAX reagent were
mixed and the mixture was incubated for 20 min at room temperature. The
synthetic miRNA-lipofectamine reagent complex was then added to the cells
seeded on Day 0 and the cells were incubated for another 48 h in a 37 °C CO,
incubator. Non-treated HCT-15 cells supplemented with 500 pL serum-free
DMEM (with 9 pL Lipofectamine RNAIMAX Reagent) were included as a
mock control in the assay. After 48 h of transfection (Day 3), the cells were
harvested for preparation of RNA or protein lysates for downstream analyses
to determine changes of miRNA, mRNA and protein expression levels before

and after the cells were transiently transfected with the synthetic miRNAs.

3.10 Statistical Analysis

Statistical analysis was performed in SPSS for Windows v11.5. Real-

time PCR results were reported as average of log,(fold change) + standard

deviation (SD). Western blot analysis results were reported as average of fold
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difference + SD. Data were analysed by Student’s t-test (two-tailed
distribution) comparing the differences of miRNA, mRNA and protein
expression levels between colon cancer cells and non-cancerous colonic

tissues. Statistical significance was accepted at p < 0.05.
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3.11  Flow Chart of Methodology

Flow chart of methodology for this study was showed in Figure 3.2.

Human colon cancer cells Normal colon tissue RNAs
Cancer cells: HCT-15, HT-29, WiDr, SK-CO-1 colon504, colon940

|

miRNA expression profiling
by WaferGen SmartChip Human microRNA Panel V2

/o

miRNA profiling
data analysis
Bioinformatics &
Statistical analysis

miRNA profiling data
validation
by miRNA real-time PCR

v

miRNA target gene predictions &
gene ontology analysis
by Bioinformatics algorithm

!

Determination of putative miRNA targets
transcript & protein levels
by Real-time PCR and western blot

!

Validation of putative targets of
selected miR-5p/-3p pair
by miRNA mimic and inh_ibitortransfection assay

'

Determination of putative miRNA targets
transcript & protein levels
(post miIRNA mimic and inhibitor transfection)

l

Statistical analysis

Figure 3.2: Flow chart of methodology.
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CHAPTER 4

RESULTS

4.1  Colon Cancer Cell Culture and RNA Preparation

Among 23 types of colon originated colorectal adenocarcinoma cell
lines available from ATCC, four cell lines (HCT-15, HT-29, SK-CO-1 and

WiDr) were used to investigate dysregulation of miRNAs in colon cancer cells.

RNAs were isolated from the four colon cancer cell lines.
Concentration, purity and integrity of the isolated RNA samples were
determined to ensure that the RNAs were qualified for global miRNA
profiling analysis (Table 4.1 and Figure 4.1). The Azso/Azgo ratios of all the
isolated RNA samples were 1.8 or higher indicating high purity; Agzso/Azz0
ratios were 2.0 or higher indicating the samples were free from impurities
carried over from RNA isolation (Table 4.1). The RNA yields (Table 4.1)

were also sufficient for miRNA profiling analysis and further analyses.

Agarose gel electrophoresis analysis in Figure 4.1 showed that the 28S
and 18S ribosomal RNA (rRNA) bands appeared sharp and intense, and the

intensity of the 28S band was approximately twice that of the 18S band,
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indicating high quality and intact RNA samples. Besides, the small molecular
weight RNA species (MiIRNAs, tRNAs, snRNAs, 5S and 5.8S rRNAs) with
less than 200 nucleotides (nt) were separated from the higher molecular
weight RNA species (18S, 28S rRNAs and mRNAs) (Figure 4.1). The bands
of small molecular weight RNA were intact and intense which indicated that
the small RNA fractions were successfully retained in the isolated RNA

samples.

Table 4.1: Purity and concentration of RNA samples isolated from colon
cancer cell lines

. Concentration Yield
Cell lines Aol Asgo Aol Aszg (ng/uL) (1)
HCT-15 1.955 2.189 1318 46.13
HT-29 2.022 2.197 1630 57.05
SK-CO-1 1.878 2.000 1764 61.74
WiDr 1.928 2.095 1504 52.64
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Figure 4.1: RNA integrity assessment by agarose gel electrophoresis.
One pL of total RNAs isolated from HCT-15, HT-29, SK-CO-1 and WiDr
cells was subjected to 1% agarose gel electrophoresis at 80 V for 45 min. The
gel was stained with 3X GelRed nucleic acid stain and visualised by exposure
to 302 nm UV light on a UVP BioSpectrum Imaging System. MW: molecular
weight.
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4.2  Global miRNA Expression Profiling in Human Colon Cancer Cells

To systematically investigate miRNA dysregulation in colon cancer
cells, total RNA samples of colon cancer cell lines HCT-15, HT-29, SK-CO-1
and WiDr, together with two normal colon tissue RNA samples were
subjected to global miIRNA expression profiling analysis using WaferGen
SmartChip Human MicroRNA Panel V2, a nanoscale miRNA real-time PCR
array (see Materials and Methods section 3.3.1). Data analyses identified a
total of 128 (10.8%) differentially expressed miRNAs out of the 1,190
miRNAs included in the profiling panel, in at least two or more of the four

colon cancer cell lines, relative to the two normal colon tissues used.

Volcano plot analysis (Figure 4.2) enables quick visual identification
of differentially expressed miRNAs in colon cancer cells by sorting out the
miRNAs with statistically significant differential expression (p < 0.05) and
significant logy(fold change) values with a cut-off point set at 1.5. The
differentially expressed miRNAs were presented as green or red dots above
the blue line in the Volcano plot. Amongst the differentially expressed
miRNAs, 92 miRNAs (71.9%) were significantly up-regulated (red dots above
the blue line) and they were recognised as putative oncogenic miRNAs. Thirty
six miRNAs (28.1%) were down-regulated (green dots above the blue line)
and were probably tumour suppressive miRNAs. Our data, therefore, suggest

significant miRNA dysregulation in colon carcinogenesis, an observation
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supported by previous reports (Sarver et al., 2009; Slaby et al., 2009; Panarelli

and Yantiss, 2011; Wu et al., 2011).
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Figure 4.2: Volcano plot analysis of miRNA profiling of colon cancer cells.
The analysis was performed using the miScript miRNA PCR Array Data
Analysis Web Portal. miRNAs with statistically significant differential
expression (p < 0.05) lie above the blue horizontal threshold line. miIRNA with
significant log,(fold change) values (-1.5 < log,FC > 1.5) lie outside a pair of
grey vertical threshold lines. Green dots indicate minimum level of miRNA
expression (log,FC < -1.5); black dots indicate average or weak miRNA
expression; red dots indicate strong or maximum level of miRNA expression
(log2FC > 1.5). FC: Fold change.
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Hierarchical clustering analysis of the miRNA profiling was performed
to depict expression of the dysregulated miRNAs in the four colon cancer cells
(Figure 4.3). The clustering analysis demonstrated separation of normal from
cancer cells although the separation was incomplete. miRNAs were organised
according to the similarity or dissimilarity of expression profiles, and hence,
miRNAs with similar expression profiles were grouped together in the
clustergram. Dendrograms in the clustergram showed the relatedness of the
expression profiles between individual miRNAs or the relatedness of the
mIiRNA expression profiles between individual samples. In the clustergram,
samples were grouped into two clusters: cluster 1 represents normal tissue
samples colon 504 and 940 and cluster 2 represents colon cancer cells. The
long horizontal dendrogram arm between the normal and cancer clusters
indicates major differences in the miRNA expression profiles between normal
tissues and cancer cells. The four colon cancer cell lines were further grouped
into two sub-clusters: sub-cluster 1 includes HT-29 and WiDr cells, and sub-
cluster 2 includes HCT-15 and SK-CO-1 cells indicating similar miRNA

expression of colon cancer cells within each sub-clusters.
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Figure 4.3: Hierarchical clustering analysis of miRNA profiling of colon
cancer cells. The analysis was performed using the miScript miRNA PCR
Array Data Analysis Web Portal. A colour bar code indicating the magnitude
of miRNA gene expression is shown at the bottom.
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4.3 MIRNA Expression Profiling Analysis Reveals miRNAs that are

Activated and Shutdown in Colon Cancer Cells

Amongst the up- and down-regulated miRNAs, 19 miRNAs were
found to be activated in colon cancer cells but not expressed in cells of normal
tissues, 12 were shutdown in colon cancer cells as they were originally
expressed in normal cells (Tables 4.2 and 4.3). Activated miRNAs are defined
as miRNAs that are only detected in colon cancer cells at Cy < 30 (a cut-off Ct
value set by WaferGen Biosystems, the platform designer), but not in normal
cells. Shutdown miRNAs refer to miRNAs only detected in normal cells at C+
< 30 but not in cancer cells (Ct > 30). The fold changes observed in the cancer
cells relative to the cells of normal tissues as shown in Table 4.3 ranged from
significantly activated (up-regulated) by 7.19 + 0.78 fold in miR-20a-5p to
shutdown (down-regulated) by -8.66 £+ 0.16 fold in miR-3195. Amongst the 31
activated and shutdown miRNAs, 11 of them (32%) have not yet been
reported in the literature related to colon cancer and most of them are not yet
validated or are miRNAs annotated only recently (Table 4.3). Twenty one of
the activated and shutdown miRNAs (68%) are miRNAs that have previously
been reported to be associated with colon cancer suggesting the possibility of
making these activated miRNAs as potential targets for the development of
diagnostic markers for colon cancer as they are detected in high steady level in

colon cancer, but very low abundance or not detectable in normal cells.
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Table 4.2: Differentially expressed miRNAs in colon cancer cells

Up-regulated miRNA Down-regulated miRNA
Cancer &  Cancer cells only Cancer & Normal cells only
normal cells  (Activated)® normal cells (Shutdown)?
Number of 3 19 24 12
MIRNA 92 (71.9%) 36 (28.1%)
Total 128

Data include only miRNA species detected in two or more cancer cell lines and the average
log,(fold change) cut-off point was set at 1.5, p < 0.05. 'Activated miRNAs refer to
miRNAs only detected in cancer cells at C;+ < 30 but not in normal cells. 2Shutdown
miRNAs refer to miRNAs only detected in normal cells at C+ < 30 but not in cancer cells.
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Table 4.3: miRNAs that are activated or shutdown in colon cancer cells relative to normal colon cells

log,(fold change)?

. . . 1 . . 4 . 4
mMiRNA family  miRNA (Mean + SD) Predicted/Validated targets Function/Phenotype(s) affected
(a) Activated in colon cancer cells (n = 19)

let-7 miR-98-5p 4.45 + 1.33** HMGA2", TP53, FAS, IGF1 Apoptosis, cell cycle, EMT, p53, MAPK, PI3K-Akt signalling
pathway

mir-7 miR-7-5p° 6.44 + 1.14** IGF1R*, CCND1, EGFR* Apoptosis, cell cycle, p53, MAPK, PI3K-Akt signalling pathway

mir-8 miR-200a-5p° 3.74+2.77 TIAM2, ZEB2, FGF4 Apoptosis, EMT, MAPK, PI3K-Akt signalling pathway

mir-8 miR-200c-5p° 3.93 £ 1.05** SPRY2, CREBBP Apoptosis, cell cycle

mir-8 miR-429 5.27 £ 2.39* IGF1, SOX2, ZEB1/2*, KRAS Apoptosis, cell cycle, EMT, p53, MAPK, PI3K-Akt signalling
pathway

mir-17 miR-20a-5p 7.19+0.78** E2F1", PTEN?, TCF7L1, KRAS, Apoptosis, cell cycle, EMT, p53, PI3K-Akt signalling pathway

CDKN1A*

mir-17 miR-20a-3p 158 +0.98 KRAS, PCNA Apoptosis, cell cycle, MAPK, PI3K-Akt signalling pathway

mir-19 miR-19a-3p 3.61 + 0.64** PTEN*, SMAD4" BCL2L11" Apoptosis, cell cycle, EMT, p53, PI3K-Akt signalling pathway

mir-21 miR-21-3p 5.99 + 0.85** CASP7, TGFB2, IKBKB Apoptosis, cell cycle, EMT, MAPK signalling pathway

mir-29 miR-29b-1-5p° 2.93 + 0.84** BIRC2, TCF7L2 Apoptosis, cell cycle, EMT

mir-32 miR-32-5p 480+ 1.17** BCL2L11* CDKN1C, KLF4, Apoptosis, cell cycle, EMT, p53, MAPK, PI3K-Akt signalling

PTEN, FASLG, MAP2K4

pathway
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Table 4.3 continued:

log,(fold change)?

. . . 1 : . 4 : 4
MiRNA family miRNA (Mean + SD) Predicted/Validated targets Function/Phenotype(s) affected
(a) Activated in colon cancer cells (n = 19)
mir-130 miR-301a-3p5 3.32 £ 0.58** SERPINE1*, AXIN2, ATM, Apoptosis, cell cycle, EMT, p53, MAPK, PI3K-Akt signalling
TGFBR2, IGF1 pathway
mir-224 miR-224-5p 6.74 £ 3.90 SMAD4", ADAM18 Cell cycle, EMT
mir-335 miR-335-5p 2.67+£1.39 BCL2L2" RB1*, KRAS Apoptosis, cell cycle, MAPK, PI3K-Akt signalling pathway
mir-454 miR-454-3p 3.56 £ 0.78** SMAD4", ATM, AXIN2, TGFBR2,  Apoptosis, cell cycle, EMT, p53, MAPK, PI3K-Akt signalling
IGF1 pathway
mir-1204 miR-1204 2.66 + 0.93** PDE3A, MAPK13 Apoptosis, cell cycle, MAPK signalling pathway
- miR-1274a>° 5.77 +1.01** MAP3K1, CDKN2B, VEGFA Apoptosis, cell cycle, MAPK, PI3K-Akt signalling pathway
- miR-3679-3p° 3.39£0.79** TNFSF10, SMAD2 Apoptosis, cell cycle
- miR-4304° 6.14 + 0.55** PSMD1, SERPINB13 Apoptosis, cell cycle
(b) Shutdown in_colon cancer cells (n = 12)
mir-15 miR-195-5p -2.11 £ 0.0008** BCL2", AXIN2, CCND1*, RAF1*,  Apoptosis, cell cycle, EMT, p53, MAPK, PI3K-Akt signalling
SIAH1, IGF1 pathway
mir-143 miR-143-3p -8.00 £ 2.74** KRAS", MAPK7" Apoptosis, cell cycle, MAPK, PI3K-Akt signalling pathway
mir-145 miR-145-5p -5.24 £ 2.16** TGFBR2, SMAD3, CDKN1A* Apoptosis, cell cycle, EMT, p53, MAPK, PI3K-Akt signalling
pathway
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Table 4.3 continued:

log,(fold change)®

miRNA family ~miRNA® (Mean = SD) Predicted/Validated targets* Function/Phenotype(s) affected*
(b) Shutdown in_colon cancer cells (n = 12)
mir-199 miR-199a-5p -3.84 + 2.16%* IKBKB", CAV1*, GSK3B Apoptosis, MAPK signalling pathway, EMT
mir-223 miR-223-3p -2.83 £ 0.001** IGF1R", FGFR2, SEPT6, FOXO1", Apoptosis, cell cycle, MAPK signalling pathway
FOXO03
mir-342 miR-342-3p -6.87 £ 0.24** BMP7*, MYLK2, VEGFA Apoptosis, cell cycle, EMT, MAPK, PI3K-Akt signalling
pathway
mir-370 miR-370-3p -6.83 + 0.003** BAX, MAP3K8" Apoptosis, cell cycle, p53, MAPK signalling pathway
mir-378 miR-378a-5p -2.60 + 0.003** DCC, GABPA Apoptosis
mir-451 miR-451a -2.70 £ 2.06* MIF, MYC* Apoptosis, cell cycle, MAPK, PI3K-Akt signalling pathway
mir-1268 miR-1268a° -3.51 + 0.26** MYLK2, MAP4K1 Cell cycle, MAPK signalling pathway
- miR-3195° -8.66 + 0.16** TIEL, ERCC3 Angiogenesis, apoptosis, cell cycle
- miR-4252° -4.84 + 0.33** PDCD10, FAS Apoptosis, p53, MAPK signalling pathway

Data in each group are presented in increasing order of miRNA family name. *Nomenclature used is according to miRBase 19. “Data shown are limited to altered

expression of miRNA in two or more colon cancer cell lines relative to normal colon tissues with log,(fold change) > 1.5 or < -1.5. *p < 0.05 and **p < 0.01. *The

putative mature miR-1274a sequence appears to be a fragment of a lysine tRNA (Schopman et al., 2010). “Data of putative targets and functions are derived from various

miRNA target gene prediction algorithms and gene ontology databases described in Materials and Methods Section 3.6. Hash (*) indicates validated target. >miRNAs that

not reported in colon cancer related literature.
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4.4  Target Transcripts, Putative Biological Functions of Activated and

Shutdown miRNAs

Previous researches have already revealed general involvement of
miRNA in colon cancer without categorising differentially expressed miRNAS
into activated and shutdown miRNA species (Sarver et al., 2009; Gregersen et
al., 2010; Parasramka et al., 2012; Zhang et al., 2012). Therefore, to study
biological functions of target transcripts of the thirty one activated and
shutdown miRNAs and to further elucidate the potential cancer-related
regulatory pathways that may be regulated by these miRNAs, miRNA target
gene prediction algorithms and gene ontology database were used as described
in Materials and Methods Section 3.6. The data (Table 4.3) showed that most
of target transcripts of these 31 miRNAs, either predicted or validated target
transcripts are involved in specific cancer-related regulatory pathways: 29
mIiRNAS (93.5%) are apoptosis-related, 27 miRNAs (87.1%) are cell cycle-
related, 22 miRNAs (70.9%) are MAPK signalling pathway-related, 17
miRNAs (54.8%) are PI3K-Akt signalling pathway-related, 15 miRNAs
(48.4%) are epithelial-mesenchymal transition (EMT)-related and 12 miRNAs
(38.7%) are p53 signalling pathway-related (Table 4.4). Besides, it is further
observed that most of the activated miRNAs (94.7%, 18 miRNAs) are
involved in apoptosis and cell cycle regulatory pathways; most of the
shutdown miRNAs (91.7%, 11 miRNAs) are strongly involved in MAPK
signalling pathway (Table 4.3). The data indicate that the activated and

shutdown miRNAs identified in this study in colon cancer cells are engaged in
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multiple cancer-related pathways and played crucial roles in regulation of

various key cellular processes involved in carcinogenesis.

Table 4.4: Putative target transcripts of activated and shutdown miRNAs!

involved in cancer-related regulatory pathways

Process Total number of mMiRNAs
Apoptosis 29 (93.5%)
Cell cycle 27 (87.1%)
MAPK signalling pathway 22 (70.9%)
PI3K-Akt signalling pathway 17 (54.8%)
EMT 15 (48.4%)
p53 signalling pathway 12 (38.7%)

Data shown above are the summary of Table 4.3; 'n = 31.
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The data revealed that target transcripts of 18 miRNAs (58%) of the
activated and shutdown miRNAs were validated targets (Table 4.3). The
validated miRNAs, either miRNA-5p or 3p, are expected to be the guiding
strand miRNA species that are accumulated in significant higher steady-state
level in cells. Thirteen miRNAs (42%) of activated and shutdown miRNAs
with predicted and not yet experimentally validated targets are most likely the
passenger strand miRNA species (or previously known as miRNA* species)
that usually expressed in lower abundance or are miRNAs annotated only

recently with nomenclature numbering more than four digit number.

Members from the same miRNA family are revealed to possess the
similar function and regulate the same pathway by targeting on the same
transcript. As shown in Table 4.3, ZEB2 is predicted to be targeted by both
miR-200-5p and miR-429 from the mir-8 family. KRAS transcript is predicted
to be targeted by miR-20a-5p and miR-20a-3p, which is encoding for protein
involved in the apoptosis, MAPK and phosphatidylinositol-3-kinase-Akt
(PI3K-Akt) signalling pathway. These two miRNAs are derived from the same
miRNA precursor which are also originated from the same family and may

possess similar biological function in cells.

Besides, multiple miRNAs are revealed to target the same target
transcript and regulate the same pathway. As shown in Table BCL2L11

transcript is targeted by miR-19a-3p and miR-29b-1-5p and they are from
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different miRNA families. SMAD4 transcript is also targeted by multiple
miRNAs from different families, miR-454-3p, miR-224-5p and miR-19a-3p,
involved in the EMT and cell cycle pathways. Moreover, the same miRNA
gene is observed cross targeting on different transcripts encoding for proteins
involved in the same regulatory pathway. For example, EGFR and IGF1R are
transcripts encoding for proteins involved in the apoptosis pathway and both
are targeted by miR-7-5p; CDKN1A and SMADS3 are transcripts encoding for
proteins involved in the cell cycle-related pathway and both are targeted by
miR-145-5p. Taken together, these observations indicate miRNAs originated
from different families are targeting at the same transcript or a miRNA may
cross targeting different transcripts encoding for proteins regulating the same

carcinogenesis and metastatic processes.

45  Co-expression of miRNA-5p and -3p Pairs in Colon Cancer Cells

One of the focuses of this study is co-expression and regulation of the
miRNA-5p and -3p pairs in colon cancer cells. Amongst the 128 differentially
expressed miRNAs, a total of 19 pairs of miRNA-5p and -3p (38 miRNAS)
were co-expressed in colon cancer cells with log(fold change) > 1.5 or < -1.5
(Table 4.5). Besides, 14 miRNA pairs (73.7%) showed statistically significant
fold changes (p < 0.05) in both miRNA-5p and -3p species; the remaining five
pairs were also significantly dysregulated in at least one species of the miRNA
pair. The fold changes observed in the cancer cells relative to the cells of

normal tissues ranged from significant up-regulation of miR-21-5p by 9.13 +
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0.39 fold to down-regulation of miR-574-3p by -3.94 + 0.21 fold (Table 4.5).
Out of the 19 miRNA pairs, 14 pairs (73.7%) were co-expressed and co-up-
regulated and three pairs (15.8%) were co-expressed and co-down-regulated.
Only two miRNA pairs (10.5%), let-7d and miR-200b, were inversely
regulated in colon cancer cells, i.e. in colon cancer cells, one miRNA species
of the miRNA pair was up-regulated and another miRNA species was down-
regulated. The data reveal frequent co-expression of miRNA-5p and -3p
species in colon cancer cells and the majority of them (17 pairs, 89.5%) were
similarly co-up or co-down-regulated, suggesting concerted dysregulation and

co-biosynthesis of the miRNA sister pairs in colon cancer cells.
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Table 4.5: Co-expression of miRNA-5p and -3p pairs in colon cancer cells

relative to normal (n = 19)

miRl.\IA; MiRNA-5p* log,(fold change) MIRNA-3p! log,(fold change)
Family (Mean = SD) (Mean = SD)
mMiRNA-5p/3p co-expression up-regulated (n = 14)
let-7 let-7g-5p 2.97 £ 0.49** let-79-3p 2.12+0.13*
let-7 let-7i-5p 2.81+1.27* let-7i-3p 1.67 = 0.45*
mir-7 miR-7-5p 6.44 + 1.14* miR-7-1-3p 3.83 £ 0.66**
mir-8 miR-141-5p 3.85+0.76** miR-141-3p 4.50 + 1.08**
mir-8 miR-200a-5p 5.17 + 0.65** miR-200a-3p  8.10 + 1.58**
mir-17 miR-17-5p 6.68 + 0.69** miR-17-3p 4.12 + 0.59**
mir-17 miR-18a-5p 3.94 + 0.91** miR-18a-3p 3.18 £+ 0.77**
mir-17 miR-20a-5p 7.19 £ 0.78** miR-20a-3p 1.58 £ 0.98
mir-21 miR-21-5p 9.13 + 0.39** miR-21-3p 5.99 + 0.85**
mir-22 miR-22-5p 1.98+0.78 miR-22-3p 3.22 £ 0.76**
mir-27 miR-27a-5p 2.94 +1.21** miR-27a-3p 4.78 + 0.62**
mir-28 miR-151a-5p 2.65+0.67* miR-151a-3p  5.39 + 1.20**
mir-29 miR-29b-1-5p 2.93 +0.84** miR-29b-3p 7.62 +0.32**
mir-31 miR-31-5p 8.88 + 1.73** miR-31-3p 2.08 +0.76**
mMiRNA-5p/3p co-expression down-regulated (n = 3)
mir-199  miR-199a-5p -3.84 £ 2.16** miR-199a-3p  -3.23 + 1.55**
mir-378  miR-378a-5p -2.60 £ 0.008** miR-378a-3p  -1.04 £0.27
mir-574  miR-574-5p -2.90 £ 0.44* miR-574-3p -3.94 £ 0.21**
miRNA-5p/3p inversed regulated (n = 2)
let-7 let-7d-5p 229+1.01 let-7d-3p -2.78 £ 0.79**
mir-8 miR-200b-5p -1.67 £0.39 miR-200b-3p  3.15+ 0.25**

'Based on miRBase release 19. A full list of alternative or previous miRNA names is

provided in Supplementary Table 1 in Appendix A. *p < 0.05 and **p < 0.01.
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4.6  Experimental Validation of Co-expression of miRNA-5p and -3p

Pairs

To validate co-expression of miRNA-5p and 3p pairs, one miRNA pair
was randomly selected from each co-expression pattern group in Table 4.5.
The three randomly selected miRNA pairs were subjected to experimental
validation using standard miRNA real-time PCR. At the same time, the
validity and consistency of the profiling data were also tested. In real-time
PCR validation assay (Figure 4.4 and Table 4.6), miR-20a-5p and 3p were
significantly up-regulated in colon cancer cells by 7.74 £ 1.17 and 4.23 £ 1.01
fold, respectively; let-7d-5p was significantly up-regulated by 4.08 + 0.87 fold
and 3p was significantly down-regulated by 2.96 + 0.33 fold in colon cancer
cells; miR-378a-5p was down-regulated by 1.13 + 0.87 fold, showing that
real-time PCR data were consistent with the WaferGen SmartChip MicroRNA
PCR array profiling data, thus, supporting the validity of the profiling data in
this study. The only inconsistent data was found in the 3p species of the miR-
378a pair as it was up-regulated in real-time PCR validation and down-
regulated in WaferGen PCR array; however, the log,(fold change) data
obtained from the SmartChip MicroRNA array and the real-time PCR
validation experiments showed that miR-378a-3p was not significantly

regulated in colon cancer cells.
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Figure 4.4: Amplification plot and melt curve for miRNA real-time PCR
analysis on selected miRNA-5p and -3p pairs. U6 was used as endogenous
normalising control.
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Table 4.6: Experimental validation of dysregulated miRNA-5p and -3p

pairs in colon cancer cells relative to normal colon cells

WG miRNA panel* \Ifael?(lj-;?c:i PCR
miRNA Expression mode

log,(fold change) log,(fold change)

(Mean = SD) (Mean = SD)
miR-20a-5p 7.19+£0.78** 7.74 £ 1.17*%* Up-regulated
miR-20a-3p 1.58 £0.98 4.23 +1.01** Up-regulated
miR-378a-5p  -2.60 + 0.003** -1.13+£0.87 Down-regulated
miR-378a-3p  -1.04 £ 0.27 1.06 +1.01 Not significant
let-7d-5p 229+£1.01 4.08 £ 0.87** Up-regulated
let-7d-3p -2.78 £ 0.79** -2.96 + 0.33** Down-regulated

"WaferGen Biosystems SmartChip Human MicroRNA Panel v2. *p < 0.05 and **p < 0.01.
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4.7 Target Transcripts and Putative Biological Functions of miRNA-

5p and -3p Pairs

To study putative biological functions of target transcripts of the
miRNA-5p and -3p pairs and to further elucidate potential cancer-related
regulatory pathways that may be regulated by these miRNAs, transcripts and
biological functions of the paired miRNAs are determined (Table 4.7). This
study was performed using miRNA target prediction algorithms including
miRBase and TargetScanHuman; gene ontology analysis tools including
NCBI gene-gene ontology database and KEGG pathway database, as
described in Section 3.6. For a full list of the target transcripts and functions of
the 19 co-expressed miRNA pairs in colon cancer cells, see Supplementary

Table 2 in Appendix B.
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Table 4.7: Cancer-related phenotypes/biological functions of selected target transcripts of miRNA-5p and -3p pairs (n = 19 pairs)

iRNA Ch | . . . . .
m . ro_mosoma miRNA Expression status  Predicted/Validated targets’  Function/Phenotype(s) affected’
family location
let-7 9¢22.32 let-7d-5p Up-regulated IGF1R*, THBS1%, HMGA?2 Angiogenesis, apoptosis, cell cycle, EMT, p53
signalling
let-7d-3p Down-regulated KRAS, PRKACB Apoptosis, MAPK signalling pathway, G-protein
regulatory
let-7 3p21.1 let-7g-5p Up-regulated IGF1R?, MYC* Angiogenesis, apoptosis, MAPK signalling pathway
let-7g-3p Up-regulated ZEB1, ITGA1, NLK EMT, Angiogenesis, MAPK signalling pathway
let-7 12q14.1 let-7i-5p Up-regulated IL13* TLR4" Cell-cell signalling, Toll-like receptor signalling,
inflammatory response
let-7i-3p Up-regulated IGFBP3, STAG2 p53 signalling pathway, cell cycle
mir-7 9¢21.32 miR-7-5p Up-regulated IGF1R*, EGFR* Angiogenesis, apoptosis, MAPK signalling pathway
miR-7-1-3p Up-regulated IGF1R, JUN Angiogenesis, apoptosis, MAPK signalling pathway
mir-8/200 12p13.31 miR-141-5p Up-regulated ATM, CLDN1 Apoptosis, cell cycle, p53 signalling pathway, cell
adhesion molecules (CAMS)
miR-141-3p Up-regulated ZEB1/2", MAPK14 EMT, angiogenesis, MAPK signalling pathway
mir-8/200 1p36.33 miR-200a-5p Up-regulated FGF4, ZEB2 Apoptosis, MAPK signalling pathway, EMT
miR-200a-3p Up-regulated ZEB1/2*, SELE EMT, cell adhesion molecules (CAMs)
mir-8/200 1p36.33 miR-200b-5p Down-regulated PRDM6, ZEB2 Chromatin modification, EMT
miR-200b-3p Up-regulated ZEB1*, MLH1 EMT, mismatch repair
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Table 4.7 continued:

iRNA Ch | . . . . .
m . ro_mosoma miRNA Expression status  Predicted/Validated targets’  Function/Phenotype(s) affected’
family location
mir-17 13g31.3 miR-17-5p Up-regulated E2Fs”, THBS1”, TGFBR2", Apoptosis, cell cycle, angiogenesis, EMT, p53
PTEN* signalling pathway
miR-17-3p Up-regulated CD44, MYB Angiogenesis, inflammation, cancer
mir-17 13g31.3 miR-18a-5p Up-regulated THBS1*, ATM, TGFBR2?, Apoptosis, cell cycle, EMT, p53 signalling pathway
PTEN*
miR-18a-3p Up-regulated CASP7, KRAS* Apoptosis, MAPK signalling pathway
mir-17 13¢31.3 miR-20a-5p Up-regulated E2Fs*, THBS1, TGFBR2", Apoptosis, cell cycle, angiogenesis, EMT, p53
PTEN* signalling pathway
miR-20a-3p Up-regulated KRAS, PCNA Apoptosis, MAPK signalling pathway, cell cycle
mir-21 17¢23.1 miR-21-5p Up-regulated TGFBR2", PTEN? EMT, apoptosis, p53 signalling pathway
miR-21-3p Up-regulated CASP7, TGFB2 Apoptosis, EMT
mir-22 17p13.3 miR-22-5p Up-regulated NEXN, MAP3K2 Cell migration, MAPK signalling pathway
miR-22-3p Up-regulated NR3C1, BMP7* Apoptosis, cell cycle, EMT
mir-27 19p13.13 miR-27a-5p Up-regulated ATM, PDGFA Cell cycle, apoptosis, angiogenesis
miR-27a-3p Up-regulated FOXO1* EGFR* ATM Apoptosis, MAPK signalling pathway
mir-28 8924.3 miR-151a-5p Up-regulated ARHGDIA, CYP2E1 Apoptosis, drug metabolism — cytochrome
P450/metabolic pathways
miR-151a-3p Up-regulated THBS1, ZEB1 Angiogenesis, cell cycle, EMT, p53 signalling pathway
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Table 4.7 continued:

gimF\’ill\;/A ﬁ:):;i)i?:somal miRNA Expression status  Predicted/Validated targets’  Function/Phenotype(s) affected*
mir-29 70932.3 miR-29b-1-5p Up-regulated PRMTS, TCF7L2 DNA methylation, apoptosis, cell cycle, EMT
miR-29b-3p Up-regulated DNMT3A/B, PTEN DNA methylation, apoptosis, p53 signalling pathway
mir-31 9p21.3 miR-31-5p Up-regulated TP53, RHOA? Angiogenesis, apoptosis, cell cycle, p53, MAPK signalling
pathway, inflammation
miR-31-3p Up-regulated ACVR1, VDAC1 Apoptosis, inflammation
mir-199 19p13.2; miR-199a-5p Down-regulated IKBKB*, CAV1”, GSK3B Apoptosis, MAPK signalling pathway, EMT
1924.3 miR-199a-3p Down-regulated MET*, MAPKS8* Angiogenesis, apoptosis, MAPK signalling pathway
mir-378 5933.1 miR-378a-5p Down-regulated DCC, GABPA Apoptosis
miR-378a-3p Down-regulated MSH3, SUFU* DNA repair, promote angiogenesis and tumour growth
mir-574 4pl4 miR-574-5p Down-regulated FOXN3*, BMP4 DNA damage response, angiogenesis, inflammation
miR-574-3p Down-regulated CHEK1, CARM1 Cell cycle, DNA repair, p53 signalling, histone

methylation

A full list of predicated/validated target transcripts and putative functions of the 19 co-expressed miRNA pairs is presented in Supplementary Table 2 in Appendix B. Data

in each group are depicted in the order of miRNA family name. Hash (*) indicates validated target. ‘Data derived from the miRNA target prediction algorithm (as described
in Materials and Methods Section 3.6), NCBI Gene Ontology Annotation Database (UniProt-GOA) and KEGG Pathway databases.
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Data showed that most of target transcripts of these 19 pairs of
miRNA-5p and -3p (38 miRNAs), either predicted or validated target
transcripts, are involved in specific cancer-related regulatory pathways: 27
miRNAs (71.1%) are apoptosis-related, 21 miRNAs (55.3%) are
angiogenesis-related, 19 miRNAs (50%) are cell cycle-related, 16 miRNAs
(42.1%) are EMT-related, 16 miRNAs (42.1%) are p53 signalling pathway-
related, and 16 miRNAs (42.1%) are MAPK signalling pathway-related
(Tables 4.7 — 4.8). The data indicate that the identified miRNA-5p and -3p
pairs are also actively engaged in multiple cancer-related pathways and
involved in regulation of various key cellular processes in carcinogenesis. The
predicted or validated target transcripts extracted from databases are mapped
onto the EMT pathway, p53 signalling pathway-related apoptosis and cell
cycle arrest pathways that are available from the KEGG Pathway Database

(Figures 4.4 — 4.6).

In target prediction analysis, the data revealed that, target of only one
species of the miRNA pair was validated in most cases (Table 4.7). The
validated miRNAs, either miRNA-5p or -3p, are most likely the guiding strand
miRNA species that are maintained in significantly higher concentration in the
cell than the passenger strand miRNA species that is usually expressed in

much lower level that has still yet to be experimentally validated.

89



Table 4.8: Putative target transcripts of miRNA-5p and -3p pairs'

involved in cancer-related regulatory pathways

Total number of  5p/3p pairing Non-pairing
Process

MiRNAs of mMiRNA MiRNA
EMT 16 (42.1%) 6 (3 pairs) 10
p53 signalling pathway 16 (42.1%) 4 (2 pairs) 12
Apoptosis 27 (71.1%) 22 (11 pairs) 5
Cell cycle 19 (50%) 8 (4 pairs) 11
Angiogenesis 21 (55.3%) 12 (6 pairs) 9
MAPK signalling pathway 16 (42.1%) 6 (3 pairs) 10

Data shown above are the summary of Table 4.7; 'n = 19 pairs.
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Figure 4.5: miRNAs targeting transcripts involved in Epithelial-Mesenchymal Transition (EMT) pathway. Hash (*) denotes validated miRNA target

transcripts.
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Members from the same miRNA family are predicted to possess
similar functions and regulate specific pathways as they are found to be
targeted on similar gene transcript set (Table 4.7, Figure 4.5 - 4.7). As shown
in Table 4.7, both TGFBR2 and PTEN transcripts are involved in the apoptosis
pathway and both are the target transcripts for miR-17-5p, miR-18a-5p and
miR-20a-5p from the mir-17 family. In addition, these mir-17 family members
are also predicted to be targeted on THBS1 transcript, which encodes for
protein involved in multiple processes including angiogenesis, cell cycle and

p53 signalling pathway (Table 4.7).

On the other hand, multiple miRNAs of different families are also
revealed to target the same target transcript and possess similar functions.
ATM transcript is targeted by miR-18a-5p, miR-141-5p and miR-27a of
different miRNA families (Table 4.7); PTEN is targeted by the mir-17 family,
miR-21-5p, miR-141-3p and miR-29b-3p in the EMT pathway (Figure 4.5).
Besides, IGF1R and MYC transcripts are cross-targeted by let-7g-5p in the
regulation of the angiogenesis process in cancer (Table 4.7). Taken together,
our data indicate that multiple miRNAs may be targeting at the same transcript,
or a miRNA may cross-targeting different transcripts encoding for different

proteins in the regulation of the carcinogenesis and metastasis processes.

Interestingly, miRNA 5p/3p pairs are revealed to regulate the same

biological process, i.e. both the miRNA-5p and -3p which are derived from the
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same precursor but have different sequences may still exert similar biological
functions, by targeting on the same or different transcript. There are eleven
pairs of miRNA-5p and -3p that appear to be involved in the apoptosis
pathway, six pairs in the angiogenesis process and four pairs in the cell cycle
(Table 4.8). In the target-transcript prediction analysis, miR-7-5p and miR-7-
1-3p derived from the same precursor, either mir-7-1 or mir-7-2 or mir-7-3,
are found to target the IGF1R transcript (Table 4.7), miR-27a-5p and miR-
27a-3p derived from the same precursor mir-27a are targeting the ATM
transcript (Table 4.7, Figures 4.5 - 4.6). Besides, analysis also reveals
differential miRNA targeting derived from the same precursor. For example,
miR-141-3p is predicted to target the SIAH1 and ZMAT3 transcripts in the
apoptosis pathway, while miR-141-5p is predicted to target ATM also in the

same pathway.

48 IGFI1R and KRAS are Putative Targets for let-7d-5p and -3p Pair

MiRNAs, respectively

Throughout Figure 4.5 — 4.7, the differentially expressed let-7 family
members, let-7d, let-7g and let-7i (particularly the -5p species) are shown to
target on multiple transcripts involved in the apoptosis, cell cycle arrest and
EMT pathways, suggests that the let-7 family members, let-7d/7g/7i-5p are
biologically significant in apoptosis, cell cycle arrest and EMT in the
carcinogenesis processes. Therefore, one pair of the let-7 family members, let-

7d-5p and 3p was chosen based on their novelty in reported colon cancer-
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related studies. Besides, it is important to further validate the regulation modes
of let-7d-5p and -3p pair that was surprisingly found to be inversely regulated
in colon cancer cells, i.e. let-7d-5p was up-regulated and let-7d-3p was down-
regulated (Tables 4.5 - 4.6). Web-based bioinformatics algorithms as
described in Materials and Methods Section 3.6 were used to predict miRNA
target transcripts. Data reveal that let-7d-5p is predicted to target the 7088-bp
3’-untranslated region (3’-UTR) of insulin-like growth factor 1 receptor
(IGF1R) mRNA transcript at three different sites (Figure 4.8): nucleotide (nt)
99-105 (complementary 6-mer seed sequence matching), nt 2619-2626
(complementary 8-mer seed sequence matching) and nt 6661-6667
(complementary 8-mer seed sequence matching). Similarly, let-7d-3p is
predicted to target the 4564-bp 3’-UTR of the mRNA of v-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog (KRAS) at nt 4277-4282 with a
complementary 6-mer seed matching site (Figure 4.9). The putative miRNA
target binding sites of 3°-UTR of the IGF1R and KRAS transcripts are highly

conserved across mammalian species (Figures 4.8 - 4.9).

96



let-7d-5p (1) let-7d-5p (2) let-7d-5p (3)

IGFIR —| cos | LIS
151 4154 11242
1 hsa-let7d-5p 3’ ~UUGAUACGUUGGAUGRUGGAGA-5"
| EREN
Human 5’ -UUCACAAGCCUCCUQUACCUCRG-3’
Chimpanzee 5/ -UUCAUGAGCCUCCUQUACCUCRG-3’
Mouse 5’ ~UUCACAAGCCUCCUJQUACCUCRG-3’
Dog 5/ -GCCAC-AGCCUCCUJUACCUCRG-3’
Elephant 5’ ~-UUCAAAAGCCUCCUJQUACCUCRG-3"
2 hsa-let-7d-5p 3’ ~UUGAUACGUUGGAUGAUGGAGA}5'
[ FErrrrn
Human 5" —CCCAAACAUUUAUCUACCUCA 3"
Mouse 5/ ~UUCAAACAUUUAUICUACCUCA} 3’
Rabbit 5’ —-UUCAAGCGUUUAUICUACCUCA} 3’
Dog 57/ ~-UUCAAACAUUUAUICUACCUCAR 3’
Elephant 57 ———CAAACAUUUAUCUACCUCA|3”

3 hsa-let-7d-5p 37 —UUGAUACGUUGGAUSAUGGAGlA—5’
I e

Human 5" ~-UUUGCCAGAGUUUGULUACCUCU{EGG-3
Chimpanzee 5’ ~UUUGCCAGAGUUUGULUACCUCU{GG-3"
Mouse 5’ ~UUUGCCAGAGUUCAULCUACCUCU{GG-37
Dog 5’ ~UUUGCCAGAGUAUGULCUACCUCU{GG-3"

Elephant 5’ -AUUGCCAGAGUUUGULCUACCUCU{GG-37

Figure 4.8: Insulin-like growth factor 1 receptor (IGF1R)
is a putative target for let-7d-5p at three sites.
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To investigate miRNA post-transcriptional regulation of both the
IGF1R and KRAS transcripts, mRNA and protein levels of both transcripts
were measured by real-time PCR and western blot analysis. The concentration
of protein lysates prepared from colon cancer cells (Supplementary Figure 1
and Table 3) used for western blot analysis was determined. In real-time PCR
analysis, data revealed the comparable IGF1R transcript expression levels
among the four cell lines, the average fold change was determined. The data
showed that IGF1R transcript was significantly down-regulated by 3.80 + 1.63
fold (p < 0.01) in the four colon cancer cells relative to normal cells (Figure
4.10 and Table 4.9). In western blot analysis, the IGFIR a-subunit 130 kDa
protein and B-subunit 97 kDa protein (cleavage product of IGF1R precursor)
showed very faint bands in colon cancer cells, both subunits were down-
regulated by 0.33 + 0.23 fold (p < 0.01) and 0.53 £ 0.37 fold (p < 0.01) in
colon cancer cells relative to normal (Figure 4.11 and Table 4.10); the IGF1R
protein was found to be expressed at similar levels among the cell lines.
Likewise, KRAS transcript was significantly down-regulated in colon cancer
cells relative to normal cells by 2.12 + 1.05 (p < 0.05) at the mRNA level
(Figure 4.10 and Table 4.9). The KRAS 21 kDa protein was, on the other hand,
significantly up-regulated by 4.85 + 1.39 fold (p < 0.01) in colon cancer cells
relative to the normal (Figure 4.11 and Table 4.10). In addition, the KRAS
protein was found to be expressed at similar levels among the cell lines. The
additional upper band detected in western blotting analysis of KRAS in
normal colon is KRAS isoform, an unprocessed form of KRAS, whereas the
KRAS 21 kDa protein detected in colon cancer cells is a processed form of

KRAS — phosphorylated KRAS (Rebollo et al., 1999; Ahearn et al., 2012).
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Amplification plot: IGF1R vs. GAPDH

Amplification plot: KRAS vs. GAPDH

GAPDH
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/' IGF1R KRAS
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Melt curve: IGF1R vs. GAPDH Melt curve: KRAS vs. GAPDH
GAPDH

A\ GAPDH

A

IGF1R : \

KRAS

Figure 4.10: Amplification plot and melt curve for real-time PCR analysis
on IGF1R and KRAS transcripts. GAPDH was used as endogenous

normalising control. NTC: Non-template control.

99



Table 4.9: Expression levels of let-7d-5p and -3p pair and targeted mRNA

transcripts in colon cancer cells (n = 3)

mMiRNA Cell lines  miRNA expression Target MRNA expression
log,(fold change) transcript  log,(fold change)
WG panel Real-time PCR
HCT-15 1.63 -4.83+£0.71
HT-29 3.49 -2.03 £ 0.63
let-7d-5p IGF1R
SK-CO-1 1.29 -5.49+1.29
WiDr 2.74 -2.86 + 0.47
Average of the four cell 2294101 3.80 4 1.63%*
lines
HCT-15 -3.91 -3.44 £ 0.25
HT-29 -2.10 -1.36 £ 0.31
KRAS
let-7d-3p SK-CO-1 -2.41 -247+1.85
WiDr -2.68 -1.19+0.83
Average of the four cell 278 + 0 79%* 212 4 1.05*

lines
HCT-15, HT-29, SK-CO-1 and WiDr colon cancer cells were used in the analysis; Data

shown are mean + SD of three independent experiments; *p < 0.05, **p < 0.01.
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Figure 4.11: Western blotting analysis of let-7d-5p and -3p target proteins
IGF1R and KRAS in colon cancer cells. Band densitometric analysis was
performed using UVP VisionWorks®LS Image Acquisition and Analysis
Software. Based on three independent experiments, average of protein
expression levels relative to normal is showed in Table 4.10. Upper band in
western blotting analysis of KRAS in N1 and N2, unprocessed form of KRAS;
KRAS 21 kDa protein, phosphorylated KRAS. N1 and N2 are two
commercially available protein lysates from normal colonic tissues derived
from two different donors. R.L., protein expression level relative to normal

colonic tissue protein lysates.
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Table 4.10: Expression levels of let-7d-5p and -3p and targeted proteins in

colon cancer cells

mMiRNA Cell lines  miRNA expression Target Protein
logy(fold change)  transcript  expression
WG panel Western blot
let-7d-5p  HT-29 3.49 IGFIR a:0.25+0.20
B:0.51+0.45
SK-CO-1 1.29 a:022+0.11
B:0.37+0.12
WiDr 2.74 a:0.50+£0.30
B:0.71 +0.49
a:0.33+£0.23%*
Mean 250+1.12 B:0.53+0.37**
let-7d-3p HT-29 -2.10 KRAS 4.08+1.25
SK-CO-1 -2.41 401+211
WiDr -2.68 6.47 +2.81
Mean -2.40 + 0.29** 4.85 £ 1.39**

HT-29, SK-CO-1 and WiDr were cell lines included in the analysis; *p < 0.05, **p < 0.01.
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The putative targets of let-7d pair, IGF1IR and KRAS were
experimentally validated by alteration of the endogenous miRNA levels. The
effects of changes on the target transcript mRNA and protein levels due to
altered miRNAs were measured. The mRNA expression levels of IGF1R and
KRAS were most down-regulated in HCT-15 and SK-CO-1 cells — the
metastatic cell types, however, let-7d-5p was not significantly expressed in
SK-CO-1 cells (Table 4.9). Hence, HCT-15 cells were used in the miRNA

knockdown or overexpression assay.

let-7d-5p level was knocked-down by transient transfection of HCT-15
cells with a specific let-7d-5p miRNA inhibitor (Figure 4.12). Consequently,
IGF1IR mRNA was significantly up-regulated by 2.58 + 0.59 fold (p < 0.05)
(Table 4.11 and Figure 4.12) and there was only insignificant effects on
IGF1IR mRNA level in the cells transfected with a miRNA inhibitor negative
control which was composed of a random miRNA sequence. When the let-7d-
5p level was knocked-down, IGF1R protein was significantly up-regulated by
1.64 + 0.19 fold (p < 0.01) relative to mock control (Table 4.11 and Figure
4.12), supporting regulation of IGF1R possibly by let-7d-5p by increasing
IGF1IR mRNA level and, thus, increasing protein synthesis. The let-7d-3p
level was overexpressed by transient transfection of HCT-15 cells with a
specific let-7d-3p miRNA mimic (Figure 4.13). The increased of miRNA level
had led to significant down-regulation of KRAS mRNA by 0.30 + 0.23 fold (p
< 0.05) (Table 4.11 and Figure 4.13) but there was only insignificant changes

on KRAS mRNA level in the cells transfected with a miRNA mimic negative
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control. The increased miRNA level also led to significant down-regulation of
the KRAS protein by 0.52 + 0.09 fold (p < 0.01) relative to mock control
(Table 4.11 and Figure 4.13), and hence, supporting let-7d-3p regulation of
KRAS. Taken together, data of the miRNA transfection assays support
differential targeting of IGF1R and KRAS transcripts by let-7d-5p and -3p,
respectively, at both the transcript and protein levels. Future experiments to
investigate the mMRNA and protein level changes after HCT-15 colon cancer
cells treated with let-7d-5p mimic and let-7d-3p inhibitor is essential to further

support the findings.
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Table 4.11: Expression levels of let-7d-5p and -3p and targeted protein in

HCT-15 cells after miRNA inhibitor or mimic transfection

mMiRNA
Oligo FC' Target 1 1
miRNA (after mimic or .. mMRNAFC Protein FC
Transfected 7 . . transcript
inhibitor
transfection)
let-7d-5p 7d-5p inhibitor 0.01 IGF1R 258 £0.59* 1.64+0.19**
let-7d-3p 7d-3p mimic  477.71 KRAS 0.30+£0.23* 0.52+0.09**

'FC: Fold change relative to mock control, non-treated cell supplemented with serum-free
DMEM (with Lipofectamine RNAIMAX Reagent); *p < 0.05, **p < 0.01. In this experiment,
fold change is used instead of log,(fold change) because all the fold change values are not
exceeding 500.
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Figure 4.12: IGF1R transcript and protein expression in HCT-15 colon
cancer cells treated with the miRNA inhibitor let-7d-5p. A: let-7d-5p
miRNA levels in HCT-15 cells after transfection (the miRNA real-time PCR
experiment was done one time to check if transfection assay is successful), B:
target gene IGF1IR mRNA levels in HCT-15 cells after transfection, C & D:
target protein IGF1R levels in HCT-15 cells after transfection. Each bar in B
and D represents fold-change values obtained from three independent
experiments. Mock, non-treated cell supplemented with serum-free DMEM
(with Lipofectamine RNAIMAX Reagent). N.C., cell treated with miRNA

inhibitor negative control; *p < 0.05, **p < 0.01.
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Figure 4.13: KRAS transcript and protein expression in HCT-15 colon
cancer cells treated with miRNA mimic let-7d-3p. A: let-7d-3p miRNA
levels in HCT-15 cells after transfection (experiment was done one time to
check if transfection assay is successful), B: target gene KRAS mRNA levels
in HCT-15 cells after transfection, C & D: target protein KRAS levels in
HCT-15 cells after transfection. Each bar in B and D represents fold-change
values obtained from three independent experiments. Mock, non-treated cell
supplemented with serum-free DMEM (with Lipofectamine RNAIMAX
Reagent); N.C., cell treated with miRNA mimic negative control; *p < 0.05,

**p < 0.01.

107




CHAPTER 5

DISCUSSION

51 miRNA Expression Profiles Reveal Frequent Co-expression of

MiRNA-5p and -3p Pairs in Colon Cancer Cells

In recent years, miRNA profiling studies in various cancers have been
abundantly reported, revealing the involvement of mIiRNA in colon
carcinogenesis (Table 5.1). Echoing previous reports, our data also revealed
differential regulation of 128 miRNAs in colon cancer cells, signifying

dysregulation of miRNA in colon carcinogenesis.

Hierarchical clustering analysis demonstrated separation of normal
from cancer cells although the separation was incomplete (Figure 4.3). The
four colon cancer cell lines were grouped into two sub-clusters, sub-cluster 1
was represented by HT-29 and WiDr cells and sub-cluster 2 was represented
by HCT-15 and SK-CO-1 cells. Interestingly, HT-29 and WiDr cells were
found derived from low and non-metastatic colon cancers, whereas HCT-15
and SK-CO-1 cells were derived from high metastatic or high invasive
potential colon cancer (Shen et al., 2000; Wang et al., 2003; de Toledo et al.,

2012). These observations were possibly the reasons that had led to similar
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miRNA expression profiles of HT-29 - WiDr cells and HCT-15 - SK-CO-1

cells, and thus, two sub-clusters observed.
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Table 5.1: Summary of miRNA expression in colon cancer (Panarelli and Yantiss, 2011).

Study

Differentially expressed
miRNAs (no./total)

Most significantly overexpressed miRNAs in
colon cancer

Most significantly underexpressed miRNAs
in colon cancer

Bandres et al.

Wang et al.

Schepeler et al.

Slaby et al.
Xietal.
Schetter et al.

Sarver et al.

Michael et al.

Guo et al.

13/156

14/723

60/315
414
4/10
37/389

39/735

2/28
45/262

miR-31, miR-96, miR-133b, miR-135b, miR-145,
miR-183

miR-106b, miR-135b, miR-18a, miR-18b, miR-
196b, miR-19a, miR-224, miR-335, miR-424, miR-
20a*, miR-301b, miR-734a

miR-20a, miR-510, miR-92, miR-513

miR-31, miR-21

miR-15b, miR-181b, miR-191, miR-200c
miR-20a, miR-21, miR-106a, miR-181b, miR-203

miR-135b, miR-96, miR-182, miR-182*, miR-183

miR-93, miR-92, miR-520h, miR-508, miR-505,
miR-449, miR-429, miR-384, miR-373, miR-34c,
miR-326, miR-25, miR-224, miR-210, miR-200a,
miR-19b, miR-19a, miR-18a, miR-183, miR-182,
miR-181b, miR-181a, miR-181c, miR-17-5p, miR-
148a, miR-141, miR-130b, miR-128a, miR-106b,
miR-106a, let-7d

miR-378, miR-378*

miR-145, miR-455, miR-484, miR-101
miR-145, miR-143

miR-1, miR-133a, miR-30a-3p, miR-30a-5p,
miR-20b, miR-363
miR-143, miR-145

miR-96, miR-485-5p, miR-422b, miR-342,
miR-214, miR-199a, miR-195, miR-150,
miR-145, miR-143, miR-133a, miR-126,
miR-125b, miR-100
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Numerous studies have reported that only one strand (either 5p or 3p
arm) of the RNA duplex is selected to enter and be assembled with the RNA-
induced silencing complex (RISC) and is, therefore, expressed in abundance
as a regulatory element. On the other hand, the alternative strand — the
passenger strand or miRNA* strand, is degraded upon unwinding of the
miRNA duplex (Alexiou et al., 2010; Guo and Lu, 2010; Yang et al., 2011;
Pahl et al.,, 2012). The identified alternative miRNA* species is often
neglected or not included in further downstream analysis as it is generally
degraded upon miRNA assembling to the RISC complex (Mah et al., 2010;
Pahl et al., 2012). Co-expression of both the miRNA-5p and -3p species has
recently been started to be recognised and evidences show the abundance,
possible functions, and physiological relevance of miRNA* species in cancers
or other diseases (Jazdzewski et al., 2009; Guo and Lu, 2010; Jiang et al.,

2010; Lin et al., 2010; Mah et al., 2010; Jin et al., 2011; Almeida et al., 2012).

Mature selection of miRNA-5p or -3p strand to be incorporated into
RISC is influenced by relative thermodynamic stability of the two ends of the
mIiRNA duplex. In most cases, the functional miRNA strand with less-stable
base pairing at the 5* end typically evades degradation during mature strand
selection (Mah et al., 2010). This finding is supported by the report that a less
stable 5° end preferentially incorporates itself into the RISC and hence, to
efficient mMRNA targeting and degradation (Schuck et al., 2004; Barrero et al.,

2011).
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The co-expression of miRNA-5p and -3p pair might be due to similar
thermodynamic stability and energy at both termini of the miRNA duplex
which further leads to little or no thermodynamic bias for the mature-strand
selection of either of the miRNA duplex ends (Mah et al., 2010) and, therefore,
both miRNA-5p and -3p are co-expressed. However, the exact mechanism co-

expression of mMiRNA pairs requires further investigation.

In this study, a total of 19 pairs miRNA-5p and -3p (38 miRNAs in
total) were revealed to be significantly co-expressed in similar expression
pattern (Table 4.5), in which the regulation patterns of miRNA pairs are
consistent with data of previous publications summarised in Table 5.1, e.g. in
Sarver et al., miR-182 and miR-182* are reported co-up-regulated in colon
cancer. Besides, miR-20a pair was significantly up-regulated in colon cancer
cells in this study (Table 4.5), which is consistent with previous report (Table
5.1). On the other hands, miR-7 and let-7i pairs were significantly up-
regulated in colon cancer cells (Table 4.5), which have never been reported in

other colon cancer-related studies.

5.2  miRNAs Involved in Colon Cancer Pathogenesis-related Pathways

Dysregulation of miRNAs may contribute to the carcinogenesis

process if the miRNA targets are genes coding for tumour suppressor protein

or oncogenic protein (Shenouda and Alahari, 2009; Slaby et al., 2009).
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miRNAs that are up-regulated or overexpressed in cancer may function as
oncogenes, commonly referred to as oncogenic miRNA, or oncomiR
(Shenouda and Alahari, 2009). The up-regulation of oncogenic miRNAs may
result from transcriptional activation or amplification of miRNA encoding
genes, promoting cancer-associated phenotypes and sustaining growth of
cancer cells (Slaby et al., 2009). On the other hand, miRNAs with tumour
suppressor activities in normal tissue are down-regulated or underexpressed in
cancer, and are commonly referred to as tumour suppressive miRNAS
(Shenouda and Alahari, 2009). Down-regulation of tumour suppressive
miRNAs may result from chromosomal deletion, mutation, epigenetic
silencing or mIiRNA processing alterations, thus initiating malignant
transformation of normal cells (Slaby et al., 2009). Roles of oncogenic and
tumour suppressive miRNAS in carcinogenesis process are shown in Figure
5.1 (Paranjape et al., 2009). Elevated levels of oncogenic miRNAs in cancer
cells assemble and block translation of the targeted tumour suppressor genes,
while reduced levels of tumour suppressive miRNAs are unable to assemble
themselves onto the transcripts of their targeted oncogenes, therefore
oncogenic proteins are translated (Paranjape et al., 2009). The joint effects of
aberrant oncogenic and tumour suppressive miRNAs levels lead to initiation

of the carcinogenesis process in cells (Paranjape et al., 2009).
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Figure 5.1: miRNA may have oncogenic or tumour suppressive properties

in carcinogenesis (Paranjape et al., 2009).
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Oncogenic miRNAs are frequently up-regulated in cancer to promote
cancer-related phenotypes, i.e. 92 up-regulated miRNAs (71.9%) identified in
colon cancer cells (Table 4.2). Tumour suppressive miRNAs are often found
to be down-regulated in cancer, i.e. 36 down-regulated miRNAs (28.1%)
identified in colon cancer cells. Amongst the differentially expressed miRNAs,
71.9% of them are oncogenic miRNAs, only 28.1% of them are tumour
suppressive miRNAs. In this study, more oncogenic miRNAs are detected.
Hence, we hypothesised that oncogenic miRNAs contribute more to
carcinogenesis via down-regulating tumour suppressor genes encoding
proteins, such as TP53 and PTEN to promote cancer; minority numbers of
tumour suppressive miRNAs are contributed to carcinogenesis via up-

regulating oncogenic proteins, such as JUN and MYC.

In Vogelstein’s multistep colon carcinogenesis model (Figure 5.2),
miRNAs are showed to be contributed to the regulation of various key colon
cancer-related oncogenic and tumour suppressor pathways (Slaby et al., 2009).
Numerous proteins involved in Wnt/B-catenin pathway, EGFR signalling and
its downstream KRAS and phosphatidylinositol-3-kinase (PI13K) pathways,
extracellular matrix (ECM) breakdown and epithelial-mesenchymal transition
(EMT) pathways, p53 induction of cell cycle checkpoints and apoptosis, are
altered and probably affected by the involvement of miRNA in colon

carcinogenesis (Figure 5.2) (Slaby et al., 2009).
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We attempt to integrate miRNAs identified in this study into the
multistep colon carcinogenesis model. It is observed that a number of mMiRNAS
that differentially expressed this study are involved in the early stages of
carcinogenesis, including miR-145, miR-21, miR-17-92, miR-143, miR-18a
and let-7. Hence, these miRNAs are served as potential candidates for
diagnostic signature array development for early stage detection of colon

cancer.

The miR-17-92 cluster, including miR-17, miR-18a, miR-20a pairs
were up-regulated in this study. The expression levels of these miRNAs in
colon cancer cells are consistent with previous study (Figure 5.2) (Slaby et al.,
2009; Goel and Boland, 2012). This miRNA family is reported to be involved
in regulating the major pathway B-catenin/WNT signalling that drive the
progression of colon carcinogenesis (Slaby et al., 2009; Goel and Boland,
2012). Another miRNA associated with B-catenin/WNT signalling regulation
is miR-145, which is targeted on MYC protein. miR-145 was revealed to be
down-regulated in this study, which is also consistent with previous study

(Figure 5.2) (Slaby et al., 2009; Goel and Boland, 2012).

In this study, miR-143 and let-7d-3p were down-regulated in colon
cancer cells, echoing with previous study (Figure 5.2). Slaby et al. (2009)
reported that they were involved in the regulation of EGFR signalling pathway,

targeting on KRAS protein, blocking the constitutive phosphorylation of
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MAPK. Besides, miR-21 was found significantly up-regulated in colon cancer
cells in this study, which is reported strongly repressing tumour suppressor
gene PTEN, associated with the augmentation of PI-3-K signalling and the

progression of colon cancer (Slaby et al., 2009; Goel and Boland, 2012).
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Figure 5.2: Involvement of miRNA in Vogelstein's multistep model of colon carcinogenesis targeted on various oncogenic and tumour

suppressive pathways (Slaby et al., 2009).
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Through investigating putative target pathways of the differentially
MIiRNAs identified in this study, these miRNAs are found to be strongly
related to colon cancer-related regulatory pathways, including apoptosis, cell
cycle, mitogen-activated protein kinase (MAPK) signalling cascade, p53
signalling pathway and EMT (Table 4.3 and 4.7), complement the
involvement of miRNAs in Vogelstein’s multistep colon carcinogenesis model
(Slaby et al., 2009) and potentially serve as the diagnostic biomarkers and
possibly the therapeutic targets for colon cancer (Reid et al., 2012). In this
study, a comprehensive theoretical analysis of the relationship between
miRNAs and the selected target pathways was performed. This provided the
basis for elucidation of the regulatory mechanism of miRNAs on its targeted
pathways, taking a further step towards the understanding of colon
carcinogenesis. By elucidating the colon carcinogenesis pathway, miRNA
biomarkers for the development of an improved diagnostic tool is anticipated
to be discovered, particularly targeting at stage 0 to stage | for identifying
precursor lesions, polyps and benign tumour, so that proper treatment may be

applied more timely leading to better prognosis (Figure 5.2).

5.3  Cross Targeting of let-7d-5p and -3p Pair on IGF1R and KRAS

Involved in Apoptosis

Through bioinformatics analysis to predict miRNA target gene

transcripts, it is noted that the validated targets (targets with hash (*) in Table

4.7) were clustered either for the miRNA-5p or -3p species, suggesting that
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they were targeted by the major strand miRNA species. The predicted targets
(targets without hash) were likely the lower-abundant alternative-strand

mIiRNA species that await experimental validation.

In general, members from the same miRNA family are predicted to
possess similar functions and regulate specific pathways as they are found to
be targeted on similar set of gene transcripts due to identical seed sequences.
Besides, multiple miRNAs, or miRNA-5p and 3p pair derived from the same
precursor, with different sequences may be targeting at the same transcript,
and this is possible through miRNA recognition of different binding sites of
the same transcript. On the other hand, the same miRNA may cross-target
different transcripts encoding for proteins of related or similar functions in the
carcinogenesis processes to defend against alterations of miRNA regulatory
pathways. In the case of one gene is being affected or knocked-down in the
pathway, another gene targeted by the same or other miRNAs would still be
available to regulate and maintain the miRNA regulatory circuit and to exert

related phenotypic function.

Initial bioinformatics analysis predicted that IGF1IR mRNA transcript
was targeted by let-7d-5p and KRAS transcript was targeted by let-7d-3p.
Validation of these predicted target gene was achieved by miRNA transfection
assays by using specific miRNA inhibitor or mimic. Real-time PCR and

western blot data supported regulation of IGF1R by let-7d-5p via increasing
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MRNA level and protein synthesis (Figure 5.3) (Guo et al., 2010). Likewise,
let-7d-3p regulates KRAS via decreasing KRAS mRNA level and increasing
degradation of KRAS transcript (Figure 5.4) (Guo et al., 2010). The question
whether the changes in let-7d target transcripts and proteins are achieved
through a direct post-transcriptional regulation by let-7d miRNA or indirect

regulation through other unknown genes requires further investigation.

/]\ |et-7d-5p This study

This study;

J |GF1R Piayford et al., 2000

Sperandio et al., 2000
Allison et al., 2007

J Cell adhesion 1 cell motility
Metastatic spread

4 Programmed cell death
(non-apoptotic form) (sperandio et at. 2000)

1 Cancer cells

Figure 5.3: A proposed model of let-7d-5p — IGF1R contribution to colon

carcinogenesis.
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Figure 5.4: A proposed model of let-7d-3p — KRAS contribution to colon

carcinogenesis.
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In this study, let-7d-5p was found to be up-regulated in colon cancer
cells and let-7d-5p was proposed to be inhibiting or down-regulating IGF1R in
colon cancer cells. Correspondingly, our data showed that IGF1R mRNA and
protein levels were decreased in colon cancer cells relative to normal colonic
cells, consistent with previous report of down-regulation of IGF1R protein in
colon cancer cell lines HT-29 and LoVo cells (Playford et al., 2000; Jones et
al., 2006; Brierley et al., 2010). A previous report has also showed that the
IGF1R protein is up-regulated in early-stage tumours but is down-regulated in
advanced-stage colon cancer (Allison et al., 2007), breast cancer (Schnarr et
al., 2000) and prostate cancer (Hellawell et al., 2002). IGF1R protein is widely
recognised as promoting malignant transformation of normal cells. The colon
cancer cells with decreased IGF1R protein levels were differentiated into
mesenchymal-type cells and showed decreased cell adhesion and increased
cell motility (Allison et al., 2007). These changes could favour the metastatic
spread of cancer cells to distant lymph nodes or organs. Besides, decreased
IGF1R levels are also associated with decreased levels of non-apoptotic form
of programmed cell death (Sperandio et al., 2000), and hence, increased the

invasiveness of cancer cells.

On the other hand, let-7d-3p was found to be down-regulated in colon
cancer cells. It was proposed that decreased level of let-7d-3p targeted on
KRAS mRNA and, thus, up-regulating KRAS protein in colon cancer cells.
Correspondingly, our data showed that the KRAS protein was increased in

colon cancer cells relative to cells derived from normal colon tissues,
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consistent with a previous report (Jancik et al., 2010). Wild-type KRAS gene is
originally a tumour suppressor gene in normal cells. However, KRAS is
frequently mutated during tumour progression of cancer (Brink et al., 2003,;
Liu et al., 2011b). The mutated KRAS gene is often activated in colon cancer
cells (Brink et al., 2003; Jancik et al., 2010). The activated KRAS gene
possesses oncogenic properties and is expressed in elevated levels; it is also
commonly involved in the development of various human cancers, including
colon cancer (Hiyama et al., 2002; Jancik et al., 2010). Cells with elevated
KRAS protein level are often associated with decreased apoptosis cell death
and growth arrest, and at the same time increased cell proliferation and
survival rate of cancer cells. Elevated expression of activated KRAS gene was
revealed to enhance metalloproteinase 2 (MMP2) in the matrix to enhance
invasiveness of cancer cells. Besides, elevated levels of KRAS protein disrupt
the cell polarity, a hallmark of cancer (Wang et al., 2009), which are
responsible for the diversification of cell shapes but also for regulation of
asymmetric cell divisions of stem cells that are crucial for their correct self-

renewal and differentiation (Jancik et al., 2010).

5.4  Potential Diagnostic, Prognostic and Therapeutics Applications of

miRNA for Colon Cancer

miRNA expression profiles were shown to have correlation with

tumour origin in previous reports, allowing characterisation of tumours of

unknown origin and indistinguishable by histology (Farazi et al., 2013).
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Advances in miRNA detection, such as real-time gRT-PCR, may allow
miRNAs to be used as diagnostic and prognostic markers in the clinic by
detecting circulating miRNA in blood plasma or stool of colon cancer patients
(Zhai and Ju, 2011), and for discriminating colon cancer from gastric cancer
and inflammatory bowel diseases (IBD) by using cancer-specific miRNA

biomarker miR-92a (Schee et al., 2010).

Association between dysregulation of miRNA and the outcome of
disease has been demonstrated. Elevated expression of miR-21 is associated
with the development of distant metastases with advanced tumour, lymph
node and metastasis staging (Yan et al., 2008). On the other hand, miRNAs
are also specifically associated with increased tumour size and metastasis. For
example, low abundance of miR-143 and miR-145 are associated with tumour
size larger than 50 mm (Zarate et al., 2012). Besides, miRNA gene or miRNA
binding site polymorphisms and miRNA gene expression alterations are
reported to be associated with treatment outcome of colon cancer (Wu et al.,
2011). For example, a polymorphism in let-7 miRNA binding site at KRAS 3’-
UTR is showing positive correlation with cetuximab responsiveness in wild-
type KRAS metastatic colon cancer patients (Zhang et al., 2011b). Similarly,
the expression levels of let-7g and miR-181b in colon cancer are significantly
associated with chemo-responses to S-1 (5-fluorouracil-based antimetabolite)

(Nakajima et al., 2006).
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Gene therapy using miRNAs might be an effective approach when
combined with chemotherapy to inhibit tumour progression (Lujambio and
Lowe, 2012). Manipulation of specific miRNA levels in cancer cells using
miRNA replacement (mimics) or anti-miRNA (inhibitors) can restore miRNA
activities and repair the damaged gene regulatory network and signalling
pathways (Figure 5.5) to reverse the phenotypes of cancerous cells (Yu et al.,
2013). New advances in delivery of miRNA inhibitors and mimics hold the
promise of rapidly translating knowledge of miRNAs into disease treatment.
In this study, we revealed that the expression levels of let-7d-5p and -3p
affected the mRNA and protein expression levels of IGF1R and KRAS, in
which both transcripts are associated with cell death, in apoptotic or non-
apoptotic form (Figures 5.3 and 5.4). Theoretically, cell invasiveness and
could be decreased and cancer cell death could be increased by increasing the
IGF1IR protein level and decreasing the KRAS protein level through
manipulation of let-7d levels. However, more specific assays to confirm the
phenotypic effects of let-7d targeting IGF1R and KRAS as well as detailed
pharmacokinetics-pharmacodynamics studies are required to determine the
optional dosage of miRNA oligonucleotides to be used safely (Garzon et al.,
2009). Finally, the precursor generating miRNA-5p and -3p species may each
has distinct clinical effects (Almeida et al., 2012). Therefore, manipulating
miRNA expression for therapeutic purposes using precursor miRNA should be

carried out with caution.
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Figure 5.5: Clinical applications of miRNAs in cancer therapy (Yu et al.,
2013).

55 Future Work

Analysis focusing on other miRNA-5p and 3p pairs and their targets
(Table 4.7) will be performed in other studies to confirm the predicted targets
derived from the miRNA target prediction algorithm and their putative
functions. Other significantly expressed miRNAs, which do not occur in the
5p/3p pairs, in colon cancer cells, and their respective novel targets are also

worthy of further investigation in future studies. More importantly, future
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investigation will be carried out using normal-cancer paired clinical biopsies
obtained from colon cancer patients to further elucidate possible functional
contributions of co-expression miRNA-5p and -3p pairs in colon cancer
pathogenesis. Clinically validated miRNAs that are differentially expressed in
cancer relative to normal tissues are useful in the development of a diagnostic

signature array chip for early detection of colon cancer in Malaysia.
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CHAPTER 6

CONCLUSIONS

By using colon cancer as a study model, miRNA expression profile of
colon cancer cells was established in this study. A total of 128 miRNAs are
differentially expressed in colon cancer cells were successfully identified
indicating significant miRNA dysregulation in colon cancer cells. More than
2/3 of dysregulated miRNAs identified in the study are found to be up-
regulated, indicating miRNAs play a more important role in repressing or
inhibiting tumour suppressor proteins rather than in up-regulating oncogenic

proteins in the carcinogenesis process.

The miRNA profiling has also led to the finding of frequent miRNA-
5p and -3p co-expression in colon cancer cells and most of the co-expressed
miRNA pairs were co-up-regulated or co-down-regulated. Mature strand
selection of either one or both the 5p and 3p strands could be associated with
alteration of miRNA levels, external signals that triggered intracellular
changes in protein-protein interaction and, thus, affecting the availability of
target transcripts. On the other hand, through bioinformatics analysis, both the
miRNA-5p and -3p species derived from the same miRNA precursor are
mostly found to be targeting different transcripts and affecting the same or
different biological pathways; the same mIRNA may also cross-target

different mMRNA transcripts of the same biological pathway. Occasionally,
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miRNA-5p and -3p derived from the same miRNA precursor are found to

target the same mRNA transcript.

The inverse co-expression of let-7d-5p and -3p pair was validated by
miRNA real-time PCR. Furthermore, this pair of miRNAs was revealed to be
targeting different putative targets IGF1R and KRAS that regulate the same
cancer-related regulatory pathway - apoptosis. The miRNA inhibitor and
mimic transfection assay results supported regulation of IGF1R by let-7d-5p
by increasing IGF1R protein synthesis; let-7d-3p regulation of KRAS was via
increasing degradation of KRAS transcripts. These results implicate that the

miRNA pair could be functionally relevant to colon carcinogenesis.

Hence, the hypothesis is proven that both miRNA-5p and -3p are co-
dysregulated in colon cancer cells, and miRNA dysregulation of 5p and 3p
miRNA species is associated with altered target transcript expression that may

be involved in important pathways in colon carcinogenesis.

Our results using cultured colon cancer cells provide the basis for
future investigation using clinical specimen to elucidate possible functional
contributions of co-expression miRNA-5p and -3p pairs in colon cancer
pathogenesis. It is anticipated that at least 10 clinical specimen-validated pairs

out of the 19 dysregulated miRNA pairs will be included into a chip and
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further developed into diagnostic signature array for early detection and

prognosis of human colon cancer.
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Supplementary Table 1: miRNAs that are activated or shutdown in colon

Appendix A

cancer cells relative to normal colon cells

Ifl;irll{ill\;A miRNA Other name log,(fold change)
(a) Activated in colon cancer cells
let-7 miR-98-5p miR-98 4.45 +1.33**
mir-7 miR-7-5p miR-7 6.44 £ 1.14**
mir-8 miR-200a-5p miR-200a* 3.74+2.77
mir-8 miR-200c-5p miR-200c* 3.93 £ 1.05**
mir-8 miR-429 miR-429 5.27 + 2.39*
mir-17 miR-20a-5p miR-20a 7.19 £ 0.78**
mir-17 miR-20a-3p miR-20a* 1.58 +0.98
mir-19 miR-19a-3p miR-19a 3.61 + 0.64**
mir-21 miR-21-3p miR-21* 5.99 + 0.85**
mir-29 miR-29b-1-5p miR-29b-1* 2.93 £ 0.84**
mir-32 miR-32-5p miR-32 4.80 £1.17**
mir-130 miR-301a-3p miR-301a 3.32 £ 0.58**
mir-224 miR-224-5p miR-224 6.74 £ 3.90
mir-335 miR-335-5p miR-335 2.67+1.39
mir-454 miR-454-3p miR-454 3.56 £ 0.78**
mir-1204 miR-1204 miR-1204 2.66 + 0.93**
- miR-1274a miR-1274a 5.77 £1.01**
- miR-3679-3p miR-3679-3p 3.39 £ 0.79**
- miR-4304 miR-4304 6.14 + 0.55**
(b) Shutdown in colon cancer cells
mir-15 miR-195-5p miR-195 -2.11 + 0.0008**
mir-143 miR-143-3p miR-143 -8.00 £ 2.74**
mir-145 miR-145-5p miR-145 -5.24 £2.16**
mir-199 miR-199a-5p miR-199a -3.84 £ 2.16**
mir-223 miR-223-3p miR-223 -2.83 £ 0.001**
mir-342 miR-342-3p miR-342 -6.87 £ 0.24**
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Supplementary Table 1 continued:

miRNA

family miRNA Alternative name log,(fold change)
(b) Shutdown in colon cancer cells

mir-370 miR-370-3p miR-370 -6.83 £ 0.003**

mir-378 miR-378a-5p miR-378* -2.60 £ 0.003**

mir-451 miR-451a miR-451 -2.70 £ 2.06*

mir-1268 miR-1268a miR-1268 -3.51 £ 0.26**

- miR-3195 miR-3195 -8.66 £ 0.16**

- miR-4252 miR-4252 -4.84 £ 0.33**
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Appendix B

Supplementary Table 2: Putative target transcripts and functions of the

19 co-expressed miRNA pairs in colon cancer cells

mMiRNA | Other name | Affected functions/processes: Selected target mMRNAs
miRNA-5p/3p co-expression up-regulated
let-7g-5p let-7g Angiogenesis: IGF1R”, MYC”, TNFSF10

Apoptosis: BCL2L1, IGF1R*, MDM4, MYC*
Cell cycle: MDM4

Inflammation: TNFSF10

MAPK signalling pathway: MYC*

p53 signalling pathway: MDM4

let-7g-3p let-7g* Angiogenesis: ITGAL

Apoptosis: EI24, ZAK

EMT: ZEB1

MAPK signalling pathway: NLK

Pyrimidine metabolism/ metabolic pathways: CAD
Transcriptional misregulation in cancer: ZEB1
Wht signalling pathway: NLK

let-7i-5p let-7i Cell-cell signalling: 1L13"

Cytokine-cytokine receptor interaction: 1L13"
Inflammatory response: 1L13", TLR4"
Jak-STAT signalling pathway: 1L13"
Toll-like receptor signalling pathway: TLR4"
let-7i-3p let-7i* Apoptosis: KPNA1

Cell cycle: FOXG1, STAG2

Cell proliferation: DLX5

Focal adhesion: ACTB

Leukocyte transendothelial migration: ACTB
Protein digestion and absorption: COL12A1
Regulation of cytokine biosynthetic process: IGFBP3
p53 signalling pathway: IGFBP3

miR-7-5p miR-7 Angiogenesis: CCND1, IGF1R?, MYC, TIMP2
Apoptosis: EGFR*, IGF1R?, MYC
Cell cycle: CCND1

Cell growth: SLC3A2

Cell migration: EGFR", IRS1
DNA repair: EGFR”
Inflammation: SLC7A5

MAPK signalling pathway: EGFR"
p53 signalling pathway: CCND1
Response to drug: ABCC1

Whnt signalling pathway: CCND1
miR-7-1-3p miR-7-1* Angiogenesis: IGF1R

Apoptosis: IGF1R

Inflammation: JUN

MAPK signalling pathway: JUN
Whnt signalling pathway: JUN
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Supplementary Table 2 continued:

MiRNA

‘ Other name | Affected functions/processes: Selected target mMRNAs

miRNA-5p/3p co-expression up-regulated

miR-141-5p

miR-141*

Apoptosis: ATM, NMEL1, ZAK

Cell adhesion molecules (CAMs): CLDN1
Cell cycle: ATM

Leukocyte transendothelial migration: CLDN1
p53 signalling pathway: ATM

miR-141-3p

miR-141

Angiogenesis: CCND1, ETS1, MAPK14, MET, MYC,
PIK3CA, TP53

Apoptosis: MAP3K10, MYC, PPIA, TP53, PTEN
Cell cycle: CCND1, TP53

Drug target: CDC25C, PPIA

EMT: ZEB1*, ZEB2"

Focal adhesion: MET

Inflammation: MAPK14, PPIA, TP53

MAPK signalling pathway: MAPK14, MAP3K10, TP53
p53 signalling pathway: CCND1, TP53, PTEN
Transcriptional misregulation in cancer: ZEB1*

Wht signalling pathway: CCND1, TP53, ZEB2*

miR-200a-5p

miR-200a*

Apoptosis: BNIP1, FGF4, TIAM2

Cancer progression, invasion, metastasis: TIAM2
Chromatin modification: PRDM6

EMT: ZEB2

MAPK signalling pathway: FGF4

Whnt signalling pathway: FZD1, PPAP2B, ZEB2

miR-200a-3p

miR-200a

Angiogenesis: ITGB3

Cell migration: IRS2

Cell adhesion molecules (CAMs): SELE

EMT: ZEB1", ZEB2*

Inflammation: SELE

Transcriptional misregulation in cancer: ZEB1*
VEGF signalling pathway: ITGB3

Wnt signalling pathway: ZEB2*

miR-17-5p

miR-17

Angiogenesis: CCND1, THBS1”

Apoptosis: E2F1*, TGFBR2*, PTEN?

Cell cycle: CCND1, E2F1* RBL2, THBS1”
MAPK signalling pathway: MAP3K2

Oxidative stress: MAP3K2

p53 signalling pathway: CCND1, THBS1*, PTEN”
VEGF-R signalling pathway: BMPR2

Wht signalling pathway: CCND1

EMT: TGFBR2", SMAD4

miR-17-3p

miR-17*

Angiogenesis: CD44
Cancer: CD44, MYB
Inflammation: CD44, IL6ST
Proteolysis: IFT52

miR-18a-5p

miR-18a

Angiogenesis: HIF1A

Apoptosis: ATM, E2F1*, TGFBR2", PTEN*

Cell cycle: ATM, CCND2, CDK2, SMAD?2, THBS1*
Focal adhesion: CCND2,CDC42, MYLK, THBS1*
MAPK signalling pathway: CDC42, TNFSF11

p53 signalling pathway: ATM, CCND2, CDK2, THBS1",
PTEN’

VEGEF signalling pathway: CDC42, HIF1A

Whnt signalling pathway: CCND2, SMAD2

EMT: TGFBR2", SMAD4
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Supplementary Table 2 continued:

mMiRNA ‘ Other name | Affected functions/processes: Selected target mMRNAs

miRNA-5p/3p co-expression up-regulated

miR-18a-3p miR-18a* Apoptosis: CASP7, KRAS”

Drug target: CASP7

MAPK signalling pathway: KRAS"
VEGF signalling pathway: KRAS"

miR-20a-5p miR-20a Angiogenesis: CCND1, THBS1”

Apoptosis: E2F1*, TGFBR2*, PTEN”

Cell cycle: CCND1, E2F1*, THBS1*

p53 signalling pathway: CCND1, THBS1*, PTEN*
VEGF-R signalling pathway: BMPR2

Whnt signalling pathway: CCND1

EMT: TGFBR2", SMAD4, AKT3, TCF7L1

miR-20a-3p miR-20a* Angiogenesis: PPARA

Apoptosis: KRAS

Cell cycle: PCNA

DNA repair: PCNA

GABAergic synapse: SLC38A2

G-protein coupled receptor signalling pathway: LPAR1
MAPK signalling pathway: KRAS

VEGF signalling pathway: KRAS

miR-21-5p miR-21 Angiogenesis: MYC, TP53

Apoptosis: APAF1, BTG2, E2F1, MYC, TP53,
TGFBR2*, PTEN

Cell cycle: TP53

Inflammation: IL6R, TP53

MAPK signalling pathway: TP53

p53 signalling pathway: TP53, APAF1, PTEN?
VEGF-R signalling pathway: BMPR2

Wht signalling pathway: TP53

EMT: TGFBR2"

miR-21-3p miR-21* Apoptosis: CASP7, IKBKB, SMAD7, TGFB2

Cell cycle: PAPD5, TGFB2

Cell migration: TGFB2

Drug target: CASP7

EMT: TGFB2

Inflammation: IKBKB

MAPK signalling pathway: IKBKB, MAP3K1, TGFB2

miR-22-5p miR-22* Cell adhesion: PCDH15

Cell migration: NEXN

MAPK signalling pathway: MAP3K2
Protein transport: VPS26B

Response to DNA damage stimulus: UBR5
Ubiquitin mediated proteolysis: UBR5

miR-22-3p miR-22 Activin receptor signalling pathway: LEMD3
Apoptosis: ESR1, E2F2, NR3C1

BMP signalling pathway: BMP7*, LEMD3
Cell cycle: BMP7*, CDK6, E2F2

Cell migration: CDK6

EMT: BMP7*

Endocytosis: TFRC

Hedgehog signalling pathway: BMP7*
Inflammation: HDAC4

p53 signalling pathway: CDK6

SMAD protein signal transduction: BMP7*
TGF-beta signalling pathway: BMP7*, LEMD3, NR3C1
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Supplementary Table 2 continued:

mMiRNA ‘ Other name | Affected functions/processes: Selected target mMRNAs

miRNA-5p/3p co-expression up-regulated

miR-27a-5p miR-27a* Angiogenesis: PDGFA
Apoptosis: ATM, GSPT1
Cell cycle: ATM, PRMT5
Histone methylation;: PRMT5
p53 signalling pathway: ATM

miR-27a-3p miR-27a Angiogenesis: CCND1, CTSD, IGF1R, MET, TP53
Apoptosis: ATM, FOXO1*, IGF1R, TP53, EGFR?
Cell cycle: ATM, CCND1, PCNA, TP53

DNA repair: PCNA

Focal adhesion: MET

Inflammation: TP53

MAPK signalling pathway: TP53, EGFR*

p53 signalling pathway: ATM, CCND1, TP53

Whnt signalling pathway: CCND1, TP53

miR-151a-5p miR-151-5p | Apoptosis: ARHGDIA
Drug metabolism — cytochrome P450/ metabolic
pathways: CYP2E1

miR-151a-3p miR-151-3p; | Angiogenesis: EFNB2, THBS1

miR-151 Cell cycle: THBS1

EMT: ZEB1

Transcriptional misregulation in cancer: ZEB1
p53 signalling pathway: THBS1

miR-29b-1-5p | miR-29b-1* | Apoptosis: BIRC2, PAK7, SIRT1, TCF7L2
Cell cycle: CCNA2, LIN9, TCF7L2

Cell differentiation: NR2C2

Cell migration: PAK7

DNA methylation: PRMT3, PRMT8

DNA repair: SIRT1

EMT: TCF7L2

Inflammation: IL6ST, NR3C1

miR-29b-3p miR-29b Apoptosis: CASP7, PTEN

DNA methylation: DNMT3A/B
Drug target: CASP7
Inflammation: HDAC4, SLC7A5
p53 signalling pathway: PTEN

miR-31-5p miR-31 Angiogenesis: ETS1, MYC, TIMP2, TP53
Apoptosis: CDKN2D, MYC, TP53

Cell cycle: CDKN2B, CDKN2D, TP53
DNA repair: CDKN2D

Inflammation: FOS, RHOA, TP53
MAPK signalling pathway: TP53

p53 signalling pathway: TP53

Whnt signalling pathway: TP53

miR-31-3p miR-31* Apoptosis: ACVR1, VDAC1
Inflammation: ACVR1
Protein localisation/ transport: VPS13A

miR-199a-5p miR-199a Angiogenesis: HIF1A, MET
Apoptosis: CAV1*, IKBKB*

Cell cycle: CDKN1B

Cell migration: HIF1A

Focal adhesion: CAV1*, MET
VEGF signalling pathway: HIF1A
EMT: GSK3B

MAPK signalling pathway: IKBKB*
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Supplementary Table 2 continued:

MiRNA

| Other name

| Affected functions/processes: Selected target mMRNAs

MiRNA-5p/3p co-expression down-regulated

miR-199a-3p

miR-199a*

Angiogenesis: AKT1, CD44, MET"

Apoptosis: AKT1, MAPK1, MAPK8"

BMP signalling pathway: ACVR2A

Cell migration: AKT1

Focal adhesion: AKT1, MAPK8*, MAPK9, MET*
Inflammation: CD44

MAPK signalling pathway: AKT1, MAPK1, MAPK8?,
MAPK9, MAP3K4

Response to stress: MAP3K4, MAPK8*, MAPK9
VEGEF signalling pathway: AKT1, MAPK1

Wht signalling pathway: MAPK8*, MAPK9

miR-378a-5p

miR-378*

Angiogenesis: PTGS1

Apoptosis: BAG1, DCC, DFFA, FRZB, GABPA
DNA repair: RAD1

Inflammation: IL1R1

Response to oxidative stress: SLC7ALl

miR-378a-3p

miR-378

Angiogenesis and tumour growth: SUFU*
DNA repair: MSH3

MiR-574-5p

MiR-574-5p

Angiogenesis: BMP4, NR4A2

DNA damage response: FOXN3*

Inflammation: BMP4

Transcriptional misregulation in cancer: WHSC1

MiR-574-3p

miR-574

Cell cycle: CHEK1, CKS2
DNA repair: CHEK1

Drug target: CDC25B

Histone methylation: CARM1
p53 signalling pathway: CHEK1

miRNA-5p/3p inversed regulated

let-7d-5p
(up-regulated)

let-7d

Angiogenesis: IGF1R”
Apoptosis: IGF1R"

Cell cycle: THBS1?

EMT: HMGA2

p53 signalling pathway: THBS1*

let-7d-3p
(down-
regulated)

let-7d*

Apoptosis: KRAS
G-protein regulatory: PRKACB
MAPK signalling pathway: KRAS

miR-200b-5p
(down-
regulated)

miR-200b*

Chromatin modification: PRDM6

EMT: ZEB2

Small GTPase mediated signal transduction/GTP
catabolic process: RAB1A

Whnt signalling pathway: ZEB2

miR-200b-3p
(up-regulated)

miR-200b

EMT: ZEB1", ZEB2
Mismatch repair: MLH1
Transcriptional misregulation in cancer: ZEB1*

Hash (*) indicates validated target. Data derived from the miRNA target prediction algorithm (as
described in Materials and Methods Section 3.6), NCBI Gene Ontology Annotation Database
(UniProt-GOA) and KEGG Pathway databases.
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Appendix C

Bradford Protein assay
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Supplementary Figure 1: Protein lysates quantitation by Bradford
protein assay. The equation y = 0.0005x was used to calculate the

concentration of protein lysates prepared from the colon cancer cell lines.

Supplementary Table 3: Protein lysates quantitation by Bradford protein

assay
Cell lines HT-29 SK-CO-1 WiDr
Absorbance 595 nm 0.5547 0.4386 0.4847
Protein concentration (pg/mL) 11093.67 8771.67 9694.33
Protein yield (ug) 5546.83 4385.83 4847.17
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Appendix D

Participated Conferences

Conference: The 10" Asia Pacific Conference on Human Genetics
Organiser: Asia Pacific Society of Human Genetics

Date/venue: 5-8 Dec 2012, Crowne Plaza Hotel, Kuala Lumpur, Malaysia.
Presented by: Soon Yuen Loon (Poster)

Global microRNA (miRNA) expression profiling in human colon cancer cells
Yuen Loon Soon® 2, Chiu-Jung Huang® “, Chee Keat Loh’, Kong Bung Choo" 2

'Faculty of Medicine and Health Sciences & 2Centre for Stem Cell Research,
Universiti Tunku Abdul Rahman, Selangor, Malaysia;

*Department of Animal Sciences & “Institute of Biotechnology, Chinese Culture
University, Taipei, Taiwan;

*WaferGen Biosystems (M) Sdn. Bhd., Kulim, Kedah, Malaysia

Introduction: miRNAs contribute significantly to post-transcriptional regulation of
gene expression and are frequently dysregulated in cancers, including colon cancer.

Objective: The aim of this study was to establish the miRNA expression profiles in
colon cancer cells.

Methodology: To identify miRNAs that are differentially expressed between normal
colon tissues and colon cancer cells, four colon cancer cell lines (HCT-15, HT-29,
SK-CO-1, WiDr) were subjected to miRNA profiling using a nanoliter-scale real-time
PCR-based array (WaferGen Biosystems). Relevant information from the complex
miRNA expression profiles in the cancer samples was extracted by bioinformatics
tools and by statistical analyses. Real-time gPCR was performed on selected miRNAs
to validate results from the array analysis. Targeted mMRNA and protein levels in
cancer cells were also determined.

Results: Of the 1,200 miRNAs included in the array, 128 miRNAs (10.6%) are found
to be differentially expressed in colon cancer cells relative to cells in normal colon
tissues. Among the 128 miRNAs, 92 are up-regulated and 36 are down-regulated in
cancer cells, signifying alteration of miRNA expression in carcinogenesis. In
hierarchical clustering analysis, some miRNAs are found to be expressed dissimilarly
in different colon cancer cell types. We also found that numerous alternative
miRNA™* species are altered in colon cancer cells indicating biological significance.
Further focuses on the miRNAs that are expressed similarly in all four cancer cell
types will be presented and discussed.

Conclusion: A miRNA differential expression profile of colon cancer cells has been

developed which may be used for further development of colon cancer-specific
signature for diagnostic purposes.
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Both the miRNA-5p and -3p strands are frequently co-expressed and are
similarly dysregulated in colon cancer cells

Chiu-Jung Huang', Yuen Loon Soon? Kong-Bung Choo?

'Department of Animal Sciences, Chinese Culture University, Taipei, Taiwan;
’Faculty of Medicine and Health Sciences, Universiti Tunku Abdul Rahman,
Selangor, Malaysia

A miRNA gene may generate two mature miRNA species, namely the miR-
5p and -3p species derived from the 5°- and 3’-strands of dicer-cleaved mature
miRNA duplex. In most cases, only the 5p species remains while the 3p strand is
degraded, or vice versa in fewer cases. However, recent studies have demonstrated
frequent co-existence of the 5p and 3p strands both of which are biologically
important. In this work, we examined the co-expression of miRNA alternative species
in colon cancer cells to investigate possible their contributions to pathogenesis.

To identify differentially expressed miRNAs in colon cancer, four colon
cancer cell lines (HCT-15, HT-29, SK-CO-1, WiDr) were subjected to miRNA
expression profiling using a nanoliter-scale real-time PCR-based platform of
WaferGen Biosystems. Of the 1,200 miRNAs included in the array, 128 miRNAs
(10.6%) are differentially expressed in colon cancer cells relative to cells in normal
colon tissues. Amongst the differentially expressed miRNAs, 92 are up-regulated and
36 are down-regulated in cancer cells, signifying significant alteration of miRNA
expression profile in cancer cells. Randomly selected miRNAs were largely
confirmed in real-time RT-PCR.

Furthermore, 19 miRNAs are found to be activated in cancer cells as they are
beyond the threshold of detection in normal cells. Similarly, 12 miRNAs are shut-
down in cancer cells since they are detected only in normal cells. Nineteen (19) pairs
miRNAs which have either or both the 5p/3p species being significantly dysregulated
were further identified in the cancer cells indicating frequent 5p/3p co-expression.
The 5p/3p pairs are mostly either similarly up-regulated (14 pairs) or down-regulated
(3 pairs) in cancer cells.

The target genes of 9 miRNA pairs that fall within three miRNA families are
found to have different functions for the 5p and 3p species, supporting that miRNA
alternative species, when co-expressed, may contribute differently to the
tumorigenesis process. On analysis of target genes regulated by the miRNA pairs,
previously unreported miRNAs in our list may be candidates that regulate genes in
the apoptosis, EMT and metastasis pathways of tumorigenesis.
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