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Abstract

Prostate cancer (PCa) incidence rates continue to rise with an estimation of 375 000 deaths
and 1.4 million new cases in the year 2020. It has become the second most commonly
occurring cancer and the fifth most frequent cause of cancer-related deaths in men. Prostate
cancer is also the leading cancer to occur in men in the sub-Saharan region. In PCa, the
aberrant expression of certain RNA molecules has been linked to PCa progression. Non-
coding RNAs (ncRNAs) are RNA transcripts that are known for their involvement in
numerous cellular processes. They are important in tumorigenesis and their presence may
indicate cancer progression stages. Long non-coding ribonucleic acids (IncCRNAs) are
transcripts with 200 or more nucleotides. The focus on these IncRNAs can be attributed to
their involvement in each of the cancer “hallmarks”. There have been multiple studies that
have successfully identified IncRNAs in PCa. However, the landscape of the enriched
molecular pathways targeted by these INcCRNAs remains to be elucidated. Thus, this study
aimed to profile aberrantly expressed IncRNAs and map the biological pathways associated
with PCa progression. The differential expression patterns of 86 IncRNAs were compared
between PC-3 and LNCaP PCa cell lines, which are highly metastatic and low metastatic
(high grade and low grade), respectively. This was achieved by comparing the expression of
IncRNAs between PC-3 and LNCaP cells using a 384-well plate of PCa IncRNA gene panel.
LncRNA differential gene expression patterns were determined using the CFX Maestro
software. The IncRNAs with a +2 up or downregulation were considered to be differentially
expressed. Annotation and enrichment analysis of INcCRNA differential gene expression was
performed using a human IncRNA sets database, LncSEA and DIANA-miRPath. Based on
the PrimePCR array results and bioinformatics analysis, TERC IncRNA was selected for
validation. The results of the array were validated with RT-gPCR using TERC primers.
Thirty-six (36) of 86 INCRNAs were shown to be upregulated, while 12/86 of the IncRNA
panel were downregulated. Bioinformatics analysis revealed that the upregulated INcCRNAs
are involved in various hallmarks of cancer. Interestingly, HOTAIR and TUG1l were
demonstrated to be exosomal IncRNAs. In addition, the hypermethylation of HOTAIR and
TERC was shown to sponge various miRNAs, promoting tumour progression. Furthermore,
the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis and the Gene
Ontology (GO) analysis revealed several cancer-related pathways, namely the signalling
pathways regulating pluripotency of stem cells and the TGF-beta signalling pathway.
Cytoscape ceRNA network analysis further illustrated the INcRNA/miRNA/mRNA axis in PCa
progression. LncRNAs may be prognostic biomarkers as they have been reported to be

stable in liquid and solid biopsies.

vi
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CHAPTER 1

INTRODUCTION



1.1. Introduction

In 2020, GLOBOCAN reported global prostate cancer (PCa) statistics. It was reported that
there were an estimated 1.4 million new PCa cases, and 375 000 deaths occurred.! On a
global scale, the epidemiology of long-term PCa shows great variability.? This is supported
by the GLOBOCAN cancer statistics of 2020, which showed that incidence rates vary across
different regions from 6.3 to 83.4 per 100 000 men. The incidence rate in developed
countries is three times higher but death rates do not follow this same pattern of variability.*
Some of the regions with the highest PCa incidence are Western and Northern Europe,
North America, Southern Africa and the Caribbean (Figure 1.1). It is known that men of
African descent are at a higher predisposition to developing PCa.® This, as well as other
factors including medical care accessibility, are thought to be contributing factors to the trend
seen in the epidemiology of PCa in sub-Saharan Africa.? Both genetic and non-genetic

factors are associated with PCa such as genetic polymorphisms and age, respectively.*

A. Global estimated age standardized PCa incidence rates in 2020.
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C. Mortality and incidence rates of PCa in 2020 for selected countries.
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Figure 1.1: GLOBOCAN PCa epidemiology statistics for 2020. (A) global map for PCa
showing the age-standardized PCa incidence rates. The highest rates were observed in
North America, Northern and Western Europe, Southern Africa and the Caribbean. (B)
Global map for PCa showing the world standardized mortality rates. The regions with the
highest rates were the sub-Saharan African regions. (C) Bar graph showing the incidence

and mortality rates in selected countries. All the data lies within the 95% confidence interval.®

Not more than 2% of the entire human genome has been shown to encode proteins.®
Specifically, the non-coding RNAs (ncRNAs) have been implicated in various tumours,
including PCa.® Non-coding RNAs can be classed into small and long non-coding RNAs,
depending on their nucleotide length. These include short ncRNAs such as small-interfering
RNA (siRNA) molecules, and translation-related ribosomal RNA (rRNA) and transfer RNA
(tRNA).”® They perform several functions including chromatic remodelling and regulation of
signalling pathways. These molecules vary in length, but those that are >200 nucleotides
long are considered as long non-coding RNAs (IncRNAs).>1? X-inactive specific transcript
(Xist), which is necessary for X-chromosome inactivation was the first IncRNA to be
discovered and it is a transcript that is 17 kb in length.*® Since then, more than 100 000
novel IncRNAs have been discovered in the human genome alone.* In recent years,
IncRNAs have seized the attention of researchers. This is because they have emerged as

crucial factors in various cellular processes.*®

Normal physiological functioning of IncRNAs includes development, cell differentiation, and

the cell cycle.’® They are also involved in the allelic expression regulation in processes such



as gene imprinting,® X-chromosome inactivation, and dosage compensation.®®* They have
functions at all levels of gene expression!* such as transcription, post-transcription and
translation. The mechanisms in which they function include post-transcriptional modification,
transcriptional co-activation, chromatin remodelling, and protein inhibition.” They are often
found associated with histone proteins (H3K4me3 or H3K36me3), which are active
chromatin epigenetic marks, confined to the promoter region or found throughout the gene
respectively.? These RNA molecules are usually transcribed by RNA polymerase I1,1218 they

exhibit splicing of exons, and they have poly-A tails.?

LncRNAs can control gene expression and cancer cell fate through chromatin remodelling,®
signal transduction, transcriptional and post-transcriptional modifications.'8® They do this by
forming a network of interactions acting as tumour suppressors or oncogenes. LncRNAs
also have tissue and cell-type specific expression”® and are highly dysregulated in cancer.
When compared to messenger RNA (mMRNA), IncRNAs experience less expression (x 0.01%
of total RNA).”1920 These RNA molecules can be profiled with mRNAs since they share
many common characteristics such as a 5 cap, a poly(A) tail, and RNA polymerase |l
transcription'® and splicing. LncRNAs can be sense (e.g. steroid receptor RNA activator)
(SRA)),%* antisense (e.g. HOX antisense intergenic RNA (HOTAIR)), bidirectional (e.g.
Cytoplasmic Endogenous Regulator Of Oxidative Phosphorylation 1 (Cerox1)),?? intronic
(e.g. cold assisted intronic noncoding RNA (COLDAIR)),?* and intergenic (e.g. XIST)??
depending on their proximity to a protein-coding region. These molecules regulate gene
expression via their interactions (both direct and indirect) with other RNAs, proteins, and
chromatin.?®> Moreover, the aberrant expression of IncRNAs is implicated in several

diseases, including PCa.

The second most diagnosed cancer is PCa, after lung cancer, among men.?* It is, however,
the leading cancer in the sub-Saharan region.?® In normal tissues, IncRNAs are expressed at
low levels, while in cancer cells, they exhibit dysregulated expression.?® In the transcriptome,
several INcRNAs were shown to be directly involved in PCa including SChLAP1. The
overexpression of this INCRNA is associated with two-and-a-half times increased risk of
metastatic progression in prostate cancer patients that have undergone a radical

prostatectomy.?’

In this project, an 86 INcRNA PCR gene array panel was used for profiling and identification
of the differentially expressed genes in advanced metastasis (PC-3) cells and low metastasis
(LNCaP) cells. PC-3 cells generally grow and spread at a faster rate, like high-grade
tumours while LNCaP cells have low metastatic potential, similar to low-grade PCa

tumours.?® The IncRNA expression profiles of the PC-3 cell line were compared to that of the



LNCaP cell line. RT-gPCR was used to validate the PrimePCR Array results. These
methods have been widely used in gene expression studies as they are reliable and cost-
effective. The differentially expressed IncRNAs were further studied using in silico

bioinformatics tools.

The progression of PCa modulated by protein-encoding genes is an advanced area due to
the abundance of proteomics data, compared to PCa modulation by ncRNAs. There exist
significant knowledge gaps in the field of gene regulation by ncRNAs, specifically INcCRNAs.
Although IncRNAs have little to no protein-coding potential, they hold great potential to be
innovative diagnostic and prognostic tools.?® Their versatile mechanisms of action in various
biological processes make them key regulators of gene expression. These are yet to be fully

elucidated and continuous efforts are required to achieve this.

1.2. Aim

To profile the IncRNAs in high-grade metastatic PC-3 cells compared to low-grade

metastatic LNCaP cells.

1.3. Objectives

1. To determine the differential expression patterns of IncRNAs in advanced PCa PC-3
cells compared to low-grade metastatic PCa LNCaP cells achieved by using the
PrimePCR™ 384 well plate Prostate Cancer IncRNA Array.

2. To map the molecular and biological pathways enriched by the differentially
expressed IncRNAs identified in objective 1 using bioinformatics tools. Human
IncRNA sets database, LncSEA and DIANA-miRPath v3.0 were used.

3. To validate the PrimePCR Array results, using RT-gPCR.



CHAPTER 2

LITERATURE REVIEW



2. Literature Review

2.1. Prostate cancer epidemiology, screening, and diaghosis

The third most common cancer to occur is PCa, worldwide.! GLOBOCAN stated in 2020 that
new PCa cases reached 7.3% of all cancer sites. Of these sites, 3.8% of cancer deaths
resulted from PCa. The variability of PCa epidemiology can be seen across different regions,
with the sub-Saharan region showing some of the highest rates of PCa incidence and
mortality (Figure 1.1).2%° Incidence rates were highest in the Western and Northern regions
of Europe, the Northern regions of America, New Zealand, the Caribbean, Southern Africa,
Australia, and the lowest rates occurred in the Northern regions of Africa and Asia. In 48
countries, including several sub-Saharan countries, PCa was the most common cause of
cancer deaths. Between 1995 and 2018, incidence rates have increased dramatically in
countries like South Africa, Mozambique and Kenya where an annual increase of between 2-
10% has occurred.? It remains unclear what has caused this increase but it is believed to be
due to improving healthcare and awareness of the disease in these countries, which has led

to an increase in PSA tests being done.?®

The average size of a prostate gland is 28-47 cm?® and it is located in the lower pelvis,
underneath the bladder, and around the beginning of the urethra.®* The prostate is in the
lower pelvis, underneath the bladder, and around the beginning of the urethra. It secretes an
alkaline fluid which forms part of the seminal fluid that nourishes and assists sperm cells with
their motility.32-32 Anatomically, the prostate has four zones, namely the fibromuscular,
transition, central and peripheral zones. The largest zone is the peripheral one which makes
up 75% of the gland and about 75% of PCas develop in this zone. The transition zone is
where benign prostate hyperplasia (BPH) usually develops (Figure 1.2).
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Figure 1.2: Diagram of the prostate showing the four zones of the gland. The central zone
(dark red) is the smallest. BPH primarily originates in the transition zone (red) and the
fibromuscular zone or stroma (yellow) is composed of non-glandular tissue. The peripheral

zone (orange) is the most common site of PCa occurrence.*

Several men who are diagnosed with PCa do not show symptoms until the tumour had
progressed to the point where it disrupts normal prostate function.?* The common symptoms
for PCa are erectile dysfunction, lower urinary tract symptoms (LUTS), visible haematuria
incontinence, hesitancy and incomplete emptying of the bladder,3* and are often also seen in
benign conditions that affect the prostate such as prostatitis and BPH. This presents a
challenge for clinicians to establish whether the patient is symptomatic for PCa or other

conditions.?*

In PCa, early detection and diagnosis may be a pivoting factor in the treatment and overall
prognosis of the disease. This is because the cancerous tumour is easier to treat if detected
early and before it has metastasized. The process of diagnosis begins with counselling of
the patient.?* Two main methods are then used by doctors to screen for PCa, which include
the determination of prostate-specific antigen (PSA) levels in the blood and the use of the
digital rectal exam (DRE). The PSA has been a widely used biomarker for the early detection
of PCa since the 1980s.*® It is produced by the prostate gland and it forms part of the
seminal fluid.®® This serine protease belongs to the Kallikrein family, and its testing has faced
several controversies as it is known to yield false positive and negative results.?* The doubt
on the reliability of the PSA test is because other disorders may result in elevated levels of
PSA such as BPH, prostatitis and trauma.?*3! These levels may be lowered, for example,
due to surgeries performed on the prostate, or androgen deprivation therapy (ADT).%!
Although it allows for PCa to be diagnosed early in asymptomatic patients, other innovative
methods are still needed for PCa testing.3! Normal PSA levels are between 0 to 4.0 ng/mL.
The PSA values of > 4 ng/mL are considered to be abnormal and are followed up by other
tests.3” The PSA guidelines have been revised to be more age-specific so that men at high
risk for PCa development can be identified.3® The National Institute for Health and Care
Excellence (NICE) revised the PSA thresholds to: PSA= 3 ng/mL for men ages 50-59, PSA=
4 ng/mL for men aged 60-70, and PSA=5 ng/mL for men above the age of 70.38-3°

The development of a mechanism that will differentiate between clinically significant and
insignificant PCa is necessary. The current tests used such as the PSA and the DRE test
need to be augmented by innovative approaches as they produce significant false and false
positive results.?* For the diagnosis of PCa, a prostate needle biopsy is done® after

thorough communication between the patient and the practitioner. During the biopsy, a small



portion of the gland is removed using a transrectal or transperineal ultrasound-guided needle
biopsy.?44° This biopsy is then viewed under the microscope and histologically determined to
be cancerous or not. If the biopsy indicates PCa, this is then useful for prognosis. The
tumour is graded using a Gleason score and the tumour, node, and metastasis (TNM)
system, which was developed by the American Joint Committee on Cancer (AJCC).%!
Adenocarcinomas are the frequently occurring type of PCas accounting for 95% of the
cases.*! Treatment of PCa is heavily dependent on the disease stage. The age of the patient
and co-morbidities are also considered. Guidelines do exist for the treatment and
management of the disease. Treatment options for localized disease progression include
radical prostatectomy where the seminal vesicles and the prostate are removed.3! Radiation
therapy, brachytherapy and chemotherapy (advanced PCa) are among other treatment
options for PCa.3! Figure 1.1 demonstrates the age-standardized PCa incidence rates and

mortality rates for 2020.

2.2. Screening and diagnosis differences between lower-middle-income

countries and high-income countries

The cost of healthcare has contributed immensely to the incidence and death rates of
various cancers, including PCa. High-income countries (HICs) have numerous cancer
screening programs in place because they have access to better resources.** Countries
such as the United States of America (USA), Canada and Australia are considered to be
HICs, and they experienced an influx of PCa incidence in the late 1980s through to the early
1990s. This was greatly due to the introduction of PSA testing.*? A reduction in incidence
rates was observed during the late 2000s*! as changes in screening recommendations*? and
PSA testing decreased. Lower middle-income countries (LMICs) such as Mozambique,
Kenya and Zimbabwe saw an opposing trend. In these countries, between the mid-1990s
and 2018, incidence rates of PCa have been increasing, which can be attributed to more
PSA tests being done due to improving healthcare systems.?® Resource availability is linked
to screening and treatment option availability.*®* The precise severity of the burden of PCa on
the economies of LMICs cannot be determined accurately because of a lack of evidence.*
These countries have limited funds dedicated to screening and diagnosis tools, the
knowledge on PCa is limited, and it may be for these reasons that the mortality rates are

high due to the late detection and treatment.

Certain states in the USA have ensured that health insurers (private) cover tests such as
DRE and PSA by putting laws in place that make this obligatory. It is also claimed by several
states that such tests are provided to public employees as part of the healthcare benefits.

This is evidence that the public has more available resources for the early diagnosis and



treatment of PCa in HICs. On the contrary, many people in LMICs cannot afford health
insurance, and neither do they receive health care benefits. They would have to cover the
great costs of screening, detection and diagnosis costs themselves. This would explain the
higher PCa mortality rates in these countries as early tumour detection and treatment option
expenses are not readily available. Moreover, in LMICs such as South Africa, there is a
multi-level referral system that PCa patients undergo before consulting with an oncologist.
This system involves a consultation at a local clinic or primary healthcare centre, a
consultation at a secondary healthcare facility such as a district hospital and then at a
tertiary facility with oncology services.® This process often delays early diagnosis and
treatment and limits treatment options which are all contributing factors to cancer treatment

outcomes.

Men of African origin have a higher predisposition for PCa development.®> Many of these
men are at a greater disadvantage because they tend to reside in LMICs. The
predisposition, with the limited screening and diagnosis resources, make men of African

descent more vulnerable to PCa mortality than their HIC counterparts.

2.3. Prostate cancer staging

A critical aspect of PCa prognosis and treatment planning is accurate and uniform staging
that allows for tumour behaviour and treatment selection to be predicted efficiently. First
introduced in 1922, the TNM staging system has become the accepted and uniform staging

system for PCa by the AJCC. Since then, it has been updated continuously.

To predict patient prognosis, both clinical and pathological staging is necessary to access
the extent to which the tumour has spread.*® Clinical staging is done based on the results
from PSA testing, DRE and the Gleason score. Pathological staging, on the other hand, is
based on the laboratory results from the surgically removed tissue and histology to identify

the extent of the tumour within the prostate gland and the tissues surrounding it.*°

The TNM staging system developed by the AJCC asks three questions. How large the
tumour is and where it is located (T). If it has spread into the lymph nodes and the number of
lymph nodes it has spread to (N) and if other parts of the body have been affected (M). The
results are then combined, determining the stage. The five stages of cancer are stage 0, | to

IV, and each stage gives doctors a common description of cancer.

The Gleason score is also used to grade PCa. It is based on how the tumour looks under a
microscope and how similar it looks to normal healthy tissue. A score on a scale of 3to 5 is
given based on the arrangement of the cancerous cells in the prostate in two different

locations. To determine the number, the pathologist looks for the main cell growth pattern
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and the cancerous cells that are similar to normal cells get a low score while cells that look
different to healthy cells receive a higher score. Thereafter, scores are combined to achieve
an overall Gleason score between 6 and 10. A Gleason score of 6 or lower is low-grade
cancer where cell differentiation is satisfactory, and the cells look similar to normal cells. A
Gleason of 7 is given to the moderately differentiated cells and this is medium-grade cancer.
A Gleason above 7 is defined as high-grade cancer where the cells are poorly or
undifferentiated. In cancer stage grouping, the T, N, and M classifications are combined with
the Grade Group and PSA levels. Table 1.1 summarizes the various stages of cancer and

the description of what tumours fall under which stage.

Table 1.1: Description of the tumour stages and the characteristics that define them.

AJCC Stage Stage description
Stage grouping
Stage | Stage | Early-stage cancer with cancer growing slowly. The tumour

may not be felt and can be found on half of one side or less of
the prostate, The cancerous cells look like healthy cells and

the PSA level is low.

Stage |l Stage IIA The tumour may not be felt and can be found on less than
half of one side of the prostate gland. Cancerous cells are
well differentiated but the PSA levels are below 20.

Stage IIB Tumour is found on one side or both sides of the prostate and
it is large enough to be identified during DRE. There is

moderate cell differentiation and PSA levels are medium.

Stage IIC Tumour on one side of the prostate. Tumour is detectable
during DRE; PSA levels are medium but there is moderate to

poor cell differentiation.

Stage Il Stage IlIA Cancer has spread into neighbouring tissues. PSA level is
high.
Stage IIIB PSA levels are high. The tumour has spread to neighbouring

tissues like the rectum or bladder.

Stage IlIC Cancerous cells are poorly differentiated, and the tumour has

spread even further.

Stage IV Stage IVA The tumour had spread into the lymph nodes near the

prostate.

Stage IVB The tumour has spread into further lymph nodes and other

body parts.
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2.4. In vitro prostate cancer study models

Human cancer cell lines are often used in research to understand the biology of cancer and
to test the effectiveness of certain anticancer therapeutic agents.*® In PCa specifically, the
most commonly used cell lines are Lymph Node Carcinoma of the Prostate (LNCaP) and
Prostate Cancer 3 (PC-3).4” LNCaP cells are low metastatic cells that were originally derived
from a lymph node of an individual with metastatic PCa.*® They are sensitive to androgens
and they express androgen receptors (ARs) and PSA. Moreover, similar to human prostate
adenocarcinoma, their growth can be inhibited by androgen withdrawal. PC-3 cells were
derived from bone metastasis of human PCa.*” These cells have the highest metastatic
potential and they are androgen-independent.*® Furthermore. PC-3 cells do not express AR
or PSA.28 An AR binds androgens which is essential for the development and maintenance
of a normal prostate.®® The AR signalling pathway is necessary for PCa cell growth and
ADTs are the main way to treat PCa initially.®® When PCa cells become androgen-
independent, they no longer rely on androgens for growth and the implication of this is

resistance to ADTSs.

2.5. Risk factors

Age, ethnicity, family history, genetic mutations such as mutations in breast cancer genes 1
and 2 (BRCA1 and BRCAZ2), as well as certain conditions like Lynch syndrome are common
factors that increase the risk of developing PCa.! Age, the primary risk factor, increases the
risk of a man developing PCa rapidly after age 50. An estimated 75% of all PCas are
diagnosed in males above the age of 65 and disease occurrence and diagnosis is rare in
men under 40.3! According to the Office for National Statistics data from the United
Kingdom, from the age of 50, age-specific incidence rates increase and reach a peak in men
who are 90 years old or older.?* Since the average life expectancy has increased, more PCa

cases will arise, which is a significant health concern.3!

In a study by Jaratlerdsiri et al.>?, whole-genome sequencing of African against European
treatment-naive PCa samples was done. Their analysis identified around 2 million somatic
variants and an increased tumour mutation burden and mutational signatures linked to
African ancestry. The study revealed several driver genes including PCAT1, and also
suggests that both genetic and environmental factors are contributors to the disparities
observed in PCa between the ethnicities.? Race has been identified as the second highest
risk factor. It is known that black men in the Caribbean and the USA, who are of Western
African descent, are the most affected group with the highest incidence rates worldwide.®
Although the significance of race in the development and incidence of PCa is understudied,

there may be a correlation with dietary, environmental, and socioeconomic factors.»3! A
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2022 study by Gong et al.>® aimed to further elucidate the ethnicity-based PCa disparities.
To do this, these authors studied the relationship and landscape of somatic structural
variations driving ethnic disparity to identify the potential role of somatic structural variations
that contribute to aggressive PCa in men of African ancestry.>® In this study, they found
several gene duplication events in the African-derived tumours. Moreover, a spectrum of
other structural variations like deletions and hyper-translocations were identified in these
tumours, which shows a mechanism for the ethnic disparities that are observed in

aggressive PCa.

Having a family history of PCa dramatically increases the risk of disease development. In a
study done by Kicinski et al.>*, it was estimated that a man with a first-degree relative (a
father or a brother) who has been diagnosed with PCa has a risk of two times (95%
confidence interval (Cl): 2.25-2.74). Males with an affected brother, have three times (95%
Cl: 2.37-4.15) increased risk and for men with a father diagnosed, two times (95% CI: 2.02-
2.72). In men with 2+ first-degree relatives who have been diagnosed with PCa; this risk
rises to four (95% 2.61-7.39).

Evidence from previous studies has shown the relationship between PCa and germline
variations.?*% |t was hypothesized that these variations may influence the expression of
genes in PCa tissue. Genome-wide association studies (GWAS) have shown >100 PCa risk-
related single nucleotide polymorphisms (SNPs).?* In a study by Alvarez-Cubero et al*®, the
association between several SNPs, environmental factor exposure, expression patterns and
PCa were investigated. They focused on genes that were associated with PCa and its
severity such as ribonuclease L (RNASEL), macrophage scavenger receptor 1 (MSR1) and
elaC ribonuclease Z 2 (ELAC2), which are involved in DNA damage response pathways.*®
RNASEL, for example, is involved in cell apoptosis, differentiation, and tumourigenesis as
well as interferon-regulated antiviral and inflammatory responses. A study has shown that
variants like rs486907 are linked to heritable PCa while rs635261 and rs627839 are linked to
fatal PCa. The study also showed that tumour progression can be promoted by the
interaction between RNASEL and AR.* Moreover, the interaction between RNASEL and AR
has been further studied by Dayal et al.>® The authors reported that cell migration and AR
signalling were suppressed by RNASEL in PCa cell lines. In the study, various protein-based
experiments such as immunoblotting followed by Western blotting were used to show that
RNASEL negatively regulated AR signalling. Furthermore, the knockdown of RNASEL

restored and upregulated AR signalling and cell migration.>®

LncRNAs are multi-functioning molecules that are implicated in various cancer types

including PCa. These include epigenetic and gene expression regulation functions.>*® The
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aberrant expression of these molecules can signify stages of PCa progression and maintain
signalling pathways that are tumour-related.?®S” These non-coding RNA molecules,
therefore, have tremendous potential as biomarkers. They may be used for diagnostic and

prognostic purposes, they may also serve as potential targets for PCa therapies.?®

2.6. Long non-coding RNAs (IncRNASs)

2.6.1. Characteristics

Only approximately 2% of the mammalian genome has protein-coding potential. The
remaining 98% represents non-protein encoding genes, such as pseudogenes and
transposons. Some of these genes are transcribed into RNA that is called ncRNA, which in
the past was considered as “transcriptional noise” or “junk DNA”.”-%# This noise comprises
of pseudogenes, transposons, and other simple repeats.® NcRNAs are divided into two
types based on how often they are expressed, namely constitutive and regulatory types.5°-¢1
Non-coding RNAs can be classed based on length into short, mid, and long non-coding
RNAs, ranging from 19-31, 20-200 and >200 nucleotides, respectively.’®*6? The short non-
coding RNAs include microRNA (miRNA), small nuclear RNA (snRNA), rRNA, tRNA,
miscellaneous other RNA (miscRNA) small nucleolar RNA (snoRNA), and siRNA
molecules.”® LncRNAs account for the majority of non-coding transcripts, examples of these
are antisense RNA (asRNA) and long intergenic non-coding RNA (lincRNA). Long non-
coding RNAs can even be longer than 100 000 nucleotides and can be further divided into
intronic, intergenic, sense, bidirectional, and antisense depending on their proximity to the
closest protein-coding gene'*® (Figure 1.3). Intronic INncRNAs are those that exist within
introns of protein-encoding genes. Intergenic INCRNAs are those that exist between two
protein-coding gene sequences.’* Sense IncRNAs are those over one or many exons in a
protein-encoding sequence on the sense strand while antisense INcCRNAs are those over one
or more protein-encoding gene sequences on the non-coding (antisense) strand.!*
Bidirectional IncRNAs are those that are transcribed opposite to the transcriptional starting
point of a transcript.2#1622 Figure 1.3 illustrates the different INcRNA types based on their

proximity to coding regions.

LncRNAs often exhibit cis and trans gene regulation. Their mode of function is usually
determined by the chromosomal region of the genes that they control. Cis-acting INncCRNAs
regulate genes on one chromosome or in the same region of a chromosome while trans-
acting IncRNAs regulate genes at a distance, located on a different chromosome. In either
case, it is their interaction with DNA elements that results in their ability to regulate these
genes.®® Based on their functions and molecular mechanisms, IncRNAs can be divided into

four main archetypes; namely, signals, decoys, guides and scaffolds, which form the four
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primary functions of IncRNAs.'® These types are not mutually exclusive since several

INcRNAs can perform more than one function.
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Figure 1.3: The classification of IncRNAs® Long non-coding RNAs can overlap protein-

coding regions as seen in sense INcCRNAs or they can overlap the antisense strand protein-

coding regions. (Self-generated figure).

Like mRNA, IncRNAs have RNA polymerase Il binding sites while some have 5’ caps and
poly(A) tails at the 3’ end.”®* The IncRNAs that do not possess these 5'caps are abundant in
the nucleus, however, they have lower levels of expression than mRNA molecules that aren’t
polyadenylated.” Contrary to mRNAs, IncRNAs contain fewer exons, are shorter in length,
have a lower sequence conservation and are 10 times less abundant than mRNAs.%° Unlike

genes that encode proteins, INcCRNA encoding genes do not follow the same evolutionary
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rules, therefore they lack homologous sequences with other species.” They do not
experience sequence conservation such as those in coding genes. However, they do have
the ability to form secondary and tertiary structures to function, implying that the functional
regions of these structures may be conserved.’ It has also been found that INcRNA exons
are less conserved than IncRNA promoters, which are similarly conserved as protein-
encoding gene promoters.” This may mean that at the transcription level, selective

constraints are acting on these IncRNAs.??

2.7. Biological functions of long non-coding RNAs

It is only recent that these non-coding RNAs have been identified to play significant roles in
regulating biological processes.®'® These IncRNAs have regulatory functions in transcription,
translation, and post-transcriptional modifications.®®% These IncRNAs regulate transcription
through histone modifications such as HOTAIR, by interacting with transcription factors, and
by chromatin remodelling. Some IncRNAs such as IncRNA bladder and prostate suppressor
(LBCS) regulate AR translation through the AR signalling pathway to inhibit castration
resistance.®® Moreover, IncRNAs can bind to PCa-related proteins at a post-translational
level, thus regulating their stability and function.®” An example of this is IncRNA metastasis-
associated lung adenocarcinoma transcript 1 (MALAT1) which competitively binds depleted
in breast cancer 1 (DBC1) to inhibit p53 activity, thus promoting cell proliferation.®® Evidence
of this is that they are found in both the nucleus and the cytoplasm.”® This also suggests
that they are necessary for chromatin modification.” The regulation of IncRNAs can be
controlled by transposable elements as seen in mouse short, interspersed element B2 and
the human Alu RNAs, which under environmental stress, are transcribed by RNA
polymerase Ill. They are repressors of transcription by targeting RNA polymerase II.” Some
IncRNAs also function via interactions with RNA-binding proteins.®870-72 Their interaction
with a variety of other proteins is also important in achieving their biological processes.®°
These interacting proteins include transcription factors and chromatin modifying
complexes.®® An important role of IncRNAs is scaffolding. Certain INcRNAs can be scaffolds
for the assembly of certain molecular components.'® A subtype of these scaffold IncRNAs is
architectural RNAs (arcRNAs), which are necessary for the proper assembly of certain
nuclear substructures.” One of these arcRNAs is nuclear enriched abundant transcript 1
(NEAT1), which is involved in the assembly of more than 60 proteins, some of which are
transcription factors while some are RNA-binding proteins. These arcRNAs are rich in repeat

sequences, which may be crucial for their functioning as scaffolds.”

The transcription of a IncRNA at a specific time and site indicates that these molecules serve

as signals under certain stimuli.®® They can therefore be used as markers for certain
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biological events and developmental stages. Examples of these INncRNAs as signals include
X chromosome inactivation (Xist and Xist antisense RNA (Tsix)), developmental
differentiation (HOTAIR and terminal differentiation-induced non-coding RNA (TINCR)), and
gene imprinting (H19 and Air).”®° There is evidence that IncRNAs act as decoys in the
transcription of promoters and enhancers. Here, they can either positively or negatively
regulate transcription.’® They act as decoys for transcriptional factors,’”® chromatin
modifiers and other regulatory factors by binding and titrating them.*® Certain IncCRNAs
termed competing endogenous RNAs (ceRNAs) are known to interact with miRNAs. The
miRNAs are known to be complementary to certain mMRNA sequences and bind to them thus
regulating gene expression.'® This interaction results in the destabilization of the target
MRNA and inhibits translation. With their ability to bind to miRNAs, ceRNAs prevent miRNAs
from disrupting translation. Several miRNA and IncRNA relationships have been investigated
recently, however, the extent of their functional relevance remains unclear.'® The IncRNAs
that are ceRNAs compete with miRNAs to regulate them in a process called miRNA
sponging.” Figure 1.4 illustrates all of the mechanisms of IncRNAs including decoying,

miRNA sponging, scaffolding, enhancing and signalling mechanisms.
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Figure 1.4: Mechanisms of INcCRNAs for gene expression regulation. LncRNAs can function

as a guide or a recruiter of proteins to specific regions of DNA. They can act as decoys for
transcription factors and other proteins leading them away from targeted DNA regions.
LncRNAs can be enhancers of gene expression and be a scaffold for the assembly of

proteins such as the chromatin modifying complex. They function as miRNA sponges thus
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titrating them away from their targeted mRNA and they can serve as signals or markers for

certain biological processes. Image self-created with BioRender.com.

2.8 Roles of long non-coding RNASs in cancer
Studies have shown that the deregulation of INCRNAs has been implicated in various

cancers as a contributing factor to malignant phenotypic changes.'®?® Carcinogens,
dysregulation of signalling pathways, or viral infections are some of the factors that can
induce IncRNA aberrations.’® The dysregulation of these IncRNAs can be used as a
prognostic tool to establish patient treatment outcomes.”>’® During the formation of a
tumour, certain INCRNAs are either up- or down-regulated. These act like tumour
suppressors or oncogenes.'® Some examples of these INncRNAs are maternally expressed
gene 3 (MEG3), a type of IncRNA, which behaves like a tumour suppressor in various
cancers where its overexpression inhibits the growth of various cancer cell lines. The
overexpression of HOTAIR IncRNA, on the other hand, is associated with tumour

progression in aggressive endometrial, cervical and breast tumours, among others.®

In cancer cells, target genes can be abnormally expressed due to an irregular transcription
of associated INncRNA genes. This results in tumour progression and poor prognosis.'’ Due
to their tissue-specific expression, they have clinical significance in oncology.'? Therapeutic
techniques that are used against IncRNAs include the use of siRNAs, antisense
oligonucleotides, and ribozymes which are destructive to IncRNAs.”” Various IncRNAs have

been reported in PCa, and some are discussed below.

In PCa transcriptomics, several IncRNAs have been identified; one of them is differential
display 3 (DD3)/PCAS. This IncRNA is significantly overexpressed and is the most specific
PCa molecule.”® It has become a Food and Drug Approved (FDA) PCa biomarker,”® with
satisfactory specificity and sensitivity.® Its expression levels are independent of the age and
trauma of the patient,®! unlike PSA levels that can be elevated due to other clinical reasons
other than PCa. The PCA3 is known as a regulator of cancer-related genes that have roles
in cell adhesion, apoptosis, angiogenesis and signal transduction.®?? Studies on PCA3
knockdown have shown that PCA3 is an inhibitor of AR signalling and cell growth.82%3 It was
also shown that PCA3 knockdown resulted in the upregulation of cofactors such as SRCI
and ARA54, which negatively control androgen-responsive genes responding to PCAS3
silencing.®* This evidence supports that PCA3 knockdown has potential as a therapeutic

agent that could be used as an inhibitor of PCa cell growth® (Table 1.2).

A IncRNA that has been shown to localize genes involved in PCa tumour growth is NEAT1.
This IncRNA is a component of the nuclear paraspeckle and is transported to the promoter

regions of gene targets® thus promoting androgen-dependent PCa growth by increasing
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chromatin marks for transcription.®> It is associated with PCa progression with cells
expressing this IncRNA being ADT resistant.?® Oestrogen receptor alpha (Era) expressed in
PCa interacts with NEAT1 and this is thought to promote the development of castrate
resistance. It has high expression in castration-resistant prostate cancer (CRPC) and the
levels tend to increase after the use of ADTs in the long term. NEAT1 has the potential to be
a target for therapies and a good prognostic marker because increased levels of it are linked

to PCa cell metastasis and early biochemical recurrence.?8°

LncRNA HOTAIR was found to promote AR transcriptional regulation, thus driving CRPC. It
does this by binding AR, preventing it from binding to E3 ubiquitin ligase mouse double
minute 2 (MDM2) and undergoing ubiquitination and protein degradation.?®8® In CRPC,
HOTAIR is found to be upregulated after ADTs. This IncRNA promotes the growth and
invasion of PCa cells. It has the ability to promote androgen-independent AR activity thus
driving CRPC.?°

The successful treatment of metastatic PCa is ADT, which improves the survival rate in PCa
patients.®” The mechanism of action of ADTs is inhibiting the androgen signalling pathway by
the androgen receptor. This pathway promotes growth and its reactivation results in CRPC.%8
LncRNAs that are regulated by ARs are important for the control of gene expression. An
example of such an RNA is carboxyl terminal binding protein 1 antisense RNA (CTBP1-AS).
This IncRNA activates AR activity and thus promotes the growth of castrate-resistant
tumours.® The aberrant expression of this IncRNA is therefore directly involved in the

transformation of the cell towards CRPC.

In a study by Prensner et al.?’, SChLAP1 was shown to be the most highly expressed
INcRNA in PCa patients with metastatic progression. SChLAP1 expression is prostate
cancer-specific, and it is expressed minimally in other cancer tissue types. It is associated
with a risk of biochemical recurrence, which is the rise of PSA levels in the blood after radical
prostatectomy, and its abundance is associated with death from PCa. This IncRNA is used
as a non-invasive biomarker?” to identify patients who have a higher risk of developing
CRPC.%

Telomerase enzyme functions to replace telomeric repeats on chromosomes that may
compromise genetic stability.® The Telomerase RNA component (TERC) is an essential
IncRNA for this process as it is a subunit for telomerase catalytic activity. It functions as a
template for the synthesis and addition of a telomere repeat by telomerase reverse
transcriptase (TERT) subunit.’® Certain structures on the TERC molecule assist TERT in its
catalytic and binding activity.'®% In 85% of cancer tumours, telomerase activity has been

detected.®>®* When its activity is inhibited, tumour cell apoptosis occurs due to telomere
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shortening.®* When it is upregulated, the telomeres fail to shorten, and the immortalization of
cancer cells can occur.® In gastric cancer, TERC has been shown to promote the invasion
and proliferation of tumour cells.®® In PCa cell lines PC-3 and DU145, TERC has been
shown to be overexpressed at all stages. Myc is a well-established PCa driver and in clinical
samples, it was found to be co-expressed with TERC. When Myc expression was reduced,
TERC expression was reduced as well. The overexpression of TERC was shown to be
driven by Myc to aid PCa cell proliferation. This was successfully reduced by the knockdown

of TERC .°" Table 1.2 summarises IncRNAs that have been implicated in the tumorigenesis

and prognosis of PCa.

Table 1.2: Summary of IncRNAs involved in PCa tumorigenesis and prognosis.

LncRNA | Full IncRNA name | Expression in PCa | Involvement
Carboxyl terminal Promotes castrate-resistant
CTBP1- o _
AS binding protein 1 Upregulated tumour growth and
antisense RNA activates AR activity.®°
Prognostic marker that is
Downregulated associated with the
DRAIC _ Downregulated _
RNA in cancer progression of PCa cells to
castrate resistance.%
Aberrant expression
promotes cell proliferation
Growth arrest- _
GAS5 B ) Downregulated of PCa cells.®® Associated
specific transcript 5 _ _
with the progression of PCa
to CRPC.1%®
Binds AR preventing its
_ ubiquitination and
HOX antisense i
HOTAIR _ _ Upregulated degradation. Promotes AR
intergenic RNA o )
transcriptional regulation
and drives CRPC.%
Promotes proliferation,
Maternally migration, and invasion.
MEG3 Downregulated _
expressed gene 3 Decreases cell apoptosis
rate 1
Nuclear enriched Drives androgen-
NEAT1 abundant transcript | Upregulated independent PCa cell
1 growth and increases the
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risk of biochemical
progression and metastasis
of PCa.®

Prostate cancer

Used for PCa diagnosis and
monitoring. Regulates PCa

cell survival by modulating

PCA-3 _ Upregulated _ _
antigen 3 AR signalling. Controls the
expression of many cancer-
related genes.®3
Promotes PCa cell
migration, invasion, and
Prostate cancer- ] ]
_ proliferation through c-Myc
PCAT1 associated Upregulated _ o _
_ protein stabilization while
transcript 1 ]
repressing cellular
apoptosis.1?
Oncogenic and regulated by
Prostate cancer- the ERG transcription
PCATS5 associated Downregulated factor. Affects cell growth
transcript 5 migration and cell
apoptosis.1%
Tumour suppressor that
Prostate cancer- inhibits cell migration and
PCAT29 associated Downregulated metastasis. Repressed by
transcript 29 AR, associated with the
progression of PCa cells.®
Binds AR and enhances
-~ gene activation mediated by
Prostate-specific
PCGEM1 _ Upregulated AR. Promotes cell
transcript 1 ) ] o
proliferation driving
aggressive PCa.104
Promotes the proliferation
Prostate cancer- o
_ of PCa cells driving the
PRNCR1 | associated non- Upregulated _ _
_ progression of aggressive
coding RNA 1
PCa.104
Second Promotes invasiveness and
SChLAP1 Upregulated

chromosome locus

metastatic progression.
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associated with

Involved in biochemical

prostate 1 recurrence of PCa cells.?’
Small nucleolar Promotes cell proliferation
SNHG1 Upregulated
RNA host gene 1 of PCa cells.1®
Promotes PCa cell growth
SOCS2- SOC2 antisense while repressing apoptosis
Upregulated _
AS1 RNA 1 thus promoting CRPC
development.1%
Overexpressed in PCa and
TERC Telomerase RNA Upregulated knockdown results in

component

reduced cell proliferation.®’




CHAPTER 3

MATERIALS AND METHODS



3. Methods

3.1. Study design

A comparative and analytical study design was used. The expression profiles of INCRNAs in
LNCAP and PC-3 cells were compared and analysed to identify differentially expressed
IncRNAs and their roles in PCa progression. Due to Bio-Rad’s PrimePCR IncRNA PCR
Array proprietary control, these arrays have high specificity and sensitivity for INncRNA
detection. Bio-Rad has established great quality INcRNA arrays that are cost-effective and
have an efficient pipeline for data analysis, compared to alternative INcRNA arrays and RNA-
sequencing. The assays were run according to the manufacturer’s instructions for the
PrimePCR IncRNA H384 for the PC-3 and LNCaP PCa cells. Each of the 86 IncRNA genes
was run in duplicate for each of the PC-3 and LNCaP cells, including three reference genes
for both PC-3 and LNCaP samples. The genes that were covered in the array are all relevant
to PCa. The array was followed by bioinformatics for annotation and enrichment analysis
and then by RT-gPCR. Figure 3.1 demonstrates the experimental flow carried out in this
study. Using the Bio-Rad’s CFX Maestro software to calculate fold changes, up or

downregulation of +2 was considered as differentially expressed.

3.2. Ethical approval

For this project, an ethical clearance was obtained from the Research Ethics Committee,

University of Pretoria (Protocol number 561/2021) [Appendix A].
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3.3. Research approach outline

Cell culture

Total RNA
Extraction

cDNA
synthesis

PrimePCR
Prostate
cancer IncRNA
Array

Bioinformatics
Analysis

PC-3 and LNCaP PCa cell lines were cultured in DMEM
supplemented with 10% FBS and 1% penicillin/streptomycin.

The NanoDrop ND-1000 was used to measure RNA
concentration and purity.

Reverse transcription was done for both PC-3 and LNCaP
extracted RNA. Synthesised cDNA was validated by RT-qPCR.

Expression profiling of IncRNAs in both PC-3 and LNCaP
samples was done using a 384-well PrimePCR Array

Data analysis was done using Bio-Rad CFX Maestro Software.

N S N

Annotation and enrichment analysis of IncRNA differential gene
expression was performed using LncSEA and DIANA-miRPath.

TarBase and TargetScan were used to identify miRNA gene
targets.

-/

RT-gPCR
confirmation

RT-gPCR was performed using TERC primers to confirm the
PrimePCR Array results.

—

Figure 3.1: Research approach outline
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3.4. Cell culture

PC-3 cells (ATTC Catalogue number, CRL-1435) and LNCaP (ATCC Catalogue number,
CRL-1740) were purchased from the American Type Culture Collection (ATCC). The cell
lines can be adapted to a single growth medium as previously demonstrated to show growth
profiles that can be reproduced.l®” The PC-3 and LNCaP cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM):F12, 10% (v/v) fetal bovine serum (FBS), 1% (v/v)
penicillin/streptomycin and 5% CO, until they reached 70-80% confluency at 37°C for 48 to
72 hours in a humid chamber. The cells were detached from the flask with trypsin, the pellet
was centrifuged, and the supernatant was discarded before resuspending in 5 mL of DMEM
full culture media. In a ratio of 1:2, the cells were split and sub-cultured. Media containing
10% FBS, and penicillin/streptomycin was replaced every 2-3 days until the desired 70-80%

confluency was reached.

3.5. RNA Extraction
RNA was extracted from the cultured PC-3 and LNCaP cells using the RNeasy Mini Kit

(Qiagen, Hilden, Germany) following the manufacturer’s instructions. Aseptic techniques
were used to maintain an RNase-free environment, as RNases degrade RNA. About 1 x10°
cells were harvested from a 25 cm? flask. This was done by incubating the cells with 2 mL of
trypsin for 3 min for cell detachment and then transferring the detached cells into 15 mL
falcon tubes where an equal volume of FBS-containing media was added. Centrifugation
was done for 3 min at room temperature at 800 x g and the supernatant was discarded. The
cells were then lysed by adding 350 pL of Buffer RLT to the pellet. These tubes were
vortexed briefly before an equal volume of 350 yL of 70% ethanol was added to the lysate
and it was mixed by pipetting. Up to 700 pL of the lysate was transferred into a RNeasy Mini
spin column, which was placed in a 2 mL collection tube. Each of the PC-3 and LNCaP
collection tubes with mini spin columns were centrifuged for 15 sec at room temperature at
8000 x g once the lids were closed. The flow-through was then discarded and 350 pL of
Buffer RW1 was added to the column and centrifuged at room temperature for 15 sec at
8000 x g. The flow-through was discarded and an on-column DNase digestion was
performed. This was done by mixing 10 pL of DNase 1 stock solution with 70 uL of Buffer
RDD for each column. This mix was inverted several times and centrifuged briefly. To the
column membrane, 80 pL of the DNase solution was added, and this was incubated at room
temperature for 15 min. Next, 350 pyL of Buffer RW1 was added to the column, which was
further centrifuged for 15 sec at 8000 x g. Once the flow through was discarded again, 500
pL of Buffer RPE was then added and the tubes were centrifuged at room temperature for
15 sec at 8000 x g once the lids were closed. The flow-through was discarded and an

additional volume of 500 pL of Buffer RPE was added to the column. This was centrifuged at
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room temperature for 2 min at 8000 x g. The flow-through was discarded and the RNeasy
spin-column was placed on a new 2 mL collection tube and centrifuged at room temperature
and at 8000 x g for 1 min to dry the membrane. The RNeasy spin column was inserted into a
new 1.5 mL collection tube where 30 pL of RNase-free H,O was added to the column
membrane directly. This was incubated at room temperature for 1 min to allow the H>O to
cover the spin-column membrane completely. Total RNA was eluted by 30uL of RNase-free
H20, centrifuging at 8000 x g for 1 min at room temperature. RNA purity and quantity were
measured using the NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
Wilmington, Delaware, USA) where RNase-free H,O was used as the blank. Highly pure
RNA was extracted, which had an A260/280 absorption ratio of +2, and an A260/230
absorption ratio of 2.0-2.2.

3.6. cDNA Synthesis

For cDNA synthesis, the ProtoScript® Il First Strand cDNA Synthesis Kit was used (New
England Biolabs, USA). The reactions were prepared according to the manufacturer's
instructions on ice, once the individual tubes were thawed and mixed by inversion, this is
shown in Table 3.1. The d(T)23VN primer is an anchored oligo-dT primer which ensures that

the primer anneals to the template.

Table 3.1: cDNA synthesis reaction

Reagent Volume (uL)
RNA template 1 pg/ pL *
Primer d(T)2z VN (50 pM) 2
ProtoScript 1l Reaction Mix (2X) 10
ProtoScript 1| Enzyme Mix (10X) 2
Nuclease-free water to a final volume X**

Total Volume 20

* PC-3 and LNCaP RNA concentrations were brought to 1 pg/uL.

**Dependent on the volume of the template

To each 20 pL reaction, 1 pL of the PrimePCR Reverse Transcription (RT) control template
was added. The reactions were incubated in a Bio-Rad MJ Thermal Cycler (Hercules,
California USA) under the following conditions: incubation at 42°C for 60 min and enzyme

inactivation at 80°C for 5 min, according to the manufacturer’s instructions.

To confirm that cDNA synthesis was successful, the synthesized cDNA samples were
subjected to qPCR using Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primers

(accession number: NM_002046). The primer sequences are shown in Table 3.2.
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Table 3.2: The forward and reverse primer sequences for GAPDH.

GAPDH-Forward 5 -TGC ACCACCAACTGCTTAGC -3
GAPDH-Reverse 5 — GGC ATG GAC TGT GGT CAT GAG -3’

The running conditions shown in Table 3.3 were used to run RT-qgPCR using the PikoReal
96 Real-Time PCR System (ThermoFisher Scientific, Inc., Waltham, USA).

Table 3.3: Real-time gPCR running conditions.

Cycle Stage Temperature (°C) Duration
Hold Initial denaturation | 95 10 min
Denaturation 95 10 sec
PCR
Annealing 60 30 sec
40 cycles
Extension 60 30 sec
. Dissociation 60-95 (0.2°C 1 sec hold
Melting Curve . .
increments) time

3.7. PrimePCR IncRNA Array Principle and Procedure

For researchers, the detection of novel transcripts has always proven difficult, especially for
those transcripts that have no protein-coding potential.'” Long non-coding RNAs are highly
tissue-specific, and they are expressed in low levels, which has made their discovery
difficult.”1320108 Real-time qPCR (RT-gPCR) is used for gene expression analysis in multiple
applications since it is highly specific and reliable. It can be used to validate microarray and
RNA-sequencing results. Nonspecific amplification is one of the challenges presented during
gene expression analyses and RT-gPCR overcomes this by using primers designed

specifically for the amplification of the targeted genes.

Bio-Rad has developed a high quality, high-specificity PrimePCR IncRNA PCR Assay for
INcRNA gene expression analyses. Due to guaranteed Bio-Rad’s Trademark quality control,
the array was run once, each gene in duplicate for both PC-3 and LNCaP cells. The assays
have been particularly designed for SYBR® Green, real-time PCR IncRNA detection. A PCa-
specific 384-well plate IncRNA PCR Array was used (Bio-Rad, Catalogue number:
12004237). The Bio-Rad’s PCR Array is compatible with systems such as BioRad CFX and
Thermo Fisher QuantStudio™ 5.
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For the array, the cDNA samples and the PrimePCR component were thawed and mixed
thoroughly by brief vortexing. The tubes were then briefly centrifuged so that the solutions
could collect at the bottom of the tubes and then they were placed on ice. The PrimePCR
Plate was brought to room temperature before the seal was removed. To the cDNA samples,
1 pyL of RT (reverse transcription) control template was added to each 20 pL cDNA reaction.
This RT control template had been resuspended in 200 yL nuclease-free water and kept on
ice. The POWERUP SYBR Master Mix (Thermo Fisher, Catalogue number: A25741) was
used and the reaction mixes were prepared as per the following Table 3.4 for the 384-well

PCR array plate:

Table 3.4: PrimePCR Array reaction mixture

Component Volume per Reaction (uL) | Volume X420 (uL)

20x PrimePCR Assay | Lyophilized in the well Lyophilized in the well

cDNA sample 0.8 Loaded into the wells individually
Nuclease-Free Water | 4.2 1764

Total Volume 10 3884

The reaction components excluding the cDNA samples were loaded into the wells (9.2 pL in
total) and 0.8 uL of cDNA was loaded into the wells. This made a total of 10 yL of the PCR
reaction mix into each well. In columns 1 to 12 from rows A to P, the wells were loaded with
LNCaP cDNA, which served as the control sample. From columns 13 to 24 and rows A to P,
the wells were loaded with PC-3 cDNA, which was the experimental sample. Next, 0.5 pL of
the PrimePCR PCR Control Assay was added to the designated wells for PCR control
(Table 3.6). The plate was sealed with an optical seal, then was briefly and gently vortexed
and centrifuged before loading into the ABI QuantStudio™ 5 RT-qPCR system (Waltham,
Massachusetts, USA). The software measures the amplification of the targeted genes and
housekeeping genes. This highly sensitive system allows for accurate relative gene
expression analysis. Table 3.5 shows the thermal cycling conditions for the array, while

Table 3.6 shows the Prime PCR array layout.

Table 3.5: PrimePCR cycling conditions using the ABI QuantStudio™ 5 RT-gPCR system.

Stage Step Temperature (°C) | Time
50 2 min
Hold Enzyme activation
95 2 min
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Denaturation 95 15 sec
PCR

Annealing/Extension | 95 1 min

Denaturation 95 15 sec
Melt curve | Annealing 60 1 min

Dissociation 95 15

3.8. Data Analysis using CFX Maestro
Bio-Rad’s CFX Maestro analysis tool was used for the processing and analysis of the
PrimePCR Array data of all the samples. The QuantStudio5 run file was exported to the CFX

Maestro application.

A quantification cycle (Cq) of 35 was the gene expression cut-off value and genes with Cq
values above 35 cycles were considered to not be detectable. A total of three housekeeping
genes were included on the plate, Beta-2-microglobulin (B2M), Hydroxymethylbilane
synthase (HMBS) and TATA box binding protein (TBP). These genes were used for the
calculation of the change in Cq (ACq) value for each of the genes of interest, where ACq
was calculated as: the Cq value of the gene of interest less than the Cq value of the
reference gene. The difference between the ACq of the advanced metastasis group (PC-3)
and that of the low metastasis group (LNCaP) is represented by AACq value, where the fold-
change can be calculated by 2(24€% 109 Thjs value is a representation of the level of
expression of the IncRNA in the advanced metastasis sample versus that in the low
metastasis sample. The £2 upregulation or downregulation fold change was used as a basis

of target selection. The formulae are shown below.

ACq = Cq (Test targeted gene) — Cq (Test GAPDH Housekeeping gene)
ACq = Cq (Control target gene) — Cqg (Control GAPDH housekeeping gene)
AACq = ACq (Test) - ACq control

FOld Change - 2-[ACq (test) -ACq (control)]
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Table 3.6: Representation of the Bio-Rad PrimePCR PCa IncRNA H384 Array. Each of the 86 IncCRNAs is represented in four replicates. The

384 IncRNA panel ensures quality checks by the incorporated proprietary controls. Wells 1-12 in rows A-P were loaded with LNCaP cDNA

(control sample) and wells 13-24 in rows A-P were loaded with PC-3 cDNA (experimental sample). The PCR control was loaded into the

designated wells. Quality controls for gDNA contamination, PCR, RNA integrity and RT efficiency were included in the assay.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
PCGE | SOCS | peag | PRNC | CBR3- | PCAT | PCGE | SOCS | o.ag | PRNC | CBR3- | PCAT | PCGE | SOCS | ., | PRNC | CBR3- | PCAT | PCGE | SOCS | .5 | PRNC | CBR3- | PCAT
M1 2-AS1 R1 AS1 29 M1 2-AS1 R1 AS1 29 M1 2-AS1 R1 AS1 29 M1 2-AS1 R1 AS1 29
s, | oner | umeo | SR g | won | | omen | umeo | SEECT RS ewon | Tt omen [ umeo | SECCT RS Tawon | S omen | umeo | EECCTREE, | o
6 2-AS1 0493 o1 a8 3-AS1 6 2-AS1 0493 o1 a8 3-AS1 6 2-AS1 0493 o1 58 3-AS1 6 2-AS1 0493 o1 8 3-AS1
s | acoy | R | TR | wesar | S | rwrs | acoo | DR | AL | wesor | S | ews [ acoo | BRI RS resar | SEIE v | acoo | Snt | R resor | I
L15P | 3075.4 0.6 A G1 o4 L15P | 3075.4 0.6 2 G1 04 L15P | 3075.4 0.6 4 G1 04 L15P | 3075.4 0.6 A G1 o4
RP4- KB- RP11- RP4- KB- RP11- RP4- KB- RP11- RP4- KB- RP11-
KRlTB 724E1 | 1562D | TERC | 545E1 g_';'-sAl KRlTs 724E1 | 1562D | TERC | 545E1 s_i"sAl KRlTs 724E1 | 1562D | TERC | 545E1 F(z:-'i\LsAi KRlTB 724E1 | 1562D | TERC | 545E1 g_’;'?l
6.2 12.2 7.3 6.2 12.2 7.3 6.2 12.2 7.3 6.2 12.2 7.3
RP3- RP11- RP3- RP11- RP3- RP11- RP3- RP11-
FGD5- | SNHG KCNQ FGD5- | SNHG KCNQ FGD5- | SNHG KCNQ FGD5- | SNHG KCNQ
443204 ASL 8 556209 1017 | TINCR 443204 ASL s 556209 1011 | TINCR 443204 ASL s 556209 1671 | TINCR 443204 ASL 8 556209 1071 | TINCR
RP11- | RP11- Inc- RNF1 RP11- | RP11- Inc- RNF1 RP11- | RP11- Inc- RNF1 RP11- | RP11- Inc- RNF1
sr\ige 379H1 | 759F5 | FAMS XIST 30- S'\ig‘G 379H1 | 759F5 | FAMS XIST 30- sr\ige 379H1 | 759F5 | FAMS XIST 30- sr\ige 379H1 | 759F5 | FAMS8 XIST 39-
8.1 1 3G-3 AS1 8.1 1 3G-3 AS1 8.1 5 3G-3 AS1 8.1 1 3G-3 AS1
AFG3 LINCO f:é; LINCO ispé%_ B2M AFG3 LINCO §6PC1211-1 LINCO 58’:;%- B2M AFG3 LINCO ?gézl;; LINCO igéé' B2M AFG3 LINCO fgézli LINCO 5581%' B2M
L1P 1024 5 0339 3 L1P 1024 5 0339 3 L1P 1024 5 0339 3 L1P 1024 7 0339 3
RP11- RP4- RP11- RP4- RP11- RP4- RP11- RP4-
AC00 FOXP MAGI ACO00 FOXP MAGI ACO00 FOXP MAGI AC00 FOXP MAGI
69941 | ans1 | L46E1 10711 | 591B8 | HMBS | (0% | 4asy | 146E1 T1 501B8 | HMBS | o0/ | 4agq | 146EL 171 591B8 | HMBS | oo/ | 4agy | 146E1 171 591B8 | HMBS
3.4 2 3.4 2 3.4 2 3.4 2
PCAT | HOTA | LINCO | PTPR | SCHL TBP PCAT | HOTA | LINCO | PTPR SCHL TBP PCAT | HOTA | LINCO | PTPR SCHL 8P PCAT | HOTA | LINCO | PTPR SCHL 8P
1 IR 0657 J-AS1 AP1 1 IR 0657 J-AS1 AP1 1 IR 0657 J-AS1 AP1 1 IR 0657 J-AS1 AP1
RP3- CTD- CTA- RP3- CTD- CTA- RP3- CTD- CTA- RP3- CTD- CTA-
523E1 ‘égfg 2562J | 363E1l V‘A”;‘lj' PAQl | 523E1 ggfg 2562J | 363E1 V‘A’g(l:' PAQl | 523E1 (é?l(g 2562J | 363E1l ng(l:' PAQl | 523E1 %81% 2562J | 363E1l "X'g(l:' PAQ1
9.2 17.7 9.2 9.2 17.7 9.2 9.2 17.7 9.2 9.2 17.7 9.2
RP11- | RP11- | RP11- | RP11- | RP11- RP11- | RP11- | RP11- | RP11- | RP11- RP11- | RP11- | RP11- | RP11- | RP11- RP11- | RP11- | RP11- | RP11- | RP11-
121A1 | 226L1 | 174G6 | 47311. | 156E6 | PAQ2 | 121A1 | 226L1 | 174G6 | 47311. | 156E6 | PAQ2 | 121A1 | 226L1 | 174G6 | 473I1. | 156E6 | PAQ2 | 121A1 | 226L1 | 174G6 | 473I11. | 156E6 | PAQ2
4.2 5.5 5 5 5 4.2 5.5 5 5 1 4.2 5.5 5 5 5 4.2 5.5 5 5 1
RP11- BCDI RP11- RP11- BCDI RP11- RP11- BCDI RP11- RP11- BCDI RP11-
196G1 N3D- iTPFzs 52'\‘777“;’, 338121 | gDNA | 196G1 N3D- GATPF23 LRZ’\%SP 338121 | gDNA | 196G1 N3D- (iTPFzs le\‘777i 338121 | gDNA | 196G1 N3D- iTPFZS 52’\‘77; 338121 | gDNA
8.22 AS1 1 8.22 AS1 1 8.22 AS1 5 8.22 AS1 1
RP11- | LURA CTD- RP11- | LURA CTD- RP11- | LURA CTD- RP11- | LURA CTD-
119B1 P1L- DUlTP Ufgf' 2339M PCR 119B1 P1L- DUlTP UESAlG' 2339M PCR 119B1 P1L- DUlTP Ufgf' 2339M PCR 119B1 P1L- DUlTP Ufgf' 2339M PCR
6.2 AS1 3.1 6.2 AS1 3.1 6.2 AS1 3.1 6.2 AS1 3.1
RP1l- [ RP11- [ FAM8 [ | CTD- RP1l- [ RP11- [ FAM8 | | CTD- RP1l- [ RP11- [ FAM8 [ ||« o CTD- RP1l- [ RP11- [ FAMB | || o CTD-
67L2. | 363E7 3H- 1137 3157E RQ1 67L2. | 363E7 3H- 1137 3157E RQ1 67L2. | 363E7 3H- 1137 3157E RQ1 67L2. | 363E7 3H- 1137 3157E RQ1
2 4 AS1 16.1 2 4 AS1 16.1 2 4 AS1 16.1 2 4 AS1 16.1
NHS- AC00 ACO00 | PSMD NHS- AC00 AC00 | PSMD NHS- ACO0 ACO00 | PSMD NHS- ACO00 AC00 | PSMD
ASl | 94042 | TUCL | 56186 | 6aS2 | RQ% | asi | o042 | TUC | se186 | 6as2 | RQ% | asi | o042 | TUCL | se186 | eas2 | RR% | asi | o40s2 | TUCL | se186 | eAs2 | RQ?
2%13_1 ZNF76 | RP11- zRijll' NRSN RT 2%13_1 ZNF76 | RP11- ;ﬁl’:li NRSN RT 2%1(?[1 ZNF76 | RP11- 2R:41|31 NRSN RT 2%18_1 ZNF76 | RP11- ;{&1':11- NRSN RT
61 7P 9819.4 23 2-AS1 61 7P 9819.4 23 2-AS1 61 7P 9819.4 23 2-AS1 61 7P 9819.4 23 2-AS1
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3.9. Bioinformatics pathway analysis

Using multiple bioinformatics tools and computational methods is an essential in silico
technique to analyze genes, their biological products and their associated disease
pathways.'? Several valuable IncRNA tools and databases have been constructed for the
analysis of IncRNAs.'*' In this study, various bioinformatics tools were utilized for
annotation and enrichment analysis of the differentially expressed IncRNAs. These tools
are described briefly below.

Annotation and enrichment analysis were performed using Long non-coding RNA related
Sets and Enrichment Analysis (LncSEA).1t LncSEA database
(http://bio.liclab.net/LncSEA/Analysis.php) is a functional analysis tool that supports over
40 000 IncRNA reference sets and covers more than 50 000 IncRNAs.'! LncSEA can
accommodate multiple human IncRNA resources such as StarBase,'*? LncRNADisease!*?
and LncBase.'* Due to its inclusion of various bioinformatics tools, one does not need to
use each tool individually. LncSEA performs enrichment and annotation analyses of
IncRNAs and outputs information such as the disease associated with the IncRNAs are
linked to and their interacting miRNAs. To run a LncSEA analysis, upregulated and
downregulated IncRNAs, according to the fold change (Tables 4.4. and 4.5, Chapter 4),
were obtained from the CFX Maestro analysis and used as input data in LncSEA.
Parameters were set to include the hypergeometric test p-value of 0.01 and adjusted the p-

value of 0.05.

The interaction of INcRNAs and miRNAs Is an important aspect of gene regulation because
IncRNAs reduce the regulatory effects of miRNAs on their mRNA targets.'® It is for this
reason that the miRNA pathways were explored further with DIANA-miRPath v3.0.
(http://www.microrna.gr/miRPathv3)!', which is a web server that analyses the miRNA
pathways!'® using miRNA targets entered by the user. This tool incorporates more than
600 000 experimentally supported miRNAs from DIANA-TarBase v7.0!'" and it allows for
the visualization of the Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways of the miRNA targets.!'® GO is used to perform enrichment
analysis on the input gene sets with the aim of identifying biological processes, molecular
functions, and cellular locations that are affected by the studied genes. KEGG pathway
enrichment analysis is used to map the pathways and molecular interactions associated
with the input genes. For this analysis, the miRNAs that were shown to interact with the
differentially expressed INcCRNA genes using LhcSEA (Supplementary Tables C3.1 and

C3.2), were arranged in order of p-value, from lowest to highest. The top 30 miRNAs with
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the lowest p-values were selected (<1.05E-06). The default parameters, a microT threshold

of 0.8 and a p-value threshold of 0,05 were applied.

For the GO analysis, three heatmaps were generated for each GO subcategory, hamely,
molecular function, biological process, and cellular component. The subcategory ‘biological
process’ is presented in the results section below, while the two other subcategory

heatmaps are shown in Appendix C4: Supplementary Figures C4.1 and C4.2.

Telomerase RNA component (TERC) IncRNA was selected for ceRNA network analysis as
it interacted with the hsa-miR-320 family of miRNAs that are tumour suppressors and have
been reported as potential PCa diagnostic biomarkers.'*® In LncSEA, TERC was shown to
interact with four members of the miR-320 family namely hsa-miR-320a, hsa-miR-320b,
hsa-miR-320c and hsa-miR-320d. It was also shown to interact with two other miRNAs,
hsa-miR-4429 and hsa-miR-338-3p, which also have tumour suppressive qualities. To
predict the gene targets for these miRNAs, TargetScan v8.0 (http://www.targetscan.org/)**°
and TarBase v8.0 (https://dianalab.e-ce.uth.gr/html/diana/web/index.php?r=tarbasev8)'’
were used. The database returned several hundreds of predicted gene targets. To narrow
this down, only the gene targets with a stringent TarBase prediction score of > 0.9 and
those that were common among these databases were selected for the ceRNA network.

Network construction and visualization was done using Cytoscape v3.9.1.1%°

3.10. Validation of PrimePCR Array Data by RT-gPCR

RT-gPCR is a well-established and sensitive technique used for gene expression
guantification.*?* Reference (housekeeping) genes are used as endogenous control
because their expression should be constant.'?? To validate the PrimePCR Array data, RT-
gPCR was performed. Each of the 3 biological replicates were run three independent times
in three technical replicates. The representative gene from the PrimePCR Array that was
selected was TERC, which was found to be upregulated (Table 4.4).

3.10.1 Primer Design

The sequence used to design the TERC primers was based on the NCBI accession
numbers provided by Bio-Rad, following the PrimePCR Array analysis. The gene target
was TERC (accession number NR_001566.1). Primer3 software (https://primer3.ut.ee/)'#
was used to design the forward and reverse primers for TERC. Primer specificity was
ensured using the Basic Local Alignment Search Tool (BLAST).'?* The amplicon size was
117bp for TERC and 87bp for GAPDH, which was used as the reference gene (the primer
sequences are shown in Table 3.2). The primer sequences for the TERC gene target are
shown in Table 3.7. GADPH use as a reference gene in TERC IncCRNA gene expression

studies has been previously demonstrated.?>*2
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Table 3.7: The forward and reverse primer sequences of the TERC gene target used to

perform RT-gPCR for the validation of the PrimePCR Array data.

TERC-Forward 5 —TGC TCT AGA ATG AAC GGT GGA -3’
TERC-Reverse 5 — CCT AAC TGA GAA GGG CGT AGG -3

3.10.2. RT-qPCR

Total RNA from the LNCaP and PC-3 RNA samples was reverse transcribed to produce
cDNA using the ProtoScript® Il First Strand cDNA Synthesis Kit, as described in section
3.6. The cDNA generated was used immediately in RT-gPCR, as shown in Table 3.8 or

stored at -20°C for future use.

Table 3.8: RT-gPCR reaction components:

Component Volume per Reaction (L)

2x SYBR Green Master Mix | 5

TERC Forward primer* 0.4
TERC Reverse primer* 0.4
cDNA 0.8**
Nuclease-free water 3.4

* A final concentration of 4uM of each primer was used.
** No template reactions were included for the negative controls.

The reactions were prepared in strip PCR tubes with negative controls. The 10 uL reactions
were loaded into the ABI 7500 Real-Time gqPCR Instrument (ABI, Waltham, USA). The
following thermal cycling conditions were used: 10 min at 95°C for denaturation, 40 cycles
at 95°C for 15 sec, 1 min at 60°C for data collection, 15 sec at 95°C and 1 min at 60°C for

the dissociation stage.

3.10.3 RT-gPCR data analysis

Once the runs were complete on the ABI 7500, the data was exported into an Excel file and
fold change was calculated. The housekeeping gene GAPDH was used to calculate the
change in the Cq (ACq) value for TERC where ACq was calculated as: the Cq value of the
gene of interest minus the Cq value of the reference gene. The difference between the ACq
of the advanced metastasis group (PC-3) and that of the low metastasis group (LNCaP) is

represented by AACq value, where the fold-change was calculated by 2(AACa 109
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3.11. Statistical analysis

The RT-gPCR data was collected for at least three independent experiments, and it was
analysed using GraphPad Prism v9.5.0 and expressed as means + standard error of mean
(SEM). A one-sample t-test was performed to determine statistical significance, and a p-

value <0.05 was considered statistically significant.
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CHAPTER 4

RESULTS



4. Results

This chapter addresses the aim and objectives outlined in Chapter 1. It is divided into the
PCR array analysis section, the in silico bioinformatics analysis section using various
bioinformatics tools including LncSEA, DIANA-miRPath, TargetScan, and TarBase and
INcRNA gene expression verification by RT-qgPCR.

4.1. cDNA Verification

To verify the success of reverse transcription, the cDNA samples were subjected to real-time
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gPCR with GAPDH primers. The analysis is shown in Figure 4.1.

Figure 4.1: Real-time qPCR amplification curve. cDNA from LNCaP and PC-3 cell lines was
subjected to qPCR using GAPDH primers. The cycle threshold was set to 35. All the
samples were confirmed to have cDNA. The no template control showed no amplification.

The results shown in Figure 4.1 validate that GAPDH primers successfully annealed to the

generated cDNAs, that were used for the downstream PCR array.

4.2. PrimePCR Array analysis using CFX Maestro

The Prostate Cancer IncRNA PrimePCR Array was run to obtain expression profiles of the
various IncRNAs of interest. The aim was to identify the differentially expressed IncRNA
genes (DEGs) between the control LNCaP sample and the experimental PC-3 sample.
Table 4.1 refers to the quality control checks of the PCR array. These Bio-Rad-validated

control assays are used to assess the quality of the experimental samples and how this may

37



affect gPCR performance. The positive PCR control targeted a synthetic DNA template
which determines if samples have factors such as inhibitors that may affect the gene
expression results. The RT control evaluated the RT performance by introducing a synthetic
RNA template into the cDNA synthesis reaction. The genomic DNA (gDNA) control assay
targeted a not-transcribed sequence of the genome. In the case of genomic DNA
contamination, this control would have failed the quality check. The RNA quality control
assessed whether the RNA quality could have affected the PCR results of the array. This
array passed all four quality checks of the assay. This means that there were no factors that
affected PCR negatively, RT performance was optimal, there was no gDNA contamination,

and the RNA quality was optimal for PrimePCR.

Table 4.1: PrimePCR control analysis

Control Threshold Cq | LNCaP | PC-3

Positive PCR Cq=<30 Passed | Passed
Reverse Transcription | Cq < 30 Passed | Passed
DNA Contamination Cq=35 Passed | Passed
RNA Quality ACg=<2 Passed | Passed

The PCR arrays measured the expression of 86 INcCRNAs across two samples, the LNCaP
and the PC-3, respectively. For this study, the LNCaP expression was set as the control for
comparison. Using the CFX Maestro PrimePCR Analysis software, the array results were
analysed. The gene expression changes are represented in various tables, graphs, scatter
plots and a heatmap. The upregulated genes (Table 4.2), and the downregulated genes
(Table 4.3) were further represented in a scatter plot (Figure 4.2), a volcano plot (Figure 4.3)
and a heat map (Figure 4.4). The red dots/colours in these plots denote upregulation while
green colours demonstrate downregulated genes. Thirty-six of 86 INncRNAs were shown to

be upregulated, while 14% of the IncRNA panel was downregulated.

Table 4.2: Upregulated IncRNAs in PC-3 cells

LncRNA GenBank ID Ensembl ID Regulation/
Fold change

NC_000012.11, NG_008184.1,

KRTS1 NT 029410 12 ENSG00000205426 | 1109964.44

AC003075.4 | N/A ENSG00000237773 | 165.03

CFLAR-AS1 | NR_040030.1 ENSG00000226312 | 31.00

RP11-

Ay N/A ENSG00000261324 | 19.77
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LURAP1L-

o) NR_125775 ENSG00000235448 | 17.21
CTD- N/A ENSG00000242602 | 14.68
2339M3.1 :
RP11-
PP N/A ENSG00000259498 | 13.57
NR_110692.1 NR_023918.2
NR_109762.1 NR_023919.2
LINC00339 | NR— 00T NR 209761 1 ENSG00000218510 | 8.77
NR_109759.1
CTD- N/A ENSG00000265519 | 8.73
3157E16.1 -
RP3-443C4.2 | N/A ENSG00000233823 | 8.46
SOCS2-AS1 | NR_038263.1 ENSG00000246985 | 7.82
TINCR NM_001396408.1 ENSG00000223573 | 7.72
RNF139-AS1 | NR_108047, NR_108048 ENSG00000245149 | 6.42
RN7SLISP | N/A ENSG00000264573 | 5.53
NR_047517, NR_047518,
HOTAIR NR 003916 ENSG00000228630 | 5.19
COX6CP10 | N/A ENSG00000238008 | 4.63
AC009404.2 | N/A ENSG00000236255 | 4.61
RP1-30M3.6 | N/A ENSG00000272402 | 4.56
RP11-
vt N/A ENSG00000259623 | 4.28
RP4-
er188 N/A ENSG00000271895 | 4.24
NM_001348957.2
LINC00493 | NM_001348958.2 (transcript var. | ENSG00000232388 | 4.15
1and?2
NR_003228, NR_003226,
AFG3L1P NR 003227 ENSG00000223959 | 3.77
MAGI1-T1 | NR_145422.1 ENSG00000272610 | 3.29
NR_110492, NR_002323,
TUGL NR 110495 ENSG00000253352 | 3.24
TERC NR_001566.1 ENSG00000270141 | 3.16
CTA-
o N/A ENSG00000272072 | 3.14
RP11-
B eaAY0.4 N/A ENSG00000259986 | 3.01
RP11-
vl N/A ENSG00000260766 | 2.95
DUTP1 N/A ENSG00000229048 | 2.90
GTF3AP2 N/A ENSG00000258966 | 2.89
NR_102741.1 NR_102740.1
LINCO1024 | \R=10272% ENSG00000245146 | 2.78
LINCO0657 | NR_027451 ENSG00000260032 | 2.74
AC005618.6 | N/A ENSG00000272070 | 2.72
PTPRJ-ASLT | N/A ENSG00000254879 | 2.33
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NR_126415, NR_126416,
FOXP4-AS1 NR 126417 ENSG00000234753 | 2.31
RP11-
338121 1 N/A ENSG00000271933 | 2.05

The fold change shown represents the mean of the replicates. The most upregulated
IncRNA in this study was KRT81 with a fold change of 1109964.44. The least upregulated
IncRNA was RP11-338121.1 with a regulation reading of 2.05 as the cut-off value was set to
2.00. KRT81 is associated with metastatic lymph nodes of breast cancer. Amongst these
upregulated IncRNAs are HOTAIR and TERC, which have been previously described to be
upregulated in various cancers, including PCa.®*?’ In this study, the upregulation of these
two IncRNAs was shown to be epigenetically regulated, as described in the next

bioinformatics section.

Table 4.3: Downregulated IncRNAs in PC-3 cells

LncRNA GenBank ID Ensembl ID Sﬁg#éae“o””:o'd
PCAT29 NR_126437.1 NR_126438.1 | ENSG00000259641 | -349.40
PCATL NR_045262 ENSG00000253438 | -110.80
RP11-884K10.6 | N/A ENSG00000271916 | -71.40
KB-1562D12.2 | N/A ENSG00000253991 | -21.46
LINCO1137 NR_038842 ENSG00000233621 | -7.37
TP53TG1 NR_015381 ENSG00000182165 | -5.03
PRNCR1 NR_109833.1 ENSG00000282961 | -4.85
FAM83H-ASL | NR_033849 ENSG00000203499 | -2.66
PCGEM1 NR_002769.1 ENSG00000227418 | -2.32
NR_003584.3,
SNHG8 NR_034010.1, ENSG00000269893 | -2.29
NR_034011.1
CTD-2562J17.7 | NIA ENSG00000254429 | -2.11
RP11-48B3.3 | N/A ENSG00000254162 | -2.10

PCAT?29 was the most downregulated INcCRNA of the 86 IncRNAs that were included in this
study. This IncRNA had a fold change of -349.40 and it is a tumour suppressor gene that
reduces tumour migration. The least downregulated IncRNA, RP11-48B3.3, had a regulation
of -2.10.
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Figure 4.2: Scatter Plot showing the normalized expression between PC-3 and LNCaP

IncRNAs. The regulation threshold was set to +2. Expression of upregulated genes is shown

in red; expression of downregulated genes is shown in green. The IncRNAs without

significant gene expression changes are shown in black.
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Figure 4.3: Volcano Plot showing the relative normalized expression between PC-3 and

LNCaP IncRNAs. The regulation threshold was set to 2.00 and the p-value threshold was set

to 0.05. The upregulated genes are represented

in red, while green dots show

downregulated INcRNA genes. The black dots represent genes that were not differentially

expressed.
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Figure 4.4: Heatmap showing the relative normalized expression of IncRNAs in the PC-3
experimental (test) group vs the LNCaP control group. Upregulated genes are shown in red
while the downregulated genes are shown in green. The colour intensity is a reflection of the
degree of upregulation or downregulation, while = 20.08 represents the highest and the

lowest value for up/down regulation.

In this study, PCAT29, wells 18 and 24, are shown to be the most downregulated IncRNA
with a fold change of -349.44412 (Table 4.3). PCAT29 is a tumour suppressor, which
suppresses the metastasis of PCa cells.®® The most upregulated IncRNA was KRT81 with a
fold change of 1109964.44. However, this fold change may need to be further validated in
future studies using RT-gPCR. This IncRNA is part of the multigene keratin family that is
expressed in multiple types of epithelia.'?® KRT81 is expressed in the hair cortex, and it is
one of the main hair proteins. It has also been found to be upregulated in breast cancer cell

lines and the lymph nodes of metastatic breast carcinoma.'?®

4.3. In silico bioinformatics analysis of differentially expressed

IncRNAs in PCa cell lines

To determine the interactions of the differentially expressed IncRNAs from the PrimePCR
Array analysis, bioinformatics tools specific to INcRNAs were used. These programmes were
Long non-coding RNA related Sets and Enrichment Analysis (LncSEA) for annotation and
enrichment analysis and DIANA-miRPath for the visualization of the miRNAs that belong to

GO categories and regulate specific pathways. Cytoscape was used to visualize the ceRNA
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network of TERC-associated miRNAs and mRNAs, which were identified using TargetScan

and TarBase. The findings of these analyses are presented below.

4.3.1. LncSEA analysis of differentially expressed IncRNAs

The LncSEA database was used to determine the IncRNA annotations and enrichment. The
IncRNAs selected for this analysis were the 36 upregulated and 12 downregulated INncCRNAs
that were profiled in section 3.8 using the PrimePCR Array. The LncSEA database showed
the enrichment of a total of 20 upregulated IncRNAs and nine downregulated genes. The
separate LncSEA results for upregulated and downregulated IncRNAs were combined as
DEGs, those in the different classes (cancer hallmarks, disease, methylation patterns,
exosome, drugs, subcellular localization, and miRNAs) are shown in Figures 4.5-4.11. For
the full table of LncSEA results, please see Supplementary Tables C3.1 and C3.2. Figure
4.5 refers to the INcRNAs involved in the cancer hallmark class.
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Figure 4.5: Graph showing the differentially expressed INcCRNAs in PC-3 cells. Only IncRNAs

shown to have an involvement in the cancer hallmarks are represented.

60
50
(7]
% 40
S
0 30
©
S 20
3
< HH
0 I l l | | [ | || | | - - -
O F KOS RS DL P
&\) o&v&\e QC)?\ Qeo()@@ 0?6 (5{)& %?“OQQ%%(V?“ ,\Q/Q.Q:?“QN?" %éz‘
S TR L T TS
¥ Vo5 o«
INcRNA

43



Figure 4.6: Graph showing the differentially expressed IncRNAs in PC-3 cells in the disease

class of LncSEA. Some of the diseases included PCa, pre-eclampsia and glioma.

1.2

1
0.8
0.6
0.4
0.2

0

HOTAIR TUG1 PCGEM1 PRNCR1
INncRNA

# in exosome

Figure 4.7: Graph showing the differentially expressed IncRNAs in PC-3 cells in the
exosome class of LncSEA. These were the IncRNAs associated with the exosomal
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Figure 4.8: Graph showing the differentially expressed IncRNAs in PC-3 cells in the
methylation pattern class of LncSEA. These were the INcCRNAs that were hypermethylated.
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Figure 4.9: Graph showing the differentially expressed IncRNAs in PC-3 cells in the
subcellular localization class of LncSEA. These IncRNAs were shown to be present in the
exosome and nucleus. The number of times each IncRNA was shown to be subcellular

localized is shown on the y-axis.
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Figure 4.10: Graph showing the differentially expressed IncRNAs in PC-3 cells in the cancer
treatment drugs class of LncSEA. These IncRNAs, including PCAT1, were shown to be drug

targets in chemotherapy drugs such as Irinotecan.
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Figure 4.11: Graph showing the differentially expressed IncRNAs in PC-3 cells. Only

IncRNAs shown to interact with miRNAs are represented.

The LncSEA platform analysed seven classes for the dataset including cancer hallmarks,
disease, exosome, methylation pattern, subcellular localization, drug treatment, and miRNA.
In Figure 4.5, the IncRNAs HOTAIR and TUG1 were associated with the most cancer
hallmarks: namely, proliferation, apoptosis, metastasis, invasion, migration, prognosis, and
EMT. This was followed by PCAT1 and TINCR which are involved in six hallmarks each.
TUG1 and HOTAIR were also associated with the most diseases (49 and 47 diseases,
respectively) (Figure 4.6). Most of these diseases were various types of cancers. Figure 4.7
shows exosomal IncRNAs. These IncRNAs may have regulatory functions of cell

proliferation and metastasis. They may also be useful as cancer biomarkers due to their
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association with clinicopathological cancer characteristics.’?® TERC and HOTAIR were the
only two IncRNAs shown to have a methylation pattern (Figure 4.8), while IncCRNAs in the
subcellular localization class included CTD-2562J17.7, SNHGS8, TP53TG1 (Figure 4.9).
Figure 4.10 showed the IncRNAs that are drug targets. These drugs include chemotherapy
drugs Lapatinib and Irinotecan, The miRNA class was associated with the most IncRNAs
from the input dataset. These IncRNAs included TUG1, RP11-156E6.1, LINC00657,
HOTAIR, and TERC (Figure 4.11). This analysis indicates that IncRNAs have important
interactions with miRNAs, thus forming ceRNA networks. Multiple IncRNAs are linked to the
same MIRNA, such as hsa-miR-320a. This suggests that IncRNAs can be regulated by
several IncRNAs, and visa versa. The cancer hallmark class is further differentiated into
subclasses and enrichment sets such as epithelial-mesenchymal transition (EMT),
proliferation, and invasion. The association between the cancer hallmark subclasses and the

up and downregulated IncRNAs are shown in Figure 4.12.

These findings show that IncRNAs that were analysed were either up or downregulated and
found to be important in PCa progression. In Figure 4.12, the proliferation cancer hallmark
has the highest -log10 p-value. In (A), the lowest -logl0 p-value was found in the EMT
cancer hallmark. In the downregulated genes (B), the lowest -log1l0 p-value is prognosis.
Figure 4.13 shows a combined graph of all the IncRNAs from the LncSEA analysis arranged

in their several classes, to provide an overview of the INncRNAs across all the classes.

In LncSEA, the classes with the most INcRNAs were miRNA and disease. In these
categories, LINC00657, HOTAIR, RP11-156E6.1 and TUG1 are the IncCRNAs that are most
represented. This finding suggests that they have significance in PCa progression towards
advanced metastasis. Furthermore, the precise role of TERC IncRNA in PCa progression
remains to be largely elucidated.

46



EMT [}
prognosis o
prognosis o
. invasion o
migration .
invasion ° apoptosis ]
metastasis ®
| migration .
apoptosis '] |
o proliferation
proliferation
T T l T T T _| T T T T T T T
0 1 2 3 4 5 ] 0 2 3 4 5 6 7
P-value (-log10) P-value (-log10)

Figure 4.12: Graphs generated by LncSEA showing the p-value (-log10) and the corresponding enrichment sets for (A) the upregulated
IncRNAs and the (B) downregulated IncRNAs that are in cancer hallmarks. The p-value expressed as -log10, allows for better visualization of
the p-value, which is a very small value. In the upregulated IncRNAs, the proliferation hallmark is associated with the most IncRNAs. The

downregulated INcRNAs are not involved in metastasis and EMT, compared to the upregulated INncRNAs.
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Figure 4.13: Graph showing the differentially expressed IncRNAs in PC-3 cells in all LhcSEA classes. A total of 29 IncRNAs were found
including TERC (dark purple), HOTAIR (blue) and PCAT1 (orange). The IncRNAs with the highest values are HOTAIR in disease (blue),
LINC00657 (red) and RP11-156E6.1 in microRNA (light blue) and TUGL1 in disease and microRNA classes (turquoise). Very few IncRNAs were
identified in the exosome, and only two were identified to have a methylation pattern. In the drug class, only a few IncRNAs were identified as

well as in subcellular localization.
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4.3.2. DIANA-miRPath analysis of the differentially expressed IncRNAs

and their associated miRNA interactions

MiRNA and IncRNA interactions were further analysed using DIANA-miRPath v3.0. This web
server provides miRNA pathway analysis, and it allows for the visualization of the miRNA
pathways including the KEGG and GO pathways. The input into this database were those
miRNAs that were shown to interact with the differentially expressed IncRNAs in LncSEA
(Supplementary Tables C3.1 and C3.2). From the total of 103 miRNAs which were found by
LncSEA, a subset of 30 miRNAs were selected based on the p-value (£1.05E-06). The
miRNAs with significant KEGG pathways and GO terms are shown in Tables 4.4 and 4.5,
Figure 4.14 and Figure 4.15.

4.3.2.1. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment pathway
analysis

The two categories that are linked to the most miRNAs in the KEGG analysis are
summarized in Table 4.4. These include hsa-miR-106a-5p, hsa-miR-320b and hsa-let-7b-5p
which are implicated in various cancers. The entire KEGG analysis table is shown in
Appendix C: Table C4.1.

Table 4.4: Top two KEGG pathways associated with the most miRNAs. The KEGG pathway
ID is shown in brackets.

Number of miRNAs | KEGG Pathway Associated miRNAs

15 Signalling pathways hsa-miR-4698, hsa-let-7b-5p, hsa-miR-
regulating pluripotency of 106b-5p, hsa-miR-20a-5p, hsa-miR-
stem cells (hsa04550) 548n, hsa-let-7d-5p, hsa-miR-320a,
hsa-miR-186-5p, hsa-miR-320b, hsa-
miR-320d, hsa-let-7a-3p, hsa-miR-
548d-5p, hsa-let-7f-5p, hsa-let-7i-5p,
hsa-let-7f-2-3p

11 TGF-beta signalling hsa-miR-4698, hsa-miR-106a-5p, hsa-
pathway (hsa04350) miR-106b-5p, hsa-miR-20a-5p, hsa-
mMiR-519d-3p, hsa-miR-548n, hsa-miR-
101-3p, hsa-miR-186-5p, hsa-let-7a-
3p. hsa-miR-548d-5p, hsa-let-7f-2-3p
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Figure 4.14: Heatmap of the miRNA versus KEGG pathway analysis. This heatmap shows
the various miRNAs that are linked to the differentially expressed INCRNAs and their levels of
enrichment in KEGG pathways. p-value<0.05; microT<0.8; Fischer’'s Test analysis method

with fold discovery rate (FDR) correction. Lower log(p-values) is associated with higher
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enrichment and a deeper red colour. The miRNAs are shown to be associated with various
disease pathways, including PCa which is significantly enriched by the hsa-miR-320 family
mainly. The hsa-miR-320 family is linked to TERC IncRNA, which is overexpression in PCa.

The KEGG pathway analysis and biological process GO analysis showed 28 enriched
pathways. In Figure 4.14, the KEGG pathway extracellular matrix (ECM)-receptor
interaction, is most enriched by the hsa-miR-let7 family. Prion disease shows the most
enrichment by hsa-miR-548d-5p and hsa-miR-458n. Hsa-miR-106a-5p shows higher
enrichment of the TGF-f-signalling pathway which is involved in tumorigenesis. Prostate
cancer and other pathways related to PCa were also identified. KEGG/GO analysis outliers

would be biological processes or pathways that are unrelated to cancer.

4.3.2.2. Gene Ontology (GO) enrichment analysis

The two categories that are linked to the most miRNAs in the GO analysis are summarized
in Table 4.5. These also include hsa-miR-106a-5p and has-miR-320b and hsa-let-7b-5p. The
full GO analysis table is shown in Appendix C: Table C4.2.

Table 4.5: Top two GO categories associated with the most miRNAs in the biological
process subcategory, and the miRNA names. These miRNAs are associated with the

differentially expressed IncRNAs in OCa. The GO category IDs are shown in brackets.

Number of miRNAs | GO Category Associated miRNAs

30 Biosynthetic process hsa-miR-4698, hsa-let-7b-5p, hsa-
(G0:0009058) and cellular | miR-485-5p, hsa-miR-106a-5p, hsa-
nitrogen compound miR-106b-5p, hsa-miR-17-5p, hsa-
metabolic process miR-20a-5p, hsa-miR-20b-5p, hsa-
(G0:0034641) miR-519d-3p, hsa-miR-93-5p, hsa-

mMiR-92b-3p, hsa-miR-548n, hsa-miR-
143-3p, hsa-miR-196a-5p, hsa-miR-
196b-5p, hsa-let-7d-5p, hsa-miR-
320a, hsa-miR-101-3p, hsa-miR-
125b-2-3p, hsa-miR-92a-3p, hsa-miR-
186-5p, hsa-miR-382-5p, hsa-miR-
320b, hsa-miR-320d, hsa-let-7a-3p,
hsa-miR-548d-5p, hsa-miR-25-3p,
hsa-let-7f-5p, hsa-let-7i-5p, hsa-let-71-
2-3p
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Figure 4.15: Heatmap showing the miRNAs that are associated with the differentially
expressed IncRNAs versus the biological process GO subcategory (generated by DIANA-
miRPath v3.0). p-value<0.05; microT<0.8; Fischer's Test analysis method with FDR

correction. The intensity of the red colour indicates higher enrichment.

The GO analysis showed 51 enriched processes. The most enriched GO categories are the
biosynthetic process, cellular nitrogen compound metabolic process, and cellular protein
modification process (Figure 4.15). These processes are enriched by various miRNAs
including the hsa-miR-106 a and b family and the hsa-miR-320 family which are involved in

various cancers, including PCa.
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4.3.3. LncRNA-miRNA-mRNA competing endogenous RNA (ceRNA)

network

For the construction of the ceRNA network, TERC was selected as the IncRNA of interest
because it can be hypermethylated and it interacts with the tumour suppressive miR-320
family and other miRNAs that have tumour-suppressive activity namely hsa-miR-338-3p and
hsa-miR-4429 (Table 4.6). Further analysis and visualization of the TERC-associated
MiRNA-mRNA interactions were done using various miRNA gene target databases and
Cytoscape v3.9.1. A total of 45 genes were predicted to interact with the TERC-associated
mMiRNAs. Of these 45 targets, 24 of them are involved in tumour progression in various
cancers (Figure 4.16), including disintegrin and metalloproteinase domain-containing protein
10 (ADAM10) which enhances PCa metastasis.

Table 4.6: ceRNA network basis showing the miRNAs associated with TERC based on p-
value.

LncRNA MiRNA P-value

hsa-miR-320a 2.59E-07

hsa-miR-320b 8.25E-07

hsa-miR-320d 8.25E-07
TERC

hsa-miR-320c 1.64E-05

hsa-miR-4429 1.97E-05

hsa-miR-338-3p | 3.61E-05

The ceRNA network shows that some genes are targeted by more than one miRNA in the
network. The nuclear fragile X mental retardation protein interacting protein 2 (NUFIP2) for
example, interacts with both hsa-miR-320a and hsa-miR-338-3p. Several of these TERC-
associated mRNA targets from the analysis are linked to the progression of PCa, such as
ADAM10, Musashi RNA binding protein 2 (MSI2), and cyclin-dependent kinase 6 (CDK6)
amongst others. Unlike in PCa, TMEM106B and RAB14 targets have both been
characterized in the literature as drivers of cell proliferation in lung cancer.®%3! Their
presence in the ceRNA network of this current study may show that they are linked to PCa
cell proliferation. The analysis also showed that hsa-miR-320c is the only miRNA that does
not have a common mRNA target with another miRNA in this ceRNA network.'*-131The
collection of mMRNA targets in the databases is dependent on experimental data that has
been uploaded into the databases. The hsa-miR-320c miRNA may not be as well studied as
the other miRNAs in the ceRNA network, therefore, the common mRNA targets with the

other members may not have been established as yet.
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Figure 4.16: The competing endogenous RNA (ceRNA) network of TERC IncRNA using
TERC-associated miRNAs. The miRNAs are represented in a dark blue ellipse, and the
gene targets are represented in blue rectangles. The targets that are linked to cancer
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progression are represented in green rectangles. The circled green targets are linked to PCa

progression specifically.

4.4. Validation of the selected IncRNA using Real-Time quantitative
PCR (RT-gPCR)

Based on the PrimePCR data and bioinformatics analysis, one of the upregulated INCRNAS,
TERC, was selected for downstream RT-gPCR. TERC has been reported to be
overexpressed in various tumours including PCa.®” However, precise TERC oncogenic
mechanisms remain to be largely elucidated. RT-gPCR gene expression method is highly
sensitive but inexpensive when compared to RNA-sequencing, and it was used for the

confirmation of the relative gene expression levels of TERC.

RT-gPCR was done using the AB 7500 RT-gPCR system. The Cq values were obtained,
and fold change calculations were done as described in section 3.10.3 (Chapter 3). Figure
4.17 shows the melt curve of TERC from the RT-gPCR analysis. Following this TERC primer
specificity run, TERC was then quantified to verify its upregulation observed in the Prime
PCR Array data. This RT-gPCR run confirmed the TERC upregulation of 4.29-fold in high-
grade PCa PC-3 cells compared to low-grade PCa LNCaP cells, Figure 4.18.
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Figure 4.17: Melt curve generated using TERC primers and the cDNA samples from PC-3
and LNCaP cell lines. The melt curve shows that the samples have similar melting
temperatures of about 89°C, this indicates TERC primer specificity. Non-template samples

were used as negative controls.
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Figure 4.18: Graph showing the TERC IncRNA gene expression levels in the PC-3 test
compared to LNCaP control cells. A 4.29 TERC upregulation is observed in PC-3 cells
compared to LNCaP. The error bars denote the SEM of 0 and 1.22 for LNCaP and PC-3,

respectively.

TERC expression, although upregulated, was not statistically significant (p-value >0.05).
Both cell lines are metastatic, however, they have different tumour grades. Further
investigation is required using normal and benign cells, as this implies that TERC may have

arole in PCa metastasis, irrespective of the tumour grade.
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CHAPTER 5

DISCUSSION AND CONCLUSION



5.1. Discussion

This chapter discusses the key findings of this study. While differential expression of the
profiled IncRNAs was subject to in silico bioinformatics analysis to map the biological
pathways enriched by these IncRNA targets, the involvement of these INnCRNA gene targets
and pathways in PCa progression is discussed. TERC, the IncRNA of interest in this study
and its mechanisms of action in PCa metastasis is further discussed. In addition, the

limitations of this study and future perspectives are also outlined.

5.1.1. The effect of differential expression patterns of IncRNAs in PCa

progression

The differential expression of IncRNAs has been reported in various cancers, including PCa.
Most of the IncRNAs implicated in PCa prognosis have also been identified in this study,
although some inconsistencies with the literature were revealed. The upregulation of
IncRNAs PRNCR1 and PCGEM1 are known to drive the progression of aggressive PCa.%*
PCGEM1 does this by enhancing the gene activation that is mediated by AR. However, this
is nhot the case in this study as downregulation of these two INncCRNAs was observed (Table
4.3). The most upregulated INncRNA is KRT81 (Table 4.2) with a fold change of 1109964.44.
This IncRNA is not very well described in PCa. In a study by Zhang et al.*®, it was shown
that KRT81 knockdown regulates interleukin-8 to inhibit melanoma metastatic
progression.’*? In breast cancer, it has also been reported to aid in breast cancer cell
migration and invasion, as KRT81 knockdown inhibited these hallmarks.'?® Although reports
are lacking in oncogenic INcRNAs in PCa, KRT81 upregulation in this study is shown to be
associated with PCa metastasis, although this warrants further elucidation of this oncogenic
IncRNA in PCa.

TUG1 and LINCO00657 were both upregulated in PC-3 cells with a fold change of 3.24 and
2.74, respectively. The upregulation of TUG1 is consistent with the literature. TUG1 is a
IncRNA that has been proven to be upregulated in various malignant cancers*® and the
overexpression of this INCRNA is closely associated with cancer prognosis.’* TUG1 has
been shown to competitively bind miRNAs, regulating cyclin-dependent kinase inhibitors,
thus regulating cancer proliferation. LINC0O0657 is a IncRNA that is associated with DNA
damage®® which is carcinogenic in gastric cancer.’®® In a breast cancer study, Golgi
phosphoprotein 3 (GOLPHS3) protein levels were shown to be decreased upon transfection
with si-LINC00657. The protein GOLPH3 is associated with a poor prognosis of breast
cancer. Furthermore, transfection with si-LINC00657 resulted in reduced migration, invasion,
and proliferation of breast cancer cells.**” On the contrary, it was also shown to have tumour

suppression properties in glioblastoma by miRNA sponging.'*® This indicates that the same
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IncRNA may serve as a double-edged sword in different cancers, either promoting or
inhibiting tumour progression. Studying the precise mechanisms of unique INCRNAs in
different cancers and tumour grades is necessary.

5.1.2. Differential IncRNA methylation patterns and IncRNA/mMiRNA

interactions in PCa progression

Differential methylation patterns play a significant role in IncRNA regulation. These IncRNA
epigenetic regulatory mechanisms have been implicated in various cancers, including
PCa.’® Hypermethylation can drive oncogenesis'®® and generally suppresses gene
expression. In this study, the upregulated IncRNAs, HOTAIR and TERC were demonstrated
by in silico analysis to be hypermethylated, and these hypermethylation patterns are in
conjunction with the literature. In gastric cancer, HOTAIR has been shown to promote EMT.
It induces inhibition of E-cadherin transcription by mediating the switching of histone H3
lysine 27 from being acetylated to being methylated.'*. In this study, LncSEA revealed that
HOTAIR is hypermethylated and it is an exosomal INcCRNA.

MiRNAs are essential noncoding molecules regulating gene expression. They do this mainly
by their interaction with the 3’ untranslated region of mMRNA molecules to inhibit translation
and thus gene expression. However, they can also interact with promoters, the mRNA
sequence and other regions to promote gene expression. Alternatively, their interaction with
the coding sequence or the 5° UTR can also silence gene expression.'*> LncRNA-miRNA-
mRNA regulatory networks are critical for the development and progression of cancer.!*?
MiRNA sponging is the main mechanism in which IncRNAs interact with miRNAs. This
involves microRNA response elements (MREs) and competing endogenous RNAs
(ceRNAs).1** CeRNAs function by competing with miRNAs to release gene inhibition and the
sponging effect is the basis of a network of various biochemical processes that are mediated
by IncRNAs, miRNAs and their related molecules. TUG 1 is an example of a INCRNA that
regulates cyclin-dependent kinase inhibitors, competes with miRNAs and is therefore
implicated in carcinogenesis.'®® In terms of regulation, miRNAs can regulate IncRNAs and
IncRNAs can also regulate miRNAs. MiRNAs can degrade IncRNAs and affect their
expression via DNA methylation as well.2** This can be through hypermethylation of the
promoter region of the IncRNA as shown in an article by Dong et al.}*¢ where aberrantly
methylated MEG3 promoter silenced its expression. The silencing of this IncRNA resulted in
reduced oesophageal cancer proliferation. It is for these reasons that INncCRNA-miRNA
interactions are important for normal development and function, and how the aberrant
expression of INcRNAs can negatively affect its miRNA interactions thus leading to disease

phenotypes such as cancer. Enormous amounts of data in this study revealed various
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INcRNA/miRNA interactions, where a single IncCRNA can regulate multiple miRNAs and vice
versa. This IncRNA/miRNA relationship has been reported in various cancers,#”-148 including
PCal14% and is likely to play an important role in PCa progression. In gallbladder cancer,
IncRNA HOTAIR has been shown to directly target c-Myc, which is a driver of cancer,
through its interaction with hsa-miR-130a. The negative regulation of hsa-miR-130a thus

promoted cancer cell proliferation and invasion.4’

Furthermore, HOTAIR/hsa-miR-106-5p a and b family members interactions seem to have
tumour-promoting properties.**® In various studies, hsa-miR-106a-5p and hsa-miR-106b-5p
promote PCa proliferation through Phosphatase and Tensin Homolog deleted on
Chromosome 10 (PTEN).?%1%2 When overexpressed, hsa-miR-106a promoted PC-3 cell
growth by suppressing PTEN. The overexpression of PTEN inhibited cell growth, which is
the same effect as the loss of hsa-miR-106a.1%* Additionally, HOTAIR/ hsa-miR-20a-5p and
hsa-miR-20b-5p have also been revealed to play an important role in PCa progression. Hsa-
miR-20b-5p has been reported to affect the expression of two tumour suppressor genes BIM
and PTEN. The miRNA hsa-miR-20b-5p was shown to post-transcriptionally repress these
genes resulting in the T-cell acute lymphoblastic leukaemia cells gaining protection from
apoptosis. This caused the enhanced proliferation of these cells.’** The miRNA miR-106b
has been shown to be aberrantly expressed in multiple tumours and cancer cell lines
including PCa. It works by directly affecting the genes that are involved in cancer
tumorigenesis, migration, proliferation and metastasis.’® This miRNA has shown the
potential to be a biomarker in various cancers for the detection of a tumour and its

prognostic assessment.!®

Interestingly, TERC is shown to interact with several miRNAs including the hsa-miR-320
family, hsa-miR-338-3p, and hsa-miR-4429. The bioinformatic analysis revealed that TERC
IncRNA undergoes hypermethylation and regulates the hsa-miR-320 family. The decreased
hsa-miR-320 gene family expression has been reported in various tumours including PCa.*8
However, the precise mechanisms of the hsa-miR-320 gene family in PCa remain to be
elucidated. This indicates a correlation between TERC hypermethylation and downregulation
of hsa-miR-320 gene family expression in PCa. TERC IncRNA promotes PCa cell
proliferation, migration, invasion, and metastasis by sponging the hsa-miR-320 family. This
TERC/hsa-miR-320 regulatory axis holds the potential to understand PCa prognostic
mechanisms and may also be targeted for novel therapeutics. The miR-320 family of
mMiRNAs has been shown to be involved in PCa prognosis and this shows that it has
diagnostic potential.'*® Furthermore, it has been reported that the serum levels of these
mMiRNAs were significantly different between patients with a low tumour stage and a high

tumour stage.!*® The tumour-suppressive quality of the miR-320 family makes it a potential
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biomarker for cancer prognosis and cancer treatment. The members of this family are linked
to inhibited cell proliferation, metastasis and EMT.'*® The miR-320 family has been reported
to be downregulated in the process of tumorigenesis in numerous studies. 57158
Furthermore, both hsa-miR-338-3p and hsa-miR-4429 have been shown to have tumour
suppressive qualities in glioblastoma,*® cervical cancer'® and PCa.'! The high expression
of hsa-miR-17-5p, the miRNA linked to HOTAIR, has also been implicated in PCa.'%? |t is
specifically associated with the poor prognosis of PCa and can be used to predict disease
progression. Furthermore, LINC00657 IncRNA, upregulated in this study, was reported to be
directly associated with oesophageal cancer progression through LINC00657/miR-26a-
5p/CKS2 ceRNA.3 LINC00657 knockdown successfully induced apoptosis and suppressed
the invasion and proliferation of the oesophageal cancer cells.'*® These findings
substantiated by existing reports demonstrate that IncRNAs can be used to predict the path
of disease progression by studying their differential expression, as well as the molecules

they interact with.

5.1.3. Pathway enrichment analysis by the differentially expressed

IncRNAs
PCAT1, PCGEM1, and PRNCR1 were all shown to be downregulated in PC-3 cells. In the

LncSEA analysis, these INcRNAs were revealed to be associated with PCa pathogenesis.
Interestingly, they were also associated with the proliferation cancer hallmark while PCAT1
and PCGEM1 were further implicated in cancer cell invasion, migration, and apoptosis.
Figure 4.14 showed that the let-7 family of miRNAs is implicated in ECM-receptor
interaction. ECM-receptor interaction pathways have been proven to be involved in various
cancers.'®® This family directly interacts with the IncRNAs TUG1 and HOTAIR which have
been shown to be significant IncRNAs in PCa. In a study by Andersen et al.'®4, ECM was
shown to be upregulated in PCa.'** The KEGG pathway enrichment analysis also indicated
that the TGF-B-signalling pathway was enriched by miRNA, hsa-miR-106a-5p, which was
shown to interact with various IncRNAs including HOTAIR, LINC00657, MAGI1-IT1, and
TUGL1 in this study. The regulation of every signalling network, at multiple levels, is
necessary for the normal physiological function of these pathways.'®® The TGF-B cytokine
regulates cell differentiation, cell death and proliferation!®® by its interaction with kinases.
TGF-B-signalling dysregulation is therefore associated with the pathogenesis of various
diseases and the tumorigenesis of cancers, PCa included'®® and its blockage is the target of

cancer therapies as this suppresses metastasis and tumour angiogenesis.*¢’

The results discussed in this study are supported by various literature sources. The

investigation of INcCRNAs and miRNA interactions is a cornerstone to further understanding
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the exact molecular mechanisms of gene expression regulation by IncRNAs. This is a
developing field of study that has great potential to elucidate the processes of
tumourigenesis and in silico bioinformatics tools are key to this elucidation. The next step
was to further analyse the IncRNAs in PCa and the complex IncRNA-miRNA-mRNA

networks.

5.1.4. ceRNA networks reveal that several cancer-related genes are

targeted by TERC IncRNA through miRNA sponging

The generation of a basic ceRNA network based on the IncRNA TERC revealed some
interesting miIRNA-mRNA interactions (Figure 4.16). The ADAM10 mRNA was shown to be
targeted by tumour suppressor miRNA hsa-miR-320a. ADAM10 protein is an important
enzyme for proteins such as receptors and growth factors which are membrane-anchored
proteins. Its expression is seen in many tissue types, and it plays roles in cell migration and
adhesion. Its expression is elevated in PCa where it is involved in malignant
transformation.'%® In a study by Cai et al.*%®, ADAM 10 was shown to contribute to PCa
metastasis by cleaving ephrin-A5 which is the primary ligand of EphA3, a receptor tyrosine
kinase. The interaction of miRNA-320a and this mMRNA suggests that miRNA-320a may
exert its tumour suppressive attributes on ADAM10 to inhibit its action. This also suggests
that if TERC IncRNA sponges hsa-miR-320a, ADAM10 may continue to promote tumour

metastasis.

Transmembrane protein 106B (TMEM106B) is a type Il transmembrane protein associated
with Alzheimer’s disease when it is repressed. It is under studied in the cancer landscape
however, recently it has been shown to mediate lung cancer metastasis.'*° In this study, the
authors state that the elevated expression of this gene predicts poor overall survival.** In
the current study, TMEM106B was predicted to interact with hsa-miR-320a, which suggests
that hsa-miR-320a may regulate the expression of TMEM106B mRNA. Additionally, hsa-
mMiR-338-3p is a MiRNA that also has tumour suppressive capabilities. This has been shown
in gastric cancer'® and PCa.'® In PCa specifically, it was shown to be downregulated,
leading to PCa proliferation and invasion. In normal physiology, it was shown to suppress
tumorigenesis by targeting the RAB23 gene, a member of the Fold discovery rate RAS
oncogene family (RAB23).17° In the current study, however, RAB23 was not predicted to
interact with hsa-miR-338-3p. Instead, this miRNA was shown to interact with RAB14 which
has been shown to promote lung cancer invasion and proliferation.’** RAB14’s relevance in
cancer proliferation is further supported by evidence that its overexpression activated the

AKT and Whnt signalling pathways in ovarian and gastric cancers.3!
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In PCa, hsa-miR-4429 suppresses cell proliferation by inactivation of the Wnt/B-catenin
pathway, targeting distal-less homeobox 1. This pathway is involved in several cellular
processes including cell growth and stem cell maintenance, and induces the invasiveness of
PCa cells.'®! Furthermore, this miRNA was shown to sensitise cervical cells to irradiation,°
demonstrating its tumour suppressive role. Cyclin-dependent kinase 6 (CDK6) was shown to
be a target for this miRNA in the current study. Literature supports that this miRNA is
involved in suppressing colorectal cancer progression via the miR-500a-3p/CDK axis.*’* This
does not mean that CDK6 exclusively interacts with hsa-miR-500a-3p, as there may be

several other miRNAs interacting with the same gene target as shown in Figure 4.16.

The hypermethylated TERC interacting miRNAs act as tumour suppressors, implicating the
involvement of TERC in PCa progression. Coupled with the understanding that IncRNAs can
function as ceRNAs to sponge or absorb miRNAs, one can conclude that TERC may be
oncogenic, sponging tumour-suppressive miRNAs, thus promoting PCa progression (Figure
5.1).

y

Several IncRNAs were . TERC IncRNA forms a
differentially expressed ERcEacRiAS ceRNA network with

in PC-3 cells, including assrc;clzzz:ddn\f]vilgNiZCa— multiple PCa-related
TERC. : miRNAs and mRNAs.

Figure 5.1: Diagram summarizing the main findings of this study. TERC IncRNA was
differentially expressed in the PrimePCR Array. This was validated using RT-gPCR. TERC
IncRNA was demonstrated to interact with six miRNAs and their associated mRNA targets

for the progression of PCa.

5.2. Study limitations and perspectives

In the clinical setting, benign samples would have to be used for these differentially
expressed genes to be used as prognostic markers, compared to low-grade and high-grade
metastatic PCa samples. In future, one could explore the molecular profiling of INcCRNAs in

PCa tissues using samples from the SSA populations to see how this compares with the
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literature on the IncRNAs expression in other regions. This would add much needed

knowledge about the disease in African populations.

5.3. Conclusions

The burden of PCa continues to rise throughout the world; and therefore, the development of
novel and more innovative prognostic and therapeutic approaches is necessary. The data
and the information deduced from this project make worthy contributions to the existing
knowledge on IncRNAS’ role in PCa progression. Differential InCcRNA gene expression was
shown to be associated with PCa progression. The identified IncRNAs and associated
enriched biological pathways provide better insights into mechanisms employed by the
progression and poor prognosis of PCa. Such mechanisms include the epigenetic
methylation patterns of these INcRNAs and their interactions with miRNAs. LncRNA-mMiRNA-
MRNA interactions revealed an interplay between several miRNAs and gene targets, which
shows the complexity of gene regulation by INncCRNAs. Some of the aberrantly expressed
IncRNAs revealed in this study such as the KRT81 IncRNA still lack data on its association
with PCa. Thus, downstream experiments may include both wet-lab and in silico analysis to
elucidate precise roles and associated mechanisms of these INCRNAs-miRNA-mRNA
networks in PCa. Molecular profiling of cancer is emerging as a potent diagnostic,

prognostic, and therapeutic target to improve overall patient survival.
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Appendix B

Table B1. Details of the IncCRNAs used in this study.

LncRNA Full name GenBank ID Ensembl ID
AC003075.4 N/A N/A ENSG00000237773
AC005618.6 N/A N/A ENSG00000272070
AC006994.1 N/A N/A ENSG00000231063
AC009404.2 N/A N/A ENSG00000236255
AFG3-like AAA NR_003228,
AFG3L1P ATPase 1, NR_003226, ENSG00000223959
pseudogene NR_003227
NC_000015.9,
B2M Beta-2-microglobulin | NG_012920.1, ENSG00000166710
NT_010194.17
. NR_027499,
BCDIN3D-AS1 gﬁi'?m antisense | NR 027501, ENSG00000258057
NR_027500
NR_038893.1
. NR_038892.1
CBR3-AS1 (fBR3 antisense RNA | \\n~038894.1 ENSG00000236830
(transcript variants
2,1, and 3)
CFLAR-AS1 N antsense NR_040030.1 ENSG00000226312
Cytochrome ¢
COX6CP10 oxidase subunit 6C | N/A ENSG00000238008
(COX6CP1)
pseudogene 1
CTA-363E19.2 N/A N/A ENSG00000272072
CTD-2010116.1 N/A N/A ENSG00000254595
CTD-2339M3.1 N/A N/A ENSG00000242602
CTD-2562J17.7 N/A N/A ENSG00000254429
CTD-3157E16.1 N/A N/A ENSG00000265519
Deoxyuridine
DUTP1 triphosphatase N/A ENSG00000229048
pseudogene 1
FAM83H antisense
FAM83-AS1 RNA 1 (head-to- NR_033849 ENSG00000203499

head)
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NR_046251,

. NR_046255,
FGD5-AS1 EGDS antisense RNA | \ 046254, ENSG00000225733
NR_046253,
NR_046252
. NR_126415,
FOXP4-AS1 ;ﬁﬁpl“ antisense NR_126416, ENSG00000234753
NR_126417
GNG12 antisense
RNA 1 (GNG12,
GNG12-AS1 DIRAS3 and WS NR_040077.1 ENSG00000232284
antisense RNA 1)
General transcription
GTF3AP2 factor IlIA N/A ENSG00000258966
pseudogene 2
Hydroxymethylbilane NC_000011.9,
HMBS Sunthace NG_008093.1, ENSG00000256269
y NT 033899.8
HMGN3-AS1 S“N"AGT3 antisense | Nr 040671.1 ENSG00000270362
. NR_047517,
HOTAIR :ﬁéet;igsém NR_047518, ENSG00000228630
NR_003716
KB-1562D12.2 N/A N/A ENSG00000253991
KCNQ1 opposite
KCNQ1O0T1 strand/antisense NR_002728.3 ENSG00000269821
transcript 1
KRT81 N/A N/A ENSG00000205426
NR_110692.1
NR_023918.2
Long intergenic non- | NR_109762.1
LINC00339 protein coding RNA | NR_023919.2 ENSG00000218510
339 NR_109760.1
NR_109761.1
NR_109759.1
NM_001348957.2
LINC00493/SMiM26 | omallintegral NM_001348958.2 | £\ 500000232388
membrane protein 26 | (transcript var. 1
and 2
Long intergenic non-
LINC00657 protein coding RNA NR_027451 ENSG00000260032
657
LINC01024/ Long intergenic non- | \ o 15741 1 ENSG00000245146

protein coding RNA
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MALINC1 1024/ mitosis NR_102740.1
associated long
intergenic non-coding NR_102739.1
RNA 1 NR_038842
Long intergenic non-
LINC01137 protein coding RNA N/A ENSG00000233621
1137
Inc-FAM83G-3 N/A N/A Inc-FAMB3G-3
LURAP1L-AS1 Sy TLantisense | \g 125775 ENSG00000235448
MAGI1 intronic
MAGI1-IT1 transcript 1 NR_145422.1 ENSG00000272610
NHS-AS1 'I'HS antisense RNA | \p 046632 ENSG00000230020
NRSN2-AS1 NRSNZ antisense | \/a ENSG00000225377
RNA 1
NR_132312.1
Prostate cancer- NR_015342.2
PCAS3 associated 3 (non- NR_132313.1 ENSG00000225937
protein coding) (transcript variants
1,2 and 3)
Prostate cancer-
associated transcript
PCAT1 1 (non-protein NR_045262 ENSG00000253438
coding)
Prostate cancer-
associated transcript | NR_126437.1
PCAT29 29 (non-protein NR_126438.1 ENSG00000259641
coding)
Prostate-specific
PCGEM1 transcript (non- NR_002769.1 ENSG00000227418
protein coding)
Prostate cancer-
PRNCR1 associated non- NR_109833.1 ENSG00000282961
coding RNA 1
PSMD6-AS2 EE“A’"ZG antisense NR_038286 ENSG00000239653
PTPRJASL1 PTPRJ antisense N/A ENSG00000254879
RNA 1
RN7SL15P N/A N/A ENSG00000264573
RN7SL277P RNA, 7SL, N/A ENSG00000240490

cytoplasmic 277,
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pseudogene

RNF139 antisense

NR_108047,

RNF139-AS1 Eé\laAd)l (head-to- NR_108048 ENSG00000245149
RP11-119B16.2 N/A N/A ENSG00000229539
RP11-121A14.2 N/A N/A ENSG00000235204
RP11-146E13.4 N/A N/A ENSG00000277128
RP11-156E6.1 N/A N/A ENSG00000259623
RP11-174G6.5 N/A N/A ENSG00000261324
RP11-196G18.22 N/A N/A ENSG00000261716
RP11-226L15.5 N/A N/A ENSG00000260766
RP11-244F12.3 N/A N/A ENSG00000259498
RP11-338121.1 N/A N/A ENSG00000271933
RP11-363E7.4 N/A N/A ENSG00000260912
RP11-379H18.1 N/A N/A ENSG00000271122
RP11-382A20.4 N/A N/A ENSG00000259986
RP11-390P2.4 N/A N/A ENSG00000225177
RP11-46C24.7 N/A N/A ENSG00000259877
RP11-473I1.5 N/A N/A ENSG00000260349
RP11-48B3.3 N/A N/A ENSG00000254162
RP11-545E17.3 N/A NR_046240 ENSG00000223478
RP11-55600.2 N/A N/A ENSG00000264513
RP11-619J20.1 Errgég‘szmg tactor 31| \M_015629.4 ENSG00000249678
RP11-67L2.2 N/A NR_024618 ENSG00000273033
RP11-759F5.1 N/A N/A ENSG00000236327
RP11-884K10.6 N/A N/A ENSG00000271916
RP11-9819.4 N/A NR_125843 ENSG00000228506
RP1-30M3.6 N/A N/A ENSG00000272402
RP3-443C4.2 N/A N/A ENSG00000233823
RP3-523E19.2 N/A N/A ENSG00000271218
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RP4- 635E18.8 N/A N/A ENSG00000226984
RP4-591B8.2 N/A N/A ENSG00000271895
RP4-724E16.2 N/A NR_110051 ENSG00000197670
NR_104322.1,
SWI/SNF complex | NR_104325.1,
antagonist associated | NR_104324.1,
SCHLAP1 with prostate cancer | NR_104323.1, ENSG00000281131
1 (non-protein NR_104319.1,
coding) NR_104320.1,
NR_104321.1
SNHG19 Small nucleolar RNA | \ o 135914 ENSG00000260260
host gene 19 -
NR_003584.3,
SNHGS ﬁ{g’;‘” Qrt]‘g'go'ar RNA | NR034010.1. ENSG00000269893
9 NR_034011.1
SOCS2-AS1 gﬁisf antisense NR_038263.1 ENSG00000246985
- NC_000006.11,
TBP TQ)IeAinbOX binding NT_025741.15, ENSG00000112592
P NG_008165.1
TERC Telomerase RNA NR_001566.1 ENSG00000270141
Component -
Terminal
TINCR differentiation-induce | NM_001396408.1 | ENSG00000223573
d non-coding RNA
TP53TG1 TP53target 1 (non- | \\p 515381 ENSG00000182165
protein coding) -
Taurine up-regulated | NR_110492,
TUG1 1 (non-protein NR_002323, ENSG00000253352
coding) NR_110493
UBA6-AS1 UBAB antisense RNA | \ o 15439 ENSG00000248049
1 (head-to-head) -
WAC-AS1 WAC antisense RNA |\ o ENSG00000254635
1 (head-to-head)
X inactive specific
XIST transcript (non- NR_001564.2 ENSG00000229807
protein coding)
Zinc finger family
NR_027788,
ZNF767P member 767, NR 027789 ENSG00000133624
pseudogene -
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Appendix C: Supplementary tables and figures

C1: cDNA verification

Table C1.1: Quantification cycle (Cq) values from real-time qPCR.

Sample ID Cq Value

LNCaP sample 1 16.41

LNCaP sample 2 17.47

LNCaP sample 3 17.1

LNCaP sample 4 18.47

PC-3 sample 1 15.25
PC-3 sample 2 16.97
PC-3 sample 3 17.09
PC-3 sample 4 18.08

Table C1.2: The melting temperatures of the various cDNA samples.

Sample ID Melt Temperature (°C)

LNCaP sample 1 | 83.71

LNCaP sample 2 | 83.70

LNCaP sample 3 | 83.68

LNCaP sample 4 | 83.75

PC-3 sample 1 83.55

PC-3 sample 2 83.59

PC-3 sample 3 83.58

PC-3 sample 4 83.71
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Figure C1.1: Melt curve generated using human GAPDH primers and the cDNA samples
from PC-3 and LNCaP cell lines. The melt curve shows that the samples have similar
melting temperatures of about 83°C.

C2: CFX Maestro normalized IncRNA expression bar graphs.
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Relative normalized expression
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Figure C2.1: Bar graphs showing the relative normalized expression of each IncRNA for the
two cell lines, LNCaP (control) and PC-3 (experiment). The relative normalized expression of
LNCaP is 1.00 as this is the control.
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Figure C2.2: Clustergram with the various differentially expressed IncRNAs. The

overexpressed genes are represented in red. The downregulated INcRNAs are shown in
green. The IncRNAs with unchanged expressions are shown in black. The IncRNAs with

similar expression patterns are grouped (clustered) together.
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C3: LncSEA analysis of upregulated and downregulated IncRNAs

Table C3.1: LncSEA enrichment analysis of upregulated IncRNAs

Enrichment set Class Subclass Count LncRNA P-value FDR
proliferation Cancer Hallmark _ 5 HOTAIR; LINC00657; SOCS2-AS1; TINCR; TUG1 1.39E-07 9.73E-07
apoptosis Cancer Hallmark _ 4 HOTAIR; SOCS2-AS1; TINCR; TUG1 3.55E-07 1.24E-06
metastasis Cancer Hallmark | _ 3 HOTAIR; TINCR; TUG1 2.60E-06 6.07E-06
invasion Cancer Hallmark _ 3 HOTAIR; TINCR; TUG1 5.18E-05 9.06E-05
migration Cancer Hallmark _ 3 HOTAIR; TINCR; TUGL1 6.78E-05 9.49E-05
prognosis Cancer Hallmark _ 3 HOTAIR;LINC00657;TUG1 0.000139 0.000162
EMT Cancer Hallmark | _ 2 HOTAIR;TUG1 0.000313 0.000313
Oesophageal squamous cancer | Disease LncRNADisease2.0 | 4 CFLAR-AS1;HOTAIR;TINCR;TUG1 1.09E-08 4.20E-06
Oesophageal squamous cancer | Disease MNDR2.0 3 HOTAIR;TINCR;TUG1 4.70E-08 1.56E-05
Glioma Disease Lnc2Cancer2.0 4 HOTAIR;LINC00339;TINCR;TUG1 1.95E-07 2.05E-05
Oesophageal squamous cancer | Disease Lnc2Cancer2.0 4 CFLAR-AS1;HOTAIR;TINCR;TUG1 2.72E-07 2.05E-05
Prostate cancer Disease LncRNADisease2.0 | 4 HOTAIR;SOCS2-AS1;TERC;TUG1 2.98E-07 5.74E-05
Colorectal carcinoma Disease MNDR2.0 4 FOXP4-AS1;HOTAIR;TINCR; TUG1 7.43E-07 0.000123
Squamous cell carcinoma Disease MNDR2.0 3 HOTAIR;TINCR;TUG1 1.51E-06 0.000167
Squamous cell carcinoma Disease LncRNADisease2.0 | 3 HOTAIR;TINCR;TUG1 1.64E-06 0.00021
Non-small cell lung cancer Disease Lnc2Cancer2.0 4 HOTAIR;LINC00339;TINCR; TUG1 2.12E-06 0.000107
Bladder urothelial cancer Disease MNDR2.0 2 HOTAIR;TUG1 2.21E-06 0.000172
Bladder cancer Disease MNDR2.0 3 HOTAIR;TINCR;TUG1 2.60E-06 0.000172
Lung small cell carcinoma Disease LncRNADisease2.0 | 2 HOTAIR; TUG1 3.68E-06 0.000326
Colorectal carcinoma Disease LncRNADisease2.0 | 4 FOXP4-AS1;HOTAIR;TINCR; TUG1 4.24E-06 0.000326
Prostate cancer Disease EVLNncRNAs 3 HOTAIR;TERC;TUG1 4.38E-06 0.00115
Pancreatic ductal Disease Lnc2Cancer2.0 3 HOTAIR;LINC00339;TUG1 4.64E-06 0.000175
adenocarcinoma

B cell lymphoma Disease LncRNADisease2.0 | 2 HOTAIR;TUG1 5.52E-06 0.000354

85




B cell lymphoma Disease MNDR2.0 2 HOTAIR;TUG1 5.52E-06 0.000305
Multiple myeloma Disease MNDR2.0 2 HOTAIR; TUG1 7.73E-06 0.000366
Small cell lung cancer Disease Lnc2Cancer2.0 2 HOTAIR;TUG1 7.73E-06 0.000233
Bladder cancer Disease LncRNADisease2.0 | 3 HOTAIR;TINCR;TUG1 1.09E-05 6.00E-04
Colorectal carcinoma Disease EVLNncRNAs 3 HOTAIR;TINCR;TUG1 1.14E-05 0.00115
Bladder urothelial cancer Disease LncRNADisease2.0 | 2 HOTAIR;TUG1 1.32E-05 0.000635
Multiple myeloma Disease EVLNncRNAs 2 HOTAIR;TUG1 1.32E-05 0.00115
Prostatic Neoplasms Disease MNDR2.0 3 HOTAIR;SOCS2-AS1;TUG1 1.46E-05 0.000604
Pre-eclampsia Disease LncRNADisease2.0 | 2 HOTAIR;TUG1 1.65E-05 0.000706
Urothelial cancer Disease Lnc2Cancer2.0 2 HOTAIR;TUG1 1.65E-05 0.000347
Malignant melanoma Disease Lnc2Cancer2.0 2 HOTAIR;TUG1 1.65E-05 0.000347
Bladder cancer Disease Lnc2Cancer2.0 3 HOTAIR;TINCR; TUG1 1.84E-05 0.000347
Chronic obstructive pulmonary Disease LncRNADisease2.0 | 2 TINCR;TUG1 2.02E-05 0.000778
disease

Gastric cancer Disease EVLNncRNAs 3 HOTAIR;TINCR; TUG1 2.85E-05 0.00187
Prostate cancer Disease Lnc2Cancer2.0 3 HOTAIR;SOCS2-AS1;TUG1 3.04E-05 0.00051
Acute myeloid leukaemia Disease LncRNADisease2.0 | 2 HOTAIR;TUG1 5.61E-05 0.00196
Glioma Disease EVLNncRNAs 2 HOTAIR; TUG1 6.96E-05 0.00365
Gastric cancer Disease MNDR2.0 3 HOTAIR;TINCR;TUG1 7.44E-05 0.00255
Pancreatic ductal Disease MNDR2.0 2 HOTAIR;LINC00339 7.69E-05 0.00255
adenocarcinoma

Gallbladder cancer Disease Lnc2Cancer2.0 2 HOTAIR;TUG1 7.69E-05 0.00116
Oral squamous cell carcinoma Disease LncRNADisease2.0 | 2 HOTAIR;TUG1 8.45E-05 0.00259
Oral squamous cell carcinoma Disease Lnc2Cancer2.0 2 HOTAIR;TUG1 8.45E-05 0.00116
Lung squamous cell carcinoma Disease LncRNADisease2.0 | 2 TERC;TUG1 9.25E-05 0.00259
Epithelial ovarian cancer Disease Lnc2Cancer2.0 2 HOTAIR; TUG1 9.25E-05 0.00116
Non-small cell lung cancer Disease LncRNADisease2.0 | 3 HOTAIR;TINCR;TUG1 9.64E-05 0.00259
Multiple myeloma Disease LncRNADisease2.0 | 2 HOTAIR;TUG1 0.000101 0.00259
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Gallbladder cancer Disease LncRNADisease2.0 | 2 HOTAIR;TUG1 0.00011 0.00265
Multiple myeloma Disease Lnc2Cancer2.0 2 HOTAIR; TUG1 0.00011 0.00128
Bladder cancer Disease EVLNcRNAs 2 HOTAIR;TUG1 0.000119 0.0052
Thyroid cancer Disease Lnc2Cancer2.0 2 HOTAIR;TUG1 0.000148 0.0016
Endometrial cancer Disease Lnc2Cancer2.0 2 HOTAIR;TUG1 0.000181 0.00182
Breast cancer Disease Lnc2Cancer2.0 3 HOTAIR;TINCR; TUG1 0.000252 0.00238
Colorectal carcinoma Disease Lnc2Cancer2.0 3 HOTAIR;TINCR;TUG1 0.000287 0.00255
Exosome Exosome _ 2 HOTAIR;TUG1 0.00017 0.00017
hypermethylation Methylation _ 2 HOTAIR;TERC 0.000138 0.00051
Pattern
differential methylation Methylation _ 2 HOTAIR;TERC 0.000204 0.00051
Pattern
hsa-miR-4698 MicroRNA Incbase 4 LINC00657;RP11-156E6.1;RP11-174G6.5;TUG1 1.77E-08 1.26E-05
hsa-let-7b-5p MicroRNA Incbase AC009404.2;AFG3L1P;HOTAIR;LINC00657;RP11- 2.64E-08 1.26E-05
156E6.1;TUG1
hsa-miR-485-5p MicroRNA Incbase 5 LINCO0657;RP11-156E6.1;RP11- 5.57E-08 1.57E-05
226L15.5;TINCR;TUG1

hsa-miR-93-5p MicroRNA starbase 4 HOTAIR;LINC00657;MAGI1-IT1;RP11-226L15.5 5.76E-08 2.28E-06
hsa-miR-106b-5p MicroRNA starbase 4 HOTAIR;LINC00657;MAGI1-IT1;RP11-226L15.5 5.76E-08 2.28E-06
hsa-miR-17-5p MicroRNA starbase 4 HOTAIR;LINC00657;MAGI1-IT1;RP11-226L15.5 5.76E-08 2.28E-06
hsa-miR-20a-5p MicroRNA starbase 4 HOTAIR;LINC00657;MAGI1-IT1;RP11-226L15.5 5.76E-08 2.28E-06
hsa-miR-106a-5p MicroRNA starbase 4 HOTAIR;LINC00657;MAGI1-IT1;RP11-226L15.5 5.76E-08 2.28E-06
hsa-miR-20b-5p MicroRNA starbase 4 HOTAIR;LINC00657;MAGI1-IT1;RP11-226L15.5 5.76E-08 2.28E-06
hsa-miR-519d-3p MicroRNA starbase 4 HOTAIR;LINC00657;MAGI1-IT1;RP11-226L15.5 5.76E-08 2.28E-06
hsa-miR-92b-3p MicroRNA Incbase 4 AFG3L1P;LINC00657;LINC01024;TINCR 6.58E-08 1.57E-05
hsa-miR-548n MicroRNA Incbase 4 LINC00657;RP11-156E6.1;RP11-174G6.5;TUG1 1.35E-07 2.58E-05
hsa-miR-143-3p MicroRNA Incbase 5 HOTAIR;LINC00657;MAGI1-IT1;RNF139-AS1;TUG1 1.74E-07 2.77E-05
hsa-miR-196b-5p MicroRNA starbase 3 RP11-156E6.1;RP11-226L15.5;TUG1 2.06E-07 6.34E-06
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hsa-miR-196a-5p MicroRNA starbase 3 RP11-156E6.1;RP11-226L15.5;TUG1 2.06E-07 6.34E-06

hsa-let-7d-5p MicroRNA Incbase 5 AC009404.2;AFG3L1P;LINC00657;RP11- 2.21E-07 2.93E-05
156E6.1;TUG1

hsa-miR-320a MicroRNA Incbase 5 LINC00657;RP11-156E6.1;RP11- 2.59E-07 2.93E-05
174G6.5,TERC;TUGL1

hsa-miR-101-3p MicroRNA Incbase 5 AFG3L1P;HOTAIR;LINC00657;RP11-156E6.1;,TUG1 | 2.76E-07 2.93E-05

hsa-miR-125b-2-3p MicroRNA Incbase 4 LINC00493;LINC00657;RP11-174G6.5;TUG1 4.37E-07 4.12E-05

hsa-miR-196a-5p MicroRNA Incbase 4 AC009404.2;AFG3L1P;RP11-156E6.1;TUG1 4.93E-07 4.12E-05

hsa-miR-92a-3p MicroRNA Incbase 4 AFG3L1P;LINC00657;LINC01024;TINCR 5.75E-07 4.12E-05

hsa-miR-106a-5p MicroRNA Incbase 4 LINC00657;RP11-156E6.1;RP11-226L15.5;TUG1 7.43E-07 4.12E-05

hsa-miR-186-5p MicroRNA Incbase 4 AC005618.6;LINC00657;RP11-156E6.1;TUG1 7.70E-07 4.12E-05

hsa-miR-382-5p MicroRNA starbase 3 LINC00657;RP11-174G6.5;TUG1 7.75E-07 2.15E-05

hsa-miR-320b MicroRNA Incbase 4 RP11-156E6.1;RP11-174G6.5;TERC;TUG1 8.25E-07 4.12E-05

hsa-miR-320d MicroRNA Incbase 4 RP11-156E6.1;RP11-174G6.5;TERC;TUG1 8.25E-07 4.12E-05

hsa-miR-548d-5p MicroRNA Incbase 3 LINC00657;RP11-226L15.5;TUG1 8.61E-07 4.12E-05

hsa-let-7a-3p MicroRNA Incbase 3 LINC00657;RP11-174G6.5;TUG1 8.61E-07 4.12E-05

hsa-miR-25-3p MicroRNA Incbase 4 LINC00657;LINC01024;TINCR;TUG1 1.01E-06 4.12E-05

hsa-let-7f-5p MicroRNA Incbase 5 AC009404.2;AFG3L1P;LINCO0657;RP11- 1.03E-06 4.12E-05
156E6.1;TUG1

hsa-let-7i-5p MicroRNA Incbase 5 AC009404.2;AFG3L1P;LINCO0657;RP11- 1.03E-06 4.12E-05
156E6.1;TUGL

hsa-miR-548c-5p MicroRNA Incbase 3 LINC00657;RP11-226L15.5;TUG1 1.05E-06 4.12E-05

hsa-let-7f-2-3p MicroRNA Incbase 3 LINC00657;RP11-174G6.5;TUG1 1.05E-06 4.12E-05

hsa-let-7g-5p MicroRNA Incbase 5 AC009404.2;AFG3L1P;LINC00657;RP11- 1.07E-06 4.12E-05
156E6.1;TUGL

hsa-let-7a-5p MicroRNA Incbase 5 AC009404.2;AFG3L1P;LINC00657;RP11- 1.08E-06 4.12E-05
156E6.1;TUG1

hsa-miR-26a-5p MicroRNA Incbase 5 AC005618.6;LINC0O0657;RP11-156E6.1;RP4- 1.20E-06 4.40E-05
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635E18.8,TUG1

hsa-miR-548b-5p MicroRNA Incbase 3 RP11-156E6.1;RP11-226L15.5;TUG1 2.25E-06 7.95E-05
hsa-miR-548| MicroRNA Incbase 3 LINC00657;RP11-226L15.5;TUG1 3.41E-06 0.000116
hsa-miR-302e MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 3.64E-06 5.78E-05
hsa-miR-548k MicroRNA Incbase 3 LINC00657;RP11-226L15.5;TUG1 3.64E-06 0.00012

hsa-miR-520b MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.12E-06 5.78E-05
hsa-miR-520c-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.12E-06 5.78E-05
hsa-miR-520e MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.12E-06 5.78E-05
hsa-miR-520a-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.12E-06 5.78E-05
hsa-miR-373-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.12E-06 5.78E-05
hsa-miR-340-5p MicroRNA Incbase 3 LINC00657;RP11-174G6.5;TUG1 4.12E-06 0.000131
hsa-miR-372-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.38E-06 5.78E-05
hsa-miR-302b-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.38E-06 5.78E-05
hsa-miR-302c-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.38E-06 5.78E-05
hsa-miR-520d-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.38E-06 5.78E-05
hsa-miR-302d-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.38E-06 5.78E-05
hsa-miR-302a-3p MicroRNA starbase 3 LINC00657;MAGI1-IT1;RP11-156E6.1 4.64E-06 5.84E-05
hsa-miR-151a-3p MicroRNA Incbase 3 AFG3L1P;LINC00657;TUG1 5.50E-06 0.000169
hsa-miR-3613-3p MicroRNA Incbase 3 LINC00657;RP11-156E6.1;TUG1 5.81E-06 0.000173
hsa-miR-452-5p MicroRNA Incbase 3 LINC00657;RP11-156E6.1;TUG1 6.46E-06 0.000187
hsa-miR-219a-5p MicroRNA starbase 2 LINC00339;TUG1 7.73E-06 9.31E-05
hsa-miR-363-5p MicroRNA Incbase 2 LINC00657;TUG1 7.73E-06 0.000216
hsa-miR-222-3p MicroRNA Incbase 3 LINC00657;RP11-156E6.1;TUG1 7.91E-06 0.000216
hsa-miR-145-5p MicroRNA Incbase 4 AC005618.6;LINC00657;RP11-156E6.1;TUG1 9.55E-06 0.000253
hsa-miR-4782-3p MicroRNA starbase 2 LINC00339;TUG1 1.03E-05 0.000119
hsa-let-7e-3p MicroRNA Incbase 2 LINC00657;RP11-174G6.5 1.03E-05 0.000264
hsa-miR-16-1-3p MicroRNA Incbase 3 AFG3L1P;LINC00657;TUG1 1.05E-05 0.000264
hsa-let-7e-5p MicroRNA Incbase 4 AC009404.2;AFG3L1P;LINC00657;TUG1 1.10E-05 0.000269
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hsa-miR-588 MicroRNA Incbase 3 LINC00657;RP11-156E6.1;TUG1 1.19E-05 0.000282
hsa-miR-361-5p MicroRNA Incbase 4 LINCO00657;LINC01024;RP11-156E6.1;TUG1 1.22E-05 0.000282
hsa-miR-4705 MicroRNA Incbase 3 LINC00657;RP11-156E6.1;TUG1 1.24E-05 0.000282
hsa-miR-30b-5p MicroRNA Incbase 4 AC005618.6;LINC00657;RP4-635E18.8;,TUG1 1.29E-05 0.000286
hsa-miR-617 MicroRNA Incbase 2 LINC00657;,TUG1 1.32E-05 0.000286
hsa-miR-30c-5p MicroRNA Incbase 4 AC005618.6;LINC00657;RP4-635E18.8;TUG1 1.36E-05 0.000288
hsa-miR-222-5p MicroRNA Incbase 3 LINC00657;RP11-174G6.5;TINCR 1.40E-05 0.00029

hsa-miR-501-3p MicroRNA Incbase 3 AFG3L1P;LINC00657;TUG1 1.52E-05 0.000309
hsa-miR-320c MicroRNA Incbase 3 RP11-156E6.1;TERC;TUG1 1.64E-05 0.000326
hsa-miR-486-5p MicroRNA Incbase 3 LINC00657;RP11-174G6.5;TUG1 1.71E-05 0.000333
hsa-miR-4429 MicroRNA Incbase 3 RP11-174G6.5;TERC;TUG1 1.97E-05 0.000376
hsa-miR-1277-3p MicroRNA Incbase 2 AFG3L1P;LINC00657 2.42E-05 0.000453
hsa-miR-34a-3p MicroRNA Incbase 3 LINC00657;RP11-156E6.1;TUG1 2.68E-05 0.000482
hsa-miR-1305 MicroRNA Incbase 3 LINC00657;RP11-156E6.1;,TUG1 2.68E-05 0.000482
hsa-miR-30a-5p MicroRNA Incbase 3 LINC00657;RP11-156E6.1;,TUG1 3.04E-05 0.000537
hsa-miR-21-5p MicroRNA Incbase 3 LINCO0657;RP11-156E6.1;TUG1 3.13E-05 0.000543
hsa-miR-338-3p MicroRNA Incbase 4 LINCO0339;LINCO0657; TERC;TUG1 3.61E-05 0.000592
hsa-miR-501-5p MicroRNA Incbase 3 AFG3L1P;LINC00657;TUG1 3.64E-05 0.000592
hsa-miR-589-3p MicroRNA Incbase 3 AFG3L1P;LINC00657;TUG1 3.74E-05 0.000592
hsa-miR-766-5p MicroRNA Incbase 3 AC005618.6;LINC0O0657;TUG1 3.74E-05 0.000592
hsa-miR-1247-5p MicroRNA Incbase 2 LINCO0657;TINCR 3.85E-05 0.000592
hsa-miR-548ay-5p MicroRNA Incbase 2 RP11-226L15.5;TUG1 3.85E-05 0.000592
hsa-miR-130a-3p MicroRNA Incbase 3 AFG3L1P;HOTAIR;TUG1 3.85E-05 0.000592
hsa-miR-30d-5p MicroRNA Incbase 3 LINCO0657;RP11-156E6.1;TUG1 4.07E-05 0.000616
hsa-miR-330-3p MicroRNA Incbase 3 LINC0O0657;RP11-156E6.1;TUG1 4.30E-05 0.000641
hsa-miR-30e-5p MicroRNA Incbase 3 LINC00657;RP11-156E6.1;TUG1 4.67E-05 0.000685
hsa-miR-548j-5p MicroRNA Incbase 2 RP11-226L15.5;TUG1 4.99E-05 0.000721
hsa-miR-26b-3p MicroRNA Incbase 3 AFG3L1P;LINC00657;TUG1 5.18E-05 0.000727
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hsa-miR-183-5p MicroRNA Incbase 3 LINC00657;RP11-226L15.5;TUG1 5.18E-05 0.000727
hsa-miR-221-3p MicroRNA starbase 2 HOTAIR;TUG1 6.26E-05 0.000694
hsa-miR-222-3p MicroRNA starbase 2 HOTAIR;TUG1 6.96E-05 0.000714
hsa-miR-410-3p MicroRNA starbase 2 LINC00657;TUG1v 6.96E-05 0.000714
hsa-miR-145-5p MicroRNA starbase 2 RP11-156E6.1;TUG1 0.000101 0.000999
hsa-miR-425-5p MicroRNA starbase 2 RP11-226L15.5;TUG1 0.00011 0.00105
hsa-miR-335-5p MicroRNA starbase 2 TINCR;TUG1 0.000128 0.00114
hsa-miR-31-5p MicroRNA starbase 2 TINCR;TUG1 0.000128 0.00114
hsa-miR-9-5p MicroRNA starbase 2 MAGI1-IT1;TUGL 0.000148 0.00124
hsa-miR-142-3p MicroRNA starbase 2 RP11-226L15.5;TUG1 0.000148 0.00124
hsa-miR-218-5p MicroRNA starbase 2 LINC00339;RP11-156E6.1 0.000159 0.0013
Table C3.2: LncSEA enrichment analysis of downregulated INcRNAs

Enrichment set Class Subclass Count | LncRNA P-value FDR
proliferation Cancer Hallmark _ 4 PCAT1;PCAT29;PCGEM1;PRNCR1 5.94E-08 4.16E-07
migration Cancer Hallmark _ 3 PCAT1;PCAT29;PCGEM1 2.17E-06 7.60E-06
apoptosis Cancer Hallmark _ 2 PCAT1;PCGEM1 0.000167 0.00039
invasion Cancer Hallmark _ 2 PCAT1;PCGEM1 0.000254 0.000444
prognosis Cancer Hallmark _ 2 PCAT1;PCAT29 0.000495 0.000693
Prostate cancer Disease EVLNcRNAs 4 PCAT1;PCAT29;PCGEM1;PRNCR1 2.53E-10 6.63E-08
Prostatic Neoplasms Disease MNDR2.0 4 PCAT1;PCAT29;PCGEM1;PRNCR1 1.29E-09 4.27E-07
Prostate cancer Disease LncRNADisease2.0 | 4 PCAT1;PCAT29;PCGEM1;PRNCR1 2.57E-09 9.89E-07
Prostate cancer Disease Lnc2Cancer2.0 4 PCAT1;PCAT29;PCGEM1;PRNCR1 3.49E-09 5.27E-07
Prostate Disease LncRNADisease2.0 | 3 PCAT1,PCGEM1;PRNCR1 6.39E-09 1.23E-06
Prostate Disease MNDR2.0 3 PCAT1;PCGEM1;PRNCR1 6.39E-09 1.06E-06
Gastric cancer Disease Lnc2Cancer2.0 4 PCAT1;PRNCR1;SNHGS8;TP53TG1 1.40E-07 1.06E-05
Colorectal carcinoma Disease LncRNADisease2.0 | 3 FAM83H-AS1;PCAT1;PRNCR1 5.69E-06 0.00073
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Colorectal carcinoma Disease Lnc2Cancer2.0 3 FAM83H-AS1;PCAT1;PRNCR1 9.40E-06 0.000473
Gastric cancer Disease LncRNADisease2.0 | 3 PCAT1;PRNCR1;SNHGS8 1.17E-05 0.00113
Non-small cell lung cancer Disease EVLncRNAs 2 PCAT1;TP53TG1 7.02E-05 0.00809
Cancer Disease LncRNADisease2.0 | 2 PCAT1;TP53TG1 7.98E-05 0.00577
Bladder cancer Disease LncRNADisease2.0 | 2 PCAT1;PCAT29 8.99E-05 0.00577
Colorectal carcinoma Disease EVLNcRNAs 2 PCAT1;PRNCR1 9.26E-05 0.00809
Ovarian cancer Disease Lnc2Cancer2.0 2 PCGEM1,;TP53TG1 0.000109 0.00374
Malignant glioma Disease MNDR2.0 2 PCGEM1;PRNCR1 0.000121 0.0134
Malignant glioma Disease LncRNADisease2.0 | 2 PCGEM1;PRNCR1 0.000124 0.00626
Glioma Disease Lnc2Cancer2.0 2 FAM83H-AS1;TP53TG1 0.000124 0.00374
Lung cancer Disease LncRNADisease2.0 | 2 FAM83H-AS1;PCAT1 0.00013 0.00626
Phytosterols Drug Lnc2Cancer 1 PCGEM1 0.000205 0.00384
g-oryzanol Drug Lnc2Cancer 1 PCGEM1 0.000205 0.00384
doxorubicin (DOX) Drug Lnc2Cancer 1 PCGEM1 0.000205 0.00384
3,3-Diindolylmethane (DIM) Drug Lnc2Cancer 1 PCGEM1 0.000205 0.00384
Temozolomide, TMZ Drug Lnc2Cancer 1 PRNCR1 0.000205 0.00384
Chemotherapy Drug Lnc2Cancer 1 SNHG8 0.000205 0.00384
1(SNHGS8) Drug Lnc2Cancer 1 SNHG8 0.000205 0.00384
Irinotecan Drug LncMap 5 FAM83H-AS1;PCAT1,PCGEM1;RP11- 0.000503 0.00984
884K10.6,SNHG8
Topotecan Drug LncMap 5 FAM83H-AS1;PCAT1;PCGEM1;RP11- 0.00116 0.00984
884K10.6;SNHGS

Lapatinib Drug LncMap 4 FAM83H-AS1;PCAT1;SNHGS8;TP53TG1 0.00123 0.00984
Exosome Exosome _ 2 PCGEM1;PRNCR1 1.79E-05 1.79E-05
hsa-miR-1915-3p MicroRNA Incbase 2 FAM83H-AS1;SNHG8 1.25E-05 0.0119
Exosome Subcellular Location | IncRNA 3 CTD-2562J317.7;SNHG8;TP53TG1 0.00756 0.0153
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C4: KEGG and GO analyses supplementary figures and tables generated using
DIANA-miRPath v3.0

Table C4.1: KEGG enrichment analysis from the top 30 miRNAs determined in LncSEA

according to p-value.

KEGG pathway #MiRNAs
Signalling pathways regulating pluripotency of stem cells 15
TGF-beta signalling pathway 11
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ECM-receptor interaction

Proteoglycans in cancer

Axon guidance

FoxO signalling pathway

Mucin-type O-Glycan biosynthesis

Hippo signalling pathway

Glioma

Circadian rhythm

Oestrogen signalling pathway

Transcriptional misregulation in cancer

ErbB signalling pathway

Prostate cancer

Endocytosis

Wnt signalling pathway

Hepatitis B

Amphetamine addiction

Gap junction

Protein processing in the endoplasmic reticulum

MTOR signalling pathway

Viral carcinogenesis

Ras signalling pathway

Glutamatergic synapse

Thyroid hormone signalling pathway
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MAPK signalling pathway
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AMPK signalling pathway

Neurotrophin signalling pathway

Adherens junction

Valine, leucine, and isoleucine biosynthesis

Chronic myeloid leukaemia

Ubiquitin mediated proteolysis

Long-term depression

Non-small cell lung cancer

Glycosaminoglycan biosynthesis - chondroitin sulfate /
dermatan sulfate
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Renal cell carcinoma

PI3K-Akt signalling pathway

Colorectal cancer

Melanoma

Regulation of actin cytoskeleton

Prolactin signalling pathway

Lysine degradation

Amoebiasis

Choline metabolism in cancer

Dopaminergic synapse

Glycosphingolipid biosynthesis - ganglio series

Endometrial cancer

Oxytocin signalling pathway

Cell adhesion molecules (CAMSs)

Prion diseases

Pathways in cancer

Focal adhesion

Adrenergic signalling in cardiomyocytes

Endocrine and other factor-regulated calcium reabsorption

CAMP signalling pathway

cGMP-PKG signalling pathway

Adipocytokine signalling pathway

Rap1l signalling pathway
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Platelet activation

Cholinergic synapse

Retrograde endocannabinoid signalling

Steroid hormone biosynthesis

Circadian entrainment

Protein digestion and absorption

Drug metabolism - cytochrome P450

Tyrosine metabolism

Long-term potentiation

Pancreatic cancer

Oocyte meiosis

Arrhythmogenic right ventricular cardiomyopathy (ARVC)

Melanogenesis

p53 signalling pathway

Morphine addiction

Cocaine addiction

Cytokine-cytokine receptor interaction

Glycosaminoglycan biosynthesis - heparan sulphate/heparin

2-Oxocarboxylic acid metabolism

Bladder cancer

Bacterial invasion of epithelial cells

Tight junction

Calcium signalling pathway

N-Glycan biosynthesis

Pantothenate and CoA biosynthesis

Aldosterone-regulated sodium reabsorption

Salivary secretion

Mineral absorption

GABAergic synapse

Hedgehog signalling pathway

Biosynthesis of unsaturated fatty acids

Insulin secretion
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Fatty acid degradation

Other types of O-glycan biosynthesis

Inositol phosphate metabolism

Glycosphingolipid biosynthesis — lacto- and neolacto- series

Vitamin B6 metabolism

Inflammatory mediator regulation of TRP channels

Gastric acid secretion

A L

Chemical carcinogenesis

Table C4.2: GO analysis from the top 30 miRNAs determined in LncSEA according to p-

value.
Go category #MiRNAs
Biosynthetic process 30
Cellular nitrogen compound metabolic process 30
Cellular protein modification process 28
Fc-epsilon receptor signalling pathway 26
Biological process 25
Neurotrophin trk receptor signalling pathway 25
Gene expression 18
Epidermal growth factor receptor signalling pathway 16
Cellular component assembly 16
Transcription, DNA-templated 15
Catabolic process 15
Response to stress 14
Blood coagulation 14
Fibroblast growth factor receptor signalling pathway 14
Phosphatidylinositol-mediated signalling 14
Transcription initiation from RNA polymerase Il promoter 13
Cell death 13
Viral process 12
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Symbiosis, encompassing mutualism through parasitism

12

Macromolecular complex assembly

12

Mitotic cell cycle

11

Post-translational protein modification

Membrane organization

Nucleobase-containing compound catabolic process

Small molecule metabolic process

Cellular lipid metabolic process

Protein complex assembly
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Regulation of transcription from RNA polymerase Il promoter
in response to hypoxia

~

Synaptic transmission

Cellular protein metabolic process

Cell junction organization

Positive regulation of transcription, DNA-templated

Cell junction assembly

Cellular component disassembly involved in the execution
phase of apoptosis

D O O O O O

Apoptotic signalling pathway

(o2}

Nervous system development

Fc-gamma receptor signalling pathway involved in
phagocytosis

Positive regulation of protein insertion into mitochondrial
membrane involved in the apoptotic signalling pathway

MRNA metabolic process

MRNA processing

Nuclear-transcribed mRNA poly(a) tail shortening

Glycosaminoglycan metabolic process

Cell-cell signalling

Axon guidance

Toll-like receptor 10 signalling pathway
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Toll-like receptor tirl:tlr2 signalling pathway

Toll-like receptor tIr6:tlr2 signalling pathway

Transforming growth factor beta receptor signalling pathway

Trif-dependent toll-like receptor signalling pathway

Regulation of small GTPase-mediated signal transduction

Toll-like receptor 9 signalling pathway

Toll-like receptor 5 signalling pathway

Nucleocytoplasmic transport

Chromatin organization

Cytoskeleton organization

Phosphatidylinositol biosynthetic process

Vasodilation by norepinephrine-epinephrine involved in the
regulation of systemic arterial blood pressure
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Negative regulation of transcription, DNA-templated

Cell-cell junction organization

RNA metabolic process

Negative regulation of transcription from RNA polymerase ||
promoter
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Post-Golgi vesicle-mediated transport

In utero embryonic development

Extracellular matrix disassembly

Energy reserve metabolic process

Signal transduction

Cellular response to amino acid stimulus

Mitotic nuclear envelope disassembly

G2/m transition of mitotic cell cycle

Myd88-independent toll-like receptor signalling pathway
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DNA metabolic process

N

Toll-like receptor 4 signalling pathway

Protein n-linked glycosylation via asparagine

Toll-like receptor signalling pathway
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Innate immune response

Extracellular matrix organization

Intrinsic apoptotic signalling pathway

NlIs-bearing protein import into the nucleus

Toll-like receptor 2 signalling pathway

Toll-like receptor 3 signalling pathway

Positive regulation of transcription from RNA polymerase |l
promoter

N N N N N NN

Cellular component movement 2
Glutamate receptor signalling pathway 2
Neuron cell-cell adhesion 2
Positive regulation of macroautophagy 2
Sulphur compound metabolic process 2
Viral entry into the host cell 2
O-glycan processing 2
Viral penetration into the host nucleus 2
Dolichol-linked oligosaccharide biosynthetic process 2
Carnitine shuttle 2
Negative regulation of neurotransmitter secretion 2
Nuclear-transcribed mRNA catabolic process, deadenylation- | 1
dependent decay

Transcription from RNA polymerase Il promoter 1
Insulin receptor signalling pathway 1
Post-embryonic development 1
Negative regulation of translation involved in gene silencing 1
by miRNA

Adherens junction organization 1
Immune system process 1
RNA splicing 1
Negative regulation of transforming growth factor beta 1

receptor signalling pathway
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Mammary gland development

Muscle cell differentiation

Termination of RNA polymerase Il transcription

Activation of Jun kinase activity

Collagen catabolic process

Stress-activated mapk cascade

Anatomical structure morphogenesis

Odontogenesis of dentin-containing tooth

Plasma membrane organization

Positive regulation of the apoptotic process

Cytoskeleton-dependent intracellular transport

Chondroitin sulphate metabolic process

Protein targeting

Bmp signalling pathway

Cellular response to hypoxia

Regulation of insulin secretion

MRNA 3'-end processing

Circadian regulation of gene expression

Heart development

Regulation of protein kinase a signalling

Lens induction in camera-type eye

Circadian rhythm

Tight junction assembly

Negative regulation of macrophage-derived foam cell
differentiation

Pre-miRNA processing

Regulation of the release of sequestered calcium ion into the
cytosol by sarcoplasmic reticulum

Regulation of defence response to virus by virus

Regulation of synaptic transmission, glutamatergic

Heat generation




Cellular glucuronidation

Regulation of germinal centre formation

Neuronal stem cell maintenance

Regulation of cell communication by electrical coupling
involved in cardiac conduction

Golgi to plasma membrane protein transport

Targeting of mMRNA for destruction involved in RNA
interference

Cargo loading into a vesicle

Regulation of translation in response to stress

Flavonoid glucuronidation

Xenobiotic glucuronidation

Cellular response to jasmonic acid stimulus
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Figure C4.1: Heatmap of the miRNA versus the molecular function GO subcategory
(generated by DIANA-miRPath v3.0). p-value<0.05; microT<0.8; Fischer's Test analysis
method with FDR correction.
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Figure C4.2: Heatmap of the miRNA versus the cellular component GO subcategory
generated by DIANA-miRPath v3.0. p-value<0.05; microT<0.8; Fischer's Test analysis
method with FDR correction.
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