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Abstract

Oesophageal cancer is the 8" most common cancer type and the 6" most death
causing cancer type worldwide. One of its subtypes, oesophageal squamous cell
carcinoma (OSCC) is prevalent in Eastern to Central Asia and along the Rift Valley
in East Africa and into South Africa. The prognosis of OSCC remains poor, detected
at the advanced stage with low survival rates. There are various treatment options
for OSCC and cisplatin is the first line chemotherapeutic drug used in South Africa
and other developing countries as it is readily available and affordable. However, it
is associated with poor efficacy, chemoresistance and chemotoxicity.

This study investigated the expression of ANRIL and PANDA long non-coding
RNAs (IncRNAs) in response to cisplatin and immediately after cisplatin
withdrawal, aiming to provide potential INcRNA-targeted strategies for overcoming
cisplatin resistance in cancer therapy, especially OSCC. Cisplatin cytotoxicity and
ECso concentrations in OSCC (WHCO1 and WHCO5) and HEK?293 cell lines were
determined by an MTT assay. Cisplatin cytotoxic effects were exerted in all cell
lines, with the HEK293 control being more sensitive to cisplatin compared to the
cancerous OSCC cell lines. Western blot was used to observe DNA double stranded
break (DSB) formation in the presence of cisplatin and in the first hour after
cisplatin withdrawal in HEK293, WHCO1 and WHCOS5 cell lines by measuring
gammaH2AX (yH2AX), a DSB marker. The western blot results showed an
increase in YH2AX levels post cisplatin treatment in all three cell lines. This showed
cisplatin treatment induced DNA DSBs and activated the DNA damage response
(DDR) in HEK293 control as well as WHCO1 and WHCO5. RT-PCR measured
ANRIL and PANDA expression during cisplatin treatment and DDR, where
PANDA expression appeared upregulated and ANRIL fluctuated during DDR in
OSCC cell lines.

In conclusion, cisplatin activates DDR, upregulates PANDA but causes fluctuating
ANRIL expression in OSCC cell lines. This study indicates roles for PANDA and
ANRIL IncRNAs during cisplatin chemotherapy that warrant further investigation
in OSCC.
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1. Introduction

Cancer is a disease that results when genes responsible for controlling our cell
functions such as growth and division experience certain changes. These cancer-
causing genes can be inherited as a form of germline mutations thus increasing an
individual’s risks for cancer. Some genetic changes can be acquired as a result of
errors during cell division or through exposure to carcinogenic substances that cause
DNA damage. Genotoxic stress cause DNA structural changes by disrupting
covalent bonds between nucleotides thus preventing the correct replication of the
genome. Failure of the DNA damage machinery to correct the induced lesions leads
to defects in the genes resulting in mutations which accumulate, eventually resulting
in a cancer phenotype (Broustas and Lieberman, 2014). Errors in the epigenetic
process also cause cancer by altering the gene expressions. Epigenetic mechanisms
that affect gene regulation include histone modification, DNA methylation and non-
coding RNA (ncRNA) (Peschansky and Wahlestedt, 2014).

Cancer is one of the leading causes of death globally. According to the World
Health Organisation (WHO), cancer was the second leading death causing disease
globally in 2018 with 9.6 million deaths and 18.1 million new cancer cases (WHO,
2018). Global studies show that 1 in 6 deaths are caused by cancer and about 70%
of deaths are due to cancer in low- and middle-income countries. It is projected that
by the year 2040, there will be 29.5 million new cancer cases and 16.4 million
cancer related deaths (Ernst et al., 2007).

Oesophageal cancer is a cancer type that occurs in the tube running from the throat
to the stomach, known as oesophagus. It occurs when oesophageal cells develop
errors, such as mutations in their DNA, which causes them to continuously grow
and divide thus resulting in tumours. Oesophageal cancer can be classified into two
major subtypes and this classification depends onthe type of cells affected:
oesophageal squamous cell carcinoma (OSCC) and adenocarcinoma (AC). OSCC
differs from AC in that it affects the epithelial cells in the upper 2/3 lining of the
oesophagus whereas AC affects the lower part of the oesophagus closer to the
stomach. The geographical distribution for these cancers differs considerably with
AC being more prevalent in many developed countries and OSCC predominating
East Asia and Africa (Rustgi and El-Serag, 2014; Arnoldet al., 2015).



1.1. OSCC

OSCC is considered a major malignancy with respect to mortality rate and
prognosis (Pennathur et al., 2013). Individuals diagnosed with OSCC have a poor
survival rate as patients usually present when the cancer is already at an advanced
stage; the 5-year survival rate of OSCC is 15-25% at its advanced stage (Rustgi and
El-Serag, 2014). It predominantly affects more elderly people with ages ranging
from 60 to 70 years and is seen more commonly in males (Daly et al., 2000). OSCC
is caused by genetic predisposition, alcohol consumption, excessive smoking,
nutritional deficiencies and history of thoracic radiation, however, these causes have
shown todiffer based on ethnicity and geographical regions (Yang et al., 2005;
Morita et al.,2010).

Studies have shown that alcohol consumption and tobacco use have synergistic
effects thus increasing the relative risk (Morita et al., 2010; Engel et al., 2003).
Studies have shown that individuals with high alcohol consumption acquire
mutations in alcohol metabolising enzymes including aldehyde dehydrogenase 2
family member (ALDHZ2) and alcohol dehydrogenase 1B (ADH1B1), which means
that alcohol has DNA mutagenic potential (Brown et al., 1994; IARC, 2012).
Cigarette smoke contains carcinogens such as N-nitrosamine compounds and
polycyclic aromatic hydrocarbons (PAHSs), which react with DNA to form DNA
adducts thus affecting the DNA helical structure leading to defective DNA
synthesis (Abnet et al., 2018). Some of the tobacco-specific nitrosamines include
4-(metylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) and N-nitrosonornicotine
(NNN). N-nitrosamine compounds have also been found in some dietary products
including salted fish, pickled vegetables and cured meat (Griesenberg et al., 2009;
Miller et al., 1989). High N-nitrosamine concentration found in tobacco and food is
considered a risk factor for OSCC development (Abnet et al., 2018). These N-
nitrosamine compounds require metabolic activation to exert their toxicological
properties, for example the activation of N-nitrosamine by cytochrome P450 results
in DNA adducts formation such as O®-methylguanine, 7-methylguanine and 3-
methylguanine (Autrup et al., 1984). However, only the O8-methylguanine which
causes AT-GC transition mutation is accountable for the mutagenicity of N-
nitrosamines (Jagerstad and Skog, 2005). OSCC is not only caused by lifestyle
factors but rather by multiple factors that may cause or promote the disease
2



progression (Ribeiro et al., 1996). Therefore, it is important to refrain from alcohol
consumption and smoking to help reduce or prevent the incidence of OSCC (Chung
et al., 2010). The symptoms of OSCC include coughing, weight loss, chest pains,

difficulty in swallowing and hoarseness of the voice.

According to GLOBOCAN data, in 2022, oesophageal cancer had the 8" highest
incidence and the 6™ highest number of cancer-related deaths worldwide (Figure
1.1). Oesophageal cancer rates have been increasing in the past years. The
International Agency for Research on Cancer (IARC) showed that worldwide
oesophageal cancer cases were about 572 034 in 2018, with the age-standardised
incidence rates of 11.1 per 100 000 and 5 per 100 000 in men and women
respectively (Bray et al., 2018). The latest GLOBOCAN results from 2020 showed
an increase compared to the 2018 results with oesophageal cancer incidence of
604 100 cases and age-standardised incidence rates of 9.3 per 100 000 and 3.6 per
100 000 in men and women respectively (Morgan et al., 2022).

Estimated number of incident cases and deaths warldwide, both sexes, all ages (excl. NMSC)

Breast

Lung
Colorectum
Prostate
Stomach
Liver

Cervix uteri
Oesophagus
Thyroid

Bladder W Mortality

0 400 000 800 000 1200 000 1 600 000 2000000 2 400 000

Figure 1.1: Top ten predominant cancers worldwide. According to GLOBOCAN
2022 data, oesophageal cancer ranks as the 8th most diagnosed cancer type with an
incidence rate of 604 100 cases and the 6th in number of deaths with 544 076 cases

worldwide (Morgan et al., 2022).

Incidence of oesophageal cancer differs across regions and populations. In 2018,

eastern Asia, eastern and southern Africa had the highest number of oesophageal

3



cancer cases with lowest cases observed in Central America regions (Morgan et al.,
2022). Although these data include both OSCC and AC, it is estimated that 87% of
all oesophageal cancers are OSCC and 11% are AC (Arnold et al., 2015). Moreover,
considerable differences in OSCC exist based on ethnicity, age and gender, which
may be due to differences in exposure to risk factors. In South Africa, black
individuals above the age of 30 have the highest number of OSCC cases compared
to other population groups (CANSA, 2017).

OSCC is a major threat to health in developing countries such as South Africa and
is an increasing health concern that is expected to rise by 140% in 2025 (Lambert
and Hainaut, 2007). It is one of the top ten prevalent cancers in South Africa with
a high death rate. The South African Cancer Registry showed that the prevalence of
oesophageal cancer among the black population is higher in comparison to other
population groups due to genetic predisposition (National Health Laboratory Service
(NHLS), 2008). Cancer reports conducted by Cancer Associationof South Africa
(CANSA) and the National Cancer Registry (NCR) of South Africa showed that
although the incidence rates for both sexes increases with age, men are at a 2 to 8
times at higher risk than women in developing OSCC (Siewert and Ott, 2007; Bray
etal., 2018; NCR, NHLS, 2011).

1.1.1. OSCC diagnosis, screening and prevention

The diagnosis for OSCC involves various aspects such as symptoms, imaging
results as well as physical examination and pathological findings. Barium
oesophagography is one of the major examinations applied in the diagnosis of
oesophageal cancer whereas oesophagogastroduodenoscopy is used for biopsy to
confirm the diagnosis of OSCC (Levine et al., 1997). This approach allows
physicians to see the proximal extent of the tumour and its relation to the
cricopharyngeus in patients with OSCC. Once the diagnosis is made, correct staging
must be done prior to treatment as this helps predict the spread of the cancer and

which treatments are most appropriate (Krasna et al., 2001).

After the diagnosis, it is important to examine if the cancer has metastasised and

this process is called staging. Oesophageal cancer staging was characterised using

the American Joint Committee on Cancer (AJCC) TNM system, which considers
4



three main categories such as the primary tumour extent (T), the spread to the lymph
node (N) and distant sites metastasis (M) (Figure 1.2) (Greene et al., 2002).
Pathological stage grouping (pTNM) is essential for early-stage cancers and it is

also important for serving as survival reference point (Rice et al., 2017).

Tis (HGD)

Epithelium
_—Basement membrane
Lamina propria
Muscularis mucosae

Figure 1.2: Oesophageal cancer TNM staging system. The T stage is categorised
as high-grade dysplasia and is subdivided into subtypes based on the level of
invasion. N is categorised into 4 subtypes based on the cancer spread to the lymph
node. NO showing no regional lymph node metastasis, N1, 2 and 3 are associated
with regional lymph node metastasis of 1 or 2, 3to 6 and 7 or more nodes. M1 shows
distal metastasis (Rice et al., 2017).

Staging may be assessed radiologically and pathologically. The clinical stage of
oesophageal carcinoma can be determined by multiple diagnostic imaging
procedures such as computed tomography (CT), positron emission tomography
(PET), endoscopic ultrasound (EUS) and magnetic resonance imaging (MRI) scan
(Chandawarkar et al.,, 1996). However, the abovementioned scans cannot
distinguish tumour depth and have poor lymph node sensitivity, which fails to detect
minor metastasis. The EUS, which has now become the popular oesophageal cancer
diagnosis technique, provides correct information in terms of depth of infiltration
(Heetal., 2014). A study comparing CT scan to EUS in oesophageal cancer staging
showed that CT scan can identify lymph-node involvement in 23% of patients
whereas EUS identified 83% (Subasinghe and Samarasekera, 2010).

Therapeutic strategies are decided based on the grade of malignancy and the
patient’s general condition. Current treatments for OSCC include radiotherapy,
5



chemotherapy and surgery. Surgical resection is the traditional OSCC treatment.
There is also an increased use of chemotherapy, combination therapy (the use of
multimodal therapies such as chemoradiotherapy and combination of chemotherapy
with surgery to treat a disease) as well as radiotherapy before surgery. However,
these have little effects on OSCC as the patients are displaying chemoresistance to

the drugs and the patients’ 5 years survival rate is less than 25% (Then et al., 2020).

The proposed study aims to mainly focus on response to chemotherapy, which is a
drug treatment that employs powerful chemicals for killing rapidly growing
cancerous cells in the body. The chemotherapeutic drugs can either be used alone,
combined with other drugs or with radiotherapy for the treatment of different
cancer types. The advantage of using chemotherapy as the primary treatment for
OSCC is because it also targets micro-metastasis and reduces the risk of distant
metastasis in addition to slowing cancer growth and shrinking tumour enough for
surgery (Le Bras et al., 2016). Some of the chemotherapeutic drugs used for the
treatment of OSCC are cisplatin, 5-fluorouracil (5-FU) and paclitaxel (Gu et al.,
2012). According to the WHO guidelines, systemic chemotherapy must be used for
the treatment of advanced OSCC. Cisplatin and 5-FU are two drugs commonly used
in South Africa and whilst readily available and relatively inexpensive they have
been associated with poor efficacy, chemoresistance and chemo-toxicity (Levard et
al., 1998; Ando et al., 2012). Due to late presentation and poor response to therapy,
OSCC prognosis remains poor, thus, understanding causes of chemoresistance and
developing alternative treatments for OSCC is highly desirable.

1.1.2. Treatment

Cisplatin is a platinum containing drug displaying clinical activity against multiple
solid tumours, including lung, testicular, bladder, ovarian as well as head and neck
cancer (Rosenberg et al., 1969). Cisplatin is a potent apoptosis inducer in cancer
cells (Ormerod et al., 1996). Together with its analogues carboplatin and
oxaliplatin, they have shown efficacy in cancer treatment with palliative and
curative intent (Muggia et al., 2015). Since its discovery, cisplatin has shown high
degree of activity against tumour growth in various cancer types. Despite its major
clinical success, it is associated with chemoresistance in cancer cells. It is estimated
that 50% of cancer patients will be treated with cisplatin in their anticancer therapy

(Ghosh, 2019). It is therefore important to improve clinical utility of cisplatin.



1.1.2.1. Cisplatin mechanism of action and DDR
The cisplatin drug is composed of one platinum atom linked to two chlorides and
two amides. It enters cells through the plasma membrane by passive diffusion or by
active transport using copper transport 1 (CTR1) protein (Ishida et al., 2002). Once
inside the cells, cisplatin becomes activated by undergoing an aquation process
where its chloride ions get replaced with water molecule. This aquation process
makes cisplatin highly reactive, allowing it to readily bind to various biomolecules
inside the cell such as reduced glutathione (GSH), metallothionine (MT),
methionine and other cysteine rich proteins (EI-Khateeb et al., 1999). The aquated
form of cisplatin covalently binds to DNA bases to form DNA adducts. It
particularly reacts with N7 position of purine bases, adenine and guanine resulting
in DNA crosslinks. These crosslinks can be on the same strand (intra-strand) or
different strands (inter-strand) crosslinks (ICLs) (Eastman et al., 1987). The
cisplatin-induced DNA adducts disturbs transcription and DNA replication thus
inducing replication stress and DNA damage response (DDR) eventually resulting

in the arrest of the cell cycle and apoptosis.

Responding to genotoxic stress, the DDR network induces a signal transduction
cascade including the activation of pathways responsible for genome protection
such as cell cycle control, DNA repair, apoptosis, chromatin remodelling and
transcription. The DDR pathways involved in removing cisplatin-induced DNA
damages are the homologous recombination (HR), non-homologous end joining
(NHEJ), DNA mismatch repair (MMR) and nucleotide excision repair (NER)
(Bernstein et al., 2002). However, cisplatin has shown to exert its cytotoxic effects
through intraand ICLs. The ICLs are considered the most toxic since they covalently
bind two strands of the DNA helix preventing strand separation (Deans and West,
2011). Initial repair of ICLs include single strand break repair pathways, MMR and
NER. In thecase of excessive cisplatin-induced adducts, this leads to the formation
of DSBs (Vare et al., 2012). This is because the ICL adducts are adjacent to a nick
and whenthe strand adjacent to a nick is incised, more DNA DSBs form. DDR
mechanisms responsible for repairing DSBs, NHEJ and HR repair may be activated
(Figure 1.3). DNA DSBs are considered the most hazardous type of DNA damage.
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Figure 1.3: Overview of cisplatin-induced DNA damage and repair. Cisplatin
induces DNA intra and inter-strand crosslinks. These crosslinks are repaired by
NER or HR repair pathways. The presence of DSBs activates ATM, which in turn
activates a signal cascade for p53 phosphorylation induction, resulting in the
inhibition of apoptosis and cell cycle arrest (de Vries et al., 2020).

The DNA DSBs results in the activation a set of responses in eukaryotic cells such
as cell cycle arrest and apoptosis. When cells fail to arrest cellular functions and
induce apoptosis, high genomic instability results, which is linked to high
probability of oncogenic transformation (Zhivotovsky and Kroemer, 2004). In the
event of DSBs, DDR machinery is activated to respond to DSBs. Cisplatin-induced
DNA DSBs are formed as a result of the inhibition of the HR pathway (Rocha et
al., 2018). In response to DSBs, the DDR machinery recruits the ataxia
telangiectasia mutated (ATM) protein kinase to the DSBs site by the MRE11-
RAD50-NSB1 (MRN) complex and activates the ATM signalling pathway
(Bassing and Alt, 2004) (Figure 1.3). The ATM kinase is a DSBs sensor and causes
G1 cell cycle arrest by phosphorylating the p53 protein thus activating the p53-
dependent transcriptional program leading to cell cycle arrest and apoptosis (Figure
1.3).



The stability and transcriptional activation of p53 is regulated by two kinases,
namely the ATM and ataxia telangiectasia RAD3-related protein (ATR) (Zhao et
al., 2001). Cisplatin-activated ATR phosphorylates p53 on serine-15 and activates
it leading to increased signalling through the death receptor pathway and thus cell
death. The ATR and ATM proteins also activate downstream targets, namely
checkpoint kinase 1 (CHK1) and checkpoint kinase 2 (CHK2) (Figure 1.3). ATR-
activated CHK1 phosphorylates p53 on serine-20 (Shieh et al., 2000). The
activation of p53 by cisplatin also causes the transactivation of genes associated with
cell cycle arrest, apoptosis and DNA repair such as p21 and Bcl-2-associated X
(Bax). The p2l1 transactivation by p53 is believed to activate the cell cycle
checkpoints and induce S-phase cycle arrest (Bai and Zhu, 2006).

The phosphatidylinositol 3-kinase-related kinases (PIKKs) namely the ATR, ATM
and DNA-dependent catalytic subunits (DNA-PKCs) phosphorylate histone H2AX
variant in response to DSBs (Burma et al., 2001; Mannironi et al., 1989). These
kinases each have a distinct role in histone H2AX phosphorylation and activation
of repair proteins. The histone H2AX variant accounts for about 2 to 25% of the
total histone H2A in human cells and also participates in the DDR (Mannironi et
al., 1989). In the presence of DSBs formed either during exposure to ionising
radiation or induced by chemotherapeutic agents, the ATM or DNA-PKCs
phosphorylates histone H2AX variant at serine 139 (Rogakou et al., 1998). This
phosphorylated form of histone H2AX is commonly known as the gammaH2AX
(YH2AX), a biomarker of DSBs (Kuo and Yang, 2008).

This phosphorylation process forming YH2AX occurs a few seconds after DNA
damage recognition. This results in the spread of yH2AX along the chromosome
forming discrete YH2AX foci. Studies have reported that yYH2AX foci formation
reaches a peak 30 minutes to an hour after phosphorylation. These foci then attract
other repair factors resulting in high concentration of repair proteins in the DSBs
sites (Vandersickel, 2010). The most common repair proteins that interacts with
YH2AX is the mediator of DNA damage checkpoint protein 1 (MDC1) and MRN.
MDCL1 is responsible for orchestrating the assembly of all important repair proteins
to the site of the DNA damage (Stucki and Jackson,2006). Besides its role in
recruitment and accumulating DNA repair proteins, YH2AX also interact with
cohesins to maintain chromatid cohesion during DNA repair. The loss of yYH2AX
9



at the DSBs is associated with DDR. This decrease usually takes place 24 hours
after yH2AX induction (Van der Kogel and Joiner, 2009; Marriotti et al., 2013).

1.1.2.2. Mechanisms of cisplatin of resistance

Resistance to chemotherapy is the major limitation of the effectiveness of
chemotherapeutic drugs used in cancer treatment. Drug resistance can be intrinsic
with tumours resistant to chemotherapy before treatment or acquired throughout
treatment by tumours that were initially sensitive to chemotherapy (Longley and
Johnston, 2005). This resistance can happen at various levels including increased
or decreased drug efflux, apoptosis evasion, drug activation and changes in drug
target (Longley and Johnston, 2005). Various cancer types have shown resistance

to cisplatin and these include gastric, lung, NSCLC, ovarian, bladder etc.

Mechanisms of cisplatin resistance are multifactorial and differ in different cancer
types. These mechanisms include (1) low intracellular cisplatin accumulation, (2)
high inactivation of cisplatin by thiol containing molecules such as GSH and MT,
(3) changes in DNA damage repair, (4) DNA damage tolerance changes and (5)
changes in apoptotic cell pathways (Figure 1.4) (Rabik and Dolan, 2007; Kartalou
and Essigmann, 2001).
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Figure 1.4: Mechanisms of cisplatin resistance. Cisplatin resistance can be due
to five different mechanisms: cellular drug accumulation, inactivation by thiol
proteins, DNA damage changes, DNA damage tolerance changes and apoptotic
induction (Kdberle et al., 2010).

Most tumour cell lines with acquired cisplatin resistance displayed low cisplatin
accumulation compared to the parental cell line, suggesting that changes in drug
transport is responsible for the decreased drug uptake mechanism of resistance (Loh
et al.,, 1992). A plasma membrane transporter CTR1, has been shown to be
responsible for cellular cisplatin uptake (Ishida et al., 2002). It has been reported
that cisplatin results in rapid degradation of CTR1, causing diminished cisplatin
influx and thus resistance (Holzer et al., 2006). Cells with high CTR1 levels have
shown increased cisplatin accumulation and sensitivity. Low CTRL1 levels have
been reported in cisplatin resistant lung cancer (Song et al., 2001) whereas in oral
squamous cell carcinoma, same CTR1 levels were observed in resistant and
sensitive cell line (Yoshizawa et al., 2007). Therefore, this suggests that CTR1

relevance in cisplatin resistance is cancer type specific.

Conjugates forming between thiol-containing molecules, such as GSH, and
platinum-containing drugs such as cisplatin, play a crucial role in cisplatin
inactivation (Figure 1.4). GSH is a powerful antioxidant responsible for the
inhibition of oxidative stress which is responsible for DNA damage. The
conjugation process between GSH and cisplatin is catalysed by glutathione-S-

transferase (GST) and this conjugation prevents cisplatin from binding the DNA
11



(Kdberle et al., 2010). It has been reported that tumour cells with high GSH levels
are resistant to platinum containing drugs (Kelland, 1993). These increased GSH
levels were observed in bladder, ovarian, lung, cervical, and embryonal cell lines
displaying cisplatin resistance (Jansen et al., 2002; Mellish et al., 1993; Meijer et
al., 1992), as well as the OSCC cell lines used in this study (Damelin et al., 2014).

To respond to DNA damage, the DDR is activated to repair cells or induce
apoptosis. NER mechanism is responsible for the removal of cisplatin-induced
DNA damage (Reardon et al., 1999). Defects in the NER pathway is linked to
cisplatin hypersensitivity and its restoration reduces this sensitivity to normal levels
(Furutaetal., 2002). Numerous proteins are involved in the NER pathway, however
only an upregulation of the rate limiting factors such as the excision repair
complementing 1 (EERC1) protein increase the cell’s capacity for NER (Hassan et
al., 2014). EERC1 plays a major role in the determination of cisplatin sensitivity.
Studies proved that elevated EECR1 expression is responsible for cisplatin
resistance (Youn et al., 2004; Melton et al., 1998). High EERC1 levels ingastric,
NSCLC and ovarian cancer have been reported to correspond with poor cisplatin
response (Lord et al., 2002; Dabholkar et al., 1994).

Cisplatin-induced lesions cause DNA distortions thus interfering with DNA
replication and arresting DNA polymerases (Siddik et al., 2003). To avoid the
collapse of the arrested replication fork, DNA damage can be tolerated by
translesion DNA synthesis (TLS) (Figure 1.4) (Sale, 2012). TLS is mediated by
DNA polymerases, which can replicate across damaged sites on the DNA template.
TLS cells rescue from the collapse of the replication fork is believed to contribute

to cisplatin resistance (Mamenta et al., 1994).

The main goal of cytotoxic chemotherapies is inducing apoptosis in cancer cells.
Cisplatin induced apoptosis can be activated by the intrinsic mitochondrial or
extrinsic death receptor pathways. There are multiple proteins associated with the
abovementioned pathways and these include p53, Bcl-2 pro and anti-apoptotic
proteins such as Bad, Bax and Bak as well as Bcl-xl, Bcl-2 and Mcl-1 respectively
(Hengartner, 2000). Cisplatin resistance can be caused by loss or reduced pro-
apoptotic proteins or increased anti-apoptotic protein levels (Brozovik and Osmak,
2007). There are contradictory results regarding p53 expression in cisplatin induced

apoptosis; some studies show that high p53 levels are responsible for cisplatin
12



resistance in certain cancer types (Branch et al., 2000) and others argue that the
downregulation of p53 is associated with apoptotic cisplatin resistance (Xu et al.,
2005; Spiering et al., 2003).

1.1.2.3. Cisplatin treatment on OSCC
Cisplatin is the most used chemotherapeutic drug for OSCC treatment and is
associated with poor efficacy and chemoresistance. So far, cisplatin studies on
OSCC are those of combination therapy of cisplatin with other anticancer drugs
such as 5-FU, Paclitaxel and docetaxel (Kies et al., 1987; Hara et al., 2013;
Yamasaki et al., 2011). Colleagues from our laboratory also performed combination
studies of cisplatin with metformin on OSCC (Damelin et al., 2014). The study
showed that metformin results in an intracellular reductive state which protects

OSCC cells from cisplatin.

Despite chemotherapy being a major therapeutic approach for OSCC, its clinical
efficacy remains disappointing due to chemoresistance (Mao et al., 2021).
Chemoresistance is associated with unsuccessful treatment outcome due to poor
response rate of the patients. This is often multifactorial and complex depending on
the cancer subtype. To overcome chemoresistance, new targets for therapy are
under research and evaluation. For OSCC, this includes the use of combination
therapy such as cisplatin-based and 5-FU-based therapy targeting different
mechanisms (Yang et al., 2020). Targeted molecular therapy such as antibody
monotherapies are a relatively new supplement for chemotherapy and have also
been confirmed to play a crucial role in OSCC treatment, however, access to such
therapies is limited in developing countries due to cost (Syrigos et al., 2008).
Modern RNA research has revolutionised diagnosis and therapeutics of various
diseases, for example RNA modulation has become a promising therapeutic
approach with ncRNAs showing a great potential for the treatment of different
cancer types, including OSCC (Sundaram and Veera Bramhachari, 2017; Deng et
al., 2017). Genome-wide studies have shown that a type of ncRNA known as long
non-coding RNAs (IncRNAs) may be involved in cancer progression. Their
expression has been shown to be altered in various cancer types, often inactivating
tumour suppressors and activating oncogenes. These INcRNAs also regulate DDR

and repair through the modulation of various DDR signalling pathways (Su et al.,
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2018). Recent studies have shown that the dysregulation of INcRNAs in cancer
makes them novel biomarkers for diagnosis and prognosis of human cancers, and
may be new therapeutic targets (Hung et al., 2011; Luo et al., 2016). However,
further research is required to identify the involvement of INcRNA in drug response

and chemoresistance.
1.2. Long-coding RNA

With the advent of advanced genome sequencing technologies such as the tiling
resolution genomic microarrays, encyclopedia of DNA elements (ENCODE) and
deep sequencing, our understanding of the human genome has been revolutionised.
Studies have proved that whilst about 90% of the human genome is actively
transcribed, only 2% encodes for proteins (Ponting et al., 2010). Within these non-
protein coding sequences, ncCRNAs are transcribed (Comings, 1972). NcRNAs have
been shown to participate in many biological and developmental processes and
certain diseases such as cancer (Pavet et al., 2011). There are two classifications of
NcRNAs, these being the regulatory or housekeeping ncRNAs. Housekeeping
ncRNAS are relatively expressed and act as regulatory molecules in various cellular
processes. The housekeeping ncRNAs include ribosomal (rRNA), small nucleolar
RNA (SnoRNA), transfer (tRNA) and small nuclear (ShnRNA) (Zhang et al., 2019).
Regulatory ncRNAs are divided into two groups, namely the short ncRNAs and
InNcRNAs with less than 200 nucleotides and greater than 200 nucleotides
respectively. The short ncRNAs include small interfering RNAs (siRNAS),
microRNAs (miRNAs) and piwi-associated (piRNAs) whereas the INCRNAs are

categorised based on their proximal adjacent protein coding genes.

According to the human generalised coding (GENCODE), the human genome has
greater than 16 000 IncRNA genes but other studies argue that there are more than
100 000 IncRNA genes (Uszczynska-Ratajczak et al., 2018; Fang et al., 2018).
These INcCRNAs have regulated expression and differ in the way they regulate gene
expression. However, not all these IncRNAs are functional; the number of
functional IncRNAs is still under debate but most of them have proven to have
significant cellular functions (Palazzo and Lee, 2015). Most IncRNAs are
transcribed by RNA polymerase I (RNA pol I1) and have structural features similar

to that of mRNAs as they encompass a 5' cap, polyadenylation (polyA) tail and a
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promoter structure (Derrien et al., 2012). They also undergo post transcriptional
processes like alternative splicing and carry single nucleotide polymorphisms
(SNPs). In contrast to mRNAs, these InNcRNAs have low expression levels, longer
but fewer exons, are poorly evolutionarily conserved, lack an open reading frame
(ORF) as well as a 3’ untranslated region (3' UTR) (Yu et al., 2004; Hezroni et al.,
2015).

1.2.1. Classifications of IncRNA based on genomic location
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Figure 1.5: LncRNAs categorisation according to their position in relation to

the protein coding genes. LncRNAs are categorised according to different
positions in relation to the protein coding genes and direction of transcription. These
classifications include lincRNAs, antisense, sense and bidirectional INnCRNAs
(Hrdlickova et al., 2014).

LncRNAs are categorized into four different classes based on their position in
relation to protein coding genes which they may regulate (Figure 1.5) (Hrdlickova
et al., 2014). These categories are: (1) long intergenic INCRNAs (lincRNAS)
representing the largest group of INcCRNAs and are transcribed adjacent to protein
coding genes; (2) sense INncCRNAs: sense overlapping or sense intronic, are
positioned on one and transcribed in a similar direction as protein coding genes; (3)
antisense IncRNAs are overlapping and are transcribed from an antisense strand.
Based on the overlap, antisense INCRNAs are further divided into classes namely
the intronic antisense and natural antisense transcripts (NATS), and (4) bidirectional

INcRNAs are transcribed on the opposite strand within 1 kilobase (kb) from the
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protein coding gene and have their transcription start site (TSS) next to that of the

protein coding genes (Figure 1.5) ((Hrdlickova et al., 2014).

1.2.2. Classifications of IncRNA according to their mechanism of action

LncRNAs interact with RNA, DNA and proteins. These RNA-DNA, RNA-protein
and RNA-RNA interactions depend on the site at which the IncRNA acts (Guttman
and Rinn, 2012). The main function of IncCRNAs is regulating gene expression via
chromatin modification, transcriptional and post-transcriptional regulation
(Whitehead et al., 2009; Bernstein and Allis, 2005). Studies proved that most
IncRNAs are located in the nucleus and a large fraction are exported to the cytosol
where they are assigned to specific organelles and associate with RNA binding
proteins (RBP) (Carlevaro and Johnson, 2019). It was discovered that these
InNcRNAs can employ their functions acting in the nucleus, cytosol or both. Studies
have also shown that some IncRNAs are linked to polysomes and ribosomes, acting

as coding transcripts thus resulting in small peptides (Kung et al., 2013).

LncRNAs are divided into four broad groups based on their mechanism of action:
signal, guide, decoy or scaffold (Wang and Chang, 2011). As signals, INCRNAs
regulate transcription by responding to different stimuli thus serving as an indicator
for transcriptional activity. Some examples of INcRNAs with signal archetype are
hox transcript antisense RNA (HOTAIR) and p21 associated ncRNADNA damage
activated (PANDA) involved in embryonic development, DNA damage and stress
response respectively (Wang and Chang, 2011). Guide IncRNAsbind proteins and
direct the localisation of chromatin modifying enzymes to specific targets either in
cis or trans. They can interact with both transcriptional activators and repressors.
Some of the IncRNAs employing this mechanism are X-inactive specific transcript
(Xist), lincRNAp2 and HOTAIR (Gupta et al., 2010). Decoy IncRNAs bind and
interfere with the RNA and protein functions. They bind to regulatory proteins such
as transcription factor (TF) and miRNA and prevent them from binding to their
targets. An example of this is PANDA binding to TF nuclear transcription factor Y
subunit A (NF-YA) thus preventing the activation ofNF-Y A induced pro-apoptotic
targets (Hung et al., 2011). Scaffold IncRNAs play a structural role by acting as
adaptors and allow the assembly of two or more proteins to form nucleoprotein
complexes that affect histone modifications. Some of the examples of scaffold

IncRNAs with scaffolding mechanism include antisense noncoding RNA in the
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INK4 locus (ANRIL) and HOTAIR (Li et al., 2016).

1.2.3. Gene regulation by INCRNAs

LncRNAs regulate gene expression at different levels. They regulate gene
expression by modulating chromatin remodeling, transcription and post-

transcriptional processes of target genes.
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Figure 1.6: Mechanism of INCRNA gene regulation. LncRNAs regulate gene
expression at multiple levels including transcription, epigenetic imprinting,
alternative splicing, acting as miRNA sponge and translation. Different InCRNAs

are involved in each process (Losko et al., 2016).

1.2.3.1. Epigenetic transcriptional regulation by IncRNAs
Epigenetic transcriptional regulation is the most dominant function explored in
InNcRNAs studies. This mechanism of gene regulation results in transcriptional
repression or activation (Chu et al., 2011) (Figure 1.6). HOTAIR and ANRIL forms
part of IncRNAs with repressive functions, whereas hox A distal transcript
antisense RNA (HOTTIP) forms part of transcription activating InNCRNAs. These

INcRNAs use scaffolding mechanism by coupling with histone modifying or
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chromatin remodelling complexes to exert transcriptional activation or repression
(Kurokawa et al., 2009; Roberts et al., 2014). The polycomb group (PcG) proteins,
namely the polycomb repressive complex-1 (PRC-1) and polycomb repressive
complex-2 (PRC-2) are the common protein partners of InCRNAs with repressive
or activating functions. These complexes facilitate chromatin compaction and
heterochromatin formation thus repressing transcription (Figure 1.6). Although
PRC-1 and PRC-2 are the most notable INcRNAs protein partners, there are various

epigenetic complexes involved in ncRNA-mediated gene regulation.
1.2.3.2. Post-transcriptional regulation by IncRNAs

LncRNAs regulate mRNA processing at various steps including alternative
splicing, stabilisation of mMRNA and translation of proteins (Zhang et al, 2019)
(Figure 1.6). Most IncRNAs involved in post-transcriptional regulation interact
through sequence complementarity (Khochbin et al., 1992). However, antisense
transcripts still affect alternative splicing of sense transcripts by using base
complementarity to mask the splice sites. An example of alternative splicing
modulation by non-sequence complementarity is the MALATI IncRNA which
regulates pre-mRNA active serine/arginine splicing factors (Tripathi et al., 2010)
(Figure 1.6).

LncRNAs acting on post transcriptional regulation modulate the miRNA pathways
(Figure 1.6). The primary function of miRNA is to anneal to the 3" UTR or coding
sequence of the complementary target mRNA and recruit translation impairment or
transcript degradation protein factors thus decreasing protein levels. Various
InNcRNAs have miRNA binding sites, acting as sponges to sequester miRNA from
their mMRNA targets. These INcRNAs include linc-ROR and KRAPL. (Poliseno et
al., 2010; Wang et al., 2013). For mRNA stability, IncRNAs compete with miRNAs
for their mRNA target site. This is demonstrated by IncRNA beta-site amyloid
precursor protein cleaving enzyme 1 (BACEL-AS) antisense transcript binding its
sense BACEL transcript InCRNA at miR-485 and impairing its function (Figure 1.6)
(Faghihi et al., 2010). The translational process is also facilitated or repressed by
INCRNA-mRNA pairing. For translational activation, IncRNA ubiquitin
carboxyterminal hydrolase L1 (Uchll) recruits polysomes to short interspersed
transposable element 3 (SINE3) repetitive domain and promote cap independent

translation. For translational repression, lincRNA-p21 repress beta-catenin and
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JunB mRNA by recruiting translation repressors (Figure 1.6) (Carrieri et al., 2012;
Yoon et al., 2012).

1.2.4. ANRIL

ANRIL, isa IncRNA located at the genomic locus cyclin-dependent kinase inhibitor
2A/B (CDKN2A/B), a hotspot for heritable diseases at chromosome 9p21(Figure
1.7). This gene cluster that extends over 350 kb and housed in the topologically
associated domain (TAD), has three protein coding genes and antisense to them is
the ANRIL IncRNA (Rao et al., 2014). These protein coding genes include S-
methyl-5'-thioadenosine phosphorylase (MTAP), CDKN2A encoding splice
variants p14ARF and p16INK4A as well as CDKN2B encoding p15INK4B (Figure
1.7) (Holdt et al., 2011). The CDKN2A and CDKN2B encodedproteins are tumour
suppressors playing a role in cell cycle arrest, affecting major cellular processes
including apoptosis, proliferation, senescence and aging (Kong et al., 2018). The
pl6INK4A and pl5INK4B proteins act as cyclin dependent kinase (CDK)
inhibitors that inhibit retinoblastoma (RB) phosphorylation by CDK4/6 whereas
pl4ARF binds Mouse double minute 2 homolog (MDMZ2) and degrades it and it is

also involved in p53 activation and cell cycle arrest.
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Figure 1.7: ANRIL-ARF bidirectional promoter. ANRIL and p14-ARF gene
share a bidirectional promoter. ANRIL is transcribed from the opposite strand to
the cluster. The CDKN2A encodes proteins p14-ARF and pl16-CDKN2A, whereas
CDKNZ2B encodes p15-CDKN2B (Drak Alsibai et al., 2019).

ANRIL was discovered in members of a French family showing a history of
melanoma and neural system tumours with a 403 kb germ line deletion (Pasmant et
al., 2007). It istranscribed by RNA pol Il in the opposite direction from the
CDKNZ2A/B cluster. Ithas 20 exons and the 5’ end of the first exon is located 300 bp
upstream of the p14ARF TSS, suggesting that these two may share a bidirectional
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promoter (Figurel.7). Most of these ANRIL exons consist of short interspersed
retro-transposable elements (SINE), long interspersed retro-transposable elements
(LINE) and Alu repetitive elements that can be spliced into multiple linear and
circular isoforms (Jarinova et al., 2009). Many of these isoforms exist in the same
cell type and othersare tissue specific emphasising the complexity of their regulatory

function.
1.2.4.1. Functions of ANRIL

ANRIL is predominantly localized in the nucleus (Kong et al., 2018). It is suggested
that this INcRNA acts as a molecular scaffold of chromatin modifying complexes
controlling gene expression through the modification of histone tails.
Transcriptional activity of the CDKN2A/B gene cluster is controlled by the PcG and
histone H3 lysine 27 trimethylation (H3K27me3), which represses the gene cluster;
these PcG proteins were identified as two multiprotein complexes discovered in
drosophila melanogaster and named PRC-1 and PRC-2 (Figure 1.8) (Yap et al.,
2010). Both these complexes are involved in the polycomb inhibitory chromatin

state, activating and deactivating genes at the right time in appropriate cells.

(b)

Figure 1.8: PRC1/2 complexes and ANRIL interaction at the CDKN2A/B
locus. The interaction between ANRIL and the PcG proteins PRC-1 and PRC-2

complexes to epigenetically regulate gene expression (Drak Alsibai et al., 2019).
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ANRIL acts in PRC1/2 dependent mechanisms to either mediate epigenetic
transcriptional repression of neighboring genes CDKN2A and CDKN2B or to
repress distant genes acting in trans (Holdt et al., 2013). The PRC-1 complex
consists of multiple subunits such as CBX7, PHC etc. which catalyse mono-
ubiquitination of H2A on K119 (H2AK19ubl) for maintaining chromatin
inactivation (Figure 1.8). PRC-2 complex maintain chromatin repression by
catalysing mono-, di- and trimethylation of histone H3 lysine 27 (H3K27mel,
H3K27me2 and H3K27me3) (Figure 1.8). Acting in cis, ANRIL interacts with the
CBX7 to recruit PRC-1 to p16INK4A and p14ARF loci thus silencing the CDKN2A
by H3K27me3. This H3K27me3 of the CDKN2A and CDKN2B results in chromatin
compaction. At CDKN2B, ANRIL recruits SUZ12, the PRC-2 subunitto p15INK4B.
Unlike cis regulation, ANRIL trans regulation is dependent on Alu motifs found in
ANRIL transcripts and promoters of ANRIL target genes (Figure 1.8) (Drak Alsibai
etal., 2019).

1.2.4.2. ANRIL in cancer

The CDKN2A/B locus is linked to the risk of cancer, frailty, stroke, type 2 diabetes,
atherosclerosis and Alzheimer’s disease (Kong et al., 2016; Hannou et al., 2015).
Studies have proven that the dysregulation of ANRIL expression in cancer changes
the expression of genes involved in cell proliferation and apoptosis (Sato et al.,
2010; Holdt et al., 2013). ANRIL was shown to have oncogenic properties and its
overexpression promotes cell proliferation, invasion, migration, metastasis but
inhibits apoptosis whereas its loss of function has opposite effects (Dong et al.,
2017; Zhao et al., 2018; Qiu et al., 2016). Studies show that ANRIL is implicated
in multiple malignancies such as bladder, prostate, oesophagus, liver, cervix, ovary,
lung and breast cancer etc (Kong et al., 2018; Zhang et al., 2018).

1.2.4.2.1. Molecular mechanism of ANRIL in cancer

ANRIL IncRNA overexpression promote cancer through various mechanisms (Lou
et al., 2020). It can use the transcriptional mechanism acting in cis to suppress the
CDKNZ2A/B tumour suppressor gene or through PRC-mediated in trans gene
regulation. In cancer cells, ANRIL IncRNA redirects the PRC-1 and PRC-2
complexes to specific genomic loci causing the inhibition of gene expression
thereby regulation cancer metastasis and invasion (Shen et al., 2016). Another

mechanism of ANRIL in cancer is the miRNA regulation whereby ANRIL binds to
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miRNA. An example of this includes the positive feedback loop between E2F TF
and miRNA-449a in gastric cancer; E2F1 activates ANRIL, allowing it to bind the
miRNA-99a/miRNA-449a promoter region and PRC-2. When the miRNA-449a is
silenced, the E2F1 TF dissociates from the complex and promotes cancer cell
proliferation (Zhang et al., 2014).

1.2.4.2.2. ANRIL in OSCC

ANRIL IncRNA promotes cell growth by inhibiting the TGFB/Smad signalling
pathway and was also found to be highly expressed in OSCC (Chen et. al., 2014).
However, the exact molecular mechanism between ANRIL and TGF-B1 is still
unclear. According to another study by Cao et al., 2018, ANRILexpression was
upregulated in OSCC tissues but lower in OSCC patients with early tumour stage,
no lymph node and no metastasis. ANRIL showed a positive correlation with lymph
nodes metastasis TNM stage and clinical stage (Cao et al. 2018). Moreover, a
positive relationship was observed between ANRIL expressionlevel, tumour stage
and lymph node metastasis. Upregulated ANRIL expression was associated with a
shorter survival rate in OSCC patients. There is currently limited information on
ANRIL expression in OSCC, although it has beenfound to be highly expressed in

multiple cancer types.
1.2.5. LncRNA PANDA

PANDA is transcribed at cyclin-dependent kinase inhibitor 1A (CDKN1A) locus
and located on the human chromosome 6p21.1. It is polyadenylated and 5’ capped
but non-spliced (Shi et al., 2019). This IncRNA is located 5 kb upstream of the
CDKNZ1A locus and transcribed in the opposite direction to CDKN1A (Figure 1.9).
The genomic region for PANDA and CDKN1AIis regulated by the p53 tumour
suppressor which binds upstream of the CDKN1A TSS and has also been shown to
induce expression of numerous IncRNAs including lincRNA-p21 and PANDA
(Figure 1.9) (Huarte et al., 2010; Hung et al., 2011). The genomic DNA of PANDA
is made up of one exon and transcribed in the opposite direction of CDKN1A with
a 1.5 kb transcript product. In response to DNA damage, p53 activates the
transcription of p21 CDK inhibitor,a product of CDKN1A and PANDA to induce

G1 cell cycle arrest and promote cell survival respectively (Figure 1.9).
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Figure 1.9: Tumour suppressor p53 induce the expression of PANDA, p21 and
linc-p21 IncRNA. The genomic region of PANDA and CDKN1A is regulated by
p53 protein which binds upstream the CDKN1A TSS (Hung et al., 2011).

PANDA is anti-apoptotic and functions in trans, whereas lincRNA-p21 is
proapoptotic and functions in cis (Figure 1.9) (Chaudhary and Lal, 2017). Studies
show that PANDA associates with subunit A of nuclear transcription factor Y (NY-
F). NY-F is a heterotrimeric TF and is made up of three subunits namely NY-FA,
NY-FB and NY-FC (Figure 1.9) (Mantovani, 1998). NF-Y binds and activates
apoptotic gene FAS by binding to its promoter. PANDA blocks the NY-F from
binding to the promoters of apoptotic activators namely B-cell/lymphoma 2-
interacting killer (BIK), apoptotic peptidase activating factor 1 (APAF-1), LDD and

FAS thus repressing their transcription.

PANDA can also coordinate scaffold attachment factor A (SAFA) to regulate cell
proliferation and senescence (Figure 1.10) (Puvvulaet al., 2014). SAFA is anuclear
protein with the ability to bind DNA, RNA and some IncRNA (Helbig and
Fackelmayer, 2003). It is involved in numerous transcriptional and post-
transcriptional processes and also associated with Xist and PRC-2 mediated
H3K27me3 mark of the inactive X chromosome (Pullirsch et al., 2010). Puvvula et
al., 2014 demonstrated that PANDA and SAFA interact with PRCs 1 and 2 and NF-
YA to induce or suppress senescence. In proliferating cells, PANDA and SAFA
interact with PRC-1 and PRC-2 subunits BMI1 and EZH2 respectively to repress
the transcription of pro-senescence genes (Figure 1.10). In senescence cells, there
IS no interaction between SAFA, PANDA and PRC1/2. This allows PANDA
to sequester NF-YA TF inhibiting it from interacting with E2F TF for the co-
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activation of proliferating-promoting genes (Figure 1.10).
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Figure 1.10: SAFA, PANDA and PRC1/2 mediated mechanism for cell
proliferation and senescence. The interaction between SAFA, PANDA and
PRC1/2 prevents PANDA from interacting with NY-FA and E2F2 to co-activate
transcription thus promoting proliferation. Senescence cells lack SAFA, PANDA
and PRC1/2 interaction allowing PANDA to sequester NF-YA to inhibit
proliferation (Puvvula et al., 2014).

1.2.5.1. PANDA in cancer

Aberrant expression of PANDA affects cell proliferation, senescence and apoptosis
and may be involved in tumourigenesis (Peng et al., 2017). The molecular
mechanism of PANDA in cancer development is still under investigation. Luet al.
2017 reported that PANDA underlies chromosomal instability and metastatic
progression in many cancer types. The epithelial mesenchymal transition (EMT) is
a crucial mechanism in cancer metastasis and PANDA may promote migration and
invasion through EMT induction in colorectal cancer (Tam et al., 2020). PANDA
induce EMT by upregulating the expression of mesenchymal markers namely
vimentin, N-cadherin, B-catenin, Twist and Snail and decreasing E-cadherin levels,
which promotes cell migration, invasion and metastasis, metabolism and

chemoresistance in cancer cells.
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The functions and expression levels of PANDA in cancer remains unclear as it has
been shown to be upregulated and downregulated in some cancer types. The
cancer types with high PANDA expression include gastric, colorectal, bladder,
thyroid, osteosarcoma and breast cancer (Ma et al., 2016; Sang et al., 2016; Kotake
et al., 2017). Moreover, Puvvula et al., 2014 showed that PANDA is down-
regulated in hepatocellular carcinoma (HCC) whereas Peng and Fan, 2015 argued
that the PANDA expression is overexpressed in HCC. This further complicates the

role and expression of PANDA IncRNA in cancer.
1.2.5.2. PANDA expression in OSCC

Shi et al. 2019 reported that PANDA IncRNA is highly expressed in OSCC. This
overexpression was caused by PANDA drifting from the NY-FA TF, allowing it to
bind to E2F1 to co-regulate proliferation-promoting genes (as shown in Figure 1.10)
and limit apoptosis. Similar to ANRIL, PANDA expression was upregulated in
OSCC tissues with advanced clinical stages (Shi et al., 2019). More studies need
to be conducted on PANDA expression in OSCC.

1.2.5.3. ANRIL and PANDA in DDR

Studies have shown that INcRNAs participate in the regulation of DDR through the
modulation of DDR signalling pathways including the p53 as well as the
ATM/ATR pathway (Zhang and Peng, 2015; Tehrani et al., 2018). These INcRNAs
are not restricted to a specific role but are involved in various aspects of the DDR
activation. In response to DNA damage, particularly DSBs, IncRNAs are involved
in all DDR signalling stages such as DSB sensing, signal mediation as well as
transducer and effector activity (Dutertre and Vagner, 2017; Tehrani et al., 2018).
During the regulation of the DSBs repair system, INCRNAs exert their function
epigenetically via chromatin modification complexes and post transcriptional

control of their target genes.

LncRNAs participate in the DDR either directly through the binding of DNA repair
proteins or indirectly via the regulation of translational proteins involved in DNA
repair and genome stability. Examples of IncRNAs indirectly regulating DNA
repair include ANRIL and PANDA (Thapar, 2018). ANRIL participates in the
maintenance of the DDR by controlling cell cycle checkpoints, DNA repair and

apoptosis. Upon DSBs damage, E2F1 TF induce ANRIL expression in an ATM
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dependent manner (Zhang and Peng, 2015). This results in an increase in ANRIL
expression thus suppressing the CDKN2A/B locus, inhibiting the transcription of
pl4 and p16 as well as p16 tumour suppressor proteins in CDKN2A and CDKN2B
respectively. The tumour suppressor proteins p16 and p15 are CDK inhibitors and
their inhibition due to increased ANRIL expression in the presence of DSBs hinders
cell cycle checkpoints and enhance cell cycle progression in DDR (Kumari and Jat,
2021). DSBs activates the ATM signaling pathway to induce PANDA expression,
inhibiting apoptosis and promoting cell survival by interfering with the apoptotic

gene expression program described in 1.2.4. (Figure 1.9) (Mantovani, 1998).
1.3. LncRNA-based therapies

RNA based therapeutics were initially introduced in the 1990s and with fomivirsen,
also known as vitravene, being the first FDA approved RNA-based drug in 1998
(Roehr, 1998). Recently, ncRNA-based therapies have attracted more attention
since RNA modulation is becoming a promising therapeutic approach for the
treatment of various diseases. It is believed that the tissue specific expression of
INcCRNA make them advantageous as biomarkers and therapeutic targets over
protein coding genes (Ayers, 2013). Due to the diversity of their modes of action,
InNcRNASs can serve as therapeutic targets using multiple approaches (Fatima et al.,
2015). These approaches include transcriptional inhibition by CRISPR/Cas 9, post-
transcriptional IncRNA knockdown by antisense oligonucleotides (ASOs) andRNA
interference (RNAI) mediated downregulation of INcCRNAs.

RNAI mediated gene silencing provides a direct approach to selectively inhibit the
target molecules in various diseases. This can be through siRNA, miRNA and
shRNA approaches (Burnett et al. 2011; Dorsett et al., 2004). These RNAI based
therapeutics have shown to effortlessly target IncRNAs in cells but will require
delivery vehicles in vivo. ASOs are short single stranded DNA/RNA molecules 18-
30 bps designed to inhibit the function of MRNA. They bind mRNA through base
pairing, thus impairing translation and degrading mRNA by RNAse H (Agrawal,
1996). There are already two FDA approved ASO based drugs, formivirsen and
mipomersen used for the treatment of cytomegalovirus retinis and
hypercholesterolemia respectively (Grillone and Lans, 2001; Wong and Goldberg,
2014). ASOs targeting the antisense INncRNAs named AntagoNATs are being

employed for the upregulation of specific MRNAs to silence the corresponding
26



antisense INcCRNAs (Modarresi et al., 2012). AntagoNATSs have an advantage over
RNAI therapies due to their stability caused by 5’ and 3’ modifications in their
terminiand backbone enhancing their cellular uptake whereas RNAI based therapies

require vehicles for in vivo targets (Veedu and Wengel, 2010).

CRISPR/Cas is a useful system for targeting ncRNAs including miRNAs and
InNcRNAs. There are different versions of the CRISPR/Cas molecules namely
CRISPR-Cas9, CRISPR interference (CRISPRI), CRISPR activation (CRISPRa)
for the deletion, inhibition and activation for IncRNA-encoding genes as well as
transcript degradation by CRISPR-Casl13 (Ran et al., 2013; Perez-Pinera et al.,
2013). These technologies are associated with fast overexpression, knockdown and
knockout of InNcRNAs. Compared to RNAIi, CRISPR/Cas9 approach has a greater
target range as it does not compete with endogenous RNA machinery. Due to its
ability to simultaneously repress transcription at DNA level and repress multiple
genes, it is believed that CRISPR/Cas9 holds a great promise for the knockdown
experiments with the aim of revealing roles of IncRNAs involved in different cancer
types (Gilbert et al., 2013). However, due to their lack of a functional ORF, in vivo
targeting of IncRNA using CRISPR/Cas is more difficult than targeting protein
coding genes (Statello et al.,2021). This is because in the protein coding gene, wild
type CRISPR/Cas9 can be used to generate DSBs in the ORF to generate frameshift
mutations through the NHEJ repair pathway thus generating an effective knockout
of the targeted coding gene (Cong et al., 2013). Whereas in INCRNA genes, the
complex architecture of the genomic loci greatly limits the potential use of
CRISPR/Cas9 to genetically manipulate the IncRNAs due to the possibility of
disturbing the overlapping genes (Goyal et al., 2017). Although many IncRNA
based therapeutic drugs are still in pre-clinical studies, their potential use as cancer

therapeutics is promising.
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1.4. Aim and objectives

Aim

Aberrant IncRNA expression is associated with tumourigenesis. PANDA and
ANRIL IncRNAs show dysregulated expression in various cancer types and have
previously been shown to be overexpressed in OSCC. This study explored the
expressions of ANRIL and PANDA IncRNAs in response to cisplatin and

immediately after cisplatin withdrawal, aiming to provide potential INCRNA-

targeted strategies for overcoming cisplatin resistance in cancer therapy
Objectives:

1. Assess cisplatin cytotoxicity in OSCC cell lines and determine cisplatin
ECso by MTT assay.

2. To observe DNA double stranded break (DSB) formation in the presence of
cisplatin and in the first hour after cisplatin withdrawal in HEK293,
WHCO1 and WHCOS cell lines.

3. To observe the expression profile of INcRNAs PANDA and ANRIL in the
presence of cisplatin and during cisplatin withdrawal by RT-PCR in
HEK?293, WHCO1 and WHCOS5 cell lines.
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2. Methods and materials

2.1. Cell culture

This study utilised OSCC cell lines WHCO1 and WHCOS5, with HEK293 cell line
serving as the control. The HEK293 cell line is a non-OSCC cell line that was used
as a point of reference. This cell line is easy to grow and maintain and produce
highly consistent and reproducible results. They are frequently used as a control in
studies testing the effects of treatments on cancer specific cell lines. The HEK293
cells, were a gift from Dr Clement Penny and the human OSCC cell lines WHCO1
and WHCOS5, were a gift from Prof. Rob Veale. These cell lines were maintained
in  Dulbecco’s Modified Eagle Medium/Hams F12 (DMEM/Hams F12)
(ThermoFisher Scientific, Waltham, Massachusetts, USA) supplemented with 1%
100 U/ml penicillin/0.1 mg/ml streptomycin antibiotics and 10% fetal bovine serum
(FBS) (ThermoFisher Scientific, Waltham, Massachusetts, USA). The cells were
cultured in 100 mm culture dishes (NEST Biotechnology, Wixu, China) and
maintained in an incubator with a humidified atmosphere of 37 °C and 5% Carbon
dioxide (COy).

Cells were routinely sub-cultured when they reached 75-90% confluency. This was
done by first discarding the old medium and washing cells three times in 1X
phosphate buffered saline (PBS) (ThermoFisher Scientific, Waltham,
Massachusetts, USA). After the washes, cells were detached from the plates with 1
ml of 0.25% trypsin: ethylenediaminetetraacetic acid (EDTA) (1X) (ThermoFisher
Scientific, Waltham, Massachusetts, USA) for WHCO1 and WHCOS5 and 1:1 ratio
of 500 ul Trypsin-EDTA and 500 ul 1XPBS by incubating for 5 minutes at 37 °C.
After incubation, 1 ml of the fresh DMEM/Hams F12 was added in the plate to
inactivate Trypsin-EDTA. In a new culture plate, 200 ul of the cell suspension was
further re-suspended in 8 ml of fresh DMEM/Hams F12 and the media was changed
every other day until the cells wereconfluent for experimental use or further sub-

culturing.

2.2. Cell count

For treatments, a constant cell number was required for each experiment and this
was achieved by cell counting using trypan-blue stain. Trypan-Blue stain uses the
dye exclusion test to establish the number of viable cells, appearing clear in

comparison to non-viable cells stained blue (Strober, 2001). For the cell count, cells
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were detached from the plates as previously stated and a 10 pl aliquot of the cell
suspension was mixed with equal volumes of trypan-blue solution (Appendix A).
The cell-trypan blue mixture was pipetted onto a Neubauer haemocytometer and
viewed under the light microscope (Zeiss (Pty) Ltd, Jena, Germany). Counts were

used to calculate cell concentration and total cells to seed per well.

2.3. MTT assay

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltatrazolium bromide (MTT) assay
was used for the assessment of cell viability and cytotoxicity of WHCO1 and
WHCO5 OSCC cell lines as well as HEK293 cells upon the exposure to the
cisplatin drug (Mosmann, 1983). The MTT assay is used to assess cell metabolic
activity. MTT is a yellow tetrazole that gets reduced to purple formazan in viable
cells. Viable cells have healthy mitochondria that have different enzymes, one of
them being NADPH dependent oxidant reductase which converts the tetrazolium
dye into a purple-coloured compound. The absorbance of the coloured solution is
then quantified spectrophotometrically with the absorbance readings proportional
to the number of viable cells (Gillies et al., 1986).

An equal number of 5000 cells/well (n=4) were seeded into a 96 well plate and left
to grow for 48 hours at 37 °C until they were about 75-80% confluent. After 48
hours, cells were treated with varying cisplatin concentrations ranging from 0-800
UM with a dilution factor of 2 (18-fold dilution) for 24 hours. For untreated controls,
the culture medium was replaced with a fresh one. For the MTT assay, the culture
medium was replaced with 100 pl of MTT solution and incubated at 37 °C for 2.5
hours to allow live cells to reduce the MTT dye to formazan crystals. From each
well, either 80 ul of the culture medium (untreated) and MTT solution were
discarded, followed by the addition of 100 ul of dimethyl sulfoxide (DMSO)
(Sigma-Aldrich, St Louis, Missouri, USA) for formazan crystal solubilization by
incubating the plate for 5 minutes at 37 °C. The plate was shaken on a shaker for 25
minutes in the dark at room temperature. The absorbance readings were measured
at 570 nm using the Multiskan GO Microplate Spectrophotometer (ThermoFisher
Scientific, Waltham, Massachusetts, USA). The analyses of these were expressed
as absorbance vs log cisplatin concentration hill dose-response curves to calculate

the ECso using GraphPad Prism 8 software (n=4).
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2.4. Western blot
All reagents used for western blotting were prepared according to Appendix A,

unless stated otherwise.

Western blot, which is also known as protein blotting is a technique that allows for
protein transfer from sodium dodecyl sulphate polyacrylamide gel (SDS-PAGE) to
an adsorbent membrane (Towbin et al., 1979). It allows for the detection and
characterization of different types of protein. In this study, western blot was used to
detect the yH2AX protein in cisplatin treated and untreated OSCC and HEK293 cell

lines.

2.4.1. Drug treatment

For cisplatin treatment, cells were evenly seeded in 100 mm culture dishes with 8
ml medium and left to grow for 72 hours at 37 °C until they reached 70%
confluency. After 72 hours the cells were treated for 8 hours with the ECso cisplatin
concentrations calculated from the MTT assay, differing per cell line. The 8 hours
cisplatin treatment was selected because studies have shown that cisplatin treatment
induce apoptosis 8 hours post treatment in different cell lines (Pabla et al., 2008;
Kuashal et al., 2001; Lau, 1999). This was done by continuously monitoring
changes in cell metabolism and morphology (Alborzinia et al., 2011). There were
five culture plates per cell line with different cisplatin withdrawal times, namely: 0,
5, 30 and 60 minutes as well as the untreated plate. After 8 hours treatment, the
cisplatin media mixture was discarded and replaced with fresh medium and each
plate incubated at 37 °C as per its withdrawal time. Once the withdrawal time was

over, the medium was discarded and cells were rinsed three times with cold 1XPBS.

2.4.2. Cell preparation and lysis

After the washes with 1XPBS, 1 ml of cold 1X PBS was added to the plates and
whole cell protein extraction was done by scraping cells and transferring the cell
suspension into 1.5 ml micro-centrifuge tubes. This was followed by centrifugation
at 4 °C at 11 000 rpm for 10 minutes and the supernatant was discarded. The cells
were then lysed with 1X radioimmunoprecipitation (RIPA) buffer. The volume of
the 1XRIPA lysis buffer was dependent on the pellet sizes, ranging from 60-100 pl.
During cell lysis, the samples were vortexed every 5 minutes for 45 minutes to
thoroughly lyse the cells. After 45 minutes, the samples were centrifugedat 13 400

rpm for 10 minutes at 4 °C to pellet the debris. The protein containing supernatant
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was aliquoted into PCR tubes and stored at -70 °C to preserve the protein.

2.4.3. Protein quantification (Bramhall assay)

Bramhall assay is a type of protein quantification assay used in the presence of
detergents and reducing agents such as SDS which interferes with other protein
assay techniques (Bramhall et al., 1969). To carry out the Bramhall assay, a grade
1 Whatman™ filter paper was cut in half and soaked in the following solutions:
distilled water (dH20) for 20 minutes, 50 ml of 95% ethanol, 100% ethanol and
100% acetone for 5 minutes each with gentle shaking. The filter paper was dried in
the extraction hood until completely dry. A standard curve was set using 1mg/ml of
BSA stock solution with differing volumes of 1, 3, 6, 12, 16 and 20 ul along with 2
pl of unknown protein samples pipetted out on the sides of the dry filter paper and
traced each spot by circling with a pencil. The proteins were allowed to dry and the
filter paper was further soaked in 7.5% trichloroacetic acid (TCA) for 45 minutes
with gentle shaking to fix the protein on the paper. The filter paper was then soaked
in coomassie blue stain for 1 hour, followed by an hour in destain solution. The
filter paper was allowed to dry and the protein samples as well as the BSA standards
were cut out and placed individually in 2.5 ml of the elution buffer and incubated
overnight in the dark. The following day the tubes were shaken and 160 pl from
each tube was pipetted into a 96 well plate in triplicates. Absorbance readings were
measured at 595 nm using a Multiskan GO microplate reader (ThermoFisher
Scientific, Waltham, Massachusetts, USA). A standard curve of protein
concentration (pg/ml) vs. absorbance was plotted using Microsoft Office Excel and
the unknown protein concentrations in cell lysate were calculated using the standard

curve derived equation.

2.4.4. SDS-PAGE

SDS-PAGE was employed for the separation of the extracted protein based on the
molecular weight and size. A 15% separating gel with 7% stacking gel were
prepared according to Appendix B. and each left for 30 minutes to polymerise.
Equal amounts of protein (30 pg) samples to be loaded were prepared in a 3:1 ratio
of protein to 4X protein loading buffer and denatured at 95 °C for 5 minutes in
the water-bath. After the gel polymerised, it was then transferred to a running tank
and filled with SDS-PAGE running buffer. The protein samples and the
PageRuler™ prestained protein ladder (ThermoFisher Scientific, Waltham,
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Massachusetts, USA) were loaded into the gel wells. The gel was electrophoresed
at a constant voltage of 150 V for 1 hour after which,the region with the protein of
interest was cut and prepared for immunoblotting. The remaining gel was stained
in coomassie blue stain for 1 hour and destained overnight dye overnight to assess

the quality of the electrophoresis.

2.4.5. Immunodetection

Following SDS-PAGE, proteins of interest were blotted onto nitrocellulose
membrane. The sponges and four filter papers were soaked in the transfer buffer.
The dimensions of the gel were measured and the nitrocellulose membrane was cut
based on the size of the gel containing protein of interest and soaked in the transfer
buffer. A transfer sandwich was then assembled by placing a sponge on the black
side of the cassette; two filter papers, a gel, nitrocellulose membrane then two filter
papers and a sponge. The sandwich was put in a transfer tank and filled with ice
cold transfer buffer. The transfer was carried out at 4 °C for 2 hours at a constant
current of 300 mA with the ice was changed every 30 minutes and the buffer
changed after an hour until the transfer was complete. Once the transfer was
complete, the sandwich was disassembled and the gel was stained in coomassie blue
dye overnight followed by an overnight destaining as previously described in 2.4.4.
to assess the quality of the transfer. The membranes were incubated in the blocking
buffer at room temperature for 1 hour with gentle shaking to prevent non-specific
antibody binding. After an hour of blocking, the membraneswere washed once with
cold 1XTBS/T for 10 minutes and incubated in primary antibody (1:1000) for
yH2AX (mouse monoclonal 1gG; p-Histone H2A.X (Ser 139) (SC-517348)) (Santa
Cruz Biotechnology, Dallas, Texas, USA) and 1:2000 for p-actin (rabbit
monoclonal (D6A8) #8457) (Cell Signaling Technology, Danvers, Massachusetts,
USA), both diluted in 5% BSA in 1LXTBS/T and incubated overnight at 4 °C. The
following day, the membranes were washed with cold 1XTBS/T five times for 5
minutes each to remove any unbound antibody and incubated for 1 hour with the
corresponding HRP-bound secondary antibody in thedark at room temperature. For
secondary antibody dilutions, 1:2000 and 1:3000 secondary antibodies dilutions
were done for YH2AX, an anti-mouse m-lgk BP- HRP (SC-516102) (Santa Cruz
Biotechnology, Dallas, Texas, USA) and B-actin anti-rabbit 1gG, HRP-linked
(#7074) (Cell Signaling Technology, Danvers, Massachusetts, USA) respectively,
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diluted in 5% BSA in 1XTBS/T. The unbound secondary antibody was washed five
times for 5 minutes each with cold 1XTBS/T.In the autoradiography room, antibody
detection was measured using western Bright™ ECL plus chemiluminescent
reagents (Advansta Inc, San Jose, California, USA) and x-ray films used for band
detection, followed by rinsing in the developer and fixer. Densitometry of captured
images was performed using ImageStudio Lite software with the statistical
ggnificance calculated using a paired student’s t-test using Excel 2019 with p<0.05

considered significant (n=3).

2.5. RT-PCR

Reverse-transcription polymerase chain reaction (RT-PCR) is a semi-quantitative
technique combining reverse transcription of RNA to cDNA and amplification of
specific DNA targets using PCR. RT-PCR was performed on HEK293, WHCO1
and WHCOS5 cell lines to establish the presence/absence of IncRNAs PANDA and
ANRIL in untreated and cisplatin treated cells. This was accomplished through
multiple techniques including total RNA extraction using Tri-Reagent® (Sigma-
Aldrich, St Louis, Missouri, USA) protocol, cDNA synthesis by Revert-Aid cDNA
synthesis kit, cONA amplification using PCR and visualisation using agarose gel

electrophoresis.

2.5.1. RNA extraction
All reagents used for RNA extraction were purchased from Sigma-Aldrich (St
Louis, Missouri, USA) unless stated otherwise.

For RNA extraction, untreated and cisplatin treated cells were lysed with 1 ml Tri-
Reagent ®. The mixture was transferred into 1.5 ml microcentrifuge tube and
allowed to stand for 5 minutes at room temperature. For phase separation, 200 pl of
chloroform was added followed by vigorous shaking for 15 seconds and allowed to
stand for 15 minutes at room temperature. The mixture was then centrifuged at 11
500 rpm for 15 minutes at 4 °C. Centrifugation separates the mixture into three
phases including a red organic phase containing protein, an interphase containing
DNA and a colourless upper aqueous phase containing RNA. The upper aqueous
phase was transferred into a fresh tube and 500 ul of 2-propanol was added and
samples were allowed to stand for 10 minutes at room temperature. After 10
minutes, the samples were centrifuged at 11 500 rpm for 10 minutes at 4 °C resulting

in the RNA precipitation and pellet formation on the side bottom of the tube. The
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supernatant was removed and the pellet was washed with 1 ml of pure ethyl alcohol
and vortexed, followed by centrifugation at 13 400 rpm for 5 minutes at 4 °C. The
supernatant was discarded allowing the RNA pellet to dry for 5 minutes by air
drying. Appropriate volumes (20-30 ul, depending on the pellet size) of nuclease
free water was added to the pellet, mixed and incubated at 60 °C for 10 minutes.
RNA was quantified at 260 nm using a Nanodrop (Nanodrop One, ThermoFisher
Scientific, Waltham, Massachusetts, USA).

2.5.2. Agarose gel electrophoresis

The RNA quality and purity are important for the success of RT-PCR. The quality
and integrity of the RNA was determined by RNA separation on a 1% agarose gel.
To make 1% agarose gel, 0.5 g agarose powder was mixed with 50 ml 1XTAE
buffer and dissolved by heating gradually in a microwave until it is bubbling and
all powder has dissolved. The liquid agarose was allowed to cool and 5ul ethidium
bromide (EtBr) was added to the agarose solution. Immediately after adding EtBr,
the mixture was mixed by swirling and poured into the gel casting tray, combs
inserted and allowed to set for about 30 minutes at room temperature. Once the gel
had set, it was placed in the tank and 1XTAE buffer was poured into the tank until
the gel was fully submerged. The comb was removed and GeneRuler™ 1 kb DNA
ladder (ThermoFisher Scientific, Waltham, Massachusetts, USA) and the RNA
samples mixed 6X DNA loading dye (BioLabs, Ingaba, SA) were loaded into the
wells and separated at 100V for 45 minutes.After the gel was done running, the
bands intensity was visualised under UV light using the Bio-Rad gel dock XR
system and Image Lab 6.0 software (Bio-Rad, Berkeley, California, USA).

2.5.3. cDNA synthesis

After confirming the quality of RNA, the RevertAid™ First strand cDNA synthesis
kit (ThermoFisher Scientific, Waltham, Massachusetts, USA) was used to
synthesise cDNA as per the manufacturer’s instructions. After thawing the reagents
of the kit, they were addedto a sterile nuclease-free PCR tubes on ice. The first
reagents added into the mixtureincludes 5 pg total RNA or 2 ug GAPDH control
RNA serving as the positive control, 1pl oligodTis primer, and nuclease-free water
up to 12 pl. This reaction mixture was centrifuged for 1 minute at 11 500 rpm and
incubated in the thermal cycler at 65 °C for 5 minutes followed by cooling for a

minute on ice andcentrifuging 1 minute at 11 500 rpm again. After centrifugation,
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more reagents wereadded to the reaction mixture in the indicated order: 4 pl 5X
reaction buffer, 1 pl Ribolock Rnase inhibitor (20 U/ul), 2 pl 10 mM dNTP mix and
1yl RevertAid M-MuLV RT (200 U/ul) making up to 20 pl of the total reaction
mixture. The mixturewas mixed and centrifuged at 11 500 rpm for 1 minute and

incubated in the thermalcycler with Table 2.1 cycling conditions.

Table 2.1: RevertAid TM cDNA synthesis conditions

Step Temperature (°C) | Time

Denaturation 65 60 minutes

Termination 70 5 minutes

Hold 4 o0
254. PCR

PCR was performed on the synthesised cDNA to determine the expression of
IncRNAs PANDA and ANRIL with GAPDH as the positive control in HEK293,
WHCO5 and WHCOL1 cell lines. The KAPA Tag ReadyMix DNA Polymerase
(KAPA Biosystems, Wilmington, Massachusetts, USA) was used for PCR as per
manufacturer’s instructions. According to RevertAid™ First strand cDNA Synthesis
kit, the volume of the cDNAadded must not comprise more than 1/10 of the total
PCR reaction. For a total of 20l reaction mixture 2 pul was added for the cDNA,
12,5 pl 2X ReadyMix with Mg*, 0.5 uM forward primer, 0.5 UM reverse primer
and nuclease free water up to 20 pl. The samples were vortexed and centrifuged at
11 500 rpm for 1 minute,followed by incubation on the thermal cycler according to
table 2.2.

Table 2.2: KapaTaq PCR cycling conditions.

Step Temperature Duration Number of cycles
(°O)

Initial denaturation 95 5 minutes 1

Denaturation 95 30 seconds

Annealing Tm—5 30 seconds 35

Extension 72 1 minute

Final extension 72 5 minutes 1

Hold 4 00 1
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A control PCR was first conducted with GAPDH primers (Table 2.3.) to confirm
the successful synthesis of the cDNA. Thereafter, the IncRNAs PANDA and ANRIL
primers (Table 2.3.) were tested by PCR on all cell lines. All PCR products were
visualised on a 4% agarose gel in 1XTAE with the GeneRuler ultra low range DNA
ladder (ThermoFisher Scientific, Waltham, Massachusetts, USA) and viewed under
UV light as previously described in section 2.5.2. A 4% agarose gel was prepared
by weighing 2 g of agarose powder and mixed with 50 ml 1XTAE buffer. The
mixture was dissolved by heating gradually in a microwave until it is bubbling and
all powder has dissolved. The liquid agarose was allowed to cool and 5 pul ethidium
bromide (EtBr) was added to the agarose solution. The gel was left to cool and run

as per 2.5.2. description.
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Table 2.3: GAPDH, PANDA and ANRIL primer sequences and PCRconditions.

Region | Primer sequences Annealing | Amplicon
temperature | size
(°C) (bp)
GAPDH | Forward: 49.9 396
5" GTCAGTGGTGGACCTGACCT 3’
Reverse:
5" AGGGGAGATTCAGTGTGGTG 3’
PANDA | Forward: 49 93
5" GAAGTCCTGATGCAGACCATAA 3’
Reverse:
S"GATAGCTGGAAAGCTGAGAGAG 3’
ANRIL | Forward: 50 190
5' CTATCCGCCAATCAGGAGGC 3’
Reverse:
5' TCGTGGCAAATAGTCCTAGTCC 3’
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2.6. Statistical analysis

For MTT assay, statistical significance was determined by the unpaired Student’s
t-test using GraphPad Prism 8.0.2 software using four technical replicates (n=4).
For western blot analysis, the experiments were performed in triplicate and
expressed as mean + standard deviation (n=3 £ SD) with statistical significance
determined by paired Student t-test using Microsoft Excel. For both MTT and
western blot, statistical significance determined was relative to untreated samples,
and according to the following p-values:

P< 0.0001****;
P< 0.001***;
P<0.01**;

P< 0.05*.
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3. Results
3.1. Cisplatin exerts cytotoxic effects on HEK293 and OSCC cell lines.

Cisplatin has shown cytotoxic effects in various cancer cell lines, including OSCC
cell lines (Siddik, 2003; Li et al., 2019). For this study, an MTT assay was
conducted to determine the cisplatin ECsoconcentrations in HEK293 control as well
as WHCO1 and WHCO5 OSCC cell lines. The HEK?293 cell line is a non-OSCC
cell line that was used as a point of reference. This cell line is easy to grow and
maintain and produce highly consistent and reproducible results. They are
frequently used as a control in studies testing the effects of treatments on cancer
specific cell lines. Cells were treated with different cisplatin concentrations ranging
from 0-800 uM for 24 hours. Cisplatin cytotoxicity was demonstrated by the
sigmoidal dose-response curve showing absorbance readings plotted against Log
concentrations and the bar graph with absorbance readings plotted against actual
cisplatin concentrations. The sigmoidal dose curves were used to determine the
ECso concentrations and the bar graphs were used to determine statistical
significance per concentration in comparison to the untreated control. The right
downward shift in the sigmoidal dose-response curves show increased cisplatin
cytotoxicity whereas on the bar graphs, increased cytotoxicity was observed with a

decrease in absorbance readings and an increase in cisplatin concentration.

In the HEK293 control cell line, the dose-response curve displayed a right
downward shift in response to cisplatin treatment, indicating increased cell
cytotoxicity (Figure 3.1A). The HEK?293 cell line is a non-OSCC cell line that was
used as a point of reference. The bar graph showed that desired response was
achieved with cisplatin concentrations ranging from 12.5 to 800 uM, showing less
absorbance readings in comparison to the untreated controls (Figure 3.1B).
Maximal cisplatin cytotoxicity was observed with concentrations ranging from 200
to 800 uM (Figure 3.1B). The concentrations ranging from 0.2 to 1.56 uM as well
as 6.25 uM and 50 uM showed no statistically significant difference between the
untreated and cisplatin treated sample (Figure 3.1B). However, when HEK293 cells
were treated with the following cisplatin concentrations: 3.13, 12.5, 25, 100, 200,
400 and 800 pM, statistically significant differences between the untreated and

cisplatin treated samples were observed (Figure 3.1B).
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Figure 3.1: Cisplatin induces cytotoxicity in HEK293 cell line. HEK293 cell
lines were exposed to cisplatin for 24 hours with concentration ranges of 0-800
UM. (A) Dose-response curves of HEK293 cells exposed to cisplatin as determined by
cytotoxicity MTT assay. B) Bar graphs denoting MTT assay data fitted as absorbance vs
cisplatin concentration in HEK293 control cell line for untreated control and cisplatin
treated samples. The values are shown relative to the untreated controls (n=4 + SD),
***P<(.001, **P<0.01 and *P<0.05.

The WHCOL1 cell line showed cisplatin cytotoxicity as can be seen with the right
downward shift of the sigmoidal dose-response curve (Figure 3.2.A). Maximal
cisplatin cytotoxicity was observed with concentrations ranging from 100 to 800
UM (Figure 3.2B). No statistical significance was observed with cisplatin
concentration ranges of 0.20 to 6.25 uM in comparison to the untreated controls.
An increase in cisplatin concentrations from 12.5 to 800 uM resulted in cisplatin
cytotoxicity and a statistically significant increase in comparison to the untreated
WHCOL cells (Figure 3.2B).
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Figure 3.2: Cisplatin induces cytotoxicity in WHCO1 OSCC cell line. WHCO1
cell lines were exposed to cisplatin for 24 hours with concentration ranges of 0-800
UM. A) Dose-response curves of WHCOL cells exposed to cisplatin as determined
by cytotoxicity MTT assay. B) Bar graphs denoting MTT assay data fitted as
absorbance vs cisplatin concentration for WHCO1 for untreated control and
cisplatin treated samples. The values are shown relative to the untreated controls
(n=4 £ SD), ****p<0.0001, ***P<0.001, **P<0.01 and *P<0.05.

WHCOS5 cells showed cytotoxic effects to cisplatin after 24 hours post treatment.
Increase in cisplatin concentrations showed a decrease in absorbance, indicating a
decrease in cell viability. Same as the WHCO1, no statistical significance was
observed with cisplatin concentration ranges of 0.20 to 6.25 pM in comparison to
the untreated controls (Figure 3.3B). Differences in statistical significance were
observed between cisplatin treated WHCOS5 and untreated control with
concentrations from 12.5 to 800 uM (Figure 3.3B). Maximum cisplatin cytotoxic
effects were observed at 100 to 800 uM in comparison to other concentrations and

the untreated control (Figure 3.3B).
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Figure 3.3: Cisplatin induces cytotoxicity in WHCO5 OSCC cell line. WHCO5
cell lines were exposed to cisplatin for 24 hours with concentration ranges of 0-800
MM. A) Dose-response curves of WHCOS5 cells exposed to cisplatin as determined
by cytotoxicity MTT assay. B) Bar graphs denoting MTT assay data fitted as
absorbance vs cisplatin concentration for WHCO5 for untreated control and
cisplatin treated samples. The values are shown relative to the untreated controls
(n=4 + SD), ****p<0.0001, ***P<0.001, **P<0.01 and *P<0.05.

The ECso is the half maximal effective concentration at which there is 50% cell
death. GraphPad Prism 8.0 software was used to calculate the ECso concentrations,
with the control as the baseline. After plotting the Hill dose-response curve, the
software allows the automatic calculation of different parameters such as the ECso
concentrations. Statistical significance was determined using GraphPad 8.0
software and the unpaired Student’s t-test was used to calculate the mean and
standard deviation. HEK293 cells required a low cisplatin dose of 18.6 uM to
produce half maximum response in comparison to OSCC cell lines, WHCO1 and
WHCOS5 which required 47.1 uM and 32.5 uM, respectively (Table 3.1). Although
both are OSCC cell lines, this study has shown that cisplatin has a higher potency
in WHCOS5 in comparison to WHCOL cell line with an ECso concentration of 32.5
uM (Table 3.1).
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Table 3.1: The ECsovalues determined using MTT assay. The HEK293 control
showed lower ECso value in comparison to the WHCO1 and WHCO5 OSCC cell

lines.

ECso (UM)
HEK?293 WHCO1 WHCO5
Cisplatin 18.6 47.1 32.5

3.2. Cisplatin induces YH2AX expression in HEK293 and OSCC cell lines.

One of mechanism through which cisplatin induces DSBs in the DNA is via the
inhibition of the HR repair pathway. yYH2AX expression is an early cellular response
to the detection of DNA DSBs and its detection has emerged as a highly sensitive
molecular marker for monitoring DNA damage and repair. Western blot quantified
changes in YH2AX expression levels in OSCC and HEK?293 cells in response to
cisplatin treatment over 8 hours and immediately after 1 hour of cisplatin
withdrawal. The difference between cisplatin treatment times of 24 hours for MTT
assays and 8 hours for western blots is because the MTT assays were used to
determine lethal concentration of cisplatin. However, for INcRNA studies, the
intension was to investigate early stages of DNA damage response. Therefore,
treatment time was reduced to 8 hours as the intention was not to cause cell death.
The 8 hours cisplatin treatment was selected because studies have shown that
cisplatin treatment induce DNA damage and apoptosis 8 hours post treatment in
different cell lines (Pabla et al., 2008; Kuashal et al., 2001; Lau, 1999).

Cisplatin treatment resulted in increased YH2AX expression in HEK293 cells in
both cisplatin only and all the withdrawal time points in comparison to the untreated
control (Figure 3.4). The yH2AX expression levels were upregulated by 131% (231+
118%), 268% (168 + 178%), 424% (324 + 231%) and 500% (400 £ 176%) in
cisplatin only, 5, 30 and 60 minutes withdrawal respectively, relative to the
untreated control (Figure 3.4). No statistical significance was observed in the
cisplatin only and 5 minutes cisplatin withdrawals in comparison to the untreated
control. However, a statistical significance for YH2AX expression was observed
after 30 and 60 minutes cisplatin withdrawal compared to untreated control (Figure
3.4).
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Figure 3.4: YH2AX expression in response to cisplatin in HEK293 cells.
Immunoblot results indicated that yYH2AX expression levels were elevated in
response to cisplatin over 8 hours and after 1 hour cisplatin withdrawal in HEK293
cells. ImageStudio Lite software was used for band quantification as described in
the methods section (n=3 = SD), ns (not significant), **p<0.01, *p<0.05.

The WHCOL1 cells also showed an increase in YH2AX expression levels in response
to cisplatin treatment (Figure 3.5). However, this increase was not as consistent in
different withdrawal time points, as observed in HEK293 cells. A 47% (147 + 45%)
and 72% (172 £+ 164%) yH2AX increases were observed in cisplatin only and after
5 minutes cisplatin withdrawal in WHCOL1 cells. These expression levels then
lowered to 34% (134 + 49%) after 30 minutes withdrawal. However, after one hour
cisplatin withdrawal, YH2AX increased by 73% (173 + 264%) in comparison to the
untreated control (Figure 3.5). The WHCOL cisplatin treated cells showed no
statistical difference in YH2AX expression 8 hours post cisplatin treatment and for
all the withdrawal time points in comparison to the untreated controls in WHCO1
cells (Figure 3.5).
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Figure 3.5: yH2AX expression in response to cisplatin in WHCOL1 cells.
WHCO1 immunoblot results indicated that yH2AX expression levels were
fluctuated in response to cisplatin over 8 hours and after 1 hour cisplatin withdrawal.
ImageStudio Lite software was used for band quantification as described in the

methods section (n=3 + SD), ns (not significant).

Only one western blot batch was done for WHCOS. Similar to WHCO1, yH2AX
showed fluctuating expression levels in response to cisplatin (Figure 3.6). There
was a 18%, 5% and 31% increase of YH2AX expression in cisplatin only, 5 minutes
and 60 minutes withdrawal in comparison to the untreated control. Post 30 minutes
cisplatin withdrawal, YH2AX levels showed a 6% decrease in response to cisplatin
compared to the untreated control (Figure 3.6). However, the data remains vague as

only one batch was achieved for this cell line.
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Figure 3.6: YH2AX expression in response to cisplatin in WHCO5 cells.
Immunoblot results indicated that YH2AX expression levels were fluctuated in
response to cisplatin over 8 hours and after 1 hour cisplatin withdrawal.
ImageStudio software was used for band quantification as described in the methods
section (n=1).

3.3.Evaluation of the quality of RNA extracted from HEK293 and WHCO1
cisplatin treated cells.

Based on the cell line, the ECso concentrations in 3.1 were used for treating cells.
After 8 hours cisplatin treatment, cells underwent different withdrawal times. Total
RNA was extracted from HEK293 and OSCC cisplatin treated cell lines. The
extracted RNA was separated on a 1% non-denaturing agarose gel to assess the
integrity. Two distinct 28S and 18S ribosomal RNA bands of sizes ~1500 bp and
~750 bp respectively were observed (Figure 3.7). The 28S rRNA band was twice
as intenseas the 18S rRNA band and this 2:1 (28S:18S) ratio indicates good quality
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intact RNA. Good RNA quality entails both purity and integrity and the two are
crucial for ensuring the relevance, accuracy and reproducibility of RNA-based
downstream applications such as gene expression by RT-PCR. The RNA integrity
gel showed that the RNA extracted from cisplatin treated HEK293 and OSCC cell
lines was ofa good quality as the 28S and 18S bands appear quite distinct for all
samples, withthe 28S band having double the intensity in comparison to the 18S
band.
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Figure 3.7: Electrophoresis of RNA extracted from cisplatin treated cells at

different withdrawal times on 1% agarose gel, stained with ethidium bromide.
The quality of total RNA extracted from A. HEK293, B. WHCO1 and C. WHCO5
cellsis indicated by 2 bands of 28S and 18S rRNA at ~1500 bp and ~750 bp
respectively. 10 pl of diluted 200 ng/pul RNA was mixed with 2 pl of the 6X loading
dye making a total of 12 pl loaded per well for each sample. (MW): GeneRulerTM
1 kb DNA ladder.

3.4.PANDA and ANRIL expressions in response to cisplatin treated HEK293
and OSCC cells.

The expression of INcCRNAs ANRIL and PANDA were established by RT-PCR,
with GADPDH used as the loading control. The RT-PCR data serve as preliminary
results for gRT-PCR.

The consistent GAPDH expression levels observed in HEK293 cells supports
successful cDNA synthesis from HEK293 extracted RNA (Figure 3.8A). The
absence of bands in the no template control (NTC) and no RT control lanes indicate
that PCR was not contaminated with foreign DNA (Figure 3.8). PANDA expression
levels appeared to be upregulated in cisplatin treated HEK293 cells and 30 minutes
after cisplatin withdrawal (Figure 3.8B). No changes in PANDA expression were

observed after 5 minutes cisplatin withdrawal and a decrease in expression was observed
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post 60 minutes cisplatin withdrawal, in comparison to the untreated control (Figure
3.8B). HEK?293 control cell line showed an upregulated ANRIL expression when
cells were treated with cisplatin and a slight increase during the 60 minutes post
cisplatin withdrawal for all withdrawal time points (Figure 3.8C). The levels of
ANRIL in all three withdrawal time points (5, 30 and 60) showed a slight increase in

comparison to the untreated control (Figure 3.8C).
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Figure 3.8: GAPDH control, PANDA and ANRIL IncRNAs expression in HEK293
cisplatin treated cells. The expression levels of A. GAPDH control, B. PANDA and
C. ANRIL IncRNAs of sizes of 396, 96 and 190 bp respectively after 8 hours cisplatin
treatment in HEK293 cells. No bands were observed for the NTC and no RT controls.
ImageStudio Lite software and Excel 2019 were used for plotting graphs. (MW): TriDye
Ultra-low range DNA ladder (10-700 bp) (ThermoFisher Scientific) (n=1).
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Successful cDNA synthesis was also achieved from WHCOL1 extracted RNA as
GADPH control was successfully amplified in all experimental samples (Figure
3.9A). The absence of bands in the NTC and no RT controls showed that there was
no DNA contamination during PCR (Figure 3.9). PANDA showed a slight
upregulation in cisplatin treated WHCO1 and 1 hour post cisplatin withdrawal for
all the time points (Figure3.9B). This minor increase of PANDA expression in
cisplatin treated WHCO1 cells compared to untreated cells can only be
confirmed by gRT-PCR (Figure 3.9B). ANRIL appeared upregulated in cisplatin
treated WHCO1 and 60 minutes post cisplatin withdrawal in comparison to the
untreated control (Figure 3.9). ANRIL expression levels appear to have been reduced
following cisplatin withdrawal at 5 minutes and 30 minutes. However, expression

levels returned to untreated levels at 60 minutes post withdrawal (Figure 3.9C).
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Figure 3.9: GAPDH control, PANDA and ANRIL IncRNAs in cisplatin treated
WHCOL1 cells. Expression of A. GAPDH control, B. PANDA and C. ANRIL
INcCRNASs of sizes of 396, 96 and 190 bp respectively post 8 hours cisplatin treatment
in WHCOL1 cells. No bands were observed for the NTC and no RT controls.
ImageStudio Lite software and Excel 2019 were used for plotting graphs. (MW):
TriDye Ultra-low range DNA ladder (10-700 bp) (ThermoFisher Scientific) (n=1).
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Similar to HEK293 and WHCOL1 cell lines, successful cDNA synthesis was
observed in WHCOS5 cells with GAPDH showing successful amplification in all
three PCRs had no DNA contamination (Figure 3.10). PANDA showed an
upregulated expression in cisplatin treated cells (Figure 3.10B). Similar to WHCO1
PANDA expression (Figure 3.9B), WHCOS5 also showed a slight increase in
PANDA expression in cisplatin treated and during cisplatin withdrawal times
compared to the untreated control (Figure 3.10B). However, this can only be
confirmed with RT- qPCR. WHCOS5 cisplatin treated cells showed a slight
upregulation in ANRIL expression in cisplatin treated cells and 60 minutes post
cisplatin withdrawal (Figure 3.10C). However, post 5 minutes and 30 minutes cisplatin
withdrawal, ANRIL levels were downregulated in cisplatin treated WHCO5 cells

compared to the untreated control (Figure 3.10C).
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Figure 3.10: GAPDH control, PANDA and ANRIL IncRNAs in cisplatin
treated WHCOS5 cells. Expression of A. GAPDH control, B. PANDA and C.
ANRIL IncRNAs of sizes of 396, 96 and 190 bp respectively post 8 hours cisplatin
treatment in WHCOS5 cells. No bands were observed for the NTC and no RT
controls. (MW): ImageL.ite Studio software and Excel 2019 were used for plotting graphs.
TriDye Ultra-low range DNA ladder (10-700 bp) (ThermoFisher Scientific) (n=1).
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4. Discussion

OSCC prognosis remains poor in South Africa and other developing countries
despite a variety of treatment options that are available (Sewram et al., 2014,
Lipenga et al., 2021). Although cisplatin is widely used and effective, its intrinsic
and acquired resistance observed in various cancer types limits its efficacy (Ando
et al., 2012). Emerging evidence has highlighted the roles of INcCRNAs in the
development of cisplatin chemoresistance (Hu et al., 2018). LncRNAs involved in
the repair of DSBs by DDR, ANRIL and PANDA expressions were studied in
response to cisplatin treatment and immediately after cisplatin withdrawal in
HEK293 and OSCC cell lines. The study aimed to provide potential IncCRNA-
targeted strategies for overcoming cisplatin resistance in cancer therapy, especially
OSCC.

Cisplatin-induced DNA intra-strand crosslinks and ICLs disturb DNA replication
and transcription processes resulting in the activation of replication stress and DDR,
eventually causing cell cycle arrest and apoptosis (Kottemannand and
Smogorzewska, 2013). The induction of YH2AX in response to cisplatin-induced
DSBs has been used as a measure of cell exposure to chemotherapeutic drugs and
as an indicator of repair after DNA damage in several studies (Banath and Olive,
2003; Huang et al., 2004). Studies have shown that the phosphorylation of histone
H2AX to yH2AX happens immediately at the DSBs site reaching a peak 30 minutes
after DSBs induction (Markova et al., 2007). yH2AX is not only crucial for sensing
DSBs but also plays a role in chromatin remodelling processes involved in DNA

repair.

To investigate whether cisplatin induces DNA DSBs and the DDR via yYH2AX
activation, cisplatin ECso concentrations were determined by MTT assay in
HEK293 and OSCC cell lines. The results obtained in this study were consistent
with those observed in previous OSCC studies done at our laboratory. Low cisplatin
ECso concentrations of 18.6 pM in HEK293 cells compared to WHCO1 and
WHCO5 with ECso concentrations of 47.1 and 32.5 UM respectively means the
HEK293 control cell line is in line with expectations of being more sensitive to
cisplatin in comparison to the cancerous WHCO1 and WHCO5 OSCC cell lines.
Studies by Halabian et al., 2015 and Sadeghi et al., 2018 also showed that low
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cisplatin concentrations are sufficient to induce a maximum response and

cytotoxicity in HEK293 cells.

The western blot data in this study revealed that cisplatin-induced DNA DSBs
repair occurs in cisplatin treated HEK293 and OSCC cell lines. An increase in
YH2AX expression was observed in cisplatin treated cells and 1 hour post cisplatin
withdrawal. The consistent yYH2AX increase in HEK293 cells after cisplatin
treatment and during the first hour of cisplatin withdrawal for all withdrawal time
points may suggest that HEK293 cells are regularly sensing the cisplatin-induced
DSBs and triggering relocalisation of DDR proteins to the DNA damage site to
activate DNA damage repair.

Both the WHCO5 and WHCO1 OSCC cell lines, showed fluctuating YH2AX
expressions. This proved that similar to the HEK29 control, the OSCC cells are also
sensing the cisplatin-induced DSBs and activating DDR machinery. The yYH2AX
decrease post 30 minutes cisplatin withdrawal in comparison to other withdrawal
time points may suggest that, the OSCC cells might rapidly be repairing the
cisplatin-induced DSBs or continuing with cell proliferation even in the presence
of DSBs. The decrease in yYH2AX expression after 30 minutes cisplatin withdrawal
is consistent with the results from Mariotti et al., 2013 showing a decrease in the
radiation induced YH2AX expression after 30 minutes peak followed by restored

yYH2AX response after 6 hours.

Our study was consistent with a study by Kalra and Bapat (2013) in ovarian cancer
demonstrating an upregulated YH2AX expression levels post cisplatin treatment.
Their study further demonstrated that cisplatin induces DSBs, increasing the
YH2AX levels as well as DNA repair proteins XRCC5, RAD50 and NPM1 (Kalra
and Bapat, 2013). RAD50 is one of the MRN complex proteins responsible for
recruiting DNA repair proteins to the DNA damage site (Kim et al., 2015). Another
study by Cruet-Hennequart et al., 2009 showed elevated yYH2AX expression 6 hours
post cisplatin treatment which was consistent with the formation of DNA DSBs in

poln-deficient cells.

Upon DNA damage, several IncRNAs such as ANRIL and PANDA are induced
and have been proposed to play a role in DSBs repair (Thapar, 2018). Our PCR
results showed that the expression of ANRIL IncRNA was increased during
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cisplatin treatment and 60 minutes post cisplatin withdrawal and decreased 5- and
30-minutes post cisplatin withdrawal in cisplatin treated OSCC cell lines. Studies
involving ANRIL regulation during DDR have proven that DSBs increase ANRIL
expression through the activation of E2F1 in an ATM dependent manner (Wan et
al., 2013). However, the low ANRIL levels observed 5 and 30 minutes after
cisplatin withdrawal in both the cisplatin treated OSCC cell lines during DDR are
not consistent with similar studies performed in other cell lines which showed
upregulated ANRIL expression in response to cisplatin treatment during DDR
(Chen et al. 2017; Wang et al., 2017).

Furthermore, the low ANRIL expression levels observed 5 and 30 minutes post
cisplatin withdrawal in our study pose a question as to whether there is an
alternative mechanism regulating ANRIL during DDR. This ANRIL upregulation
after cisplatin treatment and immediate downregulation after 5 and 30 minutes
cisplatin withdrawal might suggest that cisplatin-induced DSBs activated the ATM
kinase to induce ANRIL expression in an E2F1 dependent manner and underwent
DDR during withdrawal time points, decreasing ANRIL expression. This might
suggest that OSCC cell line immediately activates the DDR to repair the cisplatin-
induced DSBs, decreasing ANRIL expression levels. However, an increase of
ANRIL expression 60 minutes post cisplatin withdrawal is questionable and needs

further investigations.

PCR results showed that elevated PANDA expression was observed in cisplatin
treated OSCC cell lines during DDR compared to the untreated control. The
upregulated PANDA expressions are consistent with a similar ovarian cancer study
where cisplatin-induced DSBs are believed to activate the ATM protein kinase and
activating p53 thus preventing apoptosis by blocking NF-YA and promoting cell
cycle progression (Wang et al., 2018). This PANDA upregulation in ovarian cancer
improved cell survival and tumour growth in response to cisplatin treatment and
reduced PANDA expression was associated with reduced tumour growth (Wang et
al., 2018). There are limited studies investigating the relationship between cisplatin

and PANDA expression in cancer.

Multiple studies identified IncRNAs as a new mechanism in drug resistance or
sensitivity (Majidina et al., 2016; Deng et al. 2016; Chen et al., 2017). About 22

InNcRNAs have been reported to play acrucial role in cisplatin resistance through
57



different mechanisms in various cancer types (Liu et al., 2020). Cisplatin’s
mechanisms of resistance associated with IncRNAs that induce cisplatin
chemoresistance include intracellular detoxification, cisplatin influx/efflux,
apoptosis, DNA repair and cell cycle, signalling pathways, ceRNAs, autophagy and
cancer stem cells (CSCs). According to the DNA repair and cell cycle mechanism
of resistance, chemo-resistant cancer cells appear to be associated with efficient
activation of the DDR mechanism and have a higher tolerance to genotoxic stress

caused by chemotherapeutic drug than primary cancercells (Ozes et al., 2016).

Upregulated PANDA and ANRIL expression are associated with cisplatin
chemoresistance in multiple cancer types. High ANRIL expression has been shown
to be associated with cancer progression and cisplatin resistance in different cancer
types (Miao et al., 2019; Wang et al., 2020; Li et al., 2019). PANDA reduces
cisplatin sensitivity and promotes tumourigenesis in ovarian cancer (Wang et al.,
2018). Our study showed upregulated PANDA expression and fluctuating ANRIL

expression during DDR in cisplatin treated OSCC cell lines.
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5. Conclusion and Future Prospects

OSCC prognosis remains poor despite various treatment options available because
its therapeutic approaches result in treatment failure due to poor efficacy, chemo-
toxicity and chemo-resistance. Therefore, there is a compelling need for new
chemotherapeutic strategies for OSCC treatment. LncRNAs have shown tumour
suppressive and oncogenic properties and participate in cancer progression and
suppression and play a prominent role in DSBs repair and are aberrantly expressed
in multiple cancer types.

Our study has shown that cisplatin induced DNA damage correlates with YH2AX
expression in OSCC cell lines. Moreover, in response to cisplatin, ANRIL IncCcRNA
appeared fluctuating whereas PANDA IncRNA appeared upregulated during the
DDR in OSCC cell lines. In conclusion, PANDA and ANRIL IncRNAs may serve

as potential cisplatin chemoresistance biomarkers in OSCC cell lines.

Future studies should aim to investigate ANRIL and PANDA expression in
response to cisplatin treated OSCC cells by quantitative RT-PCR. LncRNA based-
therapy can be investigated by using siRNA to knockdown PANDA and ANRIL
INcRNAs in OSCC cells in combination with cisplatin treatment to ascertain their
role during treatment. Furthermore, to detect if the PANDA and ANRIL IncRNA
could serves as a cisplatin chemoresistance markers, flow cytometry could be used
to measure cisplatin-induced apoptosis in OSCC cells with and without ANRIL or
PANDA siRNA knockdown to determine the different apoptosis levels induced.
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Appendix A

Solution Recipe

1XPBS 2.7 Mm KCI,137 Mm NaCl, 8.1 Mm Na2HPO4+12H20,
1.8 Mm KH2PO4, pH 7.2, autoclaved

1XRIPA 1% Triton X-100, 0.1% SDS, 0.5% sodium
deoxycholate, 150 mMNaCl, 50 Mm Tris-HCI Ph 8.0, 1
Mm PMSF, 10 Mm leupeptin

IXTAE 0.11% (v/v) glacial acetic acid, 1 Mm EDTA Ph 8.0, 40
Mm Tris-HCI Ph 8,

Trypan Blue 0.2% (w/v) Trypan blue in 1X PBS, filter sterilised

IXTBS/T 0.1%(v/v) Tween-2020 mM Tris-HCI pH 7.6, 137 mM

NaCl,

Coomassie blue dye

3 mM Coomassie Brilliant Blue G-250, 10% (v/v) glacial

acetic acid, 50% (v/v) methanol

Destain solution

12% (v/v) Acetic acid, 10% (v/v) methanol

Elution buffer

66% (v/v) Methanol, 1% (v/v) 25% ammonia

10% SDS

10% (w/v) SDS

10% APS

10% (w/v) APS

SDS-PAGE running

buffer

3.5 mM SDS, 192 mM glycine, 25 mM Tris, pH 8.8

Transfer buffer

20% (v/v) methanol, 192 mM Glycine, 25 mM Tris

Blocking buffer

5% (W/v) BSA, 1XTBS/T

Developer 0.6 M Sodium sulphite, 6.4 M metol, 34 mM potassium
bromine, 80 mM hydroquinone, 45 mM sodium
carbonate

Fixer 0.2 M Sodium meta-sulphite, 0.8 M sodium thiosulphate

4X protein loading| 0.04% (w/v) Bromophenol blue, 5% (v/v) B-

buffer mercaptoethanol, 8% (w/v) SDS, 40% (v/v) glycerol, 240

mM Tris-HCI pH 6.8
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Appendix B
SDS-PAGE recipes:

(TEMED)

Reagents Resolving gel (15%) | Stacking gel (7%)
(ml) (ml)

dH20 2.3 3.095

29:1 Acrylamide/Bisacrylamide 5 1.17

1.5M Tris pH 8.8 2.5 -

1M Tris pH 6.8 - 0.63

10% SDS 0.1 0.05

10% ammonium persulfate (APS) 0.1 0.05

Tetramethylethylenediamine 0.004 0.005
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Appendix C
RNA quantitation is necessary for RNA analysis methods. The absorbance of RNA

sample is measured suing a UV spectrophotometer at both 260 nm and 280 nm
wavelengths. These wavelengths are used for the calculation of RNA
concentrations using Beer-Lambert law which predicts change in absorbance with
concentration. The standard acceptable measurements for RNA quality are the

A260/A280 of 1.8-2.0 and A260/A230 of 2 or above.
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Figure C1: Nanodrop results showing HEK293 RNA concentrations and

absorbance ratios. Five different samples were quantified and these include (1)

untreated, (2) 0 minutes, (3) 5 minutes, (4) 30 minutes and (5) 1 hour withdrawal

times.
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Sample 6
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Figure C2: Nanodrop results showing WHCO1 RNA concentrations and
absorbance ratios. Five different samples were quantified and these include (1)
untreated, (2) 0 minutes, (3) 5 minutes, (4) 30 minutes and (5) 1 hour withdrawal

times.
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Figure C3: Nanodrop results showing WHCO5 RNA concentrations and
absorbance ratios. Five different samples were quantified and these include (1)
untreated, (2) 0 minutes, (3) 5 minutes, (4) 30 minutes and (5) 1 hour withdrawal

times.
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