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ABSTRACT

Nasopharyngeal carcinoma (NPC) is among the most frequently reported cancer in
Malaysia where it is usually diagnosed at late stages. The inconvenient and painful
contemporary diagnostic methods for NPC discourage the population at risk from being
screened at early stages. Thus, the discovery on non-invasive biomarkers for early
detection of NPC is warranted. MicroRNAs (miRNAs), a class of RNAs that have been
found to circulate stably in body fluids, are widely studied as potential biomarkers for
NPC. While many countries with high NPC prevalence are actively studied extracellular
miRNAs as diagnostic biomarker for NPC, such studies in Malaysia were scarce. Thus,
this study aimed to identify the circulating and salivary miRNAs as early detection
biomarker of the disease by analysing their differential expression. Blood and saliva
samples were collected from 37 NPC and 37 control subjects in the states of Pahang
and Kelantan, and were subjected to miRNA extraction. miRNA extracts from NPC
(n=10) and control (n=11) plasma samples were used to screen the differentially
expressed miRNAs using Tagman® Low Density Array card A and B. The significant
differentially expressed (p<0.05) miRNAs in plasma of NPC subjects were selected for
validation using 36 plasma and 37 saliva samples of NPC and control subjects. The
consistent differential expression of miRNAs in plasma, as well as their corresponding
miRNAs in saliva, were further analysed to evaluate their diagnostic performance. The
selected miRNAs were cross-validated to select the best combination of miRNA model
in predicting NPC. ROC curve analysis was used to evaluate the diagnostic performance
of miRNA models. The result on circulating miRNA screening showed that eleven
miRNAs were significantly differentially expressed (p<0.05) in NPC as compared to
control subjects. The validation on eight selected miRNAs revealed that four miRNAs,
namely hsa-miR-150, hsa-miR-205, hsa-miR-639 and hsa-miR-889,
were consistently differentially expressed in plasma of NPC as compared to control
subjects with significant result. The cross-validation showed three similar circulating
and salivary miRNAs were selected as the best model in predicting NPC. Additionally,
two circulating miRNAs, namely hsa-miR-150 and hsa-miR-205, and one
salivary miRNA, namely hsa-miR-144#, were also proposed as miRNA
models for diagnostic performance analysis due to their significant
expression. The ROC curve analysis demonstrated that the model with two circulating
miRNAs, namely hsa-miR-150 and hsa-miR-205, with adjustment for
known risk factors of NPC was the best model in predicting NPC (AUC = 0.865) and
early stage NPC (AUC = 0.860). Therefore, the present study proposed the two
miRNAs, namely hsa-miR-150 and hsa-miR-205, as minimal invasive
diagnostic biomarkers for early detection of NPC. The findings from this study is
expected to provide more evidences for the gaps in discovery phase of biomarker
development pipelines for NPC.
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CHAPTER ONE
INTRODUCTION

Y, Y BACKGROUND OF THE STUDY

Cancers are among the leading causes of morbidity and mortality worldwide. Global
health observatory data 2015 from World Health Organization (WHO) (WHO, 2017a)
showed that, cancers, specifically trachea, bronchus and lung cancers, were among
causes of death worldwide. Among the non-communicable diseases, cancers were the
second cause of death after cardiovascular diseases (WHO, 2017b). International
Agency for Research on Cancer (IARC) of WHO (Stewart & Wild, 2014) has reported
that in 2012 there were approximately 14.1 million new cases and 8.2 million cancer-
related deaths worldwide where more than half occurred in less developed countries.
This figure was expected to increase to 22 million in next two decades. Meanwhile, in
Malaysia, cancers were the fourth leading cause of death in government hospitals and
the first in private hospitals (Ministry of Health [MOH], 2017). A report by Manan,
Tamin, Abdullah, Abidin and Wahab (2016) indicated that death due to cancers was
increasing from 2007 until 2011. Ten leading cancers that were frequently reported in
Malaysia are breast cancer followed by colorectal, lung, lymphoma, nasopharynx,
leukaemia, cervix, liver, ovary and stomach cancer (Manan et al., 2016).
Nasopharyngeal carcinoma (NPC) was an uncommon cancer globally unlike
other cancers but the prevalence of NPC was significantly high in certain countries in
South-East Asia, Micronesia/Polynesia and Eastern Asia and in certain ethnicities such
as Chinese and Bidayuh in Malaysia (Devi, Pisani, Tang & Parkin 2004; Torre et al.,
2015; Manan et al., 2016). In Malaysia, NPC was among frequently reported cancer

where it was the third leading cancer in Malaysian males (Manan et al., 2016). In a



report by Manan et al. (2016) revealed that NPC was most common cancer among
Chinese males followed by Malay and Indian males. The authors also reported that
Malaysian Chinese was the third race with high prevalence of NPC after China and
Singaporean Chinese. In the previous years, Devi et al. (2004) have reported a
surprisingly high prevalence of NPC among Bidayuh native group in Sarawak where
the prevalence was the highest rate recorded by worldwide population-based registry
between years of 1996 until 1998. Additionally, it was reported that NPC in Malaysia
was most commonly detected at late stage (Devi et al. 2004; Manan et al., 2016).
Survival rate of a cancer patient is improved when the cancer is detected and treated at
early stage (Cancer Research UK, 2015). Unfortunately, about 80% of NPC cases in
Malaysia were diagnosed at late stage (Prasad & Pua, 2000; Devi et al., 2004). The
remote anatomic location of NPC, asymptomatic and its rich lymphatic supply may
contribute to the late detection of NPC (Ayadi et al., 2009; M. F. Ji et al., 2011). The
body of evidence showed that more studies must be conducted to improve the
performance of diagnostic programmes for NPC in Malaysia.

MicroRNA (miRNA) is a class of non-coding RNAs that post-transcriptionally
inhibits or degrades messenger RNA (mRNA) (Breving & Esquela-Krescher, 2010).
Normally, it involves in the regulation of cellular development such as cell growth,
proliferation, differentiation and apoptosis (Schickel, Boyerinas, Park, & Peter, 2008).
In cancers, miRNAs can deregulate the normal cellular physiology by being a tumour
suppressor, oncogenic or viral miRNAs, depending on its function in the mechanisms
of oncogenesis or tumour progression (Esquela-Krescher & Slack, 2006; Pfeffer &
Voinnet, 2006; Shenouda & Alahari, 2009). A few miRNAs have been reviewed
comprehensively by Kent and Mendell (2006) on their causative roles as tumour

suppressor and oncogene in oncogenesis across diverse cancers. Among the tumour



suppressor miRNAs were miR-15a and miR-16-1, which involve in apoptosis and
oncogenic transcript decay (Calin et al., 2002; Calin et al., 2005; Cimmino et al., 2005);
let-7, which involves in cell-cycle regulation (Pasquinelli et al. 2000); and miR-143 and
miR-145, which were postulated to loss of function in malignancies that due to defect
at Dicer processing (Michael, O’Connor, van Holst Pellekaan, Young, & James 2003).
Several studies have been performed to profile and determine the role of miRNAs in
NPC. A review on miRNAs in NPC has listed the miRNAs encoded in human and
Epstein-Barr virus (EBV) that involve in the development and progression of NPC
(Bruce & Liu, 2014). EBV was found to encode certain miRNAs that target and
suppress host pro-apoptotic genes and genes that regulate host immune response (Choy
et al., 2008; Dolken et al., 2010). Preliminary studies in NPC found that human miR-2¢
and miR-375 have tumour suppressive role by targeting mRNA that encoded
extracellular matrix protein and causing up-regulation of metadherin oncogene,
respectively (Sengupta et al., 2008; A. B. Y. Hui et al., 2011).

Other than their presence inside the tissues, miRNAs have been found to be
present in extracellular environment such as in plasma, serum, saliva and urine
(Zubakov et al., 2010). The expression level of these miRNAs seems to change
according to disease state (Patel et al., 2011; Ren, Dong, Tsoi, & Yu, 2015). Tissue,
blood and salivary miRNA have been found to share similar expression profile, which
indicates that interchange of miRNAs may occurred between tissue, blood and saliva
(Weber et al., 2010; Wiklund et al., 2011). These findings have improved the
understanding in the physiological correlation between miRNAs in tissue, plasma and
saliva, while at the same time seem to reveal that miRNAs in saliva have potential to be
the non-invasive diagnostic biomarkers. Nowadays, extracellular miRNAs have been

widely studied for their potential as novel biomarkers in NPC, especially in blood.
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