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ABSTRACT 

Nasopharyngeal carcinoma (NPC) is found to be associated with mutations occurring in the nasopharynx tissue 

and the deregulated expression of the ribosomal protein (R'P) genes. Recent study shows the role of RPL41 as a 
tumor suppressor gene in the malignant transformation in cancer cells. Genes with down-regulation of the 
RPL41 has abnormal mitosis process and cytokinesis failure which contributes to gene instabiHty and 

subsequent tumor formation. Hence, it is essential to study the association between RPL41 and NPC and the 

non-coding regions of the RPL41 is chosen in this study as these regions plays essential roles in gene 

expression, regulation, apoptosis and possibilities of disease such as cancers. Non-coding regions of RPL41 
were isolated from normal cell line (NP69) and malignant cell lines (HONE and HK-I) by using pre-designed 

primers. The desired length of gene product was directly purified and sent to Ist Base Laboratories for 
sequencing. However, the sequence data obtained for the malignant cell lines was not fully sequenced, thus 

arresting the nucleotide comparison process. Thus, no mutational analysis accomplished for nasopharyngeal 
carcinoma. 

Key words: HONE, HK-I , non-coding regions, NPC, NP69, RPL41 

-. . 
ABSTRAK 

Penyakit kanser hidung (NPC) didapati berhubungkait dengan mutasi yang berlaku di tisu nasofaring dan 
perubahan pengekspresan gen-gen protein ribosom (RP). Penemuan terkini melaporkan peranan RPL41 
sebagai gen penindas tumor dalam transformasi malignan sel-sel kanser. Terdapat mitosis tidak normal dan 
kegagalan sitokinesis pada gen-gen yang mempunyai penurunan pengekspresan RPL41, yang secara tidak 
iangsllng menyumbang kepada ketidakstabilan gen dan pertumbuhan tumor. Maka, kajian hubungkait antara 
RPL41 dan NPC adalah amat penting dan kawasan tidak mengekod RPL41 dipilih kerana kawasan ini 
memainkan peranan yang penting dalam gen ekspresi, regulasi, kematian dan kemungkinan penyakit seperti 
kanser. Kawasan tidak mengekod RPL41 berjaya dipencilkan daripada sel normal (NP69) dan sel-sel malignan 
(HONE dan HK-l) dengan menggunakan set primer yang telah direka terlebih dahulu. Produk gen dengan saiz 
yang diinginkan terus dihantar ke Makmal 1" Base bagi tujuan penjujukan. Tetapi, data penjujukan yang 
diperoleh untuk sel-sel malignan tidak dijujuk sepenuhnya, menyebabkan proses pembandingan nukleotida 
tidak boleh dijalankan. Maka, tiada analisa mutasi diperoleh untuk penyakit kanser hidung. 

Kala kunci: HK-I, HONE, kawasan tidak mengekod, NPC, NP69, RPL41 
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CHAPTER 1 


1.0 INTRODUCTION 

As non-coding regions in genome of human accounts for approximately 98% of the total 

genome size, it gives a challenge to researchers to explore and discover the potential 

functions of these regions and its role in biological systems. Non-coding regions is the 

section of a gene that do not code for protein but may have potential in being regulatory 

elements that affects gene regulation, expression and splicing (Polonski & Kimmel, 2007). 

In this case study, the non-coding regions of the ribosomal protein L41 (RPL41) is the 

main focus. A study done by Go, Miyado and Taniguchi (1998), shows that the gene 

RPL41 contains 4 exons divided alternately by 3 introns, with presence of an open reading 

frame. Currently, no research regarding the non-coding regions of the RPL41 is being 

studied. 

One of the significant studies regarding RPL41 in human is that when it is down-regulated 

in the human nasopharyngeal cells, it correlates with the occurr~nce of nasopharyngeal 
. . 

carcinoma (Sim, Ang, Ng, Lee & Narayanan, 2010; Wang et al.,20.tO) and is believe to be 

a tumor-suppressive gene (Y 00 et al., as cited in Sim et al., 2010). Nasopharyngeal 

carcinoma is the cancer that resides in the nasopharynx always associated with the head 

and neck malignancies alongside hearing loss, nasal obstruction and post-natal drip 

(Regauer, 2006). However, the non-coding regions of the genomic DNA of RPL41 and its 

association with nasopharyngeal carcinoma are yet to be explored. 

Throughout this study, it is hoped that the ribosomal protein RPL41gene can be isolated 

from both normal and tumour human nasopharyngeal-derived cell line. Consequently, 
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nucleotide sequence of the non-coding regions of RPL4 r In both cell lines could be 

characterize and compare. 

1.1 OBJECTIVES 

The aims of this study to determine and characterize the nucleotide sequence of the non

coding regions in the genomic DNA of RPL41 from human nasopharyngeal-derived cell

line and to better understand the possible functions and roles of the non-coding regions in 

the genomic DNA. 

2 




CHAPTER 2 


2.0 U TERATURE REVIEW 

2.1 Non-coding sequences 

Non-coding sequences refer to any region of DNA that do not encode for an active RNA 

molecule or protein (Coleman, 1997; Wu & Lindsay, 1996). For over half a century, 

researchers and scientists are more concern about the protein coding regions of the DNA 

itself and regards the non-coding regions as 'junk' or 'selfish' DNA as they do not have 

relative function in encoding proteins (Ohno, as cited in Alexander, Fang, Rozowsky, 

nyder & Gerstein, 2010). This 'junk' DNA does not encode typical genes (Mallik & 

Lakhotia, 2007), but they may serve as an important regulatory molecule which involves in 

genetic regulation and expression, networking, chromosome structure and apoptosis of 

cells (Mattick, 2001). This perception strengthens the concept of 'junk' DNA and 

consequently increases the curiosity and interest of researchers on the potential and 

possible functions of non-coding DNA (Mallik & Lakhotia, 2007). Despite protein coding 
. . 

sequences, non-coding regions of a DNA also contributes to the ..phenotypic variation and 

complexity of traits which subsequently may bring effects to the development and 

regulation of the neural function and possibilities of diseases such as cancers (Mattick, 

2001). 

According to Lakhotia (2006), DNA which code for proteins are the only ones important 

for molecular biological studies. These 'junk' DNA have been considered invisible as 

during the process of mRNA maturation, the non-coding regions, commonly referred to as 

introns, are being spliced out; leaving the DNA with only the exon segments which codes 

for proteins. According to Eddy (2001 , p. 919), "The idea that a class of genes might have 

remained essentially undetected is provocative, if not heretical". Classical genetics were 

3 




being biased as they could only detect the protein-coding elements, whereby the non-

coding elements should have been detected sooner (Eddy, 2001). This is because 98% of 

the genome comprises of these non-coding elements, and only around 1.5 - 2 % of the 

genome accounts for the coding exons (International Human Genome Sequencing 

Consortium, as cited in Bejerano, Haussler & Blanchette, 2004; Mattick, 2001; Nishihara, 

Smit & Okada, 2006; Taft, Pheasant & Mattick, 2007; Wilusz, Sunwoo & Spector, 2009). 

Homo sapions 

2% 

• 	 Protein-coding regions 
Transcribed non-coding regions 

55% 

o Untranscribed regions 

~----~~~~~~~--~----...I ~------~~~--~~~----~.Figure 1: Distribution of DNA regions in mammalian genome (Shabalina & Spiridonov, 2004). 

But now, with the sequencing of mouse and human genome made possible (Bejerano, 

Siepel, Kent & Haussler, 2005; Shabalina & Spiridonov, 2004), attentions are currently 

shifting to the potential possibilities, functions and roles or !pese non-coding elements. 

contained in the genomic DNA of organisms. The completion of mouse genome 

sequencing has provided us with further knowledge regarding genetics and biomedical 

studies and consequently allowing large-scale estimation of conserved genomic DNA 

within our own genome (Bejerano et aI., 2005; Shabalina & Spiridonov, 2004). In addition, 

detailed sequencing suggested that genome of mammals contained twice as much 

conserved genomic DNA compared to the protein coding DNA (Bejerano et aI., 

2005)."Non-coding DNA provides a historical record of genome evolution as it contains 

'fossils' of molecules that were historically active" (Alexander et aI., 2010, p. 559) which 

means it can mediate genome advancement itself. 
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There are many types of non-coding elements contained in our genome, where some had 

already been transcribed and some are yet to be transcribed. Some of the non-coding 

elements in a genomic DNA include non-coding RNAs, intron, cis acting elements (5' and 

3' untranslated regions or UTRs) (Vyse, 2008). The description and possible functions of 

each non-coding element are briefly explained in later subsections. 

2.1.1 Non-coding RNA 

Non-coding RNAs (ncRNA) are RNAs that do not code for proteins but instead produce 

functional RNA molecules (Mattick & Makunin, 2006). Several types of the non-coding 

RNA are transfer RNA (tRNA) , ribosomal RNA (rRNA), micro RNA (miRNA), small 

interfering RNA (siRNA), small nuclear RNA (snRNA) and small nucleolar RNA 

(snoRNA). There are two types of non-coding RNA which are housekeeping non-coding 

RNA and regulatory non-coding RNA. miRNAs, siRNAs and small RNAs are grouped 

into housekeeping non-coding RNA (Pontig, Oliver & Reik,)009). Other than that, which 

is for either medium or large non-coding RNA, it can be g·rouped into regulatory non-

coding RNAs where these genes are transcribed but are not protein-coding sequences 

(Pontig, Oliver & Reik, 2009). 
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2.1.2 Intron 

Introns are non-coding region of a gene which are located between the exons, and are 

mostly presents in eukaryotes, about 5 to 6 introns per gene with an average size of 2100 

nucleotides per intron (Fedorova & Fedorov, 2003). The separation between coding and 

non-coding sequences allows the process of mixing and movement between genes which 

leads to gene evolution (exon shuffling) (Namrata, 2011; Vyse, 2008). Namrata also stated 

that numbers of snoRNA and miRNA are located on the intragenic regions of the genes. 

There are evidences that the introns excised from primary transcripts are being processes 

into smaller non-coding RNAs rather than being degraded (Clement et aI. , as cited in 

Mattick & Makunin, 2006), thus parallel to the findings that most snoRNA and miRNA are 

transcribed in the intronic regions. These introns play an important role in gene regulation 

as there are correlation between the length of the introns and the genes' transcription level, 

where lower transcribed genes contained more introns and vice versa (Namrata, 2011). 

Introns playa role in the complexity of a gene as it accounts for approximately 95% of the .. . 
total pre-mRNA transcripts of the translated gene (Fedorova -& 'Fedorov, 2003; Mattick, 

2001). Early assumptions regarding functions of introns far differs from the modern 

discovery, as in the early days, introns were thought to be non-functional and were just the 

leftover sequences from the assembly of the protein-coding genes (Gilbert et al. , as cited in 

Mattick, 2001). 
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2.1.3 Cis acting elements (Untranslated regions or UTRs) 

The cis-acting elements which are the 5' - and 3'- untranslated regions or UTR are the 

regions of a gene important in dealing with the post-transcriptional control of the mature 

mRNA (Pesole, Grillo, Larizza & Luini, 2000). The 5' -UTR is located at the upstream 

region of the mRNA while the 3'-UTR is located at the downstream region of the mRNA. 

These regions, although are not translated, they contain critical genetic information needed 

in stabilizing and transcribing the mRNA into protein (Roche, Popeijus, & Mensink, 2011). 

2.1.3.1 Upstream 5'- UTR 

5' -UTR contains cis-regulatory elements such as translational regulatory signals 

and post-transcriptional regulatory sites which functions in controling the 

transcription process (Brown, Gross & Brent, 2005; Chen, Lin, Pan & Chen, 2011; 

Pesole et al., 2000). The structural features of the 5' UTR is important for the 
. .. 

efficiency of translation of the eukaryotic mRNA alon~side the start codon context 

(Rogozin, Kochetov, Kondrashov, Koonin & Milanesi, 2001). The minimal length 

of the 5' UTR of an mRNA in humans is about 18 nuc1eotides while its average 

length is around 210 nuc1eotides. It influences the translation rate as it determines 

the energy needed by the ribosome to bind to the start codon of the pre-mRNA 

(Chatterjee & Pal, 2009). This region contains T A TA and CAAT boxes which 

regulates gene expression and dfines the DNA binding sites where the transcription 

process begins (Roche, Popeijus, & Mensink, 2011). 
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2.1.3.2 Downstream 3'- UTR 

The 3' -UTR contains sequences that direct mRNA cleavage and polyadenylation 

signals (Tabaska & Zhang, 1999). It contains two important basic sequences for the 

cleavage and polyadenylation process. For the polyadenylation (poly-A) signal, it 

comprise of the hexamer AAUAAA and the common variant AUUAAA signal 

(Tabaska & Zhang, 1999). The sequence is located 10 to 30 bases upstream of the 

cleavage site (Dong et at., 2007; Paran, Ori, Haviv & Shaul, 2000). The other 

important component is the downstream element (DE) which contains U- or GU- rich 

sequences which is located 20 to 40 bases downstream of the cleavage site (Dong et 

al., 2007; Tabaska & Zhang, 1999). Both poly-A signals and DE regions which is rich 

in AU (AU-rich elements), assist in the shortening of the poly-A tail of the mRNA 

(Chen et at.; Xu et at., as cited in Pesole et at., 2000). This influences the translation, 

localization and stabilization of the mRNA (Chatterjee & Pal, 2009). 

. .. 
2.2 Ribosome and Ribosomal Protein Gene 

~ . 

Ribosome is one of the most important organelle in organisms as it plays a vital role in 

decoding genetic message and protein synthesis (Nakao, Yoshihama & Kenmochi, 2003; 

Taylor, Frank & Kinzy, 2007; Yoshihama et at., 2002). Eukaryotic ribosome is a large 

macromolecular template composed of a small 40S subunit and a large 60S subunit (Taylor 

et at., 2007), and contains four rRNA species (18S RNA, 5S RNA, 28S RNA and 5.8S 

RNA) (Harvey & Ferrier, 2011). 
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Eukaryotic (mammalian) ribosome 

49 ribosomal 

proteins 

33 

ribosomal 

proteins 

Figure 2: Composition of the eukaryotic ribosome (Karp, 2010). 

Ribosome also contains ribosomal proteins, and to date, approximately 80 ribosomal 

proteins have been acknowledged (Wang et ai., 2010). These ribosomal proteins have dual 

functions, that are functional ribosome component and has extraribosomal functions such 

as gene expression, regulation, transcription, translation and .. senescence (Wang et ai., 
" . 

2010; Zimmerman, n.d.). According to Ruggero and Pandolfi (2003), ribosomal proteins 

playa role in stabilizing rRNA structures and promote correct folding during ribosomes' 

assembly. In addition to that, ribosomal proteins coordinate the initiation and elongation 

process of the ribosome, alongside the ribosome and mRNA. However, a little alterations 

and overexpression of these ribosomal proteins may lead to the formation of tumour 

cancer-cell like and turning-off ribosome production (Ruggero & Pandolfi, 2003). 
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2.3 Ribosomal Protein L41 (RPL41) 

Ribosomal protein L41 (RPL41) which consists of only 25 amino acids, is considered one 

of the smallest and most basic proteins in the human genome (Scherer, 2008; Wang et aI., 

2010) and out of the 25 amino acids present in the protein, 17 are made up of basic 

arginines and lysines (Wang et aI., 2010). Studies conducted by Ishii, Washio, Uechi, 

Yoshihama, Kenmochi and Tomita (2006), the coding sequence regions of the RPL41 is 

the shortest as it is only 78 base pairs long, compared to the average size of RP genes of 

521 base pairs. In addition to that, RPL41 has a unique amino acid composition as the 

RPL41 resides independently from the main cluster of other ribosomal proteins. Apart 

from that, it has a unique codon composition as the frequency of G and C in the third 

codon position - the GC) level - is the lowest among other ribosomal proteins, which is 

only around 23.1 %. This phenomenon is likely to occur as a result of the small size of the 

gene, or the unique amino acid composition or either by evolutionary pressure affecting the 

gene as it is located separately. These data adds up to the possibility that the RPL41 is a 

unique ribosomal protein compared to others (Ishii et aI., 2006) . . 
~ . 

Studies by Go, Miyado and Taniguchi (1998) shows that RPL41 constitutes of only 4 

exons and 3 introns. In addition to that, RPL41 is located at 12q 13 of chromosome 12 and 

the protein resides in the cytoplasm (Wang et aI. , 2010). 

10 




36 115 25 389 275 3J16 lIt. 

exonllnlrolll exon2 inlron2 exon3 illtron:~ 

II non-coding reglon 

- open reading frame 

Figure 3: Schematic representation of RPL41, consisting of 4 exons and 3 introns (Go, Miyado and 
Taniguchi, 1998). 

Chr 12 
I'lN" N" "N(I) " N(I) (I) (I)

" (I)"I'll'll'l N " (I) " N N" (I) (1)(1) N "(I) N 
(I). (I) 

I I I I I I I " N(I) " I 
N 

I I I I " N (I) " "N I I I I """ I'll'll'l (l)1'l N N N (1)(1)(1) v vv rJ (I) (I) (V) V vv v v v v 
N N N N NN N N N N NN N N r\J N """" " " a. a. a. Q. Q. Q. Q. Q.Q.Q.IJ IJ IJIJIJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ""" riri " " """" " """ " """ N " "" 

Figure 4: Location ofgene RPL41 on chromosome 12 (indicated by red line) (GeneCards, 20 II). 

One of the functions of RPL41 is that it stimulates the phosphorylation of DNA 

topoisomerase II-u (Lee, Kim, Kim, Lee, Marshak & Bae, 1997~. Meanwhile, studies by- . 
Wang et al. (2010), revealed that down-regulation and deletion ofthe RPL41 constitutes to 

the formation oftumor and malignant transformation. 

2.4 Nasopharynx 

Located in the upper one-third region of the pharynx, the nasopharynx specifically lies 

behind the nasal cavity and superiorly with the oropharynx (Ryan, McNicholas & Eustace, 

2004; Wei, 2009). It is bordered anteriorly by posterior choanae, superiorly by the body of 

the sphenoid, posteriorly by the clivus and inferiorly by the soft palate (Lee & Chao, 

2005). The pharyngobasilar fascia extending bilaterally under the apex supported by the 

11 


http:Q.Q.Q.IJ


levator veli palatine muscle (Gibb, 1999), bounds the nasopharynx to the body of the 

sphenoid and clivus area which makes up the central skull base and cavernous sinus (Lee 

& Chao, 2005; Ryan et aI., 2004). According to Lee & Chao, (2005), the roof of the 

nasopharynx is slanting and continuous with the posterior wall, as a formation by the body 

of sphenoid and the walls of the sphenoid sinus. Meanwhile, the Eustachian tube opens 

onto the lateral wall (formed by the superior constrictor muscle) of the nasopharynx, with 

an opening ridge formed by the cartilaginous end of the torus tubarious. In addition to that, 

posterior to the ridges is the Rosenmiiller fossa, the paired lateral pharyngeal recesses of 

the tube (Lee & Chao, 2005; Ryan et ai. , 2004). 

~~--------".~~ 
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~n~--------~--__J 

~~-----------+---~~ 

IIryngNI inItt (aditus) ----,-----;r-~ 

oricoid ~tbgf----+........UJ"I.......... 

~------------~ 

~a-------------+-n~-.~ 

tsGphagNI musclt -------tTiifl: r 

nasa Iconcha 

soft palate 

nasa I cavity 

hard palate 

oral cavity 

tooth 

nasal plurynx 

Figure 5: Anatomy of the nasopharynx (Human respiration, 2011). 
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2.4.1 Nasopharyngeal Epithelial Cells 

The cells of the nasopharynx constitute of ciliated epithelial cells and squamous epithelial 

cells which are covered by vast amounts of tiny microvilli which aids in increasing the 

cells' surface area of the nasopharynx (Dennis Kunkel, 2007). The microvilli traps the 

unwanted debris and subsequently the ciliated cells which has a hair-like structure called 

the cilia; functions to propel the mucus secreted by the glands in the epithelial lining into 

the pharynx. In addition to that, the cilia move in a coordinated beating movement thus 

removing any foreign debris from the nose area. This action prevents any contaminants 

from entering the lung areas also. 

Figure 6: Structure of nasal epithelial cells (Dennis Kunkel Microscopy Inc, 2007) 
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2.5 Nasopharyngeal Carcinoma 

Nasopharyngeal carcinoma (NPC) is a unique head and neck malignancy that originates 

from the nasopharynx tissue (Huang & Lo, 1999; McCowage & Mascarenhas, 2010; Sim, 

Toh & Tiong, 2008) alongside hearing loss, nasal obstruction and post-natal drip (Regauer, 

2006). As stated by Barnes (1991), the most common NPC occurring are of the squamous 

cell carcinoma where the cancer resides in the cells that lines the inside of the nasal cavity, 

nose, larynx and throat. 

Although considered optional now, the World Health Organization (WHO) has classified 

NPC into 3 categories which are the keratinizing carcinoma (Type I), the differentiated 

non-keratinizing carcinoma (Type IIa) and the undifferentiated non-keratinizing carcinoma 

(Type lIb) (Regauer, 2006). 

2.5.1 Type I: The Keratinizing Carcinoma 

Keratinizing carcinoma or keratinizing squamous cell carcinorpa.(SCC) in full is one of the 
. 

least occurring types ofNPC (Putti & Tan, 2009). Studies done show that this type ofNPC 

shows prominent formation of keratin such as squamous pearl and intercellular bridges 

(putti & Tan, 2009). Keratinizing Carcinoma could be further divided into well-, 

moderately- and poorly- differentiated keratinizing subtypes (Lee, Romanyshyn, Caria & 

Setton, 2011). 
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