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ABSTRACT 

Cancer progresses by the accumulation of genetic alterations that consequently leads to gene 
expression pattern changes. Colorectal carcinoma (CRC) is one of the most common cancer 
that is being studied as it offers an excellent opportunity to study molecular events. There is 
growing evidence that ribosomal protein (RP) may have extraribosomal functions despite 
their essential role in protein biosynthesis. To date, numerous research have reported that 
this group of genes are also associated with various human disorders and malignancies. 
Previous studies have revealed that ribosomal protein gene L14 (RPL14) are underexpressed 
in lung, oral and oesophagus carcinoma. However, there is no published data concerning the 
relationship between RPL14 and human colorectal carcinoma. Therefore, our study aimed 
to evaluate the gene expression patterns of RPL14 in CRC. We examined the expression 
level of RPL14 in colorectal carcinoma cell lines, namely HCTl16 and SW480 via reverse 
transcription-PCR approach. Student's t-test were used to determine the statistical 
significance of the results obtained. Our findings revealed that there is a significant 
expression level ofRPL14 in HCTl16 cell line relative to SW480 cell line atp<O.OS. 

Keywords: Colorectal carcinoma, RPL14, gene expression, RT-PCR. 

ABSTRAK 

Kanser sering kali dikaitkan dengan pengumpulan perubahan genetik yang seterusnya 
membawa kepada corak perubahan gen. Kanser kolorektal adalah salah satu kanser yang 
lazim dikaji kerana kanser ini menawarkan satu peluang yang baik untuk mengkaji peristiwa 
molekul. Terdapat bukti yang menunjukkan bahawa protein ribosom mungkin mempunyai 
fungsi extraribosomal walaupun peranan utamanya adalah dalam biosintesis protein. 
Setakat ini, banyak kajian telah melaporkan bahawa kumpulan gen ini juga telah dikaitkan 
dengan pelbagai masalah kesihatan dan kanser. Kajian sebelum ini telah mendedahkan 
bahawa protein ribosom L14 gen (RPL14) didapati menunjukkan pengekspresan yang 
kurang dalam kanser paru-paru, mulut dan kerongkong, namun terdapat kekurangan 
pencirian di antara perhubungan RPL14 dan kanser kolorektal. Oleh itu, kajian kami 
bertzguan untuk menilai corak RPL14 dalam kanser kolorektal. Pengekspresan RPL14 gen 
cialam HCT1l6 dan SW480 telai dikaji melalui pendekatan RT-PCR. Ujian-t telah 
digunakan untuk menentukan kepentingan statistik keputusan yang diperolehi. Penemuan 
kami menunjukkan bahawa terdapat perbezaan signifikan pengekspresan RPL14 dalam 
HCTl16 berbanding dengan SW480 pada p <0.05. 

Kata kunci: Kanser kolorektal, RPL14, pengekspresan gen, RT-PCR. 
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1.0 INTRODUCTION 


Cancer is the result of an accumulation of genetic alterations which leads to the progressive 

changes in the gene expression pattern through a series of histopathological stages (Garnis 

et al., 2004). Previous study by Augenlicht et al. (1999) proposed that colorectal carcinoma 

(CRC) is one of the most common fatal cancer which offers an excellent opportunity to study 

molecular events such as cell differentiation, cell growth, and carcinogenesis. In addition, 

Vogelstein et al. (1988) and Jass (2006) reported that the development and evolution ofCRC 

involve a complex process of multiple genetic changes. 

Ribosomal proteins (RP) genes encode proteins that form the integral part of 

ribosomes and conventionally these RPs are thought to be involved primarily in protein 

biosynthesis. However, recent studies have reported that many RPs are also associated with 

various roles that are independent of protein biosynthesis, called extraribosomal functions. 

These functions include DNA replication, cell growth and proliferation, regulation of 

apoptosis and development, and cellular transformation (Lai & Xu, 2007). Interestingly, RP 

genes also has been reported to be possible cancer causing genes in several studies that 

employed zebrafish as a model system (Uechi et al., 2006 & Chakraborty et al., 2009). 

Previous studies have found that RP genes also act as targets of tumour suppressors, 

candidates of proto-oncogenes (Ruggero & Pandolfi, 2003) and direct mediators of tumour 

progression (Holland, 2004). Upregulation of transcripts for several RPs had been observed 

in several malignancies, which includes carcinomas of the colorectal, prostate, and 

esophagus (Pogue-Geile et ai., 1991). In this study, RPL14 is chosen because unlike other 

RPs that interact primarily with RNA only, it was also found to have significant interactions 

with other protein, namely, PHLOAl (Ban et ai., 2000). Recent study by Nagai (2016), has 

revealed that there is association of PH LOA 1 with cancer. 
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One of the best ways to diagnose cancer at the beginning stage is through the 

evolution of a suitable biomarker such as ribosomal proteins. Previous studies done by 

Shriver et al. (1998) and Huang et al. (2006) reported that RPLJ4 are underexpressed in 

lung oral and oesophagus carcinoma, however there is lack of characterization of the 

relationship between RPLJ4 and human colorectal carcinoma. Therefore, further studies on 

the analysis of RPLJ4 gene expression are essential for both diagnosis and cancer therapy. 

In this project, we aimed to evaluate the gene expression patterns of RPLJ4 in CRC 

by using two tumour cell lines, namely HCT116 (metastatic cell line) and SW480 

(nonmetastatic cell line). We hypothesized that there is a significant differential expression 

ofRPLJ4 in HCT116 relative to SW480. Therefore, based on the research background, the 

objectives of this study are: 

1. 	 To detect the expression of RPLJ4 in tumour cell lines, namely HCT116 and 

SW480. 

2. 	 To compare the differential expression level of RPLJ4 between HCT116 and 

SW480. 
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2.0 LITERATURE REVIEW 


2.1 RIBOSOMAL PROTEINS (RP) GENES 

2.1.1 The Human Ribosomes 

The ribosome is an essential organelle that catalyse protein synthesis in the cytoplasm of 

living cells and it composed of two different subunits, each containing ribosomal RNA 

(rRNA) and RPs (Kasai et at., 2003). The ribosomes are usually found bound to the 

endoplasmic reticulum and nuclear envelope, or sometimes freely scattered in the cytoplasm. 

According to Wool (1996), in mammalian cells, the ribosomes consists of two subunits, 

namely 40S and 60S, which are made up of four rRNAS and about SO RPs. The four rRNA 

species associated with eukaryotic cells (including human) are 2SS, ISS, 5.SS and 5S. All 

these rRNAS reside in the larger subunit except for ISS which is found in the smaller 

ribosomal subunit (Wool, 1996). Previous study by Wilson and Nierhaus (2006) revealed 

the definite functions of numerous individual RPs and thus concluded that both proteins and 

RNA are vital for the optimal functioning of the ribosome. Moreover, RPs integrate either 

by directly or bind to each other with rRNAs or accessory factor, which is known as proteins 

associated with ribosome (PAR) to regulate its synthesis and recycling, such as initiation 

factors (lFs) and elongation factors (EFs) (Lai & Xu, 2007). 

Ribosomal proteins are encoded by single ribosomal protein genes that are widely 

scattered throughout the human genome. RPs that are made up parts of the sma1l40S subunit 

are labelled with S (eg. RPS15, RPS26) whereas those that made up parts of the 60S subunit 

are labelled as L (eg. RPL14, RPL26). According to study conducted by Perry (2005), most 

RP genes have common promoters and it is possible that they share a unified control 

mechanism for gene expression. 
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2.1.2 Extraribosomal Functions of RPs 

Apart from functioning in protein synthesis, many of the RPs are shown to be involved in 

other cellular functions that are independent ofthe ribosome, called extraribosomal functions 

(Wool, 1996). Several RPs that have been associated with extraribosomal functions are also 

involved in the regulation of development of malignant transformation mostly through the 

interaction with tumour protein p53 (Shenoy et al., 2012). 

Besides, Warner and McIntosh (2009) further mentioned that an interruptions in the 

protein biosynthesis of RPs would prompt to the deregulation of the growth of the cells and 

consequently results to an altered cell cycle. In addition, previous finding done by Bevort 

and Leffers (2000) reported that there are differential expression of specific ribosomal 

protein genes in several pathological conditions. RPs gene mutations or disruptions in their 

expression levels were identified in many inherited genetic diseases, such as Diamond-

Blackfan anaemia syndrome, Tuner syndrome, Noonan syndrome, Camurati-Engelmann 

disease, and Bardet- Biedl syndrome 4 (BBS4) (Yang & Liu, 2005). Moreover, the similar 

results were also observed in many cancer diseases, namely, carcinoma of breast (Henry et 

al., 1993), prostate (Vaarala et al., 1998), oesophagus (Wang et al., 2001), uterine cervix 

(Cheng et ai., 2002), glioblastoma and brain tumours (Lopez et ai., 2002) and liver (Kim et 

al., 2004). Interestingly, study conducted by Shenoy et ai. (2012) reported that there are 

certain RPs that are overexpressed in certain carcinomas such as liver, colon and prostate. 

5 




2.1.3 RPs in Cancer 

RPs genes had been implicated in many different type of cancer (Pogue-Geile et aI., 1991, 

Kasai et al., 2003 & Huang et aI., 2006). Differential expression of RPs genes was also 

frequently reported in various cancers. Overexpression ofRPS3, S6, S8, S12, L5, and PO had 

been observed in colorectal tumours and polyps (Pogue-Geile et al., 1991). Despite that, 

underexpression of RPS26, S27, L27, L37a and L41 has also been reported in NPC as well 

as NPC-derived cell lines (Sim et aI., 2010). Past study by Lai and Xu (2007), had reported 

that even in the same cancer type the expression patterns of RPs vary at different stages and 

thus causing complexities in understanding the actual roles of RP genes in tumourigenesis. 
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2.2 RIBOSOMAL PROTEIN (RP) GENE OF INTEREST 


2.2.1 RPL14 

Ribosomal protein gene L14, also known as RPL14 (Gene ID: 9045), is a component of the 

60S large subunit that localized in the cytoplasm. Specifically, RPL14 belongs to the L14e 

family ofRPs and is responsible in protein synthesis just as the other RPs. Apart from that, 

RPL14 contains a basic leucine zipper domain (bZIP domain) region and a polymorphic 

polyalanine tract which takes part in the transcription regulation. This gene also contains a 

trinucleotide (GCT) repeat tract, in which the length is highly polymorphic and encodes a 

variable-length polyalanine tract. Similarly as the most other RPs, RPL14 exists as a mUltiple 

processed pseudo genes that are dissipated throughout the genome (Santa Cruz 

Biotechnology, 2013). Based on the report published by Huang et at. (2006), the location of 

the human ribosomal protein RPL14 is on the chromosome 3p21.3 as illustrated in 

Figure 2.1. 

Chr 3 

Figure 2. 1. The arrow indicates the location ofRPLl4 gene in chromosome 3 of human, Homo sapiens. 
(Adapted from http://www.genecards.org/cgi-binicarddisp.pl?gene=RPLI4). 
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2.2.2 Association of RPL14 with Diseases 

As reported by Shriver et al. (1998), diseases related to RPL14 are Mucocutaneous 

Leishmaniasis and Congential Myasthenic Syndrome. As stated previously, RPL14 is located 

in chromosome 3p, and previous finding had reported that consistent deletion of this 

chromosome region have been observed in lung cancer, oral cancer, renal carcinoma and 

nasopharyngeal cancer (Huang et al., 2006). According to Liu et al. (2003), numerous type 

ofcarcinoma in this region indicates that they might be one or more tumour suppressor gene 

involved in this chromosome region. Significant loss ofheterozygosity (LOH) has also been 

reported in lung and oral cancers, as well as head and neck cancer (Shriver et al., 1998). On 

the other hand, in squamous cell carcinoma of the esophagus, LOH and decreased expression 

ofRPL14 was also reported although no mutation was found in the remaining allele (Huang 

et al., 2006). 
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2.3 HUMAN COLORECTAL CARCINOMA 

2.3.1 Introduction to CRC 

"Colorectal" refers to the colon and rectum, which together form the large intestine, or is 

also known as the large bowel (Berg, 2002). CRC is a growth either in the colon or rectum 

that usually arises from a polyp. According to American Cancer Society (2014), a polyp is a 

projection or growth of tissue from the inner lining of the colon into the lumen of the colon. 

They also further reported that polyps are benign growths, however there are possibilities 

that cancer may arises in some types of polyps. Apart from that, CRC can be classified into 

five types, which are namely known as adenocarcinomas, carcinoid tumours, gastrointestinal 

stromal tumours (GISTs), lymphomas and sarcomas (American Cancer Society, 2014). 

However, Fleming et at. (2012) reported that more than 90% of colorectal carcinomas are 

adenocarcinomas originating from epithelial cells of the colorectal mucosa. 

Finding by Geggel (2014) claimed that there is no specific cause of CRC, however, 

certain factors, which include genetics, diet and health might increase the risk of developing 

this disease. Previous study by Berster and Goke (2008), reported that diabetes is strongly 

associated as risk factor for colorectal carcinoma. In addition, epidemiological studies have 

proposed that at least 15% ofthis cancer occurred dominantly in inherited patterns (Cannon

Albright et al., 1988). CRC tumourigenesis has been linked to functional loss of p53 and the 

consequent changes in expression ofp53 responsive genes (Baker et al., 1990). 

Globally, colorectal carcinoma represents 9.4% of all incident cancer in men and 

10.1 % in women (Haggar & Boushey, 2009). In the United States, colorectal cancer is the 

third most frequent cancer diagnosis among men and women (lemal et al., 2004). On top of 

that, studies conducted in Malaysia, revealed that CRC is ranked as the third leading cause 

of cancer deaths among the population (Gerard & Yahya, 2003). 
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2.4.1 Molecular Biology of Colorectal Carcinoma (CRC) 

According to Finlay (1993), CRC is a multistep process that includes accumulation of 

several genetic and epigenetic alterations. Besides, it is well characterized that the adenoma 

to carcinoma sequence is due to accumulation of genomic alteration, which is induced by 

genomic instability (Al-Sohaily, 2012). Genomic instability is an event, which will increase 

tendency of the genome to acquire mutations when some of the important processes in 

maintaining and replicating the genome are malfunction. To date, there are three well

reported genomic instability pathways that could lead to colorectal cancer, which are 

chromosomal instability (CIN), microsatellite instability (MIN) as well as CpG Island 

Methylation and CpG Island Methylator Phenotype (CIMP). 
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2.3.3 Gene Expression in Colorectal Carcinoma 

In general, the growth of normal cell depends on a balanced expression of both growth 

promoting and growth-suppressing genes (Birkenkamp-Demtroder et al., 2002). If growth

promoting genes are triggered to a state of hyperfunction, either by mutation or quantity, 

they are denominated as "oncogenes," which exert a positive effect on cell growth whereas 

growth-suppressing genes are termed as "tumour suppressors" (DeVita et al., 20 I 0). 

More than 75% of colorectal carcinomas are due to mutation in the p53 gene (Erhan 

et al., 2(02), while overexpression of the gene is linked with advanced mutant p53 

expression which is found in as many as 70% of colorectal carcinomas malignancies 

(Auvinen et al. 1994). Kinzler and Vogelstein (1996) claimed that p53 genetic aberration 

embroiled in the late stage of colorectal tumourigenesis. 

Particularly, in colorectal carcinoma, the overexpression of RPS3, RPS6, RPSB, 

RPS12, RPL5 (Pogue-Geile et aI., 1991), RPS19 (Kondoh et aI., 1992) and RPL7a (Wang et 

al., 2(00) have been reported. Apart from that, another study denoted that 12 RPs, which 

include, RPSB, RPSll, RPS12, RPSIB, RPS24, RPL7, RPLJ3a, RPLIB, RPL2B, RPL32, 

RPL35a were differentially expressed in CRC in contrast to healthy colonic mucosa (Shenoy 

et al., 2012). 
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2.4 CELL LINES 


2.4.1 Characteristics of Cell Lines 

In a recent study by Louzada et al. (2012) claimed that cancer cell lines have been 

extensively utilized for research purposes as its characterization proved to be a useful tool 

in the genetic approach as well as an excellent model for the study of the biological 

mechanisms involved in cancer. According to Van Staveren et al. (2009), cancer cell line is 

much easier to handle and manipulate compared to the primary tumour. This is an important, 

and in some cases an exclusive characteristics of this model. Besides, in most cases, cancer 

cell lines had been proven to show the same morphologic and molecular characteristics of 

the primary tumour (Hakozaki et aI., 2006). 

Cell lines can be either genetically or epigeneticaUy manipulated usmg 

demethylation agents (Leone et aI., 2003), siRNA (Kawasaki & Taira., 2004), expression 

vectors (Nakatsu et at., 2005) and phannacologically manipulated using cytostatics (Kao et 

at., 2009). One of the most significant advantage of cell line is that, it has an immediate 

accessibility to the scientific community (Gazdar et aI., 2010). Experimental results 

incorporating cell lines have higher reproducibility rate in the correct conditions in contrast 

compared to primary tumour. 
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2.4.2 HCT116 


ATCC (2014) mentioned that this cell line originated from a male adult who suffered from 

colorectal carcinoma. They further mentioned that this cell line is an adherent epithelial cells. 

HCTl16 is a pooriydifferentiated primary colon cancer (Flatmark et al., 2004). Recent study 

by Yeung et al. (2010) deduced that HCTl16 contains mainly cancer stem cells (CSCs) 

because this cell line neither differentiate nor contain subpopulations of cells with greater 

tumour-fonning capacity. 

2.4.3 SW480 

This cell line originated from a 50 years old male who suffered Dukes' type B, colorectal 

adenocarcinoma (ATCC, 2014). Besides that, this cell line have an epithelial-like 

morphology. SW480 is a moderately differentiated adenocarcinoma of descending colon 

(Flatmark et al. , 2004). 
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