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Isolation and Characterization of Ribosomal Protein Gene, RPL37A, from Human 

Nasopharyngeal-derived cell lines 

Kiung Siong Siang 

Faculty of Resources Science and Technology 

Universiti Malaysia Sarawak 


ABSTRACT 


Previous studies have shown that expression of RPL37A gene was downregulated in 
nasopharyngeal carcinoma cell lines and it had been reported that genetic mutation of 
coding sequences in ribosomal protein gene RPSJ9 is the cause of dysregulation of gene 
expression in Diamond-Blackfan Anemia. The objective of this study is to determine 
whether mutation in coding sequences of RPL37A gene is the cause of its differential 
expression in nasopharyngeal carcinoma by isolating, sequencing and analyzing the coding 
sequences of the gene from normal nasopharyngeal epithelial cell lines and nasopharyngeal 
carcinoma cell lines. Results from this study show that there is no difference in the 
nucleotide sequence in the coding region of RPL37A gene from both types of 
nasopharyngeal cell lines and therefore indicates that mutation in the coding region of the 
RPL37A gene is not the cause of its differential expression in nasopharyngeal carcinoma. 

Keywords: Nasopharyngeal carcinoma, Differential gene expression, RPL37A gene, 
Mutational analysis 

ABSTRAK 

Kajian lepas menunjukkan bahawa ekspresi gen RPL37A adalah kurang dikawal dalam 
garisan sel karsinoma nasofarinks (cancer hidung) and dilaporkan juga bahawa mutasi 
genetik pada urutan kod gen protein ribosom adalah disebabkan ketidakkawalan ekspresi 
gen RPSJ9 dalam Diamond-Black/an Anemia. Objektif kajian ini adalah untuk 
mengenalpasti sarna ada mutasi dalam urutan kod gen RPL37A adalah punca kepada 
perbezaan ekspresi dalam karsinoma nasofarinks dengan mengasing, mengurut and 
menganalisis urutan kod pada gen daripada garisan sel epitelium nasoforinks yang norma 
and juga garisan sel karsinoma nasofarinks. Keputusan yang didapati dalam kajian ini 
menunjukan bahawa tiada perbezaan dalam urutan nukeleotida pada kawasan kod gen 
RFL37Ayang didapati daripada kedua-duajenis garisan sel nasofarinks. Oleh itu, mutasi 
pada kawasan kod gen RPL37A bukanlah punca kepada perbezaan ekspresi dalam 
karsinoma nasofarinks. 

Kata-kata kunci: karsinoma nasofarinks, perbezaan gen ekspresi, gen RPL37A, analisis 
mutasi. 
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1.0 INTRODUCTION 

Ribosomes are essential cell organelles functioning as protein biosynthesis machineries in 

cells. A single human ribosome is divided into 2 subunits (60S and 40S) which in tum, are 

made up of a total 4 rRNAs and 80 different types of ribosomal proteins (Lai & Xu, 2007). 

In order for the ribosome to function properly, all rRNAs and ribosomal proteins must 

assemble into the ribosome with precision and proper orientation (Liljas, 2004). 

Ribosomal proteins are encoded by ribosomal protein genes scattered throughout the 

human genome and the amino acid sequences of these ribosomal protein genes are highly 

conserved among mammal species, signifying importance of ribosomal proteins in 

organisms (Lai & Xu, 2007). Ribosomal proteins are also capable of different 

circumstantial, extraribosomal activities individually as evident by studies on numerous 

ribosomal proteins (Naora & Naora, 1999). Some such extraribosomal activities would be 

the regulation of oncogene and tumor suppressor expression. As such, differential gene 

expression of ribosomal protein genes between nonnal and cancer cells may be an 

indication of loss of control of extraribosomal activity of a ribosomal protein or 

disturbance in protein biosynthesis process or both (Lai & Xu, 2007). An example that 

verifies this hypothesis would be the downregulation of three ribosomal protein genes in 

nasopharyngeal carcinoma (NPC) (Sim et at., 2010). 

It has been previously reported that genetic mutation of a ribosomal gene can cause 

deregulation of ribosomal protein gene expression, resulting in disease and a good case 

study is on RPS 19 that is directly involved in codownregulation of mUltiple ribosomal 

protein genes in Diamond-Blackfan Anemia (Gazda et al., 2006). This is further supported 

by the fact that ribosomal protein genes as housekeeping genes should be highly expressed 
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constantly for basic cellular regulation (Eisenberg & Levanon, 2003). However, it IS 

previously found that RPL37A gene which encode for RPL37A ribosomal protein IS 

significantly underexpressed in NPC than in a normal nasopharyngeal epithelial cell with 

the cause of abnormality remains unknown. Therefore it is vital to conduct study on the 

gene at molecular level to gain more insight on the issue. 

The objectives of this research project are:

1. 	 To isolate the coding sequences of RPL37A gene between a normal human nasopharyngeal 

epithelial cell line and various nasopharyngeal carcinoma cell lines using specially 

designed primers. 

2. 	 To perform comparative analysis of the coding sequence of RPL3 7A gene isolated from a 

normal human nasopharyngeal epithelial cell line with RPL37A gene from nasopharyngeal 

carcinoma cell lines. 

3 
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2.0 LITERATURE REVIEW 

2.1 Ribosomal protein gene 

Ribosome is a two subunit (60S and 40S) organelle in all eukaryotic cells that is 

responsible for the synthesizing proteins. A human ribosome is made up of four rRNA 

species, proteins associated with ribosome (PAR) and 80 different ribosoma} proteins. The 

components of ribosome assemble to decode mRNA and dissemble after protein synthesis 

dubbing the process, the ribosome recycling process (Lai & Xu, 2007). Other than protein 

synthesis, ribosomes are essential in maintaining processes of cell growth and apotopsis 

given that the processes involve differential gene expression in addition to ribosome 

biogenesis which is important as a functional translational factory (Naora & Naora, 1999). 

The result of deregulation of cell growth and apotopsis is morphological and functional 

changes of tissues such as in cancer (Ruggero & Pandolfi, 2003). 

Ribosomal protein genes encode for ribosomal proteins which are generally accepted as 

needed in stabilizing specific rRNA structures in a mature ribosomal subunit as well as 

enhancing correct folding of rRNAs during ribosomal assembly (Lai & Xu, 2007). It can 

thereby be predicted that any genetic defects in the ribosomal protein genes could cause 

abnormalities in the ribosomal proteins prompting the translational instrument to fail and 

leading to early embryonic death (Naora & Naora, 1999). However, ribosomal protein 

genes are always found to be differentially expressed in genetic diseases such as Diamond

B1ackfan anemia (Gazda et at., 2006) and cancers such as nasopharyngeal cancer (Sim et 

at., 2010). As an example, Diamond-Blackfan anemia characterized by elevated cancer 

susceptibility risk has mutations in ribosomal protein gene that-encode for RPS19 pr-otein. 
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Thus, it shows that defects in ribosome structure caused by mutation effect of ribosomal 

protein gene might have contributed to neoplastic transformation and genesis of cancer 

(Ruggero & Pandolfi, 2003). 

However, while ribosomal protein perturbation is an important or consequence process of 

tumorigenesis, they may not the direct cause since disturbances in genes upstream of 

ribosomal protein genes can also cause the deregulation of ribosomal protein genes, 

resulting in abnormal numbers and dysfunctional ribosomes. Although it is undeniable 

that uncontrolled high cell proliferation rate is a featuxe of tumor cells, independent and 

non-coordinate changes in expression of an individual ribosomal gene can occur at various 

conditions that does not have direct association with protein biosynthesis rate and thus, 

high proliferation rate of tumor cells (Lai & Xu, 2007). Besides that, previous studies have 

shown that certain ribosomal protein genes which are the RPL27, RPL37A and RPL41 are 

significantly underexpressed in three NPC cell lines compared to a normal nasopharyngeal 

epithelial (NPE) cell line (Sim et at., 2010). However, how these ribosomal proteins affects 

NPC tumorigenesis remains largely unknown. 

2.1.1 Ribosomal proteins 

Ribosomal proteins come into the protein biosynthesis regulation as an integral part of the 

basal cellular machinery but increasing evidences have shown that certain individual 

ribosomal protein can act directly as modulators and effector in the change of ceH state 

(Naora & Naora, 1999). 

5 

-' 



I ., , 

Besides being structural components of ribosomes, studies on ribosomal proteins have 

supported that they are capable of extraribosomal functions under certain circumstances 

(Naora & Naora, 1999). Extraribosomal functions of ribosomal proteins allow them to 

directly take part in cell regulation due to three reasons. The first reason being some 

extraribosomal activities of ribosomal proteins to regulate oncogene and tumor supressors 

expression, second being extraribosomal ability of some ribosomal proteins to combine 

factors that cause cancer or suppress carcinogenesis and finally, the reason being that some 

ribosomal proteins' extraribosomal roles as regulator of DNA repair and cell apotopsis (Lai 

& Xu, 2007). 

2.2 RPL37A gene 

RPL3 7A gene is the gene that encodes for one of the many structural proteins found in the 

large 60S subunit of the ribosome. The core function of a ribosomal large subunit is to 

transfer peptidyl (Liljas, 2004). The gene belongs to the RPL37Ae gene family. 

Additionally, the gene is highly conserved among vast species of organisms including 

humans, rats, chickens and Dictypstelium (Gaines et aI., 1999). 

Human RPL3 7A gene is found on the loci 2q35 on the 2nd chromosome (Hillier et al., 2005) 

and was first isolated and sequenced in 1992 from a nasal polyp source (Hoof et al., 1992). 

The full cDNA length of RPL37A gene obtained by reading from a SHSY5Y 

neuroblastoma library is 366 nucleotides (which include the polyA tail) (Saha et al., 1993) 

whereas the gene itself is 2624 base pair long (Hillier et al., 2005). The complete sequence 

of the RPL3 7A gene in its different regions has a1so been sequenced and annotated (Refer 

to Appendix A). 
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Characterization of RPL37A usmg 30 types of tissues (not including nasopharyngeal 

epithelial cells) on the basis of expression profile, promoter structure, encoded amino acid 

compositions and codon composition has categorized RPL37A as a specific ribosomal gene. 

Despite it has relatively high expression level, lack TAT A box and has synonymous codon 

frequency cluster with high rates of G or C in the third-codon position and high content of 

AAG, CAG, ATC, GAG, CAC and CTG as majority of ribosomal genes, its amino acid 

composition does not indicate high lysine and arginine content as majority of ribosomal 

genes do. Moreover, it has a distinct absence of a GC box on its promoter sequence and 

having only one type of transcription factor sites for nuclear respiratory factor 2 (NRF-2) 

(Ishii et al., 2006). 

Not only that, RPL37A gene is a housekeeping gene (which regulates basic cellular 

function) that has been consistently used as optimal reference gene for normalization of 

gene expression in tumour studies such as in meningiomas and glioblastomas (Pfister et aI., 

2011; Serao et al., 2011). Being a housekeeping gene, it is shown that RPL37A gene shows 

constant high expression and can be found in all human tissues. It has also been found that 

on average, all parts of a housekeeping gene including the introns, untranslated region and 

the coding region are significantly shorter than other type of genes. This shows that the 

compactness of RPL3 7A gene that is consistence with the high expression in somatic cells 

(Eisenberg & Levanon, 2003). Moreover, RPL37A gene is significantly expressed in 

skeletal muscle than in other tissues (Liljas, 2004). 

It is predicted that the length of the structural protein encoded by RPL37A gene is 92 

amino acids long with the zinc fingers locating in between the central region of the gene 

(Saba et al., 1993). Not only that, the structural protein is fllbredoxin-like and is .able to 

bind to zinc ions, magnesium and monovalent metals despite having putative zinc fingers 
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(Liljas, 2004). Zinc fingers have been proven to play a key role in aiding interactions 

between proteins and a variety of macromolecules (Berg, 1990). The putative zinc finger in 

RPL37A protein is capable of binding to DNA and is speculated to playa role in the 

regulation of tumor suppressor, oncogenes or cell-cycle genes (Saha et al., 1993; Sim et al., 

2010). 

Although RPL37A gene has been shown to be underexpressed in nasopharyngeal epithelial 

carcinoma, this observation contradicts with another study on head and neck squamous cell 

carcinoma where RPL37A gene was shown to express 7.8 folds more than a normal 

squamous cell (Han et al., 2009). Therefore, research must be made in order to gain more 

in-depth insight of the RP L3 7A gene. 

2.3 Nasopharynx 

Nasopharynx is a cuboidal structured cavity lined by stratified mucociliary columnar 

epithelium (Figure 2). Bony structures (basi occiput, basisphenoid and first two cervical 

vertebrae) make up the superior and posterior borders of the nasopharynx. The upper 

surface of the soft palate forms the inferior boundary whereas the posterior choanae, the 

anterior boundary. The lateral walls comprise of the Eustachian tube openings at the back 

which is called the lateral pharyngeal recess (fossa Rosemuller), a site that nasopharyngeal 

squamous epithelial cells can be derived from (Figure 1). 
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Trachea 
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Figure 1: Anatomy ofnasophaynx (taken and modified from Terfera & Jeqtviq, n.d.) 

2.3.1 Nasopharyngeal Carcinoma (NPC) 

Nasopharyngeal Carcinoma (NPC) also known more commonly as nasopharyngeal cancer 

is an illness in which cancerous cells are formed in the upper part of pharynx which is a 5 

inches long, empty tube that stretches from the area behind the nose until the top of the 

trachea and esophagus. Thus, it is classified as a type of head and neck cancer. The 

malignancy of NPC usually begins in the squamous epithelial cells of the nasopharynx 

(National Cancer Institute, 2011). The relapse rate after recovery from treatment is as high 

as 82%, leaving prognosis of the disease poorly developed (Yamashita et at., 1985). 

Nasopharyngeal carcinoma is usually graded into 3 types which is Type I, II and III. Type I 

squamous cell carcinomas are characterized by well differentiated and keratinization. Type 

II squamous cell carcinomas are characterized by moderately differentiated cells but no 
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keratin production observed. Type III has poorly differentiated cells which no 

keratinization (Pindborg et al., 1997). 

It has been proven in many research studies that the etiological factors of NPC are 

environment and genetic factors. The environmental factors that elevate the risk of NPC 

are infection by Epstein - Barr virus (EBV), long term cigarette smoking, occupational 

formaldehyde exposure and dietary habit of a population (Chang & Adami, 2006). 

Genetically, numerous research studies on genetic linkage and association have shown that 

the elevated risk in certain popUlations is linked with susceptibility genes in a gene locus of 

human leukocyte antigen profile as well as within several chromosomes. (Zhou et al., 

2007). 

2.4 Cell lines 

Cell lines are cell cultures that are selected for their uniform homogeneity usually from a 

homogenous source and established cell lines have been frequently used in numerous 

laboratory researches especially as in-vitro models in human genetic research (Burdall et 

al. 2003) 

Cell lines are advantageous in the fact that they are easy to manipulate and are 

replenishable. Moreover, they are shown to have high degree of homogeneity to the 

original explant relative to other sources. Additionally, in the case of contamination, they 

are easily replaceable with frozen stocks. However, in order to produce reliable and 

reproducible data from cell lines, their limitations must also be taken into consideration 

(Burdall et al., 2003). 

10 




One of the limitations of cell lines is that cell lines are prone to contaminations by viruses, 

mycoplasmas, bacteria, fungi and more importantly, cross contamination by other ceU lines. 

Another limitation of cell lines that is deemed to be more serious is that cell lines are prone 

to genotypic and phenotypic drift during continual subculture (Burdall et at., 2003). The 

risk of genetic drift increases as the number of times the cells have been subcultured 

increases also known as the passage number (Wenger et at., 2004). Therefore it is desirable 

if the passage number of cell line used for the research is minimized as good concordance 

are shown between the newly established cell lines and the original tissue from which the 

cell lines are derived from (Burdall et aI., 2003). 

Despite the setbacks of using cell lines in genetic research studies mentioned above, it is 

still generally considered to be good in-vitro model for its advantages outweigh the 

disadvantages in several other aspects. However, it is essential that these limitations are 

recognized and taken into consideration when designing experiments and interpreting the 

results for studies on ribosomal protein genes in nasopharyngeal tissue (Burdall et al., 

2003). 

11 
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3.0 MATERIALS AND METHODOLOGY 

3.1 CeO line samples 

The cell lines used in the study were obtained from different institutions (Table 1). 

Designated Name Type of Cell Line Obtained from 

HONE1 Human Nasopharyngeal Carcinoma University of Malaya 

Table I: Cell line samples used in the study that were obtained from different institutions. 

3.2 Total RNA isolation 

The isolation was performed using the Trizol RNA Isolation Protocol on nasopharyngeal 

cell lines, HONEI Passage 22, HKI Passage 19 and NPC Passage 72 separately. The cell 

lines were grown in monolayer. The procedure was carried out in RNase free environment 

with RNase-free instruments and solutions. 

The media in which the cells were grown in monolayer were discarded and I ml of PBS 

solution was added. The cell monolayer was rinsed with PBS and discarded. Next, the cells 
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were lysed directly in the culture dish by adding 1ml of TRIZOL Reagent per 3.5cm 

diameter dish. After that, the cells were scrapped with a cell scrapper thoroughly and the 

cell lysate was passed through a pipette and vortexed. Then, sample was incubated in the 

TRIZOL Reagent for 5 minutes at room temperature in the culture dish. Subsequently, cell 

sample was transferred to a centrifuge tube. 

Next, 0.2ml of chlorofonn was added into the tube per 1ml of TRIZOL Reagent added. 

The sample was then mixed and vortexed vigorously for 15 seconds and later incubated for 

5 minutes at room temperature. After the incubation, the sample was centrifuged at 

IO,OOOrpm for 10 minutes at 4°C. The upper aqueous phase that emerged after 

centrifugation was transferred to a new centrifuge tube. 

Next, 0.5ml of isopropyl alcohol was added per I ml of TRIZOL Reagent added. The tube 

was then vortexed vigorously to mix the contents thoroughly for 15 seconds and incubated 

at 10 minutes at room temperature. After that, the tube was centrifuged at 10,000rpm for 

to minutes at 4°C. 

Then, 1ml of70% ethanol was added into the tube per 1ml ofTRIZOL Reagent added. The 

sample was mixed by vortexing for 15 seconds and subsequently centrifuged at 10,OOOrpm 

for 5 minutes at 4°C. Next, all the leftover ethanol were removed and the RNA pellet was 

air-dried for 5 minutes. The RNA pellet was not completely dried. Finally, 30111 of 

Nuclease free water was added into the tube to dissolve the RNA pellet and the tube was 

sealed with parafilm and stored at -80°C. 

13 
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3.2.1 Agarose Gel Electrophoresis 

The RNA isolated was analyzed by running 1.5x Agarose Gel Electrophoresis (AGE). The 

gel was prepared by mixing O.6g of gel powder and 40ml of Ix TAE Buffer. The gel 

mixture was heated in a microwave oven for I minute 10 seconds and subsequently cooled 

for 5 minutes. The gel mixture was then poured onto the gel electrophoresis tank with 

combs inserted beforehand and the gel mixture was allowed to solidify. Next, the solidified 

gel was submerged in Ix TAE Buffer. 

The RNA or peR product samples were loaded into the well of the gel using a pipette. 2!l1 

of RNA samples were required to mix with I ~l of gel loading dye before loading the 

samples into the well. On the other hand, for peR products, the samples can be load 

directly due to the presence of green dye in the peR buffer used and at least 5JlI of the 

samples were required. Both types of samples were loaded alongside with 2JlI of DNA 

ladder mixed with I ~l ofgel loading dye. 

Next, electricity was run through the gel for 25 minutes at lOOY. After that, the gel was 

post-stained with ethidium bromide by submerging the gel in an enclosed box with 

ethidium bromide mixed with distilled water. The gel was then visualized in a UV 

transilluminator and an image was taken. 

3.2.2 RNA quantification 

First of all, 2J.ll of RNA was diluted with 68~1 of nuclease free water to make a ratio of 

I:35. Nuclease free water was used as a standard for absorbance for spectrophotometric 

14 



• I , , 

reading. The prepared RNA sample was then read with the spectrophotometer and the 

readings were recorded. 

3.3 Reverse Transcription 

Moloney Murine Leukemia Virus Reverse Transcriptase (M-MLV RT) (Promega 

Corporation, USA) was used for reverse transcription ofmRNA into eDNA. Firstly, I J.lg of 

isolated RNA was transferred into a sterile RNase-free microcentrifuge tube and 0.5J.lg of 

random primers were added per microgram of RNA sample along with amount of water 

that gives the mixture a fmal volume of 25J.l1. Next, the tube was heated to 70°C for 5 

minutes. The tube was then cooled immediately for I minute and spun briefly to collect the 

solution at the bottom of the tube. In the following sequence, M-ML V 5X Reaction buffer, 

5J.lI; dNTP 25mM, 1.25J.lI; Recombinant RNasin® Ribonuclease Inhibitor, 25 units and M

MLVRT, 200 units were added next. Subsequently, the mixture was mixed by flicking the 

tube and incubated for I hour at 37°C. Later, the tube was incubated at 70°C for 15 minutes 

and stored at -20°C until further use. 

3.4 Primer Design 

The primers used in the experiment for RPL37A were designed using Primer 3.0 software 

(http://frodo.wi.mit.edu/; Rozen and Skaletsky, 2000). The mRNA sequence of RPL37A 

gene in Homo sapiens was retrieved from NCB I database and was copied in FAST A 

fonnat. After that, the sequence was pasted into the input field. The target region (in this 

case, the coding region of the gene) that the primers should include was flanked with 

brackets and the software was run. 
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Moreover, the primers were checked for potential hairpin formation and this was done 

using OligoCalc (http://www .basic.northwestem.edulbiotools/o1igocalc.html; Kibbe, 2007). 

The primers sequences were entered individually into the input field and calculated. 

Additionally, the sequences were checked for whether they will anneal to any other 

sequences in the human mRNA by using blastn (http://blast.ncbi.nlm.nih.gov 

IBlast.cgi?PROGRAM=blastn&BLAST _PROGRAMS=megaBlast&PAGE _ TYPE=BlastS 

earch&SHOW _DEFAULTS=on&LINK_LOC=blasthome; Altschul et al., 1990). The 

setting of the search was limited to searching in human genomic and transcripts using 

Megablast for highly similar sequences. 

3.4.1 Polymerase Chain Reaction (PCR) Amplification 

The eDNA obtained from nasopharyngeal cell lines, and the forward and reverse primers 

designed specifically for RPL37A gene were used in the PCR procedure. The PCR 

Mastermix was prepared by mixing 5f.l1 of 5X Green Go Taq® Flexi Buffer, I III of MgClz 

solution at 25mM-1
, 0.5f.ll of dNTP, 0.125f.ll of GoTaq® DNA Polymerase (5u1f.ll), If.ll of 

eDNA template, forward primer and reverse primer respectively. Nuclease free water was 

then added to bring the final volume of the mixture to 25f.l1. The PCR parameters were set 

for 95°C for 2 minutes (initial denaturation), then 25 ~35 cycles of 95°C for 30 seconds 

(denaturation), 55 ~ 65°C for 30 seconds (annealing) and noc for 40 seconds (extension); 

and lastly, final extension step of noc for 5 minutes. All of the PCR products were then 

co-separated with GeneRuler™ lkb DNA ladder (Fermentas, USA) as marker by using l.5% 

AGE system. Gel images were analysed using 'spot denso' feature of gel image analysis 

computer software. (AlphaEase FC Standalone Software, Alpha Innotech). 

16 


http:0.125f.ll
http:http://blast.ncbi.nlm.nih.gov
http://www



