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ABSTRACT 

p53 is one of the tumor suppressor gene and can be translated from a single mRNA with a single open reading frame. 
It comprises 393 amino acids residues and includes three main functional domains; an N-terminal transactivation 
domain (TAD), a central DNA binding core domain (DBD) and a C-tenninal oligomerization domain (OLD). 
Mutations in the p53 gene on chromosome 17p appear to be the most common genetic change in cancers. The p53 
gene has been coined the 'guardian of the genome' as it prevents the progression through the cell cycle. allowing 
DNA damaged through normal 'wear and tear' to be repaired which provides evidence for a single 'hit' model for 
the inactivation of normal p53 as an acquired event in predisposition to cancers. The present study was focused on 
the isolation ofp53 cDNA from human prostate total RNA using Reverse Transcriptase Polymerase Chain Reaction 
(RT-PCR) and DNA sequencing strategies. p53 cDNA was isolated from both normal human prostate and prostate 
adenocarcinoma total RNA by using an established set of primers. The desired length of gene were successfully 
cloned into pGEM""-T Vector System and sent to 1 sl Base Laboratories for sequencing. However, the sequences data 
obtained were too ambiguous and did not provide good result for nucleotide comparison. Hence, no mutational 
analysis accomplished for prostate adenocarcinoma. 

Key words: p53; tumor suppressor gene; human prostate total RNA;RT-PCR; cloning; DNA sequences 

ABSTRAK 

oil adalah satu daripada gen penindas tumor yang boleh ditranslasikan daripada satu rantai mRNA melalui satu 
tapak pembukaan. Gen ini mengandungi 393 asid amino dan terdiri daripada 3 bahagian yang berjimgsi iaitu 
balragian pengtransaktifan N-terminal (TAD), bahagian pengikatan teras DNA (DBD) dan bahagian 
pengoligomerasasi C-terminal (OLD). Mutasi yang berlaku dalam gen p53 yang terletak pada kromosom 17p 
merupakan peru bah an genetic yang kerap berlaku dalam penyakit kanser. p53 telah dinobatkan sebagai 'penjaga 
kepada genom' memandangkan ia menghalang kepada perkembangan proses kitaran sel, membaiki proses 
pemusllohan DNA yang berlaku akibat proses normal 'pakai dan buang' dimana ini telah membuktikan model' 
hentaman tunggal' bagi proses penyahaktifan gen p53 dalam meningkatkan kemungkinan untuk menjadi kanser. 
Dalam kajian ini, cDNA bagi gen p53 daripada RNA penuh tisu nonnal dan prostat adenokarsinoma manusia 
berjayo dipencilkan melalui tindakbalas rantai polymerase transcriptase berbalik (RT-PCR) dengan set primer yang 
mantap. Kemudian gen tersebut berjaya diklonkan ke dalam vektor pG£JviE'-T dan seterusnya dihantar ke Makmal 
lSi base bagi tujuan penjujukan. Tetapi, data jujukan ynag diperolehi terlalu bertindih dan tidak jelas yang tidak 
membolehkan perbandingan nukleotida dilakukan. Maka, analisa mutasi bagi prostat adenokarsinoma tidak 
diperolehi. 

Kata kunci.ill gen penindas tumor,RNA penuh prostat manusia, RT-PCR ,jujukan DNA 
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CHAPTER! 


1.0 Introduction 

The prostate is a male sex gland. It produces a thick fluid that fonns part of the semen. 

The prostate gland also secretes mucus and slightly alkaline fluid which is released during 

ejaculation. A nonnal prostate gland is about a size of a walnut. It is located below the 

bladder and in front of the rectum. The prostate surrounds the upper part of the urethra, 

the tube that empties urine from the bladder (Taylor et ai, 1997). 

Most cancers are named for the type of cell or organ from which they begin. Cancer that 

begins in the prostate is called primary prostate adenocarcinoma. According to Anderson 

(1994), adenocarcinoma is anyone of a large group of malignant, epithelial cell tumors of 

the glands. Prostate adenocarcinoma may remain in the prostate gland or it may spread to 

nearby lymph nodes. It may also spread to the bones, bladder, rectum and other organs. 

In Malaysia on the, prostate cancer occurs as sixth most frequent cancer, accounting for 

5.7 per cent of cancer in males (Hew, 2004). Hew (2004) also claimed that the Chinese 

population recorded the highest incidence of prostate cancer compared to the Malays and 

Indians. However, a different scenario is present in Singapore, as Loh (2004) reported that 

prostate cancer ranked sixth in Chinese, fourth in Malay and second in Indian. At present, 

studies on prostate adenocarcinoma are emphasized on the DNA characterization of the 

disease. 

According to Cayouette (1997), most cancers arise from the accumulation of a number of 

different genetic mutations, often in several genes. One such gene is tumor suppressor 



gene, p53. The p53 gene has been coined the 'guardian of the genome' as it prevents the 

progression through the cell cycle, allowing DNA damaged through normal 'wear and 

tear' to be repaired. This provides evidence for a single 'hit' model for the inactivation of 

normal p53 as an acquired event in predisposition to cancers. According to Connor and 

Ferguson-Smith (1997) mutations in the p53 gene on chromosome l7p appear to be the 

most common genetic change in cancers. 

Hence, throughout this study, it is hoped that p53 gene can be isolated from both normal 

and tumor human prostate total RNA. Subsequently, comparison of the genes from both 

samples will hopefully facilitate analysis in determining the characterization of mutation 

procured in p63 gene in local prostate adenocarcinoma cases in future. 

1.1 	 OBJECTIVES 

The aims of this study are to isolate the p53 cDNA from commercially available total 

RNA and to obtain sequence information ofp53 cDNA for mutational analysis in human 

prostate cancer cell line, PC-3. 
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CHAPTER 2 

2.0 	 LITERATURE REVIEW 

2.1 	 Oncogenes. Proto-oncogenes and Tumor Suoressor Gene. 

Oncogene facilitates malignant transformation, whereas tumor suppressor gene block 

tumor development by regulating genes involved in cell growth. The products of tumor 

suppressor gene contribute to malignancy only when both alleles are lost. In other words, 

in contrast to mutations in proto-oncogenes, which are dominant in their action, mutation 

in tumor suppressor genes are recessive (Thompson et al. , 1966). The interaction 

between these genes is shown in Figure I. 

NORMAL CELL 

Regulated by Tumor Suppressor Gene 

//

Proto-Oncogenes ? Cell growth and proliferation 

CANCER 
Regulated by Tumor Suppressor Gene 

//
Oncogenes ? Cell growth and proliferation 

LOSS OR MUfAnON OF ruE '" 
lUMOUR SUPRESSOR GENE ~ 

Malignant Transformation 

/

Proto-oncogene ? Cell growth and proliferation 

Figure 1: Cell growth and proliferation is stimulated by the products of proto-oncogenes and under 
negative control of tumor suppressor gene that prevent overgrowth. Action of oncogene is dominant and 
requires only a single mutation, leading to uncontrolled cell growth. Action of tumor suppressor gene is 
recessive; when both alleles are mutated or lost, cell growth is unregulated and leads to tumor formation. 
(Thompson et ai, 1966) 
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2.2 	 p53 as Tumor Suppressor Gene. 

Name for its size, p53 (53,000 daltons) was first discovered as a cellular nuclear protein 

associated with and stabilized the T antigen protein of SV 40 (Watson et al 1992). He also 

suggested that the main function of p53 is to downregulate the cell cycle reducing the 

mutagenic effects of DNA damage hence preventing carcinogenesis. According to 

Kouvidou et al (1995), p53 is thought to act as a tumor suppressor gene and is located on 

the short arm of chromosome 17. It is involved in the negative regulation of cellular 

growth by controlling entry of the cell into S phase. Although nonnal p53 protein 

function as a regulator of cell proliferation and inhibits transfonnation, point mutations 

can transfonn it into a dominant oncogenes with transfonning activity. 

According to Bertorelle et al (1996), functional alteration of p53 protein can occur 

through several mechanisms; point mutations, deletions and rearrangements. Wild-type 

p53 protein has a very short half-life, whereas mutated p53 is stable and can accumulate 

at high concentration in the nuclei oftumor cells. 

2.3 	 The structure of 053 

Located at chromosome 17(17p13.3), p53 have been reported by Powell et al. (1999) to 

encode a 53-kDa nuclear phosphoprotein. It consists of 393 amino acids that can be 

functionally divided into 3 domains; the NH2 tenninus (amino acids 1-95 controls the 

transactivational activity ofthe protein, the central region (amino acids 102-292) the DNA 

binding domain and the COOH tenninus (amino acids 300-393) of which is responsible 

for oligomerization, non-specific DNA binding, and DNA damage recognition (Strano et 

4 



aI., 2001). A majority of mutations to the p53 gene occur mainly in the central region. 

The 'hot spot' codon ofp53 gene located at codon 249 (Louis, 1970).The structure ofp53 

gene is shown in Figure 2. 

11 19 p53Gene 
10739.--,. 2817 

20303 

Ell I~\I 
1 278 t.:...____..ll 

118 lib III IV V 

Figure 2: Schematic representation of the p53 genomic organization 
(Soussi et aI. , 1996) 
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2.4 Prostate Adenocarcinoma 

Prostate adenocarcinoma is generally known as prostate cancer. It is a significant disease among 

men. Prostate cancer occurs in the prostate gland located at the base of the bladder surrounding 

the first part of the urethra, which carries urine from the bladder (Hew, 2004). The location of the 

prostate is indicated in Figure 3 below: 

Figure 3: The location of the prostate and nearby organ (Anderson, 1994). 

It is believed that after puberty, the levels of testosterone hormone produced, in the testicles 

begins to drop, leaving an increasing amount of female hormones which encourage the 

conversion of testosterone to dihydrotestosterone (DHT), a more potent testosterone. This 

honnone will cause an excessive growth of prostate cells leading to an enlargement of the 

prostate that constricts the urethra and interferes with normal urinary function. It has also been 

suggested that prostate enlargement begin after the age of 35 and by the age of 50, more than 25 

percent ofall men have an enlarged prostate (Yam, 2005). 
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Excess tissue produced by the prostate can be either benign or malignant. Benign tissue is not 

cancer and thus named as benign prostatic hyperplasia. Meanwhile, malignant tissue divide out of 

control and simultaneously invade and destroy adjacent or nearby tissue. This is known as 

prostate adenocarcinoma (Anderson, 1994). This disease is asymptomatic until it is advanced and 

all the reported mutations in dominant oncogenes seem to be associated with disease progression 

rather than early stages of prostate cancer development (Eeles et ai, 1996). Nevertheless, due to 

the enlargement of the prostate, symptoms such as difficulty in urinating, blood in the urine and 

the urge of for more frequent urination may occur. Some patients may also experience bone pain 

if the cancer metastases to the bones (Yam, 2005). These symptoms facilitate the diagnostic of 

prostate cancer. The diagnosis is established by a transrectal ultra-sound guided needle biopsy. 

Upon diagnosis of the disease, CT scans and/or MRI and bone scans is necessary in order to 

detennine the stage of the cancer. Stage 1 confined less than 5 percent cancer cells to the prostate, 

whilst stage 2 confined more than 5 percent cancer cell to the prostate gland. In stage 3, the 

cancer cells is spread to the capsule ofthe prostate and/or seminal vesicles whilst stage 4 indicate 

the metastases to surrounding organs such as the bladder, rectum, pelvic lymph nodes or other 

part of the body, commonly the bone (Hew, 2004). 
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2.5 053 and prostate adenocarcinoma. 

Scientists have studied the correlation between p53 and prostate adenocarcinoma for years. Louis 

(1970), claimed that over 50% ofbladder, breast, colon and lung cancers have been found to have 

pS3 mutations. In the study of wild-type pS3 in human prostate cancer cells, Sasaki et al (2001) 

reported that advanced or androgen-resistance prostate cancer cells contain gene alteration with 

high frequency. Carroll et al (1993), reported that different type ofpS3 mutations occur in one of 

3 prostate cancer cell lines studied. From Zhang et al (1996), immunohistochemically study of 

pS3 and CD44 in prostate tissue revealed the association between prostatic tumor grade and 

increased expression of pS3 and CD44 in 6 and 8 samples of prostatic tissue. These studies 

indicate that there is a relationship between pS3 mutations with prostate adenocarcinoma. As 

reviewed in Bostwick et al (2001), most immunohistochemical studies concluded that mutant pS3 

expression is a late event in localized prostate cancer and is usually present in higher (>7) grade 

cancer. Nuclear accumulation is strongly associated with pS3 mutations (Bostwick et ai, 2001). 

This type of relationship is studied by Yu et al (1997). In their study, they reported that loss of 

the wild-type allele of the pS3 gene results in reduced expression of thrombospondin-l (TSP-l), a 

potent inhibitor of angiogenesis. This has caused the increased angiogenesis in human prostate 

cancer. In another case, Navone et al (1993) tried to determine the role of pS3 mutation in the 

progression of prostate adenocarcinoma. They reported that pS3 mutation is a late event in the 

progression of prostate cancer and is associated with advanced (metastatic) stage. In different 

studies by Byrne et al (1997), pS3 protein accumulation is associated with the aggressiveness of 

the prostate cancer. This also suggests that the pS3 mutation occur at the late stage of prostate 

adenocarcinoma. Another studies conducted by Uddhav et al (2000) revealed that the mutant 

funn f pS3 up-regulates JS-LO-/ / gene in human prostatic tissue and both genes interact 
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CHAPTER 3 


3.0 MATERIALS AND METHODS 

3.1 Samples 

For this project, I was provided with commercially available human normal prostate total RNA 

(catalog number #7988, Ambion) and human prostate adenocarcinoma total RNA from prostate 

cancer cell line, PC-3 (catalog number #7834-1 OOJ.lg). 

3.2 Isolation Methods 

3.2.1 Isolation ofp53 cDNA 


The p53 cDNA was isolated using RT -PCR (ReverseTranscriptase Polymerase Chain Reaction) 


method. M-ML V RT (catalog # M 170 1, Promega, USA) method was used to obtain the first 


strand ofeDNA. 


Each reaction of Reverse Transcriptase produced 20j.lL reaction volume which contains a 

population of cDNA. For first strand cDNA synthesis, the following components were mixed in 

the order below: 

• 1"L SO-2S0ng of Oligo (dT), 

• I"L of commercially available Total RNA and 

• ll.5"L of Nucleus-free water 

Then the mixture was heated to 70°C for 1 0 minutes and quickly chilled on ice. After brief 

centrifugation, the following components were added: 

• 4"L of Sx first strand buffer 

• I"L of2SmM dNTP mix 
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• 0.5f1L RNase inhibitor 

The mixture was gently mixed and incubated at 42°C for 2 minutes. 

Then, If1L of M-MLV (200 units) was added and mixed by gentle pipetting. After that, the 

mixture was incubated at 42°C for 50 minutes and the reaction was inactivated at 70°C for 15 

minutes. This mixture was used in the PCR reaction as template in amplification as indicated 

below: 

i- Denaturation : A 2 minutes initial denaturation step at 94 to 95°C was used. 

Subsequent denaturation step was between 30 seconds and I 

minute. 

ii- Annealing 	 : The annealing conditions was optimized by performing the 

reaction starting approximately 5°C below the calculated melting 

temperature of the primers (55°C) and increasing the temperature 

in increments of 1°C to the annealing temperature. The annealing 

duration was from 30 seconds to 2 minute at 55 to 65°C. 

iii- Extension 	 : The extension reaction was performed at the optimal temperature 

range of 70 to 75°C. This is the ideal working temperature for the 

polymerase. Thirty seconds to I minute time was allowed for every 

I kb of DNA to be amplified. A final extension of 5 minutes was 

employed. 
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For each PCR cycle, these components were used: 

• 10 % of first strand cDNA 

• p53 primers (reverse and forward) 

• dNTP- the nucleotide A, C, G, T (catalog number # U1515) 

• Buffer containing MgCb, KCI, tris-HCI 

• Taq DNA polymerase. (Fermentas, catalog number # EP0404) and Go Taq 

polymerase (catalog number # M300A, Promega, USA) 

For p53 gene, these are the primers that have been designed (Ivyna Bong, personal 

communication) utilized in every PCR reaction: 

Table I Primers that was used in every peR amplification 

Primers Sequence Sequence 5' to 3' 

p53-F 5 'GACACGCTTCCCTGGATT 3' 

p53-R 5'CAAGCAAGGGTTCAAAGAC 3' 

In every PCR amplification, 1 negative control was associated to monitor the validity of the PCR 

reaction. 

3.2.2 Agarose Gel Electrophoresis Analysis ofp53 cDNA 


The agarose gel prepared was 2% concentration. The agarose powder (catalog #9012-36-6, 


Amresco, USA) was then mixed with 1 x T AE buffer and heated in microwave for 1 minute. 


After that, it was poured into the electroporation tank and left to solidify for 30 minutes. 
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In every 5j.lL of samples of PCR product, 1 j.lL of 6x gel loading dye was added and mixed on the 

parafilm prior loading into the well. One kb DNA ladder was loaded around 2 to 3j.lL volume 

adjacent to the samples well as a size marker ofthe expected gene 

3.2.3 Gel Extraction 

peR amplification from the agarose gel was purified using Viogene™ Gel Extraction Kit 

(Viogene, catalog # EG I 00 1). This system is based on the principle of ON A binding to silica

based matrix in chaotropic salt. It has an average recovery of 50 to 80% of 100 to 10 kb DNA 

fragments. Briefly, the gel slice containing the DNA fragments of interest was excised by using 

sterile scalpel blade. Then the gel slice was placed into a sterile 1.5mL centrifuge tube. Then 

O.5mL GEX (Gel Extraction) buffer was added followed by incubation at 60°C for 5 to 10 

minutes until the gel is completely dissolved. This was associated with inversion at every 2 

minutes. Next, the dissolved gel mixture was loaded into Collection tube and centrifuged for 30 

to 60 seconds. The filtrate was discarded. Subsequently, the column was washed with 0.7mL WS 

(Wash) buffer followed by 30 to 60 seconds centrifugation. Then the column was centrifuged at 

full speed for another 3 minutes to remove residual ethanol. Next, the column was transferred to a 

new 1.5mL centrifuge tube for DNA elution by the addition of 30 to 50j.lL Elution Buffer. 

Finally, the tube was let stand for 1 to 2 minutes and centrifuge for 1 to 2 minutes. The DNA 

solution was stored at -20°C until use. 
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3.3 Cloning of PCR product 

3.3.1 Preparation of JMI09 High Efficiency Competent Cells. 

A single colony from LB/Ampicillin/IPTGIX-gal agar plate that contains single colonies of 

JM109 E.coli was inoculated using autoclaved tips. The tip was added into bijou bottle 

containing 5mL of LB media. Then, the culture was incubated in shaker incubator for overnight 

at 37 °e.The bacterial culture was kept at 4°C for use in next experiment. Five millimeters of the 

cultures were added to an Erlenmeyer flask containing 50 mL of pre-warmed Luria broth (LB) 

media without any antibiotics and allowed to grow at 37°C (shaking at 250 rpm) until the OD600 

reached approximately 0.45-0.5. The cells were allowed to coolon ice for 10 to 20 minutes. The 

cells were then centrifuged at 3500 rpm at 4°C for 5 minutes in cooled McCartney bottles or 

polypropylene centrifuge tubes. The supernatant were discarded and the cells were washed gently 

by resuspending them in 25 mL iced-cooled 100mM CaCho The cells were kept on ice for 10 

minutes and then centrifuged again as above. After centrifugation, the supernatant was decanted 

and the cell pellet was resuspended in 2.5mL cold, sterile 100mM calcium chloride (CaCh). After 

that, the cell pellet was incubated on ice for 1 hour. For storage, 20% (v/v) pure glycerol was 

added to the cell suspension. Then, 200~L of the mixture were transferred into Eppendorf tubes 

and snapped-frozen in liquid nitrogen before being stored at -80°C. 

3.3.2 Ligation Using 2X Rapid Ligation Buffer 

PeR product amplification was cloned by using pGEM~) T Vector System (Promega, USA). 

Ligation reaction was set up in a 1.5mL sterile centrifuge tube with 2.5~L of 2X Rapid Ligation 

Buffer (T4 DNA Ligase), O.5~L pGEM® -T Vector (50ng), 2.0 ~L PCR product and 0.5~L T4 
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DNA Ligase. The mixture was mixed by pipetting followed by incubation for 1 hour at room 

temperature and ready to be transformed into competent cells. 

3.3.3 	 Transformation of JMI09 High Efficiency Competent Cells. 

LB/ampicillin/IPTGIX-gal plates were prepared (Appendix I). The ligation reactions were 

centrifuged briefly. Then, the JM I 09 High Efficiency Competent Cells were placed in an ice bath 

to thaw for 5 minutes. The cells were then mixed by gentle flicking of the tube. Next, 50)lL of 

cells were transferred into the ligation reaction tube. The tubes were gently vortexed and 

incubated for 20 minutes. After that, the cells were heat-shocked for 45-50 seconds in a water 

bath at exactly 42°C. Then the tube was immediately returned to ice for 2 minutes. After that, 

950llL of SOC medium to the ligation reaction transformation followed by incubation for 1.5 

hours at 37°C with shaking (-150rpm). Subsequently, 100)lL of each transformation was cultured 

onto duplicate LB/Aropicillin/IPTGIX-gal plates and incubated for overnight at 37°C. 

Screening Transformants for Inserts. 

Successful cloning of an insert in pGEM®-T vectors interrupts the coding sequence of B

galactosidase (Appendix 2). Recombinant clones can usually be identified by color screening on 

indicator plates. Clones that contain PCR products produce white colonies. The white colonies 

are then subcultured into a new universal bottle . 

Mini-Prep Isolation of Double Stranded Plasmid DNA from Bacterial Culture 

terial cells from 2mL overnight culture were harvested by transferring the culture into a 

microcentrifuge tube and the culture was centrifuged at 800rpm for 2 minutes at room 
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