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Abstract: Cellular p53 levels are of paramount importance as p53 plays an important role in suppressing the malignancies. WI-38 when exposed to thermal stress exhibited increased accumulation of the p53 mRNA. HeLa cells, failed to show any such response after the similar treatment.
Introduction: p53 is often described as ‘guardian of the genome’ owing to the fact that it has a pivotal role of responding to cellular stresses like DNA damage and hypoxia, to maintain the integrity of the genome. It is one of the major tumor suppressor gene identified to date and about 50% of human neoplastic transformations have p53 gene mutations. The p53 gene has been mapped to chromosome 17, at position 17p13.1. Human p53 protein is composed of 393 amino acid and has 4 main functional domains: an amino terminal acidic transactivation domain, a sequence specific DNA binding domain, a tetramerization domain near the carboxy terminal end and a C terminal domain that interacts directly with single stranded DNA. p53 is a multifunctional protein, which has a definite role in DNA damage response, signal transduction resulting in induction of apoptosis, negative regulation of cell cycle, inhibition of angiogenesis, and maintaining genome stability. The p53 mediated growth inhibition prevents the proliferation of cells with damaged DNA or a potential for tumorigenesis. In wild type cells p53 protein is labile and is kept at a low concentration primarily by HDM2 protein. Hdm2 inhibits the transcriptional activity of p53 and promotes its degradation by proteosome (5). The status of p53 is drastically altered and activated when the cells are exposed to thermal stress, radiation induced stress, DNA damage, hypoxia and nucleotide depletion .The activation of p53 leads to cell cycle arrest, senescence or apoptosis. p53 can induce the extrinsic apoptotic pathway by activating Fas, DR5 and PERP and it can induce the intrinsic apoptotic pathway dominated by the Bcl-2 family of proteins. In the intrinsic pathway, the Bax gene contains a p53 responsive element, and it can be activated by p53 (9). The Bax gene encodes a preapoptotic protein of Bcl-2 group. In response to stress activation, BAX forms a homodimer and releases cytochrome c from mitochondria, which results in caspase-9 activation at the initiation of the apoptotic cascade (9). In p53 mutated cancerous cell the p53-mediated cell cycle arrest and apoptotic pathways are disabled. Stimulation of those nonfunctional pathways as well as activation of p53 can be a potential molecular genetic approach to treat malignancies in future.

Materials and methods: 

Cell Culture:

HeLa and WI-38 cells were cultured in MEM with 10%FCS, 10U/ml penicillin and 10g/ml streptomycin. Cells were incubated at 37C, 41C for 6 hours and 41C for 12 hours with 5%CO2  and humidity.

RNA Extraction:

Total RNA was isolated from both HeLa and WI-38 cell lines using RNAqueous Phenol-Free Total RNA isolation kit (Ambion, Austin, TX) according to manufacturer’s protocol. The RNA concentration was spectrophotometrically determined and the concentration was brought to 20ng/ul .The RNA samples were stored at -80C.
Primers for p53 and actin:

The primers, specific for p53, were synthesized by using an oligosynthesizer .The p53 reverse primer was designed in such way so that it recognizes two consecutive exons. So, the amplified product was expected to be only cDNA not the genomic DNA. The sequence of the p53 forward primer was 5’CTTTGAGGTGCGTGTTTGTGC 3’ (matched to nucleotides of 1058 to 1078 of exon 7 of NCBI accession number NM_000546) the sequence of the p53 reverse primer was 5’TTTGGACTTCAGGTGGCTG 3’ (matched to nucleotides of 1349 to 1367 bases of exon 9 and 10 NCBI accession number NM_000546). The length of intron 7,8 and 9 were 3.4 kb, 38.8 kb and 8.4 kb respectively. Primers specific for actin were used to determine the equivalent amount of RNA is introduced in the RT-PCR reactions. The sequence for the actin forward primer was 5’CTGACTGACTACCTCATGAAG 3’ (nucleotides 620-640 of the NCBI accession number BC001301) and the reverse primer was 5’GAGGAGCAATGATCTTGATCT 3’ (nucleotides 1064-1044 of the NCBI accession number BC001301). The p53 primers generated an expected product of 308 base pairs and the beta actin primers generated a piece of 444 base pairs. All the primers were diluted to 10pmol/ul concentration for the RT-PCR reactions.

RT-PCR:

RT-PCR was performed on the RNAs prepared from differentially heat-treated WI-38 and HeLa cell lines using the Qiagen One Step RT RT-PCR kit. Each PCR tube contains 3lX RT PCR Buffer, 0.6ldNTPseither 0.75 l (10pmoles/ul) forward and 0.75l (10pmoles/ul)reversep53 primers or forward and reverse actin primers,l enzyme mix and 7.3l RNAase free deionized water. Finally template RNA (20ng/l) 2 l were added to all the tubes except the negative control reactions to make the final volume 15l. 15 l mineral oil is added to each PCR reaction to stop the evaporation. In negative control  for RT PCR reactions 2lRNAase free deionized water was added Tubes were placed in Thermal Cycler which was set up using the protocol: RT—50°C /30min, activation of Taq enzyme—95°C /15mins, PCR reaction—94°C /30sec (denaturation), 60°C /30sec (annealing), 72°C /45sec (extension) and the final extension for 5 minutes followed by a hold period at 4°C After completion of the RT-PCR . The cycle number for p53 amplification was 30 and for beta actin it was 24.

Visualization of cDNA:

After the completion of the PCR reactions 2ul of loading dye was added to each of the reactions and 6ul of RT-PCR products were loaded in a 1.0% agrose gel and electrophoresed at 140V for 45 minutes. To ascertain the length of the cDNAs 4 l 100 bp DNA ladder was loaded in the agarose gel.  

RT-PCR product purification

The p53 from the PCR tubes were purified using Qiagen’s Purification kit according to manufacturer’s instructions. 400l of binding buffer (H1) was added to the PCR product and mixed thoroughly.  A spin cartridge was placed into 2 ml wash tube and the sample was loaded from the step one into the spin cartridge. The mixture was centrifuged at 12,000X g for 1 minute and the flow through was discarded. Again 700l of wash buffer (H2) was added to the spin cartridge and centrifuged at 12000Xg for 1 minute. The flow through was discarded and centrifuged again for 1 minute at 12000Xg for 1 minute to remove all residual buffers. DNA was eluted in 30l DNase free water.

Sequencing

Sanger’s dideoxy method was performed to determine the sequence of the cDNA using AmpliCycle Sequencing Kit. For each reaction, 4ul of 10x buffer, 2ul of primer, 50 fmol of DNA, and 0.25 ul 33p-dATP was used. 6ul of this mixture was added to four PCR tubes each containing either 2ul of ddGTP, ddATP, ddTTP or ddCTP. All the tubes were overlaid with 15 ul mineral oil and placed in Applied Biosystems Thermal Cycler. Cycling condition was set as: 94°C /2min, 35 cycles of 94°C /30secs (denaturation), 60°C /30secs (annealing), 72°C /1 mins. (extension) and final extension of 72°C/ 7 minutes. After the completion of reaction, 4ul of stop solution was added to each tube and heated to 94°C for 3mins prior to loading in the sequencing gel denatured samples. About 3ul of each sample was loaded onto a sequencing gel. 

Sequence alignment

The partial sequence of p53 obtained from the sequencing gel was aligned using Mac Vector 6.5.3 with the NCBI reference sequence NM_000546.
Results:
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              444 bp beta actin RT PCR product                308 bp p53 RT PCR product

Figure1: Visualization of the electrophoretic pattern in 1.0% agarose gel of RT-PCR products using specific primers for beta actin and p53. The p53 forward primer was matched to nucleotides of 1058 to 1078 of exon 7 of NCBI accession number NM_000546and the p53 reverse primer was matched to nucleotides of 1349 to 1367 bases of exon 9 and 10 NCBI accession number NM_000546.The beta actin primers generated a 444 bp product and the p53 primers generated a 308 bp product. The experiment was done twice and both the results are shown in the figure 1.
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Figure 2: Sequence alignment of the RT-PCR product in reference with the p53 NCBI reference sequence (#NM000546).

The p53 specific primers that were designed to amplify the part of cDNA was able to successfully amplify 308 base pairs cDNA and the beta actin primers were able to amplify a 444 base pairs cDNA in all the treated and untreated cell lines. The cDNAs generated by RT PCR are collected, purified and sequenced. The Sequence was aligned to the NCBI reference sequence NM_000546 by Mac vector software and it has showed 100% homology with the NCBI reference sequence shown in figure2.  The cDNAs, those are amplified by using the  actin and p53 specific primers were run in a 1.0% agarose gel shown in figure1. It is evident from those figures that in the WI-38 or wild type transformed fibroblast cell line exhibited an accumulation of p53 transcript when hyperthermia is induced whereas   actin level remained almost same in all three wild type treated and untreated cells. Human cervical carcinoma cells, HeLa cells after 6 hours and 12 hour of heat treatment showed no difference in p53 mRNA level than its untreated counterpart.

Discussion: The primers that were specifically designed to amplify the p53 primers were able to successfully amplify the desired p53 cDNA. The agarose gel electrophoresis results demonstrated that comparable amount of mRNA was loaded   in all the PCR reactions. Sequencing by Sanger’s dideoxy method confirmed that the amplified product is indeed p53.  In this experiment heat treatment has been used as a stress signal to the cells and it was hypothesized that in WI-38 cells with prolong heat exposure there will be an accumulation of p53 mRNA.It had been known from earlier report that some carcinogenic cells like human glioblastoma cells accumulated p53 when induced with heat (13) so, it would have not very surprising result if HeLa cells showed p53 mRNA accumulation after heat treatment. My results were consistent with the hypothesis for 

WI-38 cells. The WI-38 cells exhibited the accumulation of p53 whereas, HeLa cells failed to show stronger p53 band after similar heat treatment. p53 activation indicates that the cell is destined for cell cycle arrest or apoptosis. So the heat treatment for 6 and 12 hour was insufficient to generate a cell cycle arrest or an apoptotic signal for HeLa cells.

Future Directions: The result awaits further analysis with p53 specific monoclonal antibody which will be helpful for the p53 protein analysis. Additional studies should focus on the expression of p53 in more different cancer cell lines after similar heat treatment. 
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