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Abstract 

Objective: Though relatively rare, ovarian cancer (OC) is among the most fatal female genital tract 
neoplasms worldwide. Although different genetic mechanisms have been shown to be involved in ovarian 
carcinogenesis, the role of TP53 introns methylation is still unresolved. We performed methylation 
analysis of introns 1, 3, and 4 of the TP53 to identify patterns in primary stage III OCs, corresponding 
metastases, and healthy tissues. 
Methods: The study involved samples of paraffin-embedded tissues obtained from 80 patients with stage 
III OCs, who underwent surgery at the Department of Gynecology and Gynecologic Oncology of the 
Military Institute of Medicine in Warsaw, Poland. Altogether, 40 serous-type G2/3 OCs and 40 
endometrioid-type G2/3 OCs were included. From the same patient, metastatic and normal tissues were 
simultaneously analyzed. As a control group, 80 tissue samples were collected from patients after 
bariatric operations. Human ovarian cancer A2780 cell line was also investigated. Total genomic DNA 
was isolated from paraffin-embedded tissue blocks and the methylation analysis was performed by 
bisulfite DNA conversion, DNA amplification with specific primers, cloning, and DNA sequencing.  
Results: All of the samples of intron 1 of TP53 were un-methylated in OCs, metastatic tissues, and in 
healthy tissues from the same patient. Also, no methylation of TP53 intron 1 was detected in cells from 
the human A2780 ovarian cancer cell line and in all samples from control group. In all samples, introns 3 
and 4 of the TP53 were methylated in primary tumors, metastatic tissue, and in healthy tissue from the 
same patient, in human A2780 ovarian cell line, and in DNA samples from healthy patients. None of the 
clinicopatholocal features was related to the TP53 introns methylation status.  
Conclusions: Our data on TP53 introns methylation sheds new light on the mechanism of p53 activity 
for a better understanding of cancer biology. The study suggests the existence of an additional regulation 
mechanism of TP53 activity that involves demethylation-methylation mechanisms. Intragenic methylation 
at introns 3 and 4 may overall help protecting TP53 against damage by restrictases or viral DNA 
integration. 
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Introduction 
Ovarian cancer (OC) remains the most deadly 

female genital tract neoplasm worldwide [1]. In 
contrast to other gynecological malignancies, 81% of 

OC patients were diagnosed at advanced (III or IV 
due to FIGO) clinical stages. The overall 5-year 
survival rate for OC women affected by all stages is 
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45%, whereas for patients with stage III or IV it 
decreases considerably to only 30% [2, 3].  

The lack of highly sensitive and specific 
molecular and biological markers allowing for early 
OC detection accounts for the fact that nearly 70% of 
patients are diagnosed at disseminated disease with 
unfavorable outcome [2]. OC is classified based on 
histopathological analysis into serous (most 
common), endometrioid, and clear-cell carcinomas, 
accounting for 70%, 10%, and 10%, respectively [3]. 

Tumor protein p53 is a transcription regulator 
that responds to diverse cellular stresses [4]. 
Moreover, it regulates target genes that induce 
cell-cycle arrest, cell senescence, DNA repair, and 
metabolism changes [4-6]. It also appears to induce 
apoptosis through various non-transcriptional 
cytoplasmic processes. In unstressed cells, p53 is kept 
in-active essentially through the action of the 
ubiquitin ligase MDM2 which promotes its 
degradation. In general, the loss of p53 activity, 
corresponding with TP53 alterations, was reported in 
various human cancers and cell-lines, including 
primary and metastatic OCs [7-10].  

An analysis using limited data sets has 
suggested that 18–20% of mammalian protein-coding 
genes use alternative promoters. A study based on a 
broader data set stated that even 58% of 
protein-coding transcriptional units had two or even 
more alternative promoters. These promoters are not 
only active in different tissues and developmental 
stages, but they are also associated with various 
human malignancies, including cancer. The use of 
these promoters is an important source for regulating 
gene expression profiling and generating protein 
diversity [11]. 

About 81% of all spliced human protein-coding 
genes have transcriptionally active introns [12-13]. 
Introns constitute up to 95% of the primary gene 
transcripts of encoding proteins in mammals, though 
introns do not encode proteins but instead various 
important genetic functions. Interestingly, introns in 
the transcribed regions may enhance the expression of 
its container gene [13]. It is worth to emphasize that 
aberrant expression of intronic noncoding RNAs has 
been correlated with cancer development and 
progression [14].  

According to Bourdon et al. [15], TP53 has two 
transcriptional start sites in exon 1, and also contains a 
transcription initiation site at intron 4. Also, TP53 has 
a complex transcriptional expression pattern 
encoding different p53 mRNA variants via alternative 
splicing and an internal promoter localized at intron 4 
[15]. Reisman et al. [16] identified two promoters at 
the TP53, the first one located 100 to 250 bp upstream 
of the noncoding first exon, whereas the second one (a 

stronger promoter) is located within the first intron. 
Interestingly, a novel transcript encoded within the 
10-kb intron 1 of the TP53 has been found out during 
differentiation of myeloid leukemia cells [17]. 
Moreover, Ribi et al. [18] noted that “intron 1 
rearrangements cause p53-driven malignancies by 
both germline and somatic mechanisms and provide 
an important mechanism of TP53 inactivation in 
Li-Fraumeni syndrome”. 

The function of intron 3 of the TP53 is not fully 
understood yet. Marcel and co-investigators [19] 
suggested that G4 structure in TP53 intron 3 regulates 
the splicing of intron 2, leading to differential 
expression of transcripts encoding distinct p53 
isoforms.  

CpG islands are short stretches of CpG rich 
regions that are frequently associated with the 
promoter region. Aberrant methylation of CpG 
islands is one of the mechanisms of inactivating tumor 
suppressor genes in human cancers, and there is a 
growing amount of evidence suggesting that altered 
cytosine methylation may play important roles in the 
development and progression of various human 
neoplasms [20-24]. 

The aim of the present study was to investigate 
the methylation status in three selected introns of the 
TP53 in primary and metastatic human OCs as well as 
in normal tissues collected from the same patient. 
Moreover, human A2780 ovarian cancer cell-line was 
also analyzed. Finally, we also investigated, as a 
control group, the methylation of selected TP53 
introns of 80 healthy subjects who have never been 
affected by cancer.  

Materials and Methods  
Patients and samples 

The study group involved samples of 
paraffin-embedded tissues obtained from 80 patients 
with OC (mean patient age 63 years old; range 42-80 
years old), who underwent surgery at the Department 
of Gynecology and Gynecologic Oncology of the 
Military Institute of Medicine in Warsaw, Poland. 
Material collected at the operation theatre was 
immediately fixed in buffered formalin (pH 7.4) for 
routine histopathological assessment. Hematoxylin 
and eosin-stained slides were prepared from the 
paraffin-embedded tissue samples and assessed by 
two independent pathologists to confirm the original 
diagnosis of ovarian cancer. Altogether, 40 
serous-type and 40 endometrioid-type OCs were 
included [25]. We investigated only stage III tumors 
based on FIGO classification [26]. From the same 
patient, metastatic and normal tissues were 
simultaneously analyzed. As a control group, 80 
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samples were collected from healthy volunteers after 
bariatric operations. Before DNA extraction, samples 
were carefully assessed pathologically. None of the 
healthy patients had neoplastic disease in the past. 
Finally, the human ovarian cancer A2780 cell line 
(Merck, Darmstadt, Germany) was also investigated. 

All patients were informed about the aim of the 
study and written informed consent was collected. 

Analysis of TP53 introns 1, 3, 4 methylation 

The methylation of introns 1, 3, and 4 of the TP53 
was analyzed based on the protocol described below.  

Before DNA extraction, samples were enriched 
via macro-dissection to increase the content of cells. 
Total genomic DNA was isolated from 
paraffin-embedded tissue blocks using the ExtractMe 
DNA Tissue isolation Kit (Blirt, Gdansk, POLAND) 
according to the manufacturer’s recommendation. 
The quantity and quality of DNA were analyzed 
using a DeNovix DS-11 (Wilmington, USA) 
spectrophotometer. The A260/280 value of genomic 
DNA showed the purity of the isolated DNA, with 
values of 1.8 to 2.0 indicating high purity.  

Bisulfite DNA conversion was performed using 
DNA from each sample and a MethylCode Bisulfite 
Conversion Kit (Invitrogen, Carlsbad, USA) according 
to the manufacturer’s instructions. 

Two pairs of gene-specific primers sequences for 
introns 1, 3, and 4 were designed according to the 
predicted sequence of the TP53 gene in NCBI 
(NC_000017.10) using MethPrimer-Design (www 
.urogene.org) software. The primer sequences and the 
product sizes are shown in Table 1. 

 

Table 1. Clinical characteristic of the ovarian cancer patients. 

 Ovarian cancer subtype 
Endometrioid (n=40) Serous (n=40) 
n (%) n (%) 

Patient age (years)   
<50 1 (2.5) -  
50-60 10 (25) 8 (20) 
>60 29 (72.5) 32 (80) 
Menopausal status   
pre-menopausal 2 (5)  1 (2.5) 
post-menopausal 38 (95)  39 (97.5) 
FIGO III   
A 2 (5) 3 (7.5) 
B 20 (50) 16 (40) 
C 18 (45) 21 (52.5) 
Histological grade   
G1 - - 
G2 19 (47.5) 18 (45) 
G3 21 (52.5) 22 (55) 

 
Amplification of TP53 introns 1, 3, and 4 was 

conducted by applying the MyTaqHS Red Mix (Blirt, 
Gdansk, Poland) with appropriate primers. For intron 
1, the thermal cycle profile comprised initial 

denaturation at 95 °C 1 min, followed by denaturation 
at 95 ˚C for 15 s, annealing at 62 °C for 15 s, extension 
at 72 °C for 15 s, and terminal extension at 72 °C for 4 
min. For intron 3, the thermal cycle profile comprised 
initial denaturation at 95 °C for 1 min, followed by 
denaturation at 95 °C for 15 s, annealing at 58 °C for 15 
s, extension at 72 °C for 15 s, and terminal extension at 
72 °C for 4 min. For intron 4, the thermal cycle profile 
comprised initial denaturation at 95 °C for 1 min, 
followed by denaturation at 95 °C for 15 s, annealing 
at 56°C for 15 s, extension at 72°C for 15 s, and 
terminal extension at 72 °C for 4 min. The products 
were stored at 4°C.  

The PCR products were detected after 
electrophoresis on 1.5% agarose gel using Midori 
Green nuclear staining dyes (Nippon Genetics Europe 
GmbH, Duren, Germany). For cloning, products were 
purified using the ExtractMe DNA Gel-out Kit (Blirt, 
Gdańsk, Poland).  

The ligation between the plasmid vector and 
PCR product was carefully carried out in a sterile 
environment using the Qiagen PCR Cloning KIT 
(Quiagen, Hombrechtikon, Germany). Finally, the 
vectors were transformed into E. coli competent cells 
with high efficiency (New England BioLabs Ltd, 
Hitchun, UK). Cells were incubated at 37 °C overnight 
on LB Agar Miller (A&A Biotechnology, Gdansk, 
Poland) with ampicillin, IPTG, and X-gal (Blirt, 
Gdansk, Poland). A blue-white screening colony 
selection method was used to select a recombinant, 
white-colored clone, followed by PCR amplification of 
the colony to confirm cloning with the appropriate 
gene segments. White colonies with the recombinant 
plasmid were isolated from the bacteria growing in 
LB media and cultured in a LB media at 37°C 
overnight. The plasmid was isolated using a Plasmid 
Mini DNA Isolation Kit (A&A Biotechnology, 
Gdańsk, Poland). The result of the recombinant DNA 
of three introns was examined using agarose gel 
electrophoresis. Clones containing inserts of the right 
size were directly sequenced using genetic analyzer 
AB3130 with T7/SP6 primers and an ABI Prism Big 
Dye Terminator v3.1 Cycle Sequencing Kit (Abcam, 
Cambridge, UK). Sequences were analyzed by two 
investigators (WS, RG). 

Results 
Altogether, 80 stage III primary OCs with 

corresponding metastases as well as healthy tissues 
from the same patient, were investigated. Moreover, 
80 samples of patients, who had never had cancer 
during their live spans, were analyzed. Finally, the 
A2780 human ovarian cancer cell-line was also 
examined. 
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Table 2. Primer sequences, product sizes, and CpG pairs investigated in introns 1, 3 and 4 of the TP53 suppressor gene. 

Intron Primer sequence Product size (bp) CpG pairs 
Forward Reverse Total Investigated 

1 5’-GGGTAAGTTTTTGATTGAATTTGAT-3’ 5’-CAAAACTCCACTCCTCTACCTAAAC-3’ 259 8 8 
3 5’-ATTTTTTTTGGGGATGTAGAATTTT-3’ 5’-ACACCACCATACCTAACTAATTTTT-3’ 231 3 2 
4* 5’-TTGTGTAGTTGTGGGTTGATTTTATAT-3’ 5’-AAAAACCTAAAAACCCTAAACAACC-3’ 193 11 11 (1 pair in intron 4) 

*Intron and exon 4 TP53 were simultaneously investigated. Altogether, there were 11 CpG pairs in PCR-product. Intron 4 contains 82bp and one CpG pair. The remaining 
CpG pairs were located within exon 4 of the TP53 (data not shown). 

 

 
Figure 1. TP53 intron 1 sequence showing eight CpG pairs investigated (marked yellow). >>>> - primer forward; <<<< - primer reverse. 

 

TP53 intron 1 methylation  
Altogether, eight out of 8 (100%) CpG pairs 

localized within the intron 1 of the TP53 were 
investigated (Fig. 1; Tab. 2). We reported no 
methylation of the TP53 intron 1 in primary tumors, 
metastasis, and healthy tissue from a single patient. 
The human A2780 ovarian cancer cell line and 80 
healthy patients were all un-methylated at intron 1 of 
the TP53 (Fig. 2). 

TP53 intron 3 methylation  
We searched for the methylation status within 

two out of 3 (67%) of the CpG pairs localized within 
the intron 3 of the TP53. Methylation of intron 3 was 
reported in all primary neoplasms, corresponding 
metastases, and healthy tissues from patients with 
OC, in human A2780 ovarian cancer cells, and in 80 
tissues obtained from healthy people. 

TP53 intron 4 methylation  
PCR-primers were designed to analyze 

simultaneously intron 4 and exon 4 TP53 methylation 
status. Interestingly, one CpG pair was only localized 
within intron 4 of the TP53, whereas 10 pairs were 
spanned at exon 4 (data not shown). 

Intron 4 TP53 was methylated similarly to intron 
3, in all primary neoplasms, corresponding 
metastases, and healthy tissues from women with 
OCs, in human A2780 ovarian cancer cells, and in 80 
tissues collected from healthy people.  

None of the clinicopathological features 
investigated was related to the TP53 introns 
methylation status (data not shown).  

Discussion 
Based on the literature review, we found no data 

reporting the TP53 intron methylation patterns in 
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advanced-stage human OCs up to now /Pubmed® 
database/. Interestingly, although methylation of the 
introns 3 and 4 was present in all samples investigated 
as well as in human A2780 ovarian cell-line, none of 
intron 1’s eight CpG pairs was methylated. Although 
FIGO stage III neoplasms were only investigated 
(normal tissues, primary tumors and corresponding 
metastases), the study group was large enough to 
draw final conclusions.  

There are several data reporting the TP53 
promoter methylation status in different human 
neoplasms, including primary human OCs [27-29]. 
Interestingly, Chmelarova and co-investigators [27] 
investigated the TP53 promoter methylation in OCs 
compared with normal ovarian tissues. As high as 
51.1% of neoplastic samples showed TP53 promoter 
methylation, suggesting that it “..may have impli-
cations for future chemotherapy based on epigenetic 
changes.”. Interestingly, there was no TP53 promoter 

methylation in 54 endometrioid endometrial 
carcinomas by the same group of scientists [28]. In 
north Indian population of cervical cancer patients, 
TP53 promoter methylation was observed to be 
significant for oral contraceptive users and for women 
having age at first sexual intercourse <20 years [29].  

Tornaletti and Pfeifer [30] used genomic 
sequencing to define the complete DNA methylation 
pattern along exons 5–8 of the human TP53 
suppressor gene. Using nine types of normal human 
tissue and cell-lines, including skin fibroblasts, 
keratinocytes, lung epithelial cells, mammary 
epithelial cells and colonic mucosa cells, they found 
that TP53 sequences along exons 5-8 are completely 
methylated at every CpG pairs, including 46 different 
sites on both DNA strands. Moreover, TP53 
methylation pattern was tissue-independent [28]. 
They finally assumed that “..given the lack of tissue 
specificity of methylation, alternative explanations 

 

 
Figure 2. Sample of primary serosum ovarian cancer after sequencing. Intron 1. Unmethylated cytosine replaced with thymine in position 44, 52, 58, 73. 

 
Figure 3. TP53 demethylation-methylation mechanisms leading to the development of short mRNA isoforms (original image). 
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(e.g. targeting of methylated CpG sites by 
tissue-selective carcinogens) should be considered to 
explain the high percentage of CpG mutations in 
some tumor types…”.  

Our research showed methylation at the 3 and 4 
introns of TP53 in all analyzed cancers and healthy 
tissues. Moreover, introns 3 and 4 were also 
methylated in a human A2780 ovarian cancer cell line. 
The alternative promotor in TP53 intron 1 was 
un-methylated and equally active in both ovarian 
tumors and healthy tissues. This observation may 
explain the positive expression of p53 in most tumors 
with a methylated promoter gene segment. Our 
findings may suggest the existence of an additional 
mechanism for regulating gene expression through 
the demethylation-methylation at TP53 introns (Fig. 
3).  

The complete TP53 mRNA molecule can arise 
only via demethylation of everyone’s intragenic 
sections during gene transcription [11]. The 
demethylation–methylation mechanism may result in 
the yield formation of short RNA strands that ensure 
conformational stability of the tetrameric p53 protein 
molecule and its domain activities (Fig. 2).  

The expression of the human p53 may be 
controlled by two promoters, and differential 
regulation of these promoters plays an important role 
in the altered expression of the gene in both normal 
and transformed cells [20]. It is well-known that 
methylation causes a change in the chromatin 
structure that prevents re-binding of regulatory 
proteins [31-32]. It is generally accepted that high 
methylation of certain chromatin fragments is 
associated with its partial or even complete 
transcriptional inactivation. In mammals, about 5% of 
the cytosine residues are continuously methylated. In 
plants, however, the percentage of methylation is 
even higher, and it is usually around 30% of the CpG 
pairs. Interestingly, methylation does not occur in 
some organisms, for example, in Drosophila 
melanogaster [33]. The level of expression of a gene is 
correlated with the amount of methylated DNA in the 
promoter sequence. Specific gene promoter 
hypermethylation has been reported in patients 
affected by lung, oral, bladder, colon, non–small-cell 
lung, head and neck squamous cell carcinoma, as well 
as in malignant mesothelioma [34-36].  

Although these data are novel, our study has 
certain limitations. Firstly, we investigated TP53 
introns methylation only in advanced-stage OCs, and 
further research is necessary to analyze early-stage 
tumors as well. Secondly, it would be interesting to 
simultaneously compare introns and exons TP53 
methylation patterns to find out their roles, if any, 
apart from analyzing only the CpG pair methylation 

within the gene’s promoter region. Finally, studies 
investigating the intron TP53 methylation patterns in 
uncommon OC histotypes, for example, clear-cell or 
undifferentiated neoplasms, would also be of interest 
to explain the role of intron methylation in their 
carcinogenesis.  

Our data on TP53 intron methylation sheds new 
light on the mechanism of p53 activity for a better 
understanding of cancer biology. The study suggests 
the existence of an additional regulation mechanism 
of TP53 activity that involves demethylation- 
methylation mechanisms. Intragenic methylation at 
introns 3 and 4 may overall help protecting TP53 
against damage by restrictases or viral DNA 
integration.  
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