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Abstract 

The tumor suppressor TP53 gene is one of the commonest mutated genes in colorectal cancer. 
Beside somatic mutations, the gene harbors numerous genetic variations that may alter the protein 
functionality, affecting cancer risk and clinical outcome. Among genetic variations, single nucleotide 
polymorphisms were investigated in relation to cancer risk, including colorectal cancer susceptibility. 
The studies revealed that the distribution of polymorphic alleles and their functional relevance varied in 
a population-dependent manner.  

In the present work we analyzed the distribution of eleven TP53 genetic variants in a lot of 63 
colorectal cancer patients. The polymorphisms with minor allele frequency between 12%-21% and the 
resulting haplotypes were examined for association with clinicopathological features of colorectal 
tumors, TP53 somatic mutations and allelic instability at TP53 locus. The polymorphisms rs1625895, 
rs1042522, rs1642785 and rs17878362 located in intron 6, exon 4, intron 2 and intron 3, respectively 
were in strong linkage. The most common haplotypes GGGA1 and ACCA2 were present in 86.4% of the 
cases. Individual polymorphisms distribution and the two major haplotypes were statistic significantly 
associated with gender and age of disease onset, the expression of minor alleles and ACCA2 haplotype 
being prevalent in men and associated with an earlier age of the disease onset. 
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1. Introduction 

Colorectal cancer (CRC) accounts for a significant rate of morbidity and mortality 
worldwide. It arises as a consequence of the loss of genomic stability that promotes the 
acquisition of further DNA alterations leading to cell transformation and tumour progression. 
In about 35% of colorectal cancer risk may be explained by familial or inherited high-
penetrance genes. In the remaining sporadic cases, with no identifiable genetic syndrome or 
family history, the risk of developing CRC during the life time may be explained by genetic 
variations and gene-environment interaction [1]. 

The human genome is characterized by a large amount of genetic variations, differences 
between a typical genome and the reference human genome ranging from 4.1 million to 5.0 
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million sites. Single nucleotide polymorphisms (SNPs) and short insertion/deletions (indels) 
account for about 99.9% of human genetic variation [2]. About 93% of the SNPs are found in 
non-coding DNA regions and a fraction of them is involved in transcriptional regulatory 
mechanisms [3]. SNPs can also be located in the coding parts of the genes, affecting the 
function of the protein or the level of gene expression.  

Genetic variations exerting a direct effect on gene expression and protein function may 
act as low-penetrance alleles being associated with increased cancer risk, treatment outcome 
and prognosis. On the other hand, many cancer-related SNPs have no known biological effect. 
This discrepancy between a SNP biological function and its association with disease is due to 
linkage disequilibrium (LD) which is defined by the degree of inheritance within a population 
of alleles at different loci. Consequently, non-functional SNPs can be associated with an 
increased risk for developing a disease when they are in high LD with functional SNPs [4]. 
Therefore, analysis of distribution and extent of LD across the entire human genome can be a 
more revealing way for the evaluation of disease-associated SNPs than single locus analysis. 

Genome-wide association studies (GWAS) identified multiple CRC-related SNPs which 
are scattered in more than 40 chromosome regions [5-7], being involved in mechanisms 
underlying genomic instability [8], cell cycle control [9], regulation of gene expression [10] 
and signal transduction pathways [11]. Although, most of the variants add a small increase in 
CRC risk, the presence of multiple risk alleles has cumulative effect [12]. Inherited genetic 
variants may also explain differential side effect rates and response to chemotherapy and 
radiotherapy of the CRC patients. 

p53 tumor suppressor protein, encoded by TP53 gene, plays a key role in maintenance 
of genomic stability. In response to cellular stress, p53 has the ability to arrest cell cycle, 
induce senescence or apoptosis depending on cellular context, this protein playing a 
significant role in specific pathways such as DNA repair, autophagy, differentiation, and 
oxidative metabolism.  

TP53 is one of the most frequently mutated genes in all cancer types, a mutation rate of 
50-60% being reported for CRC tumors IARC mutation database [13]. Besides being 
frequently mutated, TP53 is also highly polymorphic. So far 547 SNPs have been mapped in 
the TP53 locus along with other sequence variations [14]. Most of the SNPs are located in the 
non-coding regions of the gene and are thought to have no consequence on cancer. Studies 
concerning functional characterization, distribution in human populations and association 
with cancer risk have been focused on the polymorphisms found in the coding region of the 
TP53 gene. However, these studies generated contradictions regarding the biological role of 
TP53 variations and their relation to cancer predisposition. These discrepancies can be 
explained by tissue- and age-specific function of TP53 SNPs, ethnicity, genetic background 
and environmental exposure [14]. 

The aim of the present study was to investigate the prevalence of several TP53 SNPs 
and to analyze the distribution of haplotypes and their possible associations in 63 CRC 
patients from Romania. 
 
2. Materials and methods 

Patients and tumor samples 
A total of 63 fresh tumor samples and 60 paired normal colon tissue samples were 

obtained from patients with sporadic colorectal cancer who underwent curative surgical 
resection at the Prof. Dr Alex. Trestioreanu Institute of Oncology, Bucharest, after written 
informed consents were obtained.  All patients were examined by genealogical inquiry and 
were of Romanian descent. Tissue samples were fixed in 10% neutralized formalin and 
embedded in paraffin for histological processing or snap-frozen in liquid nitrogen for 
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molecular biology studies. Routine hematoxylin- and eosin-stained sections were reviewed by 
a pathologist. In sections assigned as “normal” no tumor cells were present while tumor 
sections had at least 80% tumoral cells. The patient group included 23 women and 40 men 
with ages ranging from 39 to 85 years (median 64 years).  

The tumor was located in the proximal colon in 14 cases (22.2%), in the distal colon in 
17 cases (27.0%) and in the rectum in 32 cases (50.8%). 43 tumors (68.2%) were N0, 11 
(17.5%) were N1, 7 (11.1%) were N2 and 2 (3.2%) were Nx. According to tumor depth 
invasion, 23 (36.6%) tumors were classified as T2, 36 (57.1%) as T3 and 4 (6.3%) as T4. Of 
the 63 patients 49 (77.8%) had moderately differentiated tumours, 11 (17.5%) presented 
poorly differentiated tumours and 3 cases (4.8%) had undetermined grade. At the time of 
initial diagnosis, 48 (76.2%) of patients did not show distant metastasis, while in 14 (22.2%) 
cases at least one site of metastasis was present. Presence of distant metastasis could not be 
assessed in one case. Based on Duke’s staging criteria, 16 (25.4%) tumors were stage A, 21 
(33.3%) were stage B, 12 (19.1%) were stage C and 14 (22.2%) were stage D.  

The study was approved by the institutional ethic committee and review board. 
DNA extraction 
Genomic DNA was isolated using the commercial QIAamp DNA Mini Kit 

(Qiagen,Hilden, Germany) following the manufacturer’s recommendations and was 
quantified using a NanoDrop ND1000 Spectrophotometer (Thermo Scientific, USA). The 
extracted DNA was stored at -20°C. 

DNA direct sequencing  
The entire coding sequence of the TP53 gene (exons 2–11) and the flanking regions 

were analyzed using DNA direct sequencing. Standard M13 tails were added to primers in 
order to facilitate subsequent sequencing. Primer sequences, PCR amplification and 
sequencing protocols were detailed in a previous study [16]. TP53 polymorphisms were 
checked against the NCBI SNP database [17]. 

Statistical analysis  
All data were analyzed by using GraphPad Prism 5 Software Version 5.04 (GraphPad 

Sofware Inc). Values of p< 0.05 were considered statistically significant. 
The Haploview 4.2 software package [18] was used to estimate pair-wise LD, detect 

deviation from the Hardy–Weinberg equilibrium, construct haplotypes, and calculate 
haplotype frequencies.  
 
3. Results and Discussion 

Eleven genetic variants were detected by sequencing all the exons of the TP53 gene and 
their flanking regions. Ten of these were affecting a single base within either introns or exons 
of the TP53 gene and one was an insertion/deletion type. Four single nucleotide variants 
(SNVs) were found in the coding regions. In exon 4, the non-synonymous SNV p.R72P 
(rs1042522), leading to a proline (Pro) to arginine (Arg) substitution, was detected in almost 
all samples, either in the homozygous or heterozygous form. A silent substitution in exon 4, 
(p.P36P, rs1800370) which corresponds to a Pro coding codon, located in the transactivation 
domain, was detected in one sample. A second synonymous variant was detected in exon 6 
(p.R213R, rs1800372) in two cases. In exon 8 a homozygous C→T transition resulting in Arg 
to cysteine (Cys) substitution at amino acid position 283 of the p53 protein (p.R283C, 
c.847C>T) was detected in one sample. This variation (rs149633775) was also present in the 
matched normal tissues and is described in literature as a germline mutation. 
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Six SNVs were located in different intronic regions of the TP53 gene. In intron 2 the 
most frequent variant was the rs1642785 polymorphism (c.74+38C>G) present in 98.4% of 
the samples (62/63), while the rs17883323 polymorphism (c.97-29C>A) was identified in 
only 5 samples.  

Within the sequence of intron 6 the polymorphism rs17880604 (c.673-36G>C) was 
found in only 4 cases in contrast to the polymorphism rs1625895 (c.672+62A>G), which was 
present in all but one samples. In intron 10 we detected two rare heterozygous substitutions: 
rs17880847 (c.1100+30A>T) in one sample and rs17881850 (c.1101-49C>T) in 3 cases. In 
addition, a common 16-base pair variation in intron 3 (rs17878362) consisting of one copy 
(A1 allele) or of two copies (A2 allele) of the sequence ACCTGGAGGGCTGGGG was 
detected at high frequency. The allele and genotype frequencies are summarized in table 1. 
With the exception of rs149633775, allele ratios of the SNPs analyzed were in agreement 
with Hardy-Weinberg equilibrium. 

Among these 11 variants the rs1625895, rs1042522, rs1642785 and rs17878362 had 
minor allele frequency (MAF) between 21%-12%. Representative chromatograms for each of 
these polymorphisms are shown in figure 1.  

We examined the association between the 4 variants with clinicopathological features. 
However, no significant differences were found between individual variants and tumour 
localization, histological grade, lymph nodes, tumor infiltration, distant metastasis or Duke’s stage. 

When allele distribution was correlated with gender we found that male expressed minor 
alleles at a higher level comparing to females. (Men:Women allele count  - rs1625895 A 14:66, 
1:45, χ2 =6.541, p=0.0105; rs1042522 C 18:62, 3:43, χ2 =5.369, p=0.0205; rs1642785 C 23:57, 
3:43, χ2 =8.812, p=0.003; rs17878362 A2 14:66, 2:44, χ2 =4.557, p=0.0328). 
 
Table 1. TP53 allele and genotype frequencies. 
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We also examined the effect of individual variants on age of cancer onset and we 
observed a significant decrease of major alleles in patients younger than 50 years of age. 
(>50:<50 allele count - rs1625895 G 105:11, 6:4, χ2 =8.175, p=0.0042; rs1042522 G 100:16, 
5:5, χ2 =8.69, p=0.0032; rs1642785 G 95:21, 5:5, χ2 =5.719, p=0.0168; rs17878362 A1 
104:12, 6:4, χ2 =7.303, p=0.0069).  

According to our previous work 46.03% of the analyzed CRC patients carried TP53 
somatic mutations and 50% of the informative cases showed allelic instability at TP53 locus [16].  

The correlation study did not reveal association between individual polymorphisms and 
increased odds of somatic mutations or allelic instability. 

The pattern of pair-wise LD was observed across rs1625895, rs1042522, rs1642785 and 
rs17878362 (all D’ > 0.8; r2 > 0.3). The most common haplotypes were GGGA1 and ACCA2 
accounting for 86.4% of the haplotypes observed in all individuals studied (figure 2). 
 

 
 

Figure 1. Chromatograms of the most common TP53 polymorphisms in CRC patients. 
 
 

 
 

Figure 2. LD plot and block structure of six TP53 polymorphisms in 63 colorectal tumors. The 
haplotype block is based on confidence intervals D’. Each diamond represents the pairwise magnitude 

of LD, with red indicating strong LD (D’ > 0.8) and logarithm of odds score (LOD) ≥ 2.0. 
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The analysis of haplotype distribution for TP53 revealed statistically significant 
differences between gender and age groups. In particular, the haplotype GGGA1 was 
prevalent in women (Men:Women allele frequency - 0.685, 0.870, χ2 =5.318, p=0.0211), 
while the haplotype ACCA2 was associated with men (Men:Women allele frequency - 0.163, 
0.022, χ2 =5.859, p=0.0155). After the stratification for age of disease onset, the haplotype 
GGGA1 was associated with older patients (>50:<50 allele frequency - 0.775, 0.497, χ2 
=3.822, p=0.0506) and the haplotype ACCA2 was more frequent in younger patients 
(>50:<50 allele frequency - 0.086, 0.400, χ2 =9.178, p=0.0024). We did not observe any 
association between the 4 polymorphisms haplotype and clinicopathological or molecular 
features of colorectal tumors. 

Based on the solid spine of LD block definition in Haploview, one haplotype block was 
identified consisting of four polymorphisms (rs1625895, rs1042522, rs1642785 and 
rs17878362), which have been extensively studied in cancer genetic epidemiology.  

In a series of previous studies, it was demonstrated that the four variants affect either 
protein functions or mRNA expression level.  

The polymorphism rs1625895 displays a G→A transition in intron 6. Although the 
functional importance of rs1625895 is not confirmed yet, it seems to be responsible for 
changes in the induction of DNA repair and apoptosis and for the maintenance of genomic 
stability [19,20]. The minor allele frequency reported in the European population was similar 
with the frequency found in our study (0.14 vs. 0.12, p= 0.8339). 

The SNP rs1042522, a G→C transversion in codon 72 of exon 4, leads to protein variants 
with different biological properties. The protein containing Arg was shown to be more efficient 
in inducing apoptosis, a property that correlated with a greater capacity to interact with MDM2 
which facilitate nuclear export and mitochondrial localization. In contrast, the Pro variant was 
found to be more efficient in inducing cell-cycle arrest [21] and DNA repair [15]. Other 
differences include the ability to suppress transformed cell growth and to activate transcription 
[16,17]. An important consideration with respect to rs1042522 is the preferential loss of the Pro 
allele in heterozygous individuals. The retention of the Arg allele, that is preferentially mutated, 
might be the result of an anti-apoptotic advantage conferred by TP53 mutations [18]. This 
polymorphism was found to influence the susceptibility to CRC in some studies, but significant 
differences in results were obtained in respect to the target population. While certain authors 
reported that Arg variant increased the CRC risk [19-21], others provided opposite results, 
favoring Pro variant as being linked to CRC susceptibility [22-24]. On the other hand, in some 
studies this polymorphism was shown to exert only a borderline/weak effect on cancer risk 
[25,26]. These contradictory results indicate that 72 codon alleles are unevenly distributed 
across world populations. In European population the frequency of the minor allele of 
rs1042522 is 0.29, while in our study was 0.17 (p= 0.064). 

The SNP rs17878362, a common intronic variation of the TP53 gene, presents an 
insertion/deletion of 16-base pair in intron 3. Rs17878362 is situated in a G-rich region that 
forms a G-quadruplex structure involved in the alternative splicing of TP53 mRNA. It was 
demonstrated that this polymorphism changes the relative position of a G-quadruplex 
structure with respect to TP53 intron 2 splice junction and alters the balance between the fully 
spliced p53 transcript (FSp53 mRNA) and an incompletely spliced transcript (p53I2 mRNA). 
The alternatively spliced transcript retains intron 2 and encodes an isoform (40p53) lacking 
first 39 N-terminal residues corresponding to the main transactivation domain. This isoform 
can inhibit suppressive activity of p53. Both rs17878362 variants influence the alternative 
splicing of the intron 2 with the A2 allele being associated with lower levels of the p53I2 
mRNA. Furthermore, several lines of evidence indicated that rs17878362-A2 variant 
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decreases DNA repair and apoptosis processes [27,28]. The minor allele (A2) frequency in 
our series of patients was 0.126 while no data are reported in NCBI dbSNP database.  

Rs1642785 located in the intron 2 is the GC substitution. The rs1642785 
polymorphism influences the balance between FSp53 and p53I2 mRNAs by modulating the 
stability of the alternatively spliced mRNA. Perriaud and collaborators [27] demonstrated that 
the highest FSp53 and p53I2 levels were associated with combined rs1642785-
GG/rs17878362-A1A1 alleles, whereas the presence of rs1642785-C with either rs17878362 
allele was associated with lower TP53 pre-mRNA, total TP53, FSp53 and p53I2 levels due to 
the lower stability of transcripts containing rs1642785-C. Considering its location at the 
center of a region rich in CA repeats, it has been speculated that the destabilization effect of 
the rs1642785-C allele is a result of long CA repeats in TP53 intronic sequence. Based on the 
NCBI dbSNP database, the C allele frequency in European population is around 0.29, while 
in our study the minor allele frequency was 0.21 (p= 0.2529). 

Allele distribution of the above mentioned polymorphisms was statistically significant 
associated with gender and age at diagnosis of colorectal cancer, minor allele being more 
frequently expressed in men and patients younger than 50 years old. 

Previous studies showed that TP53 rs1625895, rs17878362, rs1042522 and rs1642785 
polymorphisms are in strong linkage disequilibrium [29,30]. The most frequently haplotype was 
rs1625895-G/ rs1042522-G/ rs17878362-A1/ rs1642785-G (75.3%), while the rs1625895-A/ 
rs1042522-C/ rs17878362-A2/ rs1642785-C haplotype was seen in only 11.1% of colorectal 
tumors. Sagne and collaborators [31] reported that 78.13% of the Caucasian population carried 
the haplotype combining rs17878362-A1/rs1042522-G/rs1625895-G, whereas the haplotype 
rs17878362-A2/rs1042522-C/rs1625895-A was seen in 9.37% of the population. The 
homozygous carriers of the rare rs17878362-A2 genotype presented an increased CRC 
susceptibility compared with homozygous carriers of the common A1 genotype (A2A2 vs. 
A1A1 aggregated OR=1.67, 95% CI=1.02–2.74). In the same data set, the heterozygote carriers 
of the rs1042522 and rs1625895 SNPs had an increased overall cancer risk, although the effects 
observed was smaller than for the rs17878362 variants. The results were consistent with several 
previous meta-analyses and systematic reviews that showed that rs1042522 and rs1625895 are 
unlikely to be major risk factors for CRC [18,32]. These two polymorphisms belong to the same 
TP53 haplotype block as rs17878362. It remains to be determined up to which point their 
effects can be attributed to the LD with rs17878362. 

There are few available data regarding the association between the rs1642785 and 
cancer risk. One study showed an association between the G allele and ovarian cancer, while a 
second reported an increased osteosarcoma risk in C allele carriers [33]. To our knowledge 
there is no study concerning the association of the rs1642785 with CRC susceptibility. In our 
work the rs1642785-C allele was present on 86.6% of the haplotypes that carry the A2 allele 
of rs17878362. Given the synergistic effect of these two polymorphisms on the formation of 
mRNA encoding N-terminal isoforms, it would be interesting to determine whether the 
presence of allele C can change the impact of rs17878362 on cancer risk. 

In our patients the major haplotypes GGGA1 and ACCA2 showed a gender- and age-
specific distribution. In particular haplotype ACCA2 was prevalent in men and was associated 
with earlier age of onset.  

With respect to the additional 6 SNPs identified within TP53 sequence, the frequency of 
minor allele ranges between 0.01 – 0.04. Apart from the rs17880604 polymorphism in intron 
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6 that showed no association with cancer risk, no similar information could be found for the 
other 5 SNPs [13,32,34]. 

The two rare synonymous polymorphisms (rs1800370, p.P36P and rs1800372, p.R213R) 
located into the coding region of TP53 gene theoretically do not change the amino acid 
sequence or structure of the protein. Nevertheless, changes in base sequence could modify 
protein expression, folding and function, or provoke new splicing events. For example, the 
polymorphism at codon 36 was shown to affect the ability of p53 to activate apoptosis by 
modulating the affinity of the TP53 mRNA for MDM2 and, p53 levels consequently [35,36]. In 
contrast, the R213R polymorphism shows no phenotypic differences [37]. 
 
4. Conclusions 

Our study found four SNVs (rs1042522, rs1800370, rs1800372, and rs149633775) in 
the coding regions, six SNVs in intronic regions (rs1642785, rs17883323, rs17880604, 
rs1625895, rs17880847 and rs17881850) and a 16-base pair duplication in intron 3 
(rs17878362) of TP53 gene, the distribution of allele and genotype frequencies of the SNPs 
examined being comparable to those of European (or Caucasian) population as reported in the 
NCBI dbSNP database. 

One haplotype block consisting of four polymorphisms (rs1625895, rs1042522, 
rs1642785 and rs17878362) was identified. The most common haplotypes were GGGA1 and 
ACCA2 accounting for 86.4% of the haplotypes observed in all individuals studied was 
associated with gender and earlier age of disease onset and may give a new angle to 
comprehend under the age of 50 CRC onsets, which seems to have a higher incidence in the 
last years.  
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