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Abstract

Background: Colorectal cancer is the most common gastrointestinal cancer and the third most common cancer
over the world. Genetic mutations in the p53 gene are associated with tumorigenesis of most cancers. So far, no
study has been conducted on the association between TAAAA repeats in the first intron of the p53 gene and risk
of colorectal cancer. In this study, we investigated the association of the TAAAA polymorphism in the first intron of
p53 gene with colorectal cancer. We evaluated p53 gene polymorphism in 151 patients with colorectal cancer and
a control group of 180 healthy individuals. For TAAAA repeat polymorphism evaluation, we used conventional
polymerase chain reaction (PCR) to amplify the desired sequence and the number of TAAAA repeats was specified
by polyacrylamide gel electrophoresis and direct sequencing.

Results: In the present study, 5 different alleles of TAAAA repeat with 6–10 repeats and 13 allele genotypes were
determined between cases and controls. The most frequent allele in both controls (59.8%) and cases (57.6%) was
the 8 repeats of TAAAA. Results of homozygous genotypes equal or lower than 8 repeats are higher among the
healthy individuals than among the cases. In contrast, the number of genotypes equal or higher than 9 (9.10, 9.9)
was higher among the colorectal cancer patients. Because of the small size of the studied population, the statistical
analysis did not demonstrate a significant relationship. Also, there is no significant association between genotype,
metastasis, and age.

Conclusion: Our observations did not show a significant association between the TAAAA repeat polymorphism in
the first intron of the p53 gene and the colorectal cancer risk.
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Background
Colorectal cancer (CRC) is the third leading cause of
cancer-related deaths over the world [1]. Its develop-
ment is related to a number of specific genetic changes
that promote normal epithelial mucosa into the trans-
formation of carcinomas, such as alternations in APC,
K-Ras, and p53 [2, 3]. CRC-related gene identification
may help to simplify the early diagnosis, as well as pre-
vention and treatment of the disease. The TP53 tumor
suppressor gene, located on chromosome 17p13, is fre-
quently mutated in most human carcinogenesis [4]. The
protein encoded by TP53 is a key regulator in several

cellular processes, such as cell cycle arrest, senescence,
apoptosis, DNA repair, and alternations in metabolism
[5]. Thus, TP53 mutations may cause loss of the pro-
tein’s tumor suppressor function and therefore result in
malignant tumor development [6]. Recently, p53 expres-
sion has also been suggested as a prognostic factor in
some human cancers in various geographical areas. The
existence of significant changes in the mutation patterns
between diverse groups of patients with the same cancer
proposed that more mutation fingerprints correlated
with environmental effects are still to be ascertained [7].
Short tandem DNA repeats are one of the most fluctu-

ating loci in the human genome. They encounter muta-
tions in the copy number of their repeat units at a 10−3

to 10−7rate per cell division [7]. Most of these mutations
are due to replication slippage that prevented the
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mismatch repair system proofreading activity [7]. Such
instability is also frequently existed in various cancers,
such as colorectal, gastric, endometrial, ovarian, and
breast cancer [7]. Several researches suggested that gene
expression variations are associated with tandem repeat
mutations in human carcinomas. For instance, a CAG
tri-nucleotide repeat correlated with prostate cancer has
been reported in the first exon of the androgen receptor
gene. Expansion of this repeat reduces gene expression
and improves disease incidence and tumor aggression
[7]. High frequency and heterozygosity of the short tan-
dem repeats (STR) in the human genome make them as
important tools in genetic studies. In this regard, bio-
informatics studies lead to the identification of a region
containing a TAAAA STR repeat in the first intron of
the p53 gene [8]. Therefore, in this study, we have ana-
lyzed TAAAA polymorphism in the first intron of the
p53 gene associated with the risk of CRC for the first
time.

Methods
Sample selection
In the present study, blood samples were gathered from
151 CRC cases (85 men and 66 women) as well as 180
healthy individuals from Omid Hospital (Isfahan, Iran).
They were genetically unrelated and 27–80 years old
(mean age 53.5 years) with no cancer history in their
families. This study was approved by the ethics commit-
tee (acceptance number: 35490/98), and knowledgeable
written informed consent for the study was taken from
the patients before the blood sample collection. Venous
blood samples were gathered in tubes containing ethyl-
ene diamine tetra acetic acid (EDTA) and kept at −
20 °C.

DNA extraction
Miller’s salting-out method with some modifications [9]
was used for DNA extraction from the peripheral blood
lymphocytes samples. The quality and quantity of the
extracted DNA were respectively evaluated by gel elec-
trophoresis and spectrophotometry.

Separation and amplification of the desired locus
After DNA extraction, the desired locus was amplified
by polymerase chain reaction (PCR) with specific
primers designed by OLIGO7 software. The sequences
of the primers were presented in Table 1. Ingredients for
25 μL reaction volumes are as follows: 2 μL of 20 ng/μL

genomic DNA, 0.8 μL of 10 pmol each inner forward
and reverse primers, 0.5 μL of 10 pmol each forward and
reverse primers, 2.5 μL of 10× PCR buffer, 0.5 μL of
10 μM dNTPs, 0.25 μL of polymerase (CinnaGene, Iran),
and 2 μL of MgCl2 (50Mm). PCR was conducted in
Eppendorf thermal cycler (Germany) in following condi-
tions: initial denaturation step in 95 °C for 5 min, 33 cy-
cles in 95 °C for 1 min, annealing temperature for 1 min,
and 72 °C for 1 min followed by a final extension cycle at
72 °C for 10 min and then cooled to 4 °C. Finally, the
PCR products were separated by electrophoresis on 2%
of agarose gel.

DNA extraction from agarose gel
In order to extract and purify DNA, DNA purification
kit from agarose gel electrophoresis (Fermentase) was
utilized according to its manufacturer’s protocol.

Determination of the STR copy number
In order to determine the accurate STR copy number in
the first intron of the p53 gene, samples were loaded on
a 10% polyacrylamide gel. After determining the appro-
priate alleles as markers for identification of the other
ones, they were sequenced by CinnaGene Company
(Tehran, Iran) following PCR amplification.

Statistical analysis
After determining the copy number of TAAAA repeats,
the allelic and genotype frequencies were analyzed by
SISA online database. Genotype and allele frequencies
between cases and controls were compared using χ2 test.
The odds ratio (OR) with 95% confidence intervals (CIs)
was applied to determine the association between the
polymorphism and risk of CRC. Also, P < 0.05 was con-
sidered as a statistically significant level.

Results
Determination of the allele frequencies in the p53 gene
After the amplification of the extracted DNA samples by
PCR, in order to determine the TAAAA repeats of the
p53 gene, the samples were loaded on a 10% polyacryl-
amide gel (Fig. 1).
In this study, five different alleles, between six and ten

repeats, were determined for cases and controls. Among
these alleles, allele 8 was the most prevalent allele in
cases (57.6%) and controls (58.9%). The least allele fre-
quency belongs to the six repeat alleles (1.6%) in cases
and six and ten repeat alleles (1.1%) in controls. The

Table 1 Primer sequences for TAAA repeated sequence in the p53 gene

Gene name Amplified sequence name Amplified region Primer Sequence (5′-3′)

p53 (TAAAA)n Intron F AATCCGGGAGGAGGTTGCAG TAAG

R ACAGCTCCTTTAATGGCAGG CTCTTT
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allele frequencies and their association with CRC were
presented in Table 2.

Determination of the genotype frequencies in the p53
gene
In the studied population, 13 different genotypes were
observed for the p53 gene. The obtained results showed
that the most frequent genotype in both cases (33.3%)
and controls (35.5%) was 8/8 genotype. Furthermore, 6/
7 allele was only observed in cases and 6/6 and 7/10 al-
leles were in controls. The genotype frequencies in cases
and controls were shown in Table 3. A difference in dis-
tribution was observed in homozygous genotypes with
equal to or lower than eight repeats. The number of
these genotypes was higher in controls than in cases.
The number of genotypes equal to or larger than nine
repeats (9/9 and 9/10) was higher in cases than in

controls (Table 4). According to these observations, no
significant association was observed between these geno-
types and risk of CRC. Also, there was no significant as-
sociation between these genotypes, metastasis, and age.

Discussion
Nowadays, in cancer therapy, researchers consider pro-
cedures and molecular mechanisms related to carcino-
genesis [10]. p53, as a tumor suppressor gene, have
significant roles in many cellular processes including
apoptosis, necrosis, autophagy, and senescence [11]. In
response to the DNA damage, p53 controls key pro-
cesses, such as DNA repair, cell cycle arrest, senescence,
and apoptosis, to suppress tumors [12]. Also, in response
to stress, p53 plays an important role in preventing can-
cer progression [13]. p53 affects the efficacy of chemo-
therapy and radiotherapy, and researches showed that an
active pathway of p53 is necessary for chemotherapy and
radiotherapy [14]. Loss-of-function mutations in the p53
gene were detected in 54% of human cancers, including
CRC [15]. These mutations are presented in five main
codons, such as 155, 245, 248, 253, and 282 [16]. Muta-
tion in one copy of the p53 gene and loss of the other
copy are observed in many cancer types including CRC
[17]. This phenomenon suggests that loss of both copies
of the p53 gene is necessary for tumorigenesis. There
has been no study on the presence of TAAAA repeat
polymorphism in the first intron of the p53 gene and its
association with the risk of CRC. In the present study,
we have performed this subject through a case-control
study in Isfahan population (Iran). In this prospective
study, we determined the number of TAAAA repeats in

Fig. 1 Ten percent polyacrylamide gel for TAAAA polymorphism
association study. The results are shown with a 100-bp DNA marker.
Rows (1–7) show the allelic variations of the TAAAA repeats in the
studied population

Table 2 The different allele frequencies of the p53 gene
between cases and controls

Allele Case (151) Control (178) OR (95%CI) P

6 5 (1.6) 4 (1.1) 1.481 (0.394–5.567) 0.399

7 52 (17.2) 73 (20.5) 0.806 (0.544–1.196) 0.609

8 173 (57/3) 213 (59.8) 0.9 (0.66–1.229) 0.841

9 66 (21.8) 62 (17.4) 1.135 (0.771–1.671) 0.811

10 6 (2.0) 4 (1.1) 1.784 (0.499–6.381) 0.504

Total 302 356

Table 3 The frequencies of different genotypes of TAAAA
repeats in the p53 gene between cases and controls and their
association with the risk of CRC

Genotype Case Control OR (95%CI) P

6.6 0 (0.0) 1 (0.5)

6.7 1 (0.7) 0 (0.0)

6.8 3 (2) 1 (0.5) 3.628 (0.373–35.248) 0.376

6.9 1 (0.7) 1 (0.5) 1.193 (0/074–19/241) 0.075

7.7 3 (2) 8 (4.4) 0.436 (0.114–1.673) 0.121

7.8 34 (22.5) 41 (22.7) 0.985 (0.588–1.652) 0.663

7.9 11 (7.3) 15 (8.3) 0.864 (0.384–1.943) 0.414

7.10 0 (0.0) 1 (0.5)

8.8 47 (31.1) 64 (35.5) 0.819 (0.517–1.298) 0.643

8.9 40 (26.5) 41 (22.7) 1.222 (0.74–2.018) 0.797

8.10 2 (1.3) 2 (1.1) 1.195 (0.166–8.584) 0.17

9.9 5 (3.3) 4 (2.2) 1.507 (0.397–5.714) 0.407

9.10 4 (2.6) 1 (0.5) 4.871 (0.539–44.053) 0.539

Total 151 180

Fatehi et al. Egyptian Journal of Medical Human Genetics           (2019) 20:19 Page 3 of 5



a sample of 151 subjects with CRC and 180 healthy indi-
viduals. To do this, we first amplified the repeated re-
gion by PCR, and then, we accurately determined the
number of TAAAA repeats in all subjects by polyacryl-
amide gel electrophoresis. Finally, a statistical analysis
was performed to determine the number of TAAAA re-
peats and its association with CRC.
Based on the obtained results, 5 different alleles for

TAAAA repeat polymorphism between 6 and 10 repeats
were detected in cases and controls. Among these alleles,
the allele with 8 repeats was the most frequent allele in
both cases and controls. Among all studied population,
13 genotypes were observed for the p53 gene. The re-
sults of the genotype analysis showed that the most fre-
quent genotype in cases and controls belonged to 8.8
genotype. The polymorphism of TAAAA repeat was also
evaluated in the promoter region of the lipoprotein A
gene. This polymorphism was associated with enhanced
transcription activation and increased plasma levels of
the lipoprotein A [18]. There was an inverse relationship
between the 5 repeats of the TAAAA and lipoprotein
level [19]. In the present study, the number of the
TAAAA alleles and their frequencies are similar to the
previous ones for lipoprotein A gene with the difference
that we have not observed the 5 repeat alleles. In
addition, there was no significant association between
the homozygote genotypes and the risk of CRC. The rea-
son for this observation is probably the low number of
the desired genotypes, and with increasing the number
of samples, the probability of association also increases.
STRs or microsatellite DNAs may be presented in en-

hancer sequences and affect the gene expression that
can be used as prognostic factors for cancer therapy [20,
21]. Also, these repeated sequences can be existed in the
introns and affect the gene expression through intron
dissipation rate alternation [22–24]. STRs presented in
the introns can also affect different products of intron
splicing and create different isoforms [24]. Some iso-
forms of the p53 gene lack the N-terminal region of
transcription activation; therefore, it is possible that the
small homozygotes of the p53 gene with six and five re-
peats would lead to a decrease in the p53 gene expres-
sion or to contribute to produce inhibitor isoforms
without the N-terminal region. A similar study per-
formed by Njafi et al. on the TAAAA repeats in breast
cancer showed that the number of 7.7 genotype was
more in controls than in cases and this association was

significant (P = 0.01, OR = 4.5 [25]). It is possible that
intermediate proteins will differ in the production of iso-
forms or expression in breast and colon cells.

Conclusion
In the present study, the association between TAAAA
repeats in the p53 gene and risk of CRC were evaluated
in Isfahan population (Iran). However, despite the differ-
ence in the distribution of some genotypes in cases and
controls, no significant association was found between
the number of repeats and CRC.
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