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Abstract
Genetic factors including single nucleotide polymorphisms have been implicated as predisposing factors for large
numbers of malignancies. When genetic disorders occur in a tumor suppressor gene, like TP53 gene, the results are
expected to have devastating effects. The current study aimed to assess the effect of certain polymorphisms in TP53
genein the individual’s susceptibility to non- Hodgkin’s lymphomas among Iraqi patients. A total of 62 patients with
these malignancies and 34 apparently healthy individuals were enrolled for this study. DNA was extracted from
blood samples and fragment in TP53 corresponding for TP53 p.Arg72Pro, TP53 p.Pro47Ser and r.13494 G>A
polymorphisms were amplified using specific primers. Genotyping was performed with restriction fragment length
polymorphisms. The results revealed significant association of TP53 p.Arg72Pro polymorphism in both
heterozygous and mutant homozygous genotypes with incidence of NHLs, while both TP53 p.Pro47Ser and r.13494
G>A polymorphisms had no such association. These results strongly indicate the importance of proline allele of
TP53 p.Arg72Pro as a predisposing factor for NHLs.
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 ﻓﻲ ﺣدوث اﻻورام اﻟﻠﻣﻔﺎوﯾﺔ اﻟﻼﻫوﺟﻛﯾﻧﯾﺔTP53 أﻫﻣﯾﺔ اﻟﺗﻐﺎﯾرات اﻟﺟﯾﻧﯾﺔ ﻓﻲ ﺟﯾن
اﻟﺧﻼﺻﺔ

 وﻋﻧدﻣﺎ ﯾﺣﺻل اﻟﺧﻠل اﻟﺟﯾﻧﻲ ﻓﻲ اﻟﺟﯾﻧﺎت اﻟﻣﺛﺑطﺔ، ﺗﻣﺛل اﻟﻌواﻣل اﻟﺟﯾﻧﯾﺔ ﺑﻣﺎ ﻓﯾﻬﺎ اﻟﺗﻐﺎﯾرات اﻟﺟﯾﻧﯾﺔ ﻋواﻣل ﻣؤﻫﺑﺔ ﻟﻼﺻﺎﺑﺔ ﺑﻌدد ﻛﺑﯾر ﻣن اﻟﺳرطﺎﻧﺎت
 ﻫدﻓت ﻫذﻩ اﻟدراﺳﺔ اﻟﻰ ﺗﻘﯾﯾم ﺗﺄﺛﯾر ﻋدد ﻣﺣدد ﻣن ﺗﻌدد اﻟﺗﻐﺎﯾرات اﻟﺟﯾﻧﯾﺔ ﻓﻲ ﺟﯾن.  ﻓﻣن اﻟﻣﺗوﻗﻊ ان ﺗﻛون ﻟﻧﺗﺎﺋﺞ ذﻟك ﺗﺄﺛﯾ ار ﻣدﻣ ار،TP53 ﻟﻠورم ﻛﺟﯾن

 ﺷﺧﺻﺎ ﺳﻠﯾﻣﺎ34 ﻣرﯾﺿﺎ ﺑﻬذﻩ اﻻورام و62  ﺷﻣﻠت اﻟدراﺳﺔ.  ﻋﻠﻰ ﻣدى اﺳﺗﻌداد اﻟﻣرﺿﻰ اﻟﻌراﻗﯾﯾن ﻟﻼﺻﺎﺑﺔ ﺑﺎﻷورام اﻟﻠﻣﻔﺎوﯾﺔ اﻟﻼﻫودﺟﻛﯾﻧﯾﺔTP53

 وTP53 p.Pro47Ser وTP53 p.Arg72Pro اﻟﻣﺗﺿﻣﻧﺔ ﻟﻠﺗﻐﺎﯾراتTP53  ﻣن ﻋﯾﻧﺎت اﻟدم وﺗﻣت ﻣﺿﺎﻋﻔﺔ ﻗطﻊ ﺟﯾنDNA اﺳﺗﺧﻠص اﻟ. ظﺎﻫرﯾﺎ
 ﻛﺷﻔت اﻟﻧﺗﺎﺋﺞ ﻋن ﻋﻼﻗﺔ ﻣﻌﻧوﯾﺔ.  اﺟري اﻟﺗﻧﻣﯾط اﻟﺟﯾﻧﻲ ﺑطرﯾﻘﺔ ﺗﻌدد اﻻﺷﻛﺎل ﻟطول اﻟﺷظﺎﯾﺎ اﻟﻣﻘﯾدة. وذﻟك ﺑﺎﺳﺗﺧدام ﺑﺎدﺋﺎت ﺧﺎﺻﺔr.13494 G>A

 ﻓﻲ ﻟم ﯾظﻬر اي ﻣن،  ﻓﻲ ﺷﻛﻠﯾﻪ )ﻣﺗﻐﺎﯾر اﻟزﯾﺟﺔ وﻣﺗﻣﺎﺛل اﻟزﯾﺟﺔ اﻟطﺎﻓر( ﻣﻊ ﺣدوث اﻻورام اﻟﻠﻣﻔﺎوﯾﺔ اﻟﻼﻫوﺟﻛﯾﻧﯾﺔTP53 p.Arg72Pro ﺑﯾن اﻟﺗﻐﺎﯾر

TP53  ﺗﺷﯾر ﻫذﻩ اﻟﻧﺗﺎﺋﺞ اﻟﻰ أﻫﻣﯾﺔ اﻻﻟﯾل اﻟﻣﺷﻔر ﻟﻠﺑروﻟﯾن ﻓﻲ اﻟﺗﻐﺎﯾراﻟﺟﯾﻧﻲ.  ﻣﺛل ﻫذﻩ اﻟﻌﻼﻗﺔr.13494 G>A وTP53 p.Pro47Ser اﻟﺗﻐﺎﯾرﯾن

. ﻛﻌﺎﻣل ﺧطورة ﻟﻼﺻﺎﺑﺔ ﺑﺎﻷورام اﻟﻠﻣﻔﺎوﯾﺔ اﻟﻼﻫوﺟﻛﯾﻧﯾﺔp.Arg72Pro

. اﻟﺘﻐﺎﯾﺮات اﻟﺠﯿﻨﯿﺔ اﺣﺎدﯾﺔ اﻟﻘﺎﻋﺪة، TP53  ﺟﯿﻦ،  اﻻورام اﻟﻠﻤﻔﺎوﯾﺔ اﻟﻼھﻮﺟﻜﯿﻨﯿﺔ:اﻟﻜﻠﻤﺎت اﻟﻤﻔﺘﺎﺣﯿﺔ
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polymorphism, but the proline is substituted
by serine at codon 47. Only limited number
of studies have been conducted on this
variant may be due to its low frequency with
a minor allele frequency of less than 5% in
African
population[3,10].
However,
Singamsetty et al.[11] reported significant
increase in colorectal cancer among South
Indian population carrying Ser47 allele,
while Al-Awadi et al. [12] and Al-Qasem et
al. [13] did not found such association in in
Kawati and Saudi women with breast
cancer.
The presence of function SNPs is not only
restricted to the coding motifs of the gene
but also to the noncoding regions (introns).
r.13494G>A (rs1625895) is located in intron
6, and was previously reported as a risk
factor for colon and breast[14], and ovarian
cancers[15].
In Iraq, there are only few studies pointing
the association of genetic polymorphisms
with NHLs [16]. Therefore, this study aimed
to assess the role of these SNPs as a risk
factors for NHLs.

Introduction
on-Hodgkin’s Lymphomas (NHLs)
are a group of closely related
illnesses involving a malignant
transformation of lymphoid cells. However,
these cells have discriminative, immunophenotypic, genetic, morphologic and
clinical features [1]. A wide range of genetic
and non-genetic factorsare implicated to be
influence the occurrence of NHLs, while the
precisecauses are not known [2].
The protein p53, encoded by TP53 gene
(OMIM191170), has a crucial role in several
vital body functions. On one hand, it is
essential for stress response which preserve
the stability of the whole genome when the
body exposes to various injuries such as
DNA damage, metabolite stress, hypoxia
and activation of oncogenes [3]. On the
other hand, this protein is one of the most
known tumor suppressors. In this regard, it
achieves huge numbers of activities among
which are the induction of arrest in cell
cycle, senescence, and of programmed cell
death [4]. Thus, it is reasonable to say that
disorders in this gene may influence the
occurrence and progression of NHLs.
As many as 547 single nucleotide
polymorphisms (SNPs) in TP53 gene have
been
recorded
(https://www.ncbi.nlm.nih.gov/gene)
making this gene one of the most
polymorphic region in the human genome.
Of course, the vast majority of these SNPs
are not functional. However, few of them
were found to be associated with some
malignancies [5].
One of the most extensively investigated
SNP is p.Arg72Pro (rs1042522). It is a nonsynonymous SNP which involves the
substitution of arginine in the codon 72 by
proline. Several meta-analysis studies have
linked this polymorphism with different
malignancies including lung [6], gastric [7]
and breast cancers [8,9].
The second functionally important SNP is
p.Pro47Ser (rs1800371). Similar to the
previous variant, it is a non-synonymous

N

Materials and Methods
The Study Population
A prospected case-control study comprised
of 62 confirmed NHLs patients during
theperiod from January 2015 to June 2015
from Hematology Center/ Al-Mustansiriya
University and Teaching Hospital of
Pediatric, Baghdad, Iraq. Another family
unrelated,
34healthyindividuals
were
recruited to becontrolgroup. Mean ages of
patients and controls were 52.17 and 47.22
years respectively. All subjects were
informed and supplied with written consent
to take part in this investigation and to use
their samples in genetic analysis. After
agreement, a direct interview with each
participant was made and an information
including age, sex, smoking (current and
previous), dwelling, body mass index (BMI)
first relative history of NHLs, and diabetes
mellitus was obtained.
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DNA Mini/ Geneaid/ Korea) following the
protocol supplied with the kit. Primer set
and restriction enzymes are shown in table
(1).

About 3 ml of peripheral blood was obtained
from each participant in EDTA tube. The
nucleic acid (DNA)was extracted from
leukocytes using ready kit (g SYNCTM

Table 1:Primers sets and restriction enzymes for different SNPs
Polymorphism
TP53 p.Arg72Pro
rs1042522

Primers (5’→3’)
F: TTTCACCCATCTACAGTCCC
R:ACCTAGGCTCAGGGCAACTAGCCG

TP53 p.Pro47Ser
rs1800371

F:CTGGTAAGGACAAGGGTTGG
R: TCATCTGGACCTGGGTCTTC

r.13494 G>A
rs1625895

F:TATGAGCCGCCTGAGGTCTGG
R:TACAGGCATGAGCCACTGCGC

The PCR conditions for the three segments
involves an initial denaturation for 5 min at
95oC, followed by 35 cycles of denaturation
for 30 secat 94oC, annealing for 30 sec at
59oC and elongation for 45 secat 72oC.
Finally the mixture was subjected to 72oC
for 10 min as final extension step.
A master mix with 50 µl capacity
(Bioneer/Korea)
was
used
for
amplification.From Five µL of template
DNA from each sample and 2µl from each
primer were dispensed to master mix tube.
After mixing, the mastermix tubes were
placedinto previously programmed (Hybaid
thermal cycler/ UK).Amplicons’size were
detected through comparison with a
commercial 50bp ladder (Bioneer/Korea).
Ten percent of PCR product of each of TP53
p.Arg72Proand
(TP53 p.Pro47Ser and
r.13494 G>A) were mixed with 5 l 10X
NEB buffer and 1 l of BstUI or MspI
(10U)
restriction
enzyme
(Biolabs
Inc./USA) in an eppendorf tube. The volume
was adjusted to 50 l using deionized sterile
H2O. The tube was then incubated at 37oC
for 2 and 3 hours for the first and second
enzyme respectively. Digests were separated

Product (bp)
Arg/Arg: 318
Pro/Pro: 182, 136
Arg/Pro: 318,182,136
Pro/Pro:201
Ser/Ser:156, 45
Pro/Ser:201,156,45
G/G: 240
AA: 164, 76
G/A: 240, 164, 76

Enzyme
BstUI

MspI

MspI

on a 3% gel stained with ethidium bromide
and analyzed U.Vtransilluminator with
camera.Genotyping
was
determined
depending on the resulted base pair after
digestion.
Statistical Analysis
Statistical Package for the Social (SPSS)
Version 16.0 was used for data analysis.
Data are reported as mean± standard
deviation (SD). Genotype frequencies were
examined for deviation from HardyWeinberg Equilibrium (HWE) using Chisquare test. This test was also employed to
collate the distributions of allele frequencies
in NHLs patients and controls. The risk
associated with individual alleles or
genotypes was calculated by estimating the
odds ratio (OR) through binary logistic
regression test.
Results
The study population characteristics are
shown in Table-2.Of the studied risk factors,
only BMI had significant effect on the
susceptibility to NHLs.
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Table 2:The study population characteristics
Variable
Mean age in years (SD)

Patients
N=62
52.17
(9.22)

Controls
N=34
47.22
(7.91)

Pvalue
0.294
0.206

Gender
Male
Female
Family history
No
Yes
Mean BMI (SD)

41(66.13%)
21(33.87%)

26(62.5%)
8(37.5%)

56(90.32%)
6 (9.68%)
27.14
(4.27)

33 (97.06%)
1(2.94%)
23.71
(2.02)

0.217

Smoking
35 (56.45%)
Never
27 (43.55%)
Smoker (ex/current)
Dwelling
49(79.03%)
Urban
13(20.97%)
Rural
Diabetes Mellitus
55(88.71%)
Non-diabetic
7 (11.29%)
Diabetic
BMI: body mass index, N: number, SD: standard deviation

0.028
0.075

25 (73.53%)
9(26.47%)
0.592
27(79.41%)
7(20.59%)
0.97
31(91.18%)
3(8.82%)

Figure 1 shows the gel electrophoresis of TP53 polymorphisms after digestion with the
restriction enzymes.

(A)

(B)

(C)

Figure 1:Agarose gel electrophoresis of TP53 polymorphisms after digestion with restriction enzymes
and staining with ethidium bromide. (A) Different genotype patterns of TP53 p.Arg72Pro polymorphism.
M: 50 bp DNA marker, lanes 1 and 3: Arg/Pro genotypes, lane 2: Pro/Pro genotype, lanes 2 and 5:
Arg/Arg genotypes.(B) Two genotype patterns of TP53 p.Pro47Ser polymorphism. Lanes 1-5 and 7:
Pro/Pro genotypes, lane 6: Pro/Ser genotype, M: 50 bp DNA marker. (C) Different genotype patterns of
r.13494G>Apolymorphism. Lane1: A/A genotype, lanes 2,4,5G/A genotypes, lane 3: G/G genotype, M:
50 bp DNA marker.
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TP53 p.Pro47Ser polymorphism appeared as
momoallelic phenotype in controls (Pro
allel), and only two NHLs patients had
heterozygous Pro/Ser genotype (Table3). As
there was only one genotype in controls, the
statistical analysis is nonsense.
Although the heterozygous genotype of
r.13494G>Apolymorphism (GA) in controls
(35.29%) was higher than that of patients
(30.65%) the different was insignificant
(OR=0.748,
95%CI=0.297-1.1885,
P=
0.538).Similarly, the frequency of the
mutant homozygous genotype (AA) was
higher in controls(14.7%) than controls
(11.29%), but also the difference was
insignificant
difference
(OR=0.661,
95%CI=0.183-2.288,
P=0.528).
These
results are confirmed though allelic levels in
that the difference in the frequency of allele
A between patients and controls was not
significant (OR=1.319, 95%CI=0.692-2.515,
P=0.409).

Genotype frequencies for the three selected
TP53 SNPs were in agreement with HWE.
A remarkable result to emerge from the data
is that there were significant differences in
the frequencies of different genotype of
TP53 p.Arg72Pro poly-morphism between
NHLs patients and controls. Among NHLs
patients, the frequencies of Arg/Arg,Arg/Pro
and Pro/Pro were 22.58%, 37.1% and
40.32% respectively compared to 44.12%,
35.29% and 20.59% respectively among
controls (OR=3.136, 95%CI=1.126-8.738,
P=0.029 and OR=5.844, 95%CI=1.89817.997, P=0.002 for Arg/Arg and Pro/Pro
genotypes respectively) as shown in Table 3.
Analysis of allele frequency confirms these
results as the frequencies of Arg and Pro
alleles among patients were 41.13% and
58.87% respectively compared to 61.76%
and 38.24% respectively among controls
with highly significant differences (OR=
2.213, 95%CI=1.261-4.238, P=0.007).

Table 3:Frequency of genotypes and allele of TP53 gene polymorphisms in NHLs patients and controls
Genotypes and Alleles
TP53 p.Arg72Pro
Genotypes
Arg/Arg
Arg/Pro
Pro/Pro
Alleles
Arg
Pro
TP53 p.Pro47Ser
Genotypes
Pro/Pro
Pro/Ser
Ser/Ser
Alleles
Pro
Ser
r.13494G>AGenotype
s
GG
GA
AA
Alleles
G
A

Patients
N=62

Control
N=34

14(22.58%)
23 (37.1%)
25(40.32%)

15(44.12%)
12(35.29%)
7 (20.59%)

51 (41.13%)
73 (58.87%)

42(61.76%)
26(38.24%)

60(96.77%)
2(3.23%)
0(0%)
122(98.39%)
2(1.61%)

34 (62%)
0(0%)
0(0 %)

0.061
0.029
0.002
0.007

17(50%)
12(35.29%)
5(14.7%)
46 (67.65%)
22(32.35%)

N: number; OR: odds ratio; CI: confidence interval
782

OR(95%CI)

1.0 (Reference)
3.136 (1.126-8.738)
5.844(1.898-17.997)
1.0 (Reference)
2.213 (1.261-4.238)

0.119
0.280
0.841
-------

64(100%)
0(0%)

36 (58.6%)
19 (30.65%)
7(11.29%)
91(73.39%)
33(26.61%)

P-value

1.0 (Reference)
------------1.0 (Reference)
---------

0.738
0.538
0.528
0.409

1.0 (Reference)
0.748(0.297-1.1885)
0.661 (0.183-2.288)
1.0 (Reference)
1.319 (0.692-2.515)
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Discussion
The TP53gene is a 20 kb gene on 17p13.1
comprising 11 exon and 10 introns [17]. The
protein encoded by this gene (p53) has very
important part in cell division and
programmed cell death. Mutations and
polymorphism in the gene can affect the
protein function and eventually predispose
for some malignancy. The current study
revealed high association of the allele
encoding for proline in the TP53
p.Arg72Pro with the NHLs (OR=2.213,
95%CI= 1.261-4.238, P=0.007). Similar
results have been obtained previously in
breast, gastric, lung and urinary bladder
cancers [6,7,8,9,18]. However, many authors
reported null results with different cancers
[19-22].
The supposed more common G nucleotide
of the codon CGC which encodes for
arginine in this polymorphism was found to
be associated with a protein that has 15-fold
capacity to induce apoptosis more than that
associated with the C nucleotide of the
codon CCC which encodes proline[23].
Evidence from these observations was
further supported by the observation that
patients with different cancers who carry
Arg/Arg genotype response more favorably
to radiation and chemotherapy [24]. Taking
into account that most chemotherapies of
NHLs (such as resveratrol) depend on
apoptosis induction[25], it is easy to explain
the highly association between Pro72variant
and the susceptibility to NHLs.
TP53 p.Pro47Ser appeared biallelic on in
two patients with NHLs and there was no
homozygous mutant genotype. This low
prevalence of this SNP is in agreement with
what recorded in some neighboring
countries like Kuwait and Saudi Arabia
where the SNP appeared monoallelic in
healthy controls in diallelic in very small
percentage of women with breast cancer
[12,13]. However, very few studies reported
Ser47 variant as a risk factor for certain
cancers [11]. This variant was recorded to
have up 5-fold decrease in the resultant
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protein for induction of apoptosis in
comparison with the variant Pro47[26].
The current study revealed no significant
association between r.13494G>A and the
susceptibility to NHLs neither at genotypes
levels nor at allele levels. Though it is not
underwent intensive investigation, similar
results have been reported in Brazilian
Barretts esophagus patients [27] and Indian
cervical cancer patients [28]. In contrast,
significant effect of this SNP was
documented on the developing of breast
[14], ovarian [15], colon[14] lung [29,30],
and prostrate [31] cancers.This effect was
attributed to two factors. The first factor is
referred to the role that the non-coding
pieces of TP53 might have a roleas a
regulator of gene expression, while the
second factor is the reduced standard of
apoptosis and increased survival rate after
DNA insulting exhibited by r.13494A
variant [32].
Taken together, these findings strongly
suggest the role of Pro72 variant of
TP53p.Arg72Pro SNPas a predisposing
factor for NHLs. However, further study
with larger sample size involving different
types of NHLs are needed to draw a solid
conclusion.
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