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Background: Genetic variations in TP53 gene are known to be important in
chronic lymphocytic leukemia (CLL) and may cause its inactivation which is
associated with an aggressive form of the disease. Single nucleotide
polymorphism (rs1042522:G>C) in TP53 gene at codon 72 encodes for
arginine (Arg) or proline (Pro) variant which results in amino acid substitution
affecting the apoptotic potential of TP53 protein. The aim of this study was to
assess the correlation between TP53 codon 72 polymorphism and risk
susceptibility as well as severity of CLL among Tunisian patients.

Materials and methods: A case-control study was conducted in Tunisia from
February 2019 to November 2021, 160 de novo CLL patients and 160 healthy
volunteers matched in age and gender were involved. DNA was extracted from
peripheral blood mononuclear cells and the rs1042522 was analyzed using
PCR-RFLP.

Results: Pro variant was associated with higher susceptibility to CLL than Arg
variant (p= 0.023). A significant association was found between Pro variant and
prognostic classification of Binet stage C (p= 0.001), low hemoglobin level (p=
0.003) and low platelet count (p= 0.016).

Conclusion: We suggest that Pro variant may increase the risk of developing CLL
in our population and could be associated with the severity of the disease.
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1 Introduction

TP53 is a critical tumor suppressor protein that plays a crucial
role in maintaining genomic stability and preventing the
development of malignant tumors (1). The TP53 gene contains 11
exons and is located on the short arm of chromosome 17 (17p13.1)
(2). This gene, encodes a 53 kDa protein, plays an important
regulatory role in apoptosis, tumor cell proliferation, division,
differentiation, migration, maintenance of stem cell characteristics
and cell cycle arrest (3, 4).

TP53 protein contains three functional domains including a
transactivation and proline rich domain, a central DNA-binding
domain (DBD), and an oligomerization domain (5). The majority of
TP53 missense mutations are located in the central DBD region of
TP53 gene (6).

TP53 genetic variations are found in over half of human
cancers, thus is known as the most commonly mutated gene in
human cancers. Different from many other tumor suppressor genes
which are generally a deletion or substitution in cancer cells,
mutations in TP53 gene are predominantly missense mutations
that give rise to a single amino acid substitution in the full-length
mutant protein, plus this protein interacts with several proteins
coordinating multiple pathways and favor the activities of
oncogenes (7).

TP53 gene mutations are involved in the pathogenesis of various
hematological malignancies, including leukemias and lymphomas
(8). They are common in acute myeloid leukemia (AML) (9), in
chronic lymphocytic leukemia (CLL) (2), in diffuse large B-cell
lymphoma (DLBCL) (10) and in follicular lymphoma (11). Most of
TP53 mutations are associated with chemotherapy resistance and
disease relapse, as well as decreased overall survival (12).

In CLL, TP53 mutations have been found in about 4-37% of
patients (13), some are associated with poor prognosis (14).

CLL is the most prevalent leukemia observed in adults, with an
incidence rate of 4-6 per 100 000 people annually in USA and in
Europe (15). In Tunisia, unfortunately, only a few data are available
concerning the epidemiological profile of leukemia. The statistics
provided by our laboratory on CLL show that the frequency of this
disease is about 105 new cases per year. Total number of leukemia
in adults is about 235 new cases per year.

CLL is considered as a category of chronic leukemia with
increasing monoclonal B lymphocytes in the bone marrow,
peripheral blood and secondary lymphoid tissues (16).

The diagnosis of this pathology is based on the presence of >
5x10° B-lymphocytes/L in the peripheral blood for a duration
higher than 3 months. In CLL, cells expression of CD19, CD5,

TABLE 1 Binet staging system for CLL.
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CD20, CD23, kappa and lambda is usually sufficient to establish the
diagnosis (17, 18).

The main treatment used for CLL is chemotherapy, monoclonal
antibodies and stem cells transplantation, which depends on: the age of
patient (< 65 years vs > 65 years), clinical status fit or unfit, the
Cumulative Illness Rating Scale (CIRS) score, the existence or absence
of a 17p deletion and/or the presence of TP53 mutations. Some patients
with CLL can live for many years without the need for treatment (13).

Nowadays, targeted therapy has drastically changed the
landscape of hematological disorders including CLL. In fact, it
improves outcomes and survival rates, reduces chemotherapy side
effects, and enables personalized medicine based on individual
genetic and molecular profiles for more effective treatment.
Several efforts have been made to develop new strategies that
exploit anti-tumor immune responses against TP53 pathway
defects for cancer treatment (19).

The Binet clinical staging system, create prognostic and
treatment indication by using results of physical examination and
blood counts (Table 1) (13, 20). There are several prognostic factors
that can impact clinical course starting from indolent to highly
progressive disease.

According to the International Workshop on Chronic
Lymphocytic Leukemia (IWCLL) guidelines, criteria of diagnosis
of CLL active disease are based on the development of anemia and/
or thrombocytopenia, massive or progressive or symptomatic
splenomegaly, massive nodes or progressive or symptomatic
lymphadenopathy, lymphocyte doubling time (LDT) less than 6
months, autoimmune complications and another disease related
symptomes (13).

Non-mutated heavy-chain variable-region genes (IGHVs) and
high level of CD38 (= 30%) are associated with more aggressive
disease compared to those carrying mutated IGHVs and CD38 (<
30%) (21, 22). Other prognostic factors such as the presence of
certain comorbidities, blood B cell count, hemoglobin level, and
platelet count are also associated with CLL severity (23).

Genetic abnormalities, such as deletions of chromosome 17p and
mutations in the TP53 gene, are important prognostic factors in CLL, as
they are associated with resistance to therapy and reduced survival (24).

Several polymorphisms have been detected in TP53 gene, both
in coding and non-coding regions (25). A single-nucleotide
variation in TP53 gene which replaces Arginine (Arg) by Proline
(Pro) at codon 72 (rs1042522:G>C), may have an effect on
apoptotic functions of TP53 protein. Arg allele increases ability of
TP53 to locate to mitochondria and induce cellular death, whereas
Pro allele owns a lower apoptotic potential and an increased cellular
arrest in GO/G1 phases of the cell cycle (26). This polymorphism is

Stage A Hb > 10g/dL, platelets > 100x10°/L and <2 lymph node areas involved (*) Low risk
Stage B Hb > 10g/dL, platelets > 100x10°/L and >3 lymph node areas involved (*) l
Stage C Hb < 10g/dL or platelets < 100x10°/L

High risk

(*) Lymph node areas: 1. Head and neck (uni- or bilateral), 2. Axillar (uni- or bilateral), 3. Inguinal (uni- or bilateral), 4. Splenomegaly, 5. Hepatomegaly.
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reportedly associated with a susceptibility to most cancers. The
distribution of the three genotypes (Arg/Arg, Arg/Pro and Pro/Pro)
largely relies on the ethnic composition of the studied population.

To the best of our knowledge this is the first study with large
sample size conducted in Tunisia to investigate the association
between TP53 Arg72Pro polymorphism and risk of CLL and
correlate with clinical and hematological parameters.

2 Patients and methods
2.1 Study population

Peripheral blood (PB) samples were collected from 160 patients
with CLL and 160 age- and sex-matched healthy controls. The
samples were then sent to the Laboratory of Molecular and Cellular
Hematology at Pasteur Institute of Tunis, Tunisia. Peripheral blood
(PB) samples were collected from patients who gave their informed
consent and healthy donors between February 2019 and November
2021. This study was approved by the Ethics Committee of Pasteur
Institute of Tunis. Clinical data of 49 CLL patients were obtained
from their medical records, including sex, age, and a complete blood
count. Diagnosis of CLL was based on clinical characteristics,
peripheral blood count, morphology, and immunophenotype,
with a minimum of 5,000 B lymphocytes per microliter of blood
for more than 3 months. CLL cell immunophenotyping was
evaluated by flow cytometry, characterized by co-expression of
CD5, CD19 and CD23, and low expression of CD20 and kappa
or lambda immunoglobulin light chains. All patients who carried
Matutes score 24 were included in this study (non-CLL cases score
below 4) (27). Prognosis of the disease at diagnosis was determined
using Binet staging system. CD38 expression levels were analysed.
Treatment of CLL was based on the IWCLL criteria (28).

2.2 Immunophenotyping by
flow cytometry

The CLL diagnosis is based on the immunophenotyping by flow
cytometry. This method allows the identification and
characterization of malignant B lymphocytes that are
characteristic of CLL. To perform this analysis, fresh peripheral
blood (PB) samples were stained using a panel of antibodies,
including CD45-APC-H7, CD5-APC, CD19-PE-CY7, CD20-
PerCP-CY5, CD23-PE, CD22-PerCP-Cy5, IgM-FITC, Kappa-
FITC, and Lambda-PE (@BD Biosciences). Matutes scoring
system > 4 confirms the CLL diagnosis.

To detect the CD38 expression, CD38-APC-Cy7 (BD
Biosciences) was used; a cut-off point of 30% was used to define
positivity for CD38.

2.3 DNA extraction and genotyping

Blood samples were collected from all patients in EDTA tube
(Ethylene Diamine Tetra Acetic Acid) and genomic DNA was
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extracted from PB mononuclear cells by salting out method. TP53
(NG_017013.2) codon 72 polymorphism was detected using the
polymerase chain reaction (PCR)-restriction length polymorphism
(RFLP) method. The amplification of a 199 bp fragment containing
TP53 codon 72 polymorphism (G>C) was performed using a forward
primer (5-TTGCCGTCCCAAGCAATGGATGA-3’) and a reverse
primer (5-TCTGGGAAGGGACAGAAGATGAC-3’). The PCR
reaction was performed using 2.5 pL of 10X buffer, 0.2 mM dNTP,
2 mM of MgCl2, 0.04 U of Taq polymerase (Applied Biosystems) and
0.2 uM of each forward and reverse exon 4 primers. The thermal
cycling conditions were initial denaturation at 95°C for 5 min,
followed by 35 cycles of denaturation at 95°C for 30 sec, annealing
at 64°C for 1 min, extension at 72°C for 1 min and a final extension
for 7 min at 72°C. PCR products were then digested with BstUI
restriction enzyme (New England Biolabs). PCR products were
examined for size and purity using electrophoresis on a 3% agarose
gel and visualized under ultraviolet light. The 199 bp fragment
remained intact in the presence of the C (Pro) allele. In contrast, it
was digested into two fragments of 113 bp and 86 bp in the presence
of the G allele (Arg).

2.4 Statistical analysis

Patients’ data were collected from patients’ medical files and
analyzed using the statistical package for social sciences (SPSS for
Windows version 23.0, IBM SPSS Inc., USA) and GraphPad Prism
(version 8.0.1). Quantitative variables were shown as mean
values + standard deviation (SD) or median (minimum-
maximum) as appropriate. Frequencies of rs1042522 genotypes in
patients with CLL and control group were compared using Chi-
Square test. Logistic regression was used for calculation of odds
ratio (OR) with confidence interval (CI 95%) for risk estimation.
The analysis of this polymorphism according to clinico-biological
data (sex, age, white blood cell count, red blood cell count, platelets
count, hemoglobin level, PNN, lymphocytes, monocytes and the
prognostic markers) was compared between the three groups of
genotypes: Pro/Pro, Arg/Arg and Arg/Pro using ANOVA statistic
test. Statistical differences were considered significant with p<0.05.

3 Results
3.1 Study population

This study included a total of 160 patients diagnosed with CLL.
The median age of the participants was 67 years with mean of 66.12
+ 12.85 years, ranging from 26 to 88 years. Among the studied
cohort, 65% of the patients were males (104 vs 56), resulting in a
male: female ratio of 1.85. According to the Binet staging system,
the 49 patients with available data were classified as follows: 20
(40.81%) in stage A, 18 (36.73%) in stage B, and 11 (22.44%) in
stage C. The medians of white blood cell, red blood cell, platelets
and hemoglobin,counts were respectively 32x10°/L [10.30 -
246x10%/L], 3955x10°/L [1430 - 4800x10°/L], 200x10°/L [29 -
410x10°/L] and 120g/L [50 - 160g/L]. When assessing the
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Matutes score, 22 (44.89%) of CLL patients had a score equal to 4,
while 27 (55.10%) had a score equal to 5. Additionally, 28 (57.14%)
patients received treatment for CLL, while 21 (42.85%) did not
receive treatment. The flow cytometric analysis revealed a CD38
positive expression in 10 (15.62%) patients out of 64.

3.2 Distribution of rs1042522

Our results show the presence of three genotypes of the
rs1042522 (Figure 1). Genotype frequencies were determined in
the CLL patients and the control groups. Arg/Pro was the most
frequent genotype in patients with CLL (48.75%), followed by Arg/
Arg (42.50%) and Pro/Pro (8.75%). Whereas in healthy control
group Arg/Arg was the most frequent genotype (56.25%), followed
by Arg/Pro (38.12%) and Pro/Pro (5.62%). The difference between
the genotypes of CLL patients and control group was statistically
significant (P= 0.044). In CLL patients the frequencies of the Arg
and Pro alleles were 214 (66.87%) and 106 (33.12%) respectively,
while in the control group, they were 241 (75.3%) and 79 (24.6%),
respectively. Notably, the Pro allele was found at a higher frequency
in CLL patients compared to the control group (P=0.023) (Table 2).

3.3 Rs1042522 and hematological
parameters

The rs1042522 was significantly associated with hemoglobin
levels (Figure 2A) and platelet counts (Figure 2B). Individuals with

10.3389/fonc.2023.1272876

the Pro homozygous genotype displayed lower hemoglobin levels and
platelet counts compared to those with other genotypes (Arg/Arg and
Arg/Pro), with p values of 0.003 and 0.016, respectively (Table 3).

Regarding other blood parameters, no statistically significant
differences were observed for total white blood cell count, red blood
cell count, neutrophils, lymphocytes, monocytes, LDH, or beta-2-
microglobulin concerning the rs1042522 genotype (Table 3).
However, the results did indicate elevated lymphocyte and white
blood cell counts in patients with the Pro/Pro genotype compared
to those with other genotypes.

3.4 Rs1042522 and biological
prognostic markers

The correlation between rs1042522 genotypes and clinical Binet
stage revealed that Stage A was associated with Arg/Arg and Arg/
Pro genotypes, while Stage C showed a strong association with the
Pro/Pro genotype (P value= 0.001) (Figure 2C) (Table 4).

In the current study, no significant associations were found
between gender, median age at diagnosis, Matutes score, biological
prognostic marker (CD38 expression), treatment, complications
caused by CLL, and the rs1042522 genotypes (Table 4).

4 Discussion

This is the first case-control study to describe the implication of
the TP53 polymorphism rs1042522 on the risk and the severity of

FIGURE 1

The different genotypes are shown in the electrophoresis gel of Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP). L.
Ladder of 100 bp. 1: Heterozygous genotype Arg/Pro. 2: Homozygous genotype Arg/Arg. 3: Homozygous genotype Pro/Pro. Arg: Arginine. Pro: Proline.
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TABLE 2 Comparison of genotypic and allelic frequencies of the rs1042522 in the CLL patients group versus the control group.

Allele/Genotype CLL group N=160 (%) Control group N=160 (%) Odds ratio (95% Cl) P value
Arg/Arg Genotype 68 (42.50%) 90 (56.25%) 0.61 (0.25-1.49) 0.044
Arg/Pro Genotype 78 (48.75%) 61 (38.12%)

Pro/Pro Genotype 14 (8.75%) 9 (5.62%)

Arg/Arg Genotype 68 (42.57%) 90 (56.25%) 0.57 (0.36-0.89) 0.018
Arg/Pro+Pro/Pro Genotypes 92 (57.50%) 70 (43.75%)

Arg Allele 214 (66.87%) 241 (75.31%) 0.66 (0.46-0.93) 0.023
Pro Allele 106 (33.12%) 79 (24.68%)

The bold values indicates that they are < 0.05.

CLL in Tunisian population. The study was conducted to identify
CLL patients at risk of severe progression in order to better manage
their disease.

CLL is a common malignancy tumor of the hematopoietic
system, seriously threatening human health. It is characterized by
progressive accumulation of monoclonal and functionally
incompetent lymphocytes (29, 30). A variety of factors have been
implicated in the occurrence of CLL, including race factors,
environmental factors, and family factors (individuals with a
family history of leukemia or CLL have a higher risk of CLL)
(31). The causes of CLL are not fully understood, and many factors
that may contribute to the development of the disease have not been
thoroughly studied.

Studies have shown that single nucleotide polymorphisms
(SNPs), including those in the TP53 gene, are associated with an
increased risk of CLL (32).

The rs1042522 polymorphism at codon 72 of the TP53 gene,
which encodes either an Arg or Pro amino acid, may alter the
biochemical and biological function of TP53 in vivo. The Arg
variant appears to induce a stronger apoptosis response than the
Pro variant (16). On the other hand, CLL patients with the Pro/Pro

genotype are considered to be at an increased risk of developing
other TP53 mutations (33).

The clinical effects of this alteration were investigated in several
studies. The Pro variant has been shown to be associated with an
increased risk of thyroid (34), prostate (35), osteosarcoma (36) and
melanoma (37). However, no significant association has been found
between the Pro variant and glioma (38, 39) or ovarian cancers
(40, 41).

The distribution of rs1042522 polymorphism in our study
showed that the Pro/Pro genotype was more frequent in patients
with CLL than in the control group. This result is consistent with
those published by Basabaeen et al. (42) in the Sudanese population
where the frequency of the Pro/Pro genotype was 24.5% in CLL
patients and 7.5% in the control group. However, our findings are
discordant with those of Kochethu et al. (43) who found that the
frequency of the Pro/Pro genotype was 11% in CLL patients and
13% in the control group in the English population.

Many studies showed that rs1042522 frequency differs among
populations from various regions in the world. For example, Pro/
Pro genotype is represented in about 21.3% of the Chinese
population (44). However, in our study, it is present in just
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FIGURE 2

Correlation between rs1042522 genotypes and hematological parameters and Binet Staging system. (A) Correlation between rs1042522 genotypes
and hemoglobin level. (B) Correlation between rs1042522 genotypes and platelets level. (C) Correlation between rs1042522 genotypes and Binet

stage (1: Stage A, 2: Stage B, 3: Stage C).
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TABLE 3 Association between the rs1042522 genotypes and hematological parameters in 49 CLL patients.

10.3389/fonc.2023.1272876

Parameters Genotypes P value
Arg/Arg Arg/Pro Pro/Pro
Mean SD Mean SD Mean SD
WBC (x10°/L) 50.49 41.82 36.77 28.13 91.44 88 0.073
RBC (x10°/L) 3.81 1.03 4.10 0.42 3.09 1.16 0.194
Platelets (x10°/L) 20506 74.56 225.77 68.15 120.66 92.5 0.016
Hemoglobin (g/L) 12.67 2.39 12.30 1.90 8.61 4.24 0.003
Neutrophils (x10°/L) 6.06 3.23 931 8.77 553 1.60 0.342
Lymphocytes (x10°/L) 54.65 80.69 3633 47.64 88.78 89.95 0.353
Monocytes (x10°/L) 250 3.83 321587 2.18 1.47 0918
LDH 358.7 291.17 353.5 147.52 375.66 375.42 0.547
Beta-2 microglobulin (mg/L) 4.17 1.88 4.14 2.49 3.30 0.50 0.931

LDH, Lactate dehydrogenase; SD, Standard Deviation.
The bold values indicates that they are < 0.05.

8.75%. This discrepancy may be due to racial differences and

variable geographical distributions.
Our results showed the presence

of significant association

has detected a protective effect of Arg/Arg and the Arg/Pro

genotypes (46).

In accordance with Usenova et al. (47), Yang et al. (48) and

between Pro variant and risk of CLL. We therefore suggest a
protective effect of Arg variant on CLL patients.

A previous study conducted in Sudan has reported an
association between Arg/Pro genotype and risk of both CLL and
acute lymphoblastic leukemia (ALL) (45). Also, a Moroccan study

Dong et al. (44), our study demonstrated no association between
rs1042522 genotypes and gender (P=0.106).

In the present study, the mean age of CLL patients was 66.12 +
12.85 years. Our results showed the absence of significant
association between rs1042522 and patients age which is in line

TABLE 4 Association between the rs1042522 and CLL prognostic markers in 49 CLL patients.

Prognostic Marker Genotypes

Arg/Pro Pro/Pro P value
No. Of cases 68/160 (42.5%) 78/160 (48.75%) 14/160 (8.75%)
Mean Age + SD 6533 + 14.45 66 + 11.89 69.67 + 9.93 0.768
Gender 47/104 (45.19%) 47/104 (45.19%) 10/104 (9.61%) 0.106
Male 21/56 (37.5%) 31/56 (55.35%) 4/56 (7.14%)
Female
Binet stage 11/24 (45.83%) 9/19 (47.36%) 0/6 (0%) 0.001
A 8/24 (33.33%) 9/19 (47.36%) 1/6 (16.66%)
B 5/24 (20.83%) 1/19 (5.26%) 5/6 (83.33%)
C
Matutes Score 10/22 (45.45%) 9/22 (40.90%) 3/22 (13.63%) 0.563
4 14/27 (51.85%) 10/27 (37.03%) 3/27 (11.11%)
5
CD38 expression 18/54 (33.33%) 34/54 (62.96%) 2/54 (3.70%) 0.210
<30% 8/10 (80%) 2/10 (20%) 0/10 (0%)
>30%
Treatment 12/28 (42.85%) 11/28 (39.28%) 5/28 (17.85%) 0.350
Treated Patient 12/21 (57.14%) 8/21 (38.09%) 1/21 (4.76%)
No treated Patient
Complications 15/28 (53.57%) 9/28 (32.14.1%) 4/28 (14.28.6%) 0221
Presence 9/20 (45%) 10/20 (50%) 1/20 (5%)
Absence

The bold values indicates that they are < 0.05.
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with previous studies done by Stominski et al. (49) and Lahiri et al.
(50). Depending on Binet stage system, 40.81% of our patients were
presented in Binet stage A, followed by 36.73% at stage B and the
rest 22.44% at stage C. Our data demonstrate the presence of a
significant association between rs1042522 and Binet stages of our
patients. In other words, most of our advanced stage patients (stage
C) have the homozygous genotype Pro/Pro (P=0.001). This result is
in accordance with the study of Cabero-Beccera et al. (51). While
Sturm et al. (52) reported the absence of any association with
Binet stage.

Regarding the expression of CD38, 15.62% of CLL patients were
positive, and no association was found with rs1042522 (P= 0.210).
This is supported by the previous studies of Sturm et al. (52), Lahiri
et al. (50) and Dong et al. (44). However, it is in contrast with a
study by Kochethu et al. (43), where authors indicated the presence
of a weak association between the homozygous Arg genotype and
CD38 negativity (P= 0.049). They found that this genotype was
associated with an increased susceptibility to CLL and CD38
negativity but did not appear to influence other biological
behavior or clinical response.

Findings of associations between rs1042522 genotype and
hematological parameters in CLL in previous reports are
contradictory. In the present study, we found that Pro/Pro
genotype is associated with hemoglobin level (P= 0.003) and
platelet count (P=0.016). In fact, the level of these two
hematological parameters seems to be significantly lower for
homozygous Pro/Pro genotype than Arg/Arg and Arg/Pro
genotypes. Furthermore, the results showed increased
lymphocytes and white blood cells for Pro/Pro genotype
compared to those with the other genotypes, but without any
significant association. However, a recent study showed the
absence of any significant association between the different
genotypes of this polymorphism and white blood cell count, red
blood cell count, platelet count, hemoglobin level, lymphocytes,
granulocytes and monocytes (42).

Our study is retrospective and involved a limited number of
cases with clinical data. Moreover, the codon 72 polymorphism is
not considered a potential prognostic marker. the screening of the
entire TP53 gene and protein expression are required to identify
abnormalities associated with CLL prognostic.

In conclusion, this study is the first case-control study to
investigate the association between the rs1042522 polymorphism
and CLL in the Tunisian population. The results suggest that
patients with the Pro/Pro genotype have an increased
susceptibility to CLL compared to those with the Arg/Arg or Arg/
Pro genotypes. Additionally, the Pro/Pro genotype was associated
with lower hemoglobin levels and platelet counts, which are
indicative of Binet stage C disease. These findings suggest that the
Pro/Pro genotype may be associated with the occurrence and
severity of CLL, and may be correlated with other molecular
abnormalities of the TP53 gene.
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