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Abstract The treatment response of acute lymphoblastic

leukemia (ALL) depends on the percentage of lym-

phoblasts, cytogenetic aberrations, and altered gene

expression. The analysis of the gene expression is appli-

cable for determination of risk stratification and prognosis

of cancers. c-MYC, P14ARF, MDM2, and P53 play a vital

role in cell survival through a functional network. This

study aimed to investigate the expression of these genes,

also their correlation with immunophenotypic subtypes of

ALL and the percentage of blasts. Real-time PCR was

performed for the expression analysis of P53, MDM2,

c-MYC, and P14ARF in the bone marrow or peripheral

blood samples of 52 ALL patients and 13 normal samples

as controls. The morphological analysis and flow cytome-

try were carried out to examine the phenotypes and per-

centage of lymphoblasts. The decreased expression levels

of P53 and MDM2 were seen in ALL patients compared

with control group. In T cell subgroup of ALL the

expression of P14ARF gene was more decreased among

other subgroups. The expression of MDM2 was decreased

in ALL patients who were under the age of 16. Based on

our study, the interaction between P53 and MDM2 might

be more complex and different from reports published in

previous studies. Our findings showed that MDM2 is not

negatively correlated with P53, at least in our samples. It

can be very effective on the current and future studies to

use different techniques for analysis of genome, tran-

scriptome, and proteome in definitive risk stratification and

prognosis determination.
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Introduction

Acute lymphoblastic leukemia (ALL) is the most frequent

leukemia in children [1] and accounts for a quarter of

pediatric and adult malignancies. Its survival rate has been

dramatically increased to 90% thanks to the research pro-

gress recently made in the last few years [2]. The clinical

manifestations, age of patients, gene expression profile, the

count of white blood cells and initial response to

chemotherapy are used for the risk stratification of patients
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diagnosed with ALL [3]. However, these items cannot be

solely regarded as prognostic factors, as the recurrence rate

of the disease is about 20% in children [4]. Understanding

the mechanisms underlying the disease pathogenesis would

shed light on therapeutic strategies adapted for patients

with ALL [5]. Determination of transcriptional alterations

and characterizations in individuals afflicted with ALL

could help physicians to gain an insight into the risk

stratification and selection of the best drug with proper

doses [4]. For instance, analysis of the P53 transcription

profile has been broadly employed for the risk stratification

of acute myeloid leukemia [6]. Studies indicated that the

P53/MDM2 (or HDM2, Mouse double minute 2 homolog)

axis is involved in the cell cycle, proliferation, apoptosis

and genomic stability of the cells [7] and the presence of

polymorphisms in the P53/MDM2 axis predisposes adults

to develop ALL [8]. Activation of the P53 protein is an

early apoptotic sign in response to chemotherapeutic

agents. So, the rate of P53 activation could be considered a

useful index for disease prognosis [9].Unlike most human

cancers, P53 is found in wild-type form in ALL, but

patients with relapsed and refractory ALL show cytoge-

netic mutations. However, P53 abnormality is considered a

risk factor in both T- and B-ALL and results in very poor

survival in adult ALL [9, 10]. The function of P53 is del-

icately regulated by P14ARF (Alternate Reading Frame) and

MDM2. Proteasomal degradation of P53 is primed by

MDM2 protein through P53-MDM2 binding while the

MDM2 protein is inhibited by P14ARF [7]. The overex-

pression of MDM2, as well as the ablation of ARF, has

been frequently reported in ALL. Studies have indicated

that t(12;21)(p13;q22)[ETV6-RUNX1] is the most frequent

chromosomal translocation in pediatric ALL in which the

P53 signaling pathway is disrupted as a result of

MDM2overexpression [7]. This phenomenon shows that

the overexpression of MDM2 causes a poor early response

to treatment [11]. c-MYC is an oncoprotein, exerting a

positive impact on cell growth and proliferation and has an

inhibitory effect on the functionality of P53. The overex-

pression of c-MYC could lead to the differentiation arrest

independent of the stimulation of proliferation [12, 13].

P14ARF is a tumor suppressor that is induced by mitogenic

stimulation mediated by MYC and Ras. Increased c-MYC

activity results in the activation of P14ARF which in turn

inhibits the function of MDM2. Also, there is a P53/MDM2

feedback loop in which P53 is capable of activating the

MDM2 protein, but MDM2 inactivates the P53 [12].

According to the effects of c-MYC on P14ARF and con-

sidering the reciprocal functions of P53 and MDM2 on

each other, this study aimed to evaluate the expression of

P53, MDM2, P14ARF and c-MYC genes in patients affected

by ALL in comparison with control group. The correlation

of the gene expression, immunophenotypic subtypes and

percent of blast cells in patients was also investigated.

Materials and Methods

Sample Collection

Fifty-two samples including 38 bone marrow samples

(BM) and also 14 peripheral blood samples (PB) were

obtained from newly diagnosed patients with ALL. The

samples were collected from three distinct hospitals,

namely Taleghani, Imam Khomeini, and Mofid which all

are located in Tehran city. Patients have not undergone

chemotherapy, and the diagnosis of malignancy was made

by expert oncologists. On the other hand, 13 BM (n:8) and

PB (n:5) samples were selected as control group. The

control BM samples were collected from patients with

lymphoma in whom bone marrow and peripheral blood

were not involved by malignant cells. The study was

approved by the Ethics Committee of the Shahid Beheshti

University of Medical Sciences, and informed consent was

obtained from all patients and control group. Considering

the age of onset, patients with ALL were divided into two

subgroups as follows: under the age of 16 and above the

age of 16. The BM and PB samples were collected in

ethylene diamine tetra acetic acid (EDTA) -containing

tubes. The mononuclear cells were purified by Ficoll–

Paque gradient centrifugation.

Translocation Analysis

The real-time polymerase chain reaction (real-time PCR)

method was used for the study of four frequent transloca-

tions including t(12;21) (TEL/AML1), t(9;22) (BCR/

ABL1), t(1;19) (TCF3/PBX1) and t(4;11) (KT2A/AFF1) in

samples of all participants performed by the ABI (Thermo-

Fisher, USA) instrument.

Immunophenotypic Analysis

Based on flow cytometry analysis of CD markers (listed in

supplemental data), the lymphocytes of patients with ALL

were divided into T-ALL, Pro-B, Early Pre-B, Pre-B and

Mature-B ALL, according to the immunophenotypic sub-

types. The PB and BM samples were stained with anti-CD

markers’ antibodies (Dako, Denmark) and incubated in the

dark at room temperature for 15 min. Then, the red blood

cells were lysed by lysis buffer, and the resultant super-

natant was discarded. The stained cells were washed and

re-suspended by phosphate-buffered saline (PBS). Finally,

cells were analyzed by a flow cytometry instrument (At-

tune, USA).
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Gene Expression Analysis

Total RNA (Ribo Nucleic Acid) was extracted from PB

and BM samples using the RNeasy kit (Qiagen, USA).

NanoDrop (Thermo scientific, USA) was used to assess the

quality of extracted RNA and then the extracted RNA was

employed for the complementary deoxyribonucleic acid

(cDNA) synthesis by the T primed first strand kit (thermo-

scientific, USA). PCR and electrophoresis were done for

primers to achieve annealing temperature. Electrophoresis

of gradient PCR products for P53 and MDM2 and melt

curve for MDM2 and P14 are shown in supplementary

data. The analysis of gene expression was carried out by

the ABI Step-One Plus thermocycler (Applied Biosystems)

in duplicate, and the obtained data were analyzed by the

2-DDCT method. The primers are listed in supplementary

data.

Statistical Analysis

The differences between the values of ALL and control

group were analyzed by the T test. Mann–Whitney U test

and one-way ANOVA were used by the SPSS software

version 24 for comparison among subgroups. The level of

statistical significance was accepted when the p-value was

less than 0.05.

Results

Sixty-five samples were analyzed (52 and 13 samples from

ALL patients and control group respectively) and their

demographic characteristics were depicted in Table 1. The

results showed that there was no significant difference

between the age of ALL patients and control group. Among

patients with ALL, 61.5% of individuals were above

16 years of age and 38.5% under the age of 16. Chromo-

somal translocations namely t(9;22), t(1;19), t(12;21),

t(4;11) occurred in six, three, six, and one (totally 16)

patients, respectively. The frequencies of ALL

immunophenotypic subtypes are shown in Table 2. Dif-

ferences of gene expression among various immunophe-

notypic subtypes of ALL were also done and results are

shown in supplementary information. The morphological

analysis revealed that in most of the patients with ALL the

blast cells constitute about 80–100% of cell population.

The gene expression analysis showed that the expression

levels of P53 and MDM2 were decreased in ALL patients

compared with control group (Fig. 1). According to the

percentage of lymphoblast, the patients were divided into

four groups; however, the rate of gene expression for each

of the genes mentioned above was not significantly dif-

ferent among the groups as shown in Supplementary data.

The correlation of the gene expression and the transloca-

tions was assessed, but the number of samples that

underwent translocations was not sufficient to draw any

conclusion from the obtained values. However, our find-

ings showed that the rate of MDM21 expression in

t(12;21)-positive cells was considerably lower than cells

positive for t(9;22). Accordingly, the expression rate of

P14ARF gene was significantly decreased in t(12;21)-posi-

tive cells compared with cells positive for t(1;19) (Fig. 2).

Since there was only one sample with t(4;11), this was

excluded from statistical analysis. The analysis of gene

expression in all subgroups of ALL patients showed a

significant reduction in the expression level of P14ARF gene

in T-ALL samples (Supplementary data). Of note, a sig-

nificant decline in the expression of MDM2 in patients who

were above 16 years old was observed when compared

with those under the age of 16.

Discussion

The expression of P53 gene is associated with the cell cycle

of myeloblasts and the cellular internal and external mes-

sages in acute myeloid leukemia (AML) [14]. As well as

cytogenetic instability and mutation in proto-oncogenes

due to chemical toxic materials [15, 16] which can affect

P53 expression [17]. It has been thought that the percentage

of lymphoblasts is linked with the status of the cell cycle in

ALL patients. However,we showed that the expression rate

of P53 gene in cell population with more than 80% blast

cells is insignificantly higher than those with less than 80%

blasts which might be due to the compensatory mechanism,

as the expression of tumor suppressors has been associated

with the cell differentiation in AML [18]. Clonal aberra-

tions have been frequently reported in 57–82% and

60–79% of children and adult cases diagnosed with ALL,

respectively [19]. The prevalence of translocations in ALL

is shown in Suplementary data. An increase in the

expression of MDM2 in t(12;21)-positive cells could result

in a reduction in the activity of P53 protein. In opposed to

our results, it has been reported that MDM2 expression

increases in ALL, particularly in blast cells positive for

t(12;21) [20]. It has been postulated that MDM2 can

decrease the functionality of P53 protein in four ways:

Table 1 Samples data

Sex (no) Age (Y) (mean ± SD) Sample (no)

Patients Male (30) 27.21 ± 22.84 PB (14)

Female (22) BM (38)

Control Male (5) 29.84 ± 21.24 PB (5)

Female (8) BM (8)
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1. MDM2 is capable of binding directly to P53 gene and

inhibiting its transcription [11].

2. MDM2 facilitates the degradation of P53 protein

through the ubiquitination process [11].

3. MDM2 binds to P53 and facilitates the egress of P53

protein from the nucleus [11].

4. MDM2 distrupts the translation of P53 protein [21].

It is evident that one of the biological functions of MDM2

is to decrease P53 expression. However, the overexpression

of P53 is not mandatory when the expression of MDM2 is

low and vice versa; because the downregulation of P53 (as

a result of genetic mutations or methylation) might result in

the downregulation of MDM2 (P53 is a positive regulator

of MDM2). In other words, P53 serves as a transcription

factor for MDM2 and creates an auto-regulatory feedback

loop [22]. After 12 h of glucocorticoid (GC) therapy, an

increase in the expression of both P53 and MDM2 would

be evident in ALL cells. It is likely that the elevation of

MDM2 expression is secondary to the increased level of

P53 and thought to be caused by a poor response to initial

GC therapy [11]. Therefore, it would be plausible that a

decrease in the expression of MDM2 could be secondary to

the reduction of P53 in our study.

Table 2 Frequency of different

immunophenotypic subtypes in

previous and present studies

Country/year T-ALL (%) Pro-B ALL (%) Pre-B ALL (%) Mature-B ALL (%)

Early Pre-B Pre-B

Oman/2003 (1) 21.5 7.8 35.4 18.5 15.4

Thai/2005 (1) 19.4 3.8 26.6 34.2 15.9

Iran/2006 (1) 15 11.7 46.7 21.7 3.3

Morocco/2009 (2) 21.1 77.4 1.4

Iraq/2016 (3) 4.6 7.4 78

Our study 18.4 8.1 22.5 24.4 26.6

(1) Asgarian Omran H, Shabani M, Shahrestani T, Sarafnejad A, Khoshnoodi J, Vossough P, et al.

Immunophenotypic subtyping of leukemic cells from Iranian patients with acute lymphoblastic leukaemia:

association to disease outcome. Iranian Journal of Immunology. 2007;4(1):15-25

(2) Bachir F, Bennani S, Lahjouji A, Cherkaoui S, Khattab M, Nassereddine I, et al. Characterization of

acute lymphoblastic leukemia subtypes in Moroccan children. International journal of pediatrics.

2009;2009

(3) Jalal S, Al-Allawi N, Al Doski A. Immunophenotypic aberrancies in acute lymphoblastic leukemia from

282 Iraqi patients. International journal of laboratory hematology. 2017;39(6):625-32

Fig. 1 Expression of every

gene and compare between

patients and controls.

Independent T test was used for

comparison
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The overexpression of MDM2 has been reported as

average in 7% of human cancers (in 20% and 16% of soft

tissue carcinoma and osteosarcoma cases, respectively and

a little percent of leukemia, lymphoma, and pancreatic

carcinoma). Also, there is a negative correlation between

P53 mutation and MDM2 expression [21]. Increased

MDM2 activity in t(9;22) positive ALL can be due to the

higher expression of MDM2 in this translocation [23], as

our results showed in comparison with its expression in

t(12;21), though the number of translocation positive

samples was not enough for definitive statistical analysis.

Although the rate of P53 mutation is low in ALL [24], the

downregulation of MDM2 might stem from P53 mutation

in our samples, requiring further analysis to be validated.

Analysis of the MDM2 expression, chromosomal translo-

cations, immunophenotypic subtypes, and blast cell count

may be useful for determination of prognosis, risk strati-

fication, prevention of relapse and side effects of therapy in

ALL but the current research revealed contradictory results

about the activity of MDM2 in ALL. It seems that the

evaluation of gene expression would not be enough for

making a decision on the function of MDM2 and fate of

cells in ALL. On the other hand, there are some targeted

therapies in ALL against MDM2 pathway and MDM2

effects on P53, such as Nilotinib (tyrosine kinase and

MDM2 inhibitor) and Nutlin (by antagonizing Mdm2-p53

binding role) [7], and a randomized preclinical on NVP-

CGM097 as an inhibitor of MDM2 in B-ALL [25]. Thus

cognition of the expression rate of MDM2 and P53 may be

helpful in the decision to use of the drugs.

c-MYC is considered as an amplifier agent for most of

the active genes through multiple pathways. The overex-

pression of c-MYC enhances cell cycle progression,

nucleotide biosynthesis, energy production and protein

synthesis, and could also lead to the inhibition of the dif-

ferentiation process [26]. In addition to Burkitt lymphoma,

the translocation of c-MYC is also reported in 6% of cases

with T-ALL. Also, rearrangement of c-MYC has been

observed in 2-5% of patients diagnosed with ALL [26]. In

our study, c-MYC expression was increased in ALL

patients in comparison with the control group, however

such an increase was not statistically significant. c-MYC

has been recognized as a first proto-oncogene, but it is the

first oncogene that activates the P14ARF in a tumor-sup-

pressive manner [27]. The activation of P14ARF mediated

by c-MYC results in the inactivation of the inhibitory effect

of MDM2 protein on P53. On the other hand, P53 is cap-

able of inhibiting c-MYC at the transcription level. Thus,

P53 and c-MYC are able to control each other, as well as

the proliferation and survival of the cells [28].

P14ARF is a checkpoint protein by P53-independent

function and is effective on the expression of c-MYC [29].

Increased expression of P14ARFversus reduced expression

of c-MYC in our study suggests that P14ARF has inhibitory

effects on the expression of c-MYC. In mice knocked out

for the P19ARF gene (P19ARF is the murine homolog of

human P14ARF), ALL does not develop; however, the

t(12;21) along with the ablation of P14ARF could lead to the

development of ALL in mice [30]. The present study

revealed significant downregulation of P14ARF in t(12;21)

positive samples that can indicate the deletion of P14ARF

gene. Also significant downregulation of P14ARF in T-ALL

was seen in comparison with other immunophenotypic

subtypes of ALL in our study. P14ARFgene deletion leads

to a reduction in the activity of P53 and occurrs in 20% and

70% of cases diagnosed with B-ALL and T-ALL,

Fig. 2 Difference of genes

expression among various

translocations. One-way

ANOVA and Tukey post Hoc

tests were used for analysis
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respectively [30, 31]. Loss of p16INK4A and p14ARF in T

cells and activated NOTCH signaling are the main mech-

anisms of T-ALL pathogenesis [31].

As a conclusion, it appears that the nature of the cor-

relation between P53 and MDM2 proteins, as well as their

effects on each other, might be different from reports

published in previous studies. Our findings showed that

MDM2 is not negatively correlated with P53, at least in our

samples. Therefore, further studies with different tech-

niques at the levels of genome, transcriptome, and pro-

teome are warranted to shed light on the precise

mechanisms underlying the relationship between these two

genes.
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