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ABSTRACT 

 
     P53 and AML1are two important tumor suppressor genes in regulation of hematopoiesis with a critical 

role in keeping balance between proliferation and differentiation. Alternations in the expression of these 

genes can be resulted in malignancy. The present study investigated the expression levels of P53 and AML1 

genes in 82 de novo AML patient specimens against 12 normal control group using Real-Time-PCR. The 

results presented in this study revealed that AML1 gene expression was significantly higher and P53 gene 

expression levels was significantly lower in patients with AML in comparison with the normal control group 

(P = 0.016 and P = 0.002). Furthermore, the correlation between P53 and AML1 was significant and positive 

(P= 0.037 and r= 0.231). The lower levels of P53 expression were expected and in line with the normal role 

of this gene as a tumor suppressor gene, however AML1 over expression was in contrast with of its well-

known role in myeloid maturation. However, this findings suggest that despite the current established role 

this genes in myeloid cell differentiation, oncogenic form of AML1 (AML1a) has possibly increased and 

high expression of this isoform may act as an inhibitor for other normal AML1 isoforms and P53 as well. 
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INTRUDOCTION  

      Acute myeloid leukemia (AML) forms due to 

genetic abnormalities within the normal 

hematopoietic cells. These genetic abnormalities 

affect the expression pattern of various key genes 

involved in the regulation of cell behavior. These 

affected genes are belonged to transcription 

factors, cell signaling molecules or cell cycle 

regulation proteins. They generally act as tumor 

suppressor or proto-oncogene [1, 2]. The tumor 

suppressors mainly perform their role by 

participation in cell differentiation and repair. 

Among tumor suppressor genes, P53 is one of the 

most important. P53 induces different molecules 

involved in cell cycle check points, apoptosis, 

autophagy, differentiation and Senescence thereby 

it finally regulates DNA damage response.  

Various P53 gene abnormalities including 

deletion, insertion, point mutations and epigenetic 

changes happens in the vast spectrum of human 

cancers with high frequency [3-7]. This high rate 

of abnormalities in cancer is possibly due to 

central role of P53 in association with stol of 

other cell regulatory proteins. 

Acute Myeloid Leukemia 1/Runt Related 

Transcription Factor 1(AML1/RUNX1) is an 

essential gene in prevention of myeloid 

malignancies by induction of genes involved in 

myeloid differentiation [8-10].  AML1 is 

belonging to the Runt-related transcription factor 
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(RUNX) family of transcription factors.  AML1 is 

involved in normal hematopiesis and it has a vital 

role in the regulation of hematopoietic cell 

differentiation. AML1 disruption has been 

reported with high frequency in AML patients 

[11]. AML1 gene produces at least three isoforms, 

AML1a, AML1b and AML1c. AML1a isoform, 

in contrast with AML1b and c isoform, lacks C 

terminal part which has transactivation activity. 

Pervious studied indicated overexpression of 

AML1a isoform in mouse can be resulted in the 

development AML. This isoform lacks normal 

function of AML1 and interferes with the function 

of AML1b/1c; therefore its high level leads to 

hematopoietic abnormalities. AML1 isoforms 

transcription occured using two different 

promoters.  AML1c transcription, as the longest 

isoform, occurs from distal promoter while other 

isoforms are expressed from proximal promoter. 

In leukemia, this transcription factor is disturbed 

repeatedly [12-14]. 

Various studies indicated the functional link 

between AML1 and P53.  P53 inhibits AML1 

expression through sitting in the promoter of 

AML1, AML1 overexpression has been observed 

in cell under stress situation or when P53 has low 

levels in some conditions such as lymphomas [3, 

4, 15, 16]. 

In present study, we supposed that AML is 

originated due to a lack of balance between 

proliferation and differentiation. Several cellular 

changes should occur to be resulted in malignancy 

no cellular change alone sufficient for formation 

of malignancy [17, 18]. In the present study, we 

showed that AML1 had significantly higher levels 

of expression in patients with AML compared to 

healthy group, which was unrespectable, while 

P53 had lower levels of expression which was 

expectable. Our results suggest that in AML 

patients the lower levels of P53 probably lacks its 

inhibitory effects on AML expression. This can 

explain why AML1 has unexpectedly 

overexressed in AML patients. 

MATERIAL AND METHODS 

Patients and healthy volunteers 

     Twelve bone marrow (BM) and peripheral 

blood (PB) samples of healthy volunteers and 82 

BM and PB samples of de novo AML patients(the 

new case patients without any treatment) were 

obtained between 2012-2014. The sample size 

was determined based on previous literature 

review. The patients were referred to Emam 

Khomeini and Mofid hospitals, Tehran, Iran and 

they received informed consent.   Our patients 

were 45 male and 37 female and they were in the 

range of 2 to 87 years, with mean age of 44.6 

years. in this study, The prevalence of various 

morphological subtypes of FAB/WHO was: 9 cases 

of M0, 18 cases of M1, 12 cases of M2, 27 cases 

of M3, 10 cases of M4 and  6 cases of M5 (there 

were no cases of M7and M6 in this study).  

 RNA isolation, cDNA synthesis, real-time PCR 

      RNA was extracted using RNasey Kit 

(Qiagen,Germany) from BM and PB was extract. 

The samples had High purity (OD 260/280 nm 

ratio >1.8), as it was evaluated by Nanodrop 

(Thermo Scientific, USA). Consequently, cDNA 

was synthesized from 2µL (0.5mg) of RNA in a 

final volume of 20µL using a Thermo Scientific 

kit (USA). An aliquot of 1/10th (1µL of cDNA / 9 

of water) was used as substrate for qRT-PCR 

amplification (Rotor Gene 6000, Qiagene. In our 

study, primers were designed using Oligo 7.56 

software and NCBI-Blast database. Primers 

sequences of   AML1, P53 and ABL 

(housekeeping gene for normalization) genes 

were demonstrated in Table 1. 
Table 1. Nucleotide sequences of primers used for ABL,AML1 and P53 qRT-PCR reactions 

Gene Forward Reverse 

ABL AGTCTCAGGATGCAGGTGCT TAGGCTGGGGCTTTTTGTAA 

AML1 ATGGCACTCTGGTCACTG TTAAATCTTGCAACCTGG 

P53 ACCGGCGCACAGAGGAAGAGAA TGGGGAGAGGAGCTGGTGTTGT 

The total reaction (volume of 15µl) components 

in qRT-PCR reaction consisted of, 1µL forward 

and reverse primer, 6µL water, 7µL of RealQ 

Plus 2x Master Mix Green- Low ROX 

(Ampliqon, Denmark) and 1µL of template 

cDNA. a standard curve was produced For each 
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qRT-PCR reaction with using five consecutive 

1:10 dilutions of a positive sample (1, 0.1, 0.01 

and 0.001). The thermal cycling conditions for 

each reaction (AML1, P53 and ABL) were 

evaluated (Table 2).

 

 

Table 2. The Program time and temperature of  Real time PCR for target genes and reference gene 

Primers initial hold      denaturation annealing/extension final extension 

ABL  

95°C for 10 minutes 

95°C for 10 seconds 62°C for 15 seconds  

72°Cfor10minutes 

AML1 95°C for 15 seconds 59°C for 15 seconds 

P53  62°C for 15 seconds 

 1 cycles 40 cycles 

 

The assays were performed in duplicate and 

negative controls were included. the Livak 

method (2
-∆∆ct

) used for calculation of the relative 

quantification of mRNA expression for each 

sample (fold change=FQ)(19, 20). 

Statistical analysis 

     The SPSS Statistics 16.0 and GraphPad Prism 

6.07 software were used for data analysis. For 

evaluation of normal distribution of data, both the 

Shapiro-Wilk and the Kolmogorov-Smirnov tests 

were used. The Mann-Whitney U and ANOVA 

tests determined whether there is a significant 

difference between patients and normal control 

groups for AML1 and P53 gene expression. These 

tests were also used to evaluate differential 

expression of genes based on patient/disease 

characteristics. The Spearman's chi-squared test 

was used to measure the linear correlation 

between P53 and AML1 expression. A P value of 

0.05 or less was considered as a significant 

difference (the results are expressed as mean ± 

standard error of the mean (SEM). 

 

RESULTS 

AML1 and P53 expression in AML and healthy 

patients 

     The expression level of P53 and AML1 was 

analyzed in AML samples using real-time PCR. 

The amplification efficiency of reference and 

target genes was obtained; it was approximately 

equal indicating the validity of the DDCt method. 

The mean expression levels detected for P53 and 

AML1 were 1.17 ±0.38 and 40.08 ±9.63 in AML 

patients and the normal control respectively. The 

normal expression levels of p53 and AML1 was 

0.44-3.74 fold change and 0.72-3.65 fold change, 

respectively which was defined as 95% 

confidence interval range in healthy normal 

control population. According to this reference 

level, AML patients whose P53 and AML1 

expression was within the normal range were 

considered as intermediate expression (18.3 % 

and 35.4%, respectively) while those with levels 

above the threshold of the intermediate were 

defined as high expression levels (3.775-423.631 

for AML1 and 4.191-22.588 for P53 that was 

included 50% and 7.3% of AML patients 

respectively). Patients with expression levels 

under the reference range of normal controls were 

defined as LOW expression cases (0.0039-0.437 

for P53 and 0.161-0.681(including 74.4% and 

14.6% of AML patients, respectively). Statistical 

analysis revealed a significant difference (P < 

0.0001) between both P53 and AML1 mRNA 

expression levels between normal healthy controls 

and AML patients (Figure 1, A and B). The 

majority of patients had high expression levels for 

AML1 and low expression levels for P53. 
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B. A. 

  

Figure 1. Relative expression of P53 and AML1 in 82 AML patients and 12 healthy patients. A) A significant difference (P= 

0.002) between P53 expression in AML patients and healthy patients was identified. A relative P53 expression level of 1.17 

±0.38 (SD) was measured in AML patients in comparison to 2.09 ± 0.74 (SD) in the normal control group. B) A significant 

difference (P = 0.016) between AML1 expression in AML patients and healthy patients was also identified. A relative AML1 

expression level of 40.08 ±9.63 (SD) was measured in AML patients in comparison to 2.19 ± 0.66 (SD) in the normal control 

group. AML1 expression levels exhibited a higher fold change in comparison to P53 (15.26 versus 5.46). 

 

Correlation between P53 and AML1 expression 

levels 

Spearman analysis was applied to identify any 

correlation between P53 and AML1 expression in 

AML patients. Our analysis demonstrated that 

these two genes have positive and significant 

correlation with each other (P= 0.037 and r= 

0.231) in AML patients which suggest correlation 

between their expression. In comparison, 

correlation analysis between these genes in 

healthy control samples showed that there is no 

correlation between P53 and AML1(R: 0.098, P: 

0.762) in the normal population (Figure 2, A and 

B). 
 

B .P= 0.762 ,r= 0.098 A .P= 0.037 ,r= 0.231 

 
  

Figure 2. Statistical analysis by means of Spearman's chi-squared test reveals dependence and relation between the expression of P53 and AML1. 

A) Correlation between P53 and AML1 in 82 AML patients was determined to be positive and significant (P= 0.037, r= 0.231). B) Correlation 

between P53 and AML1 in 12 healthy patients was not determined (P= 0.762, r=0.098). 

 

 

 

 

 

 

 

 

 

 

P
5 3  p

a t ie
n t

P
5 3  c

o n tr
o l

0

1

2

3

R
e

la
ti

v
e

 e
x

p
re

s
s

io
n

 P
5

3
 m

R
N

A

 (
fo

ld
 c

h
a

n
g

e
)

P  =  0 .0 0 2



 

Journal of Paramedical Sciences (JPS)                 Winter 2017 Vol 8, No 1. ISSN 2008-4978 

 

43 

 

 

Differential expression of P53 and AML1 in 

AML FAB subgroup 

      ANOVA test was used for evaluation of P53 

and AML1 differential expression between 

different FAB subtypes of AML patients. 

Statistically, there wasn’t significant difference 

between various FAB subtypes for P53 and 

AML1 mRNA expression. Both of the lowest 

expression(0.58 ± 0.20)  and highest expression 

(2.31 ± 1.10), levels of P53 (± SEM) was seen in 

M0/M1/M2 . In this regards, AML1 had lowest 

expression in M4/M5 (32.10 ± 10.80) and highest 

expression in M0/M1/M2 (47.52 ± 16.49) 

subtypes. However, in comparison to the normal 

control group, these subgroups showed 

significantly higher expression in AML patients 

than normal groups (in M0/M1/M2: P = 0.039, 

M3: P = 0.024 andM4/M5: P=0.023) in AML1 

and lower expression in AML than control group  

(in M0/M1/M2:  P = 0.011 and M4/M5 : 

P=0.020) and higher expression in AML than 

control group  (in M3: P = 0.027) in P53 (Figure 

3, A and B). 

.B .A 

 
 

 Figure 3. The relative expression of P53 and AML1 measured in 82 AML patients in their FAB subgroup and analysis by means of the 

ANOVA  test determines that there is no significant difference in expression between these subgroups. A) The lowest relative expression of P53 

was evaluated at 0.58 ± 0.20 (SEM) in the M0/M1/M2 subgroup and the highest at 2.31 ± 1.10 (SEM) in the M3 subgroup. The M0/M1/M2 ,  

M4/M5 subgroups have significant low  expression and M3 subgroup has high expression in comparison to the normal control group  (P = 0.011,  

P=0.020 and P = 0.027,respectively) but there is no significant difference in P53 expression between these subgroups. B) The lowest 

relative expression of AML1 was measured at 32.10 ± 10.80 (SEM) in the M4/M5 subgroup and the highest at 47.52 ± 16.49 (SEM) in the 

M0/M1/M2 subgroup. The M0/M1/M2 , M3 and M4/M5 subgroups have significant over expression in comparison to the normal control group ((P 

= 0.039, P = 0.024 and P=0.023) but similarly to P53 expression there is no observed correlation between these subgroups. 

DISCUSSION 
      Inactivation of tumor suppressors plays a 

major role in the molecular pathogenesis of 

leukemia; P53 and AML1 are two important 

tumor suppressor genes in the regulation of 

hematopoiesis. Various studies indicated the 

functional link between P53 and AML1. Different 

studies showed functional link between P53 and 

AML1 genes. AML1 is involved in increased 

acetylation of P53 by P300, it increases 

transcriptional activity of P53 and inhibits the 

proliferation and increases apoptosis [3, 4, 16]. In 

this study, we found that AML1 and P53 as two 

important tumor suppressor genes, which are 

involved in the proliferation prevention and 

differentiation induction. They have impaired 

pattern of expression in AML patients.  We 

showed a significant decrease in the expression of 

P53 gene and significant and unexpected 

increased in the expression of AML1 gene in 

AML patients in comparison with healthy normal 

controls. The observed increase in the level of 

AML1 expression was in the controversy with its 

well-known role in the differentiation induction. 

Previous reports have shown such unexpected  

increase in other  genes involved in the tumor 

formation  prevention  such as WT1[21]. A 

positive and intermediate correlation was 
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observed between these two genes in our studied 

AML patients. 
These studies showed that this unexpected high 

expression level of AML1 may be part of 

malignant process in AML patients; however the 

underlying mechanism is unknown. One possible 

explanation can be related to different isoforms of 

AML1  including AML1a, b and c. Isoform a 

lacks the trans activating domain in its  c-terminal 

part which is essential in its differentiation 

induction function but the other isoforms  have 

this functional domain. Different studies have 

shown that high expression levels of AML1a 

isoform can be involved in the development of 

malignancy in human and mice. AML1a 

contributes in leukomogenesis process in several 

children leukemia, mix lineage leukemia and T-

cell lymphomas as an oncogene. AML1a acts as a 

negative regulator for other isoforms including b 

and c. Since the c terminal domain is essential for 

the normal function of AML1, high levels of 

AML1a expression without its functional domain 

may guide the normal hematopoiesis to malignant 

form. On the other hand, in some situations 

isoform a can also increase the number of early 

hematopoietic cells and may block primitive cells 

differentiation, by interference with the AML1b / 

c isoforms. This oncogenic isoform inhibit normal 

isoforms function by binding to their target genes 

promoters. These studies are in agreement with 

our observation of high levels of AML1 

expression and its possible role as oncogenic 

protein [10, 12, 13, 22]. According to these 

evidences, this pattern of AML1 expression in 

AML patients can be justified with the expression 

of isoform a in malignant process. One of the 

possible explanations of underlying mechanism of 

AML1 overexpression can be related to lower 

levels of P53 in AML patients as we observed this 

finding in our patients. In the other hand, because 

of the oncogenic isoform without function 

domain, is able to connect to the target genes of 

AML1, it can be act as blocker. So, in situation 

with increased of this isoform, we expect to 

decreased in acetylation and activation of P53 in 

AML patients. Since the studied indicated that 

P53acts as a critical tumor suppressor gene trough 

several mechanisms including cell cycle arrest 

and increased apoptosis in genetically damaged 

cell, it is not unrespectable that reduced P53 

expression due to mutations or epigenetic 

modifications can be involved in malignancy 

process [7, 23, 24]. In agreement with our 

findings, previous studies have shown that P53 

gene expression reduced due to mutations in 

patients with myelodysplastic syndrome and acute 

myeloid leukemia, which was in agreement with 

our results in AML patients [25]. 
 

CONCLUSION 
     Together with these findings, probably 

oncogenic form of AML1 has increased. High 

expression of this isoform act as an inhibitor for 

other normal isoforms. It is suggested that future 

studies to investigate changes in the expression of 

these isoforms of AML1 along with P53 protein 

levels in AML patients for investigate the 

relationship between this oncogenic isoforms with 

reducing P53. 
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