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Abstract 

Background Acute myeloid leukemia (AML) is a cancer of hematopoietic progenitors characterized by gene muta-
tions. The most popular deregulations are mutation and altered expression in the p53 gene, which is considered the 
guardian of the genome. Its activity is controlled by regulatory genes, e.g., alternate open reading frame (ARF), whose 
defects could affect p53 activity.

Aim To study the effect of altered expression of p53 and ARF genes in de novo AML patients and correlate the results 
to the patients’ characteristics and outcomes.

Methods Expression levels of p53 and ARF were assessed in 96 AML adult patients compared to 20 healthy controls 
using quantitative reverse-transcription PCR (RT-qPCR).

Results There was significant up-regulation of p53 [77.6 (3.8–9528.3)] compared to controls [1.031 (0.210–9.051)], 
p < 0.001]. The expression level of ARF was significantly upregulated [6.2 (0.5–964.0)] compared to controls [0.854 
(0.357–2.519), p < 0.001]. All of the low ARF expressers had low p53 overexpression, 61.1% of patients with high 
ARF expression had high p53 over-expression, and 38.9% with high ARF expression had low p53 over-expression 
(p < 0.001). ARF expression shows a trend of association with FLT3 mutation, as 89.3% with FLT3 mutation have high 
ARF expression (p = 0.080). Low p53 over-expression was seen in 77% of APL patients, while high p53 expression was 
associated with non-APL (p = 0.040). The median DFS of mutant NPM1 patients was higher than wild NPM1 (46.15 vs. 
5.89 days, p = 0.045). Patients aged ≤ 50 years had better OS and DFS than those > 50 (p = 0.05, p = 0.035, respectively).
There were no significant statistical associations between DFS and p53, ARF, and FLT3 mutations.

Conclusion The p53 and ARF genes are overexpressed in de novo AML patients and they are interrelated. low p53 
overexpression is associated with APL phenotype and t(15;17) and patients with t(15;17) had slightly better survival 
than patients with negative t(15;17) (p = 0.061). AML patients with mutated NPM1 had better DFS than wild NPM1 
(p = 0.045). p53 pathway regulation can occur by many alternative ways rather than gene mutation.
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Introduction
Acute myeloid leukemia (AML) is a heterogeneous dis-
ease influencing hematopoietic progenitors leading to 
uncontrolled cell proliferation and loss of function. Gene 

mutations and deregulation of micro RNAs are among 
the characteristics of this disease [1, 2]. AML is the most 
common type of leukemia in adults, reaching about 80%. 
The prognosis of AML in adults is usually depressive 
despite increased curability up to 15% and 40% in patients 
above and below the age of 60, respectively [3–5].

. One of the most important gene mutations that 
directly impact AML pathophysiology and disease pro-
gression is the mutation of the TP53 gene located at chro-
mosome 17p13, which acts as the guardian of genomic 
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stability upon different cellular stresses [6–8]. As a 
genome guardian, p53 responds to oncogenic stresses by 
many mechanisms like cell cycle arrest and apoptosis to 
allow repair or eradication of the damaged cells [9–11].

P53 inactivation is an important requirement for the 
excessive growth of tumor cells [12]. Mutant p53 occurs 
in only 11.1% of the hematological malignancies [8] and 
16% of de novo AML [13]. The activity of p53 is highly 
regulated either by mutational status, post-translational 
modifications, or interaction with different cofactors [14, 
15].

Abramowitz et  al. [16] Mouse double minute 2 
(MDM2) and alternate open reading frame (ARF) are 
considered the most important p53 regulators. MDM2 
inhibits p53 by promoting ubiquitination and proteas-
ome-mediated degradation of p53, while ARF activates 
p53 by physically interacting with MDM2 to block its 
access to p53 [17].

Next-generation sequencing (NGS) is the most reli-
able and sensitive method to detect TP53 gene mutation 
[18, 19]. However, due to the economic burden in many 
countries, a lot of studies investigated other alternatives. 
Many studies involving bone marrow biopsy (BMB) sam-
ples and IHC reported an association between p53 pro-
tein overexpression and TP53 alterations. Several studies 
have discussed p53 overexpression in de novo AML, 
therapy-related AML, and MDS patients [20].

In this study, we focused on studying the effect of p53 
and ARF genes expression using real-time PCR tech-
nique in de novo AML patients, which is a cost-effective, 
sensitive, and reliable method of gene overexpression. 
We also correlated the results with NPM1 gene mutation, 
patients’ characteristics, and outcomes.

Methods
Study population
This prospective study included 96 adult patients diag-
nosed with de novo AML admitted to the medical 
inwards at National Cancer Institute, Cairo Univer-
sity, from August 2016 to December 2021. The patients’ 
cohort comprised 55 males and 41 females aged between 
18 and 77. Twenty healthy control subjects with compa-
rable age and sex were enrolled. This study was approved 
by the ethical research committee of the Institutional 
Review Board, National Cancer Institute, Cairo Uni-
versity (Approval No. CP2301-503–008). N.B. Institu-
tional Review Board number is updated according to the 
National Cancer Institute publication regulations.

The diagnosis of AML was based on morphologic 
assessment, cytochemical evaluation, immunophe-
notyping (IPT), and cytogenetics according to the 
French-American-British and World Health Organi-
zation criteria [21]. The median follow-up period was 

1.81  months (range: 0.03–56.15). All patients were sub-
jected to detailed history taking and complete clinical 
examination. Laboratory investigations included a com-
plete blood picture using XT-1800i (Sysmex, BM-Egypt), 
morphological examination of the bone marrow aspirate 
(BMA) using Leishman stain and cytochemical stains 
(MPO/SBB, Dual esterase, and acid phosphatase) to iden-
tify AML subtypes. Immunophenotyping of blast cells in 
BMA samples was done using Navios Beckman Coulter, 
6 color flow cytometry to confirm the diagnosis of AML 
with antibody panel of myeloid markers (MPO, CD13, 
CD33, CD117, and CD15), lymphoid markers (CD10, 
CD19 for B lymphoid series; CD3, CD2, CD4, CD8, CD7 
and CD5 for T lymphoid series) and stem cell marker 
CD34 as well as HLA-DR on a routine basis. Subclassi-
fication of AML was done by a secondary antibody panel 
of markers; CD4, CD14, CD64, 11c, CD41, CD61, and 
Glycophorin A. Conventional karyotyping, Fluorescence 
In Situ Hybridization (when indicated) and conventional 
PCR for common genetic abnormalities t(8;21), t (15;17), 
inv (16), NPM1 mutation and FLT3 mutation. Success-
ful karyotype analysis was done in 71/96 patients (74%). 
The patients were classified into specific cytogenetic risk 
groups by adding the results of recurrent genetic trans-
locations performed by FISH analysis, e.g., t8;21 (8/96, 
8.3%), inv16 (7/96, 7.3%), PML/RARA fusions (14/96, 
14.6%), certain molecular techniques, e.g., FLT3 ITD 
(27/92, 29.3%), FLT3 TKD (20/92, 21.7%) and NPM1 
mutations (34/93, 36.6%). Patients with low, intermedi-
ate, and high cytogenetic risk constituted 43.8%, 26%, and 
30.2%, respectively. AML with recurrent genetic abnor-
malities represented 56.3%, and AML NOS represented 
43.8%.

The patients were treated according to our institu-
tion’s regulations regarding induction and consolidation 
in AML adult protocol. The response to treatment was 
assessed clinically and by BM examination on days 14 and 
28. The response was categorized as CR, partial response 
(PR), or refractory to treatment. Complete remission was 
defined following the standard criteria by Döhner et  al. 
[22]. Disease-free survival (DFS) was measured from the 
date of CR to the date of relapse or death from any cause.

Detection of the expression of P53 and ARF genes
Total Cellular RNA extraction from Bone Marrow
After obtaining the patient’s consent, total RNA was 
extracted from the bone marrow samples of patients and 
controls using QIAamp RNA blood Mini Kit (Qiagen) 
according to the manufacturer’s instructions. Quantita-
tion and purity assessment of RNA samples were done 
using the Nano Drop® (ND)-1000 spectrophotometer 
(Nano Drop Technologies, Inc. Wilmington, USA).
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Real‑time quantitative PCR (RT‑qPCR) of P53 and ARF
Conversion of RNA to cDNA was done using the Quanti-
Tect Reverse Transcription Kit (QIAGEN). A 10  μl of 
2 × RT master mix was pipetted into each tube. The 
volume of the RNA sample was adjusted according to 
the RNA concentration in the sample to make the con-
centration of cDNA 50 ng/ μl. It was then completed by 
nuclease-free  H2O until the total volume per reaction 
reached 20 μl. Thermal cycling conditions for optimiza-
tion of reverse transcription kits were as follows: 25  °C 
for 10 min, 37 °C for 120 min, and 85 °C for 5 s [23, 24].

Quantitative reverse-transcription PCR (RT-qPCR) 
carried out using fluorescent TaqMan Gene Expres-
sion Assays (p53: Hs01034249_m1; ARF (GGA3): 
Hs01597822_m1; β-Actin as a reference gene, Thermo 
Fisher Scientific). Real-time PCR amplification was per-
formed using the computerized thermocyclers (ABI step 
one Applied Biosystems). Relative quantification (RQ) of 
p53 and ARF genes was analyzed by the relative quantifi-
cation Ct method (fold change) (2 − ΔΔCt) [25].

Statistical methods
Statistical analysis was done using IBM SPSS® Statistics 
version 23 (IBM® Corp., Armonk, NY, USA). Numerical 
data were expressed as mean and standard deviation or 
median and range as appropriate. Qualitative data were 
expressed as frequency and percentage. Pearson’s Chi-
square test or Fisher’s exact test was used to examine the 
relation between qualitative variables. For not normally 
distributed quantitative data, comparison between two 
groups was made using Mann–Whitney test (non-par-
ametric t-test). The spearman-rho method was used to 
test the correlation between numerical variables. Survival 
analysis was done using the Kaplan–Meier method, and 
comparison between two survival curves was made using 
log-rank test. The Receiver Operating Characteristic 
(ROC) curve was used for the prediction of cut-off val-
ues of the markers. Kappa test was used to evaluate the 
agreement between two markers. The biomarkers were 
assessed by calculating sensitivity, specificity, positive 
predictive values (PPV), negative predictive value (NPV), 
and accuracy. All tests were two-tailed. A p value < 0.05 
was considered significant.

Results
Patients’ characteristics
Male patients represented 55 (57.3%), while females were 
41 (42.7%), and their mean age was 41.0 ± 16.5  years. 
Our study included also 20 healthy non-patients con-
trols, 12 males and 8 females with mean age 40.2  years 
and median 37.5 (29–55  years). Patients who suffered 
from fever, anemic manifestations, and gum hyperplasia 

were 55 (57.3%), 61 (63.5%), and (4.1%), respectively. 
Hepatomegaly was found in 13 patients (13.5%), while 15 
patients (15.6%) had splenomegaly, and 19 (19.8%) had 
lymphadenopathy.

The median TLC was 17.74 (0.11–358.59) ×  103/  mm3, 
the median HB concentration was 7.9 (3.5–14) gm/dL 
and the median platelets count was 34.5 (5–290) ×  103/
mm3. Also, the median of Peripheral blood blasts were 
45.5 (1–98) % blasts.

Bone marrow aspirate showed hypercellular marrow 
in 78 patients (81.3%), and the median bone marrow 
blast percentage was 72.5 (20–97) %. FAB classification 
showed M0 class in 2 patients (2.1%), M1 in 15 (15.6%), 
M2 in 33 (34.3%), M3 in 14 (14.6%), M4 and M5 in 30 
(30.3%), and M7 in 2 (2.1%). The myeloid phenotype was 
found in 64 patients (66.7%), and 30 patients (31.5%) 
showed a monocytic phenotype, while the megakaryo-
cytic phenotype was found in only two patients (2.1%).

FISH analysis and routine molecular tests revealed that 
t(8;21) was positive in only 8/96 (8.3%), while t(15;17) was 
positive in 14 (14.6%), and 7 patients (7.6%) had inv 16. 
NPM1 gene mutation was positive in 34 patients (36.6%). 
FLT3/TKD mutation was present in 20 patients (21.7%), 
while FLT3/ITD mutant forms were found in 27 (28.1%). 
A normal karyotype was detected in 32 patients (45.1%). 
The patients were classified into high, intermediate, and 
low genetic risk according to Döhner et  al. [22] as fol-
lows 29 (30.2%), 25 (26%), and 42 (43.8%), respectively. 
According to WHO classification, 54 patients (56.3%) 
were classified as AML with recurrent cytogenetic abnor-
mality, while 42 (43.7%) were grouped into AML NOS.

Follow-up of response to treatment and survival over 
nearly 57 months revealed that 55 patients (57.2%) died 
before day 28 of starting chemotherapy, 38/41 of the 
remaining patients achieved complete remission, and 
three were refractory.

Expression levels of P53 and ARF genes in BM
The expression level of p53 was significantly upregulated 
in all patients [median: 77.6, range: 3.8–9528.3] com-
pared to controls [median: 1.031, range: 0.210–9.051, 
p < 0.001]. Also, the expression level of ARF gene was 
significantly upregulated [median: 6.2, range: 0.5–964.0] 
compared to controls [median: 0.854, range: 0.357–2.519, 
p < 0.001] (Table 1).

Diagnostic significance of p53 and ARF genes expression
The ROC curve analysis showed that the sensitivity, spec-
ificity, and AUC of p53 expression were 100%, 90%, and 
0.997, respectively (p < 0.001) at a cut-off value of 3.018. 
The sensitivity, specificity, and AUC for the ARF gene 
were 81.3%, 85.7%, and 0.922, respectively (p < 0.001), at 
a cut-off value of 2.4.
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The patients were classified into high and low p53 
over-expressers according to the median of p53 fold 
change [47/95 (49.5%) patients vs. 48/95 (50.5%), 

respectively, p = 0.003]. Seventy-eight patients out of 
ninty six patients (81.2%) were considered ARF high 
expressers, and 18/96 (18.8%) were low expressers 
according to the cut-off of ARF gene expression (Fig. 1, 
Table 2).

There was a significant association between p53 and 
ARF gene expression, as 47/77 (61.1%) patients with 
high ARF expression showed high P53 over-expression, 
while 30/77 (38.9%) showed low p53 over-expression. 
All of the low ARF expressers showed low p53 over-
expression (p < 0.001, Table 3).

Association between p53 expressions and patients’ 
characteristics
p53 low over-expression was found in 17/33 patients 
(51.5%) with mutant NPM1 and 31/59 (52.5%) with 

Table 1 Comparison between AML group and control groups 
regarding p53 and ARF genes expression

* Mann–Whitney Test

Median Minimum Maximum p value*

p53 RQ

 AML group (n = 95) 77.6 3.8 9528.3

Control group (n = 20) 1.031 0.210 9.051 < 0.001

ARF RQ

 AML group (n = 96) 6.2 0.5 964.0

 Control group (n = 20) 0.854 0.357 2.519 < 0.001

Fig. 1 ROC Curve analysis of A P53 gene expression B ARF gene expression for diagnosis of AML patients

Table 2 ROC Curve analysis of P53 and ARF genes expression for diagnosis of AML patients

Gene AUC Cut off Sensitivity PPV NPV Specificity Accuracy p value

P53 .997 3.018 100% 99% 25% 90% 99.1% < 0.001

ARF .922 2.4 81.3% 98.7% 25% 85.7% 81.5% < 0.001

Table 3 Relation between p53 gene over-expression and ARF gene expression

ARF gene expressers p value

High expressers Low expressers

p53 gene expressers Low over-expressers Count (%) 30 (62.5%) 18 (37.5%)  < 0.001

High over-expressers Count (%) 47 (100.0%) 0 (0.0%)
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wild NPM1 with no significant difference (p = 0.925). 
In patients with high p53 over-expression, FLT3 and 
NPM1 mutations were detected in 47.8% and 48.5%, 
respectively. Nearly 77% of patients with t(15;17) had 
low p53 over-expression, while high p53 expression was 
seen in patients negative for t(15;17) (p = 0.040). On 
cytogenetic analysis, 53.1% of cytogenetically normal 
patients had high over-expression of p53, while 52.6% 
of patients with abnormal karyotype had low p53 over-
expression (p = 0.631). Low p53 over-expression was 
more frequent in patients with recurrent genetic abnor-
malities compared to AML NOS patients who had high 
p53 over-expression (p = 0.183). The relations between 
p53 gene expression and different genetic mutations are 
shown in Table 4

Association between ARF gene expression and patients’ 
characteristics
Most patients had high ARF expression (75/93, 80.6%), 
mutant NPM1 patients 28/34 (82.4%) and wild NPM1 
47/59 (79.7%) were both associated with high ARF 
gene expression, but the difference was insignificant 
(p = 0.752). There was a trend to significant relation 
between total leucocytic count and ARF expression. 
High ARF expression was found in 41/56 patients 
(73.2%) with TLC < 30,000/mm3, 24/26 (92.3%) 
in TLC 30–100,000/mm3, and 13/14 (92.9%) with 
TLC > 100,000/mm3 (p = 0.078). High ARF expression 
was apparently associated with lower hemoglobin con-
centration. Patients with Hb ≤ 10 gm/dL (75/90, 83.3%) 
had high ARF expression (p = 0.078). High ARF expres-
sion was seen in 40/78 patients (51.3%) with hypercellu-
lar marrow, while 10/18 patients (55.6%) and hypo- and 
normocellular BM had low ARF expression (p = 0.601).

ARF expression was associated with FLT3 mutation 
as 89.3% of patients with FLT3 mutation have high ARF 
expression with a trend toward statistical significance 
(p = 0.080). The relations between ARF with gene muta-
tions are shown in Table 4.

High expression of ARF gene was noticed in patients 
with positive PML/RARA translocations (9/14, 64.3%), 
while negative patients were also nearly associated with 
high ARF expression (69/82, 84.1%), and the relation 
shows a statistical trend (p = 0.078). High ARF expres-
sion was found in 28/32 patients (87.5%) with CN-
AML and 31/39 (79.5%) with an abnormal karyotype 
(p = 0.370). Also, high ARF expression was detected 
in 42/54 patients (77.8%) with recurrent cytogenetic 
abnormalities and 36/42 patients (85.7%) with AML 
NOS (p = 0.323).

There were no significant relations between p53 and 
ARF expression levels and age, sex, organomegaly, 

disease symptoms, other PB parameters, BMA cellu-
larity and blasts, FAB classifications, and IPT markers 
(Table 4).

Relation between NPM1 and FLT3 and lymphadenopathy
Wild NPM1 genes were found to be associated more 
with wild FLT3 TKD (42/69, 60.9%), while mutant NPM1 
was less with mutant FLT3 TKD 5/20 (25%); however, 
the relation was not significant (p = 0.246). Meanwhile, 
patients with wild NPM1 were associated with wild FLT3 
ITD (40/62, 64.5%), while patients with mutant FLT3 
ITD were associated with wild NPM1 (17/27, 63.0%, 
p = 0.888). Mutant NPM1 was more frequent in patients 
with lymphadenopathy (15/18, 83.3%) than those with-
out lymphadenopathy who had more wild NPM1 (44/75, 
58.7%, p = 0.051).

Association between p53 expression and response 
to treatment
p53 expression was not significantly associated with 
treatment response (p = 0.241), where 57.2% of patients 
with low p53 over-expression had CR at day 28. In com-
parison, 42.8% of patients who didn’t achieve CR had 
high p53 over-expression.

Association between ARF gene expression and response 
to treatment
There was no significant association between ARF gene 
expression and response to treatment (p = 0.316), where 
76.3% of patients who achieved CR had a high expres-
sion compared to 81.3% of those who didn’t. For NPM1 
mutant patients, 24/34 (70.6%) patients achieved CR ver-
sus 34/59 (57.6%) patients with wild NPM1 (p = 0.214).

Survival analysis
The median follow-up period was 1.81 months (range: 
0.03–56.15). At the end of the study, 12 patients died, 
and the median overall survival was 1.71  months 
(0.03–3.39). The overall survival (OS) was significantly 
affected by age, FAB classification, and the detection 
of t(15;17). Patients 50  years or younger had better 
OS than those above 50 (3.13 vs. 1.12 months, respec-
tively, p = 0.05). Patients with acute myeloid leukemia 
and monocytic leukemia (AML M4&M5) had better 
OS than other FAB subclasses M3, [M1/M2/M7] (3.59 
vs. 1.7 and 1.0 months, respectively p = 0.088). Patients 
with t(15;17) had slightly better survival than patients 
with negative t(15;17) (p = 0.061). The hazard ratio 
analysis which describes the effect of gene mutations 
(P53, ARF and NPM) on OS and DFS is illustrated in 
Tables 5 and 6.
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Table 4 Association between the expression of p53, ARF, and NPM1 genes with patients’ clinical and laboratory characteristics

Parameter P53 expression p value ARF expression p value NPM1 gene p value

low over-
expression

High over-
expression

overexpression low expression Wild Mutant

48 47 78 18 59 34

TLC

 < 30 × 103/
mm3

33 (58.9%) 23 (41.1%) 0.141 41 (73.2%) 15 (26.8%) 0.078 35 (63.6%) 20 (36.4%) 0.720

 30–100 × 103/
mm3

10 (40.0%) 15 (60.0%) 24 (92.3%) 2 (7.7%) 14 (58.3%) 10 (41.7%)

 > 100 × 103/
mm3

5 (35.7%) 9 (64.3%) 13 (92.9%) 1 (7.1%) 10 (71.4%) 4 (28.6%)

Hg

 ≤ 10 gm/dL 43 (48.3%) 46 (51.7%) 0.204 75 (83.3%) 15 (16.7%) 0.078 55 (63.2%) 32 (36.8%) 1.000

 > 10 gm/dL 5 (83.3%) 1 (16.7%) 3 (50.0%) 3 (50.0%) 4 (66.7%) 2 (33.3%)

Fever

 No 29 (47.5%) 32 (53.3%) 0.325 50 (82.0%) 11 (18.0%) 0.812 37 (63.8%) 21 (36.2%) 0.928

 Yes 20 (57.1%) 15 (42.9%) 28 (80.0%) 7 (20.0%) 22(62.9%) 13 (37.1%)

BM cellularity

 Hypercellularity 36 (46.8%) 41 (53.2%) 0.128 66 (84.6%) 12 (15.4%) 0.079 46 (60.5%) 30 (39.5%) 0.217

 Normocel-
luarity and 
hypocellular

12(66.7%) 6(33.3%) 12(66.7%) 6(33.3%) 13(76.5%) 4(23.5%)

FLT3 mutation

 Wild 21 (46.7%) 24 (35.3%) 0.599 34 (75.6%) 11 (24.4%) 0.080

 Mutant 24 (52.2%) 22 (47.8%) 42 (89.4%) 5 (10.6%)

NPM1

 Wild 31(52.5%) 28 (47.5%) 0.925 47 (79.7%) 12 (20.3%) 0.752

 Mutant 17 (51.5%) 16 (48.5%) 28 (82.4%) 6 (17.6%)

Molecular tranlo-
cations

 t(8;21)negative 43 (49.4%) 44 (50.6%) 0.714 72 (81.8%) 16 (18.2%) 0.636 54 (62.8%) 32 (37.2%) 1.000

 t(8;21) positive 5 (62.5%) 3 (37.5%) 6 (75.0%) 2 (25.0%) 5 (71.4%) 2 (28.6%)

 inv. 16 negative 45 (51.1%) 43 (48.9%) 0.714 72 (80.9%) 17 (19.1%) 0.753 56 (63.6%) 32 (36.4%) 1.000

 inv. 16 positive 3 (42.9%) 4 (57.1%) 6 (85.7%) 1 (14.3%) 3 (60.0%) 2 (40.0%)

 PML/RARa 
negative

38 (46.3%) 44 (53.7%) 0.040 69 (84.1%) 13 (15.9%) 0.078 50 (63.3%) 29 (36.7%) 0.943

 PML/RARa 
positive

10 (76.9%) 3 (23.1%) 9 (64.3%) 5 (35.7%) 9 (64.3%) 5 (35.7%)

WHO classification

 CN 15 (46.9%) 17 (53.1%) 0.631 28 (87.5%) 4 (12.5%) 0.370 19(59.4%) 13 (40.6%)) 0.884

 Abnormal 
karyotype

20 (52.6%) 18 (47.4%) 31 (79.5%) 8 (20.5%) 22 (61.1%) 14 (38.9%)

 AML with 
recurrent 
cytogenetic 
abnormality

30 (56.6%) 23 (43.4%) 0.183 42 (77.8%) 12 (22.2%) 0.323

 AML, NOS 18 (42.9%) 24 (57.1%) 36 (85.7%) 6 (14.3%)

Genetic risk

 HR 16 (55.2%) 13 (44.8%) 0.468 25 (86.2%) 4 (13.8%) 0.708

 IR 10 (40.0%) 15 (60.0%) 20 (80.0%) 5 (20.0%)

 LR 22 (53.7%) 19 (46.3%) 33 (78.6%) 9 (21.4%)

Lymphadenopa-
thy

 No 38 (50.0%) 38 (50.0%) 0.837 63 (81.8%) 14 (18.2%) 0.774 44 (58.7%) 31 (41.3%) 0.051
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Disease-free survival (DFS) was affected by age; 
patients ≤ 50 years had better DFS than those > 50 years 
(23.32 vs. 2.3, respectively, p = 0.035). Also, patients 
with t(15;17) had better DFS than those negative for 
t(15;17) (p = 0.008). Patients with mutated NPM1 
had better DFS than wild NPM1 (46.1 vs. 5.8  months, 
respectively, p = 0.045). Patients with low-risk cytoge-
netics had better DFS than intermediate and high-risk 
groups (46.1 vs. 2.6 and 8.7 months, respectively), and 
the difference shows a trend toward statistical signifi-
cance (p = 0.08).

Multivariate Cox regression analysis which investigate 
the statistically significant associations between patients 
clinical data and DFS, leading to the most accurate cause 
of enhanced DFS in those patient cohort which showed 
that the only independent factor affecting DFS was 
the patients’ age ≤ & > 50  years (p = 0.036) with 95% CI 
(1.058—5.595) (Fig. 2).

Survival analysis in relation to P53 expression
The median OS of patients with high p53 over-expres-
sion vs. low over-expression was 1.91 and 1.71  months, 
respectively, and the difference was not statistically sig-
nificant (p = 0.109). DFS of patients with p53 gene high 
and low expression was found to be statistically insignifi-
cant, as shown in Fig. 3.

Survival analysis in relation to ARF genes expression
The median OS of patients with high ARF expressers vs. 
low expressers was 1.71 vs. 1.41, respectively, p = 0.783). 
DFS of patients with ARF high and low expression was 
found to be statistically insignificant (Fig. 3).

Survival analysis in relation to NPM1 genes expression
The median OS of wild NPM1 patients was more than 
twice compared to those with mutant NPM1 (2.86 vs. 
1.05 months); however, the difference was not statistically 
significant (p = 0.703). The median DFS was significantly 
better in patients with mutant NPM1 than those with 
wild NPM1 (46.15 vs. 5.89, p = 0.045).

Discussion
p53 gene mutations were only detected in 5–8% of de 
novo AML cases [26]. Hence, p53 pathway deregula-
tions could be done in many alternative ways rather 
than mutations. Overexpression of the p53 gene in AML 
patients could be related to p53 mutation. Mutated p53 
is largely associated with p53 overexpression, according 
to Kubbutat et al., who attributed high p53 expression in 
mutant p53 due to a deficiency of inducible proteins that 
degrade p53 protein like MDM2 and E3 ligase [27]. Upon 
exposure to cellular stress via oncogenes or DNA dam-
age, prompt and rapid upregulation and activation of p53 
occur via inhibition of post-translational modifications, 
which promote p53 overexpression to arrest the growth 
of cancerous blast cells [28].

According to Chen et al., ARF gene activation and over-
expression could explain the rapid activation and over-
expression of the p53 gene in response to cellular stress 
through ULF-mediated ubiquitylation, which establishes 
the interaction between p53 and MDM2 [29]. ARF gene 

Table 4 (continued)

Parameter P53 expression p value ARF expression p value NPM1 gene p value

low over-
expression

High over-
expression

overexpression low expression Wild Mutant

 Yes 10 (52.6%) 9 (47.4%) 15 (78.9%) 4 (21.1%) 15 (83.3%) 3 (16.7%)

Response to treat-
ment

 No CR 26 (45.6%) 31 (54.4%) 0.241 49 (84.5%) 9 (15.5%) 0.316 25 (71.4%) 10 (28.6%) 0.214

 CR 22 (57.9%) 16 (42.1%) 29 (76.3%) 9 (23.7%) 34 (58.6%) 24 (41.4%)

Table 5 Univariate Hazard ratio analysis of gene mutations and 
OS

HR 95% CI

Lower Upper

P53.gp 1.429 0.919 2.223

ARF 1.217 0.790 1.874

NPM 1.093 0.690 1.730

Table 6 Univariate Hazard ratio analysis of gene mutations and 
DFS

HR 95% CI

Lower Upper

p53.gp 1.687 0.782 3.643

ARF 0.736 0.329 1.647

NPM 2.689 0.985 7.339
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activation and overexpression of p53 gene can also be 
slowly and irreversibly mediated by epigenetic modifica-
tions of the ARF gene locus [30, 31].

Abramowitz et  al. [17] analysis revealed that p53 is 
not functional as an activating transcription factor in 
cytogenetically normal-AML as they did not find gene 
induction related to various p53 functions, including cell 
cycle arrest, apoptosis, DNA repair, and oxidative stress 
defense [16].

Like others [29, 32], we found that p53 and ARF expres-
sion and activation are cornerstone barriers against 
oncogenesis.

We found that p53 gene was overexpressed in de novo 
AML patients like in other reports, which assessed p53 
overexpression by quantifying p53 protein in BMB sam-
ples with IHC technique and scoring system in de novo 
AML and therapy-related myeloid patients [20, 33]. Also, 
in agreement with Eischen et al., we found high p14 ARF 
tumor suppressor gene expression in many AML samples 
[34].

Like other reports [16, 35], we found that p53 and ARF 
gene overexpression were not correlated with the AML 
subtypes, cytogenetically-based prognosis, morphologi-
cal stage, or by type of molecular mutation. We noticed in 

Fig. 2 Kaplan–Meier curves of survival analysis of AML in relation to genes expression
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APL patients, low overexpression of p53 was significantly 
present. This finding was in agreement with Abramow-
itz et  al., who explained that functional inactivation of 
p53 pathway was due to defective acetylation [16]. Also, 
it was found that p53 was overexpressed in more than 
60% of CN-AML and APL patient samples, and it was 
expressed in approximately 75% of the leukemic cells in 
the BM sample [16].

NPM1 is a molecular chaperone linked to favorable 
prognosis in AML [36]. The incidence of NPM1 muta-
tions in our study was similar to that reported by Assi 
et  al., who also found that high p53 expression was 

associated with mutant NPM1 [20]. Like others [36, 
37], we found that NPM1 mutations were associated 
with low genetic risk and longer DFS.

In accordance with Assi et  al., we found that nearly 
half of the patients with p53 high expression were asso-
ciated with mutated FLT3 and NPM1.

In earlier studies of AML and MDS, Loghavi et  al., 
Saft et al., and McGraw et al. found p53 overexpression 
detected by IHC to be associated with inferior survival 
[38–40]. In contrast to others [16, 33], we could not 
find a possible association between patients’ survival, 
DFS with the expression of p53, and ARF in our patient 
cohort.

Fig. 3 Kaplan–Meier curve of Disease-free survival analysis in relation to genes expression
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Conclusion
We can conclude that p53 and ARF genes are overex-
pressed in de novo AML patients and they are inter-
related. low p53 overexpression is associated with APL 
phenotype and t(15;17) and patients with t(15;17) had 
slightly better survival than patients with negative 
t(15;17) (p = 0.061).

AML patients with mutated NPM1 had better DFS 
than wild NPM1(p = 0.045). So p53 pathway regula-
tion can occur by many alternative ways rather than 
gene mutation. Further enhanced research on p53 path-
way regulators should be done to conclude the effect of 
p53 and ARF overexpression in AML patients and their 
impact on patient outcomes.
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