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Abstract: Acute myeloid leukemia (AML) is a hematological malignancy of myeloid progenitor cells characterized by 

anomalous proliferation, inhibition of differentiation and expansion of leukemic cells blocked at the early stage of 

hematopoiesis. The molecular markers have become a smart tool to further division of AML patients into subgroups. 

Nucleophosmin (NPM1) mutations are found in approximately 30% of adult AML patients and are associated with a favorable 

outcome when detected in absence of FLT3-ITD mutation. Over 50 molecular NPM1 mutation variants have been identified; 

the most common one is NPM1-A mutation. The current study aims to detect; the frequency of NPM1-A in Iraqi adult newly 

diagnosed AML patients using real time – PCR technique and evaluate the relationship of NPM1-A with age, gender, total 

white blood cell (WBC) count and FAB subtypes of the disease. The frequency of NPM1-A mutation in newly diagnosed 

AML patients was 18.86%. Age was non-significantly higher in NPM1-A mutated patients than in patients without mutation 

(P=0.538). The NPM1-A mutation was predominantly seen in male (P= 0.069). The mutation was non-significantly higher 

among monocytic subtypes (M5+M4) compared with the other subtypes of the disease (P=0.916). In the NPM1 mutated group, 

the total WBC count was non-significantly higher than the non-mutated group (P=0.302). These findings suggest; Real time-

PCR technique using TaqMan probe was very specific molecular test for this mutation. Mutated NPM1-A patients were 

associated with increased age, a higher total WBC count, male predominance and the monocytic subtypes of the disease. 
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1. Introduction 

Acute myeloid leukemia (AML) is characterized by a 

clonal proliferation of myeloid precursors with a reduced 

capacity to differentiate into more mature cellular elements. 

As a result, there is an accumulation of leukemic blast cells 

or immature forms in the bone marrow, peripheral blood, and 

infrequently in other tissues, with a variable lowering in the 

production of normal red blood cells, platelets, and mature 

granulocytes. [1] Generally AML is a disease of later 

adulthood; the average age of newly diagnosed patients is 65-

70 years. [2]
 

Advances in molecular research have greatly improved 

understanding of the leukemogenesis in AML. [3] In addition 

to the conventional risk factors, such as age, white blood cell 

(WBC) counts and cytogenetics, molecular genetic 

alterations, such as mutations of NPM1, FLT3, CEBPA, 

AML1/RUNX1, WT1, TET2, and DNMT3A are also 

important prognostic factors in acute myeloid leukemia 

patients. [3] 

Nucleophosmin (NPM1) is a nuclear and cytoplasmic 

protein, which functions as a molecular chaperone to prevent 

protein aggregation in the nucleolus and to regulate p53 
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levels. [4] Point mutations within the C-terminal region of 

the NPM1gene result in cytoplasmic accumulation of the 

mutated NPM protein. [4, 5] The most frequent form of 

Mutation is duplication of TCTG (type A, 860-863 

dupTCTG). [5] 

AML with mutated NPM1 has been included in the 2008 

World Health Organization (WHO) classification of myeloid 

neoplasms as a provisional entity. [6] NPM1 mutation occurs 

in about 30% of AML, more frequently in elder patients, and 

is highly associated with normal karyotype, and FLT3/ITD, 

favorable karyotype, and expression of CD34 and HLA-DR 

[7, 8, 9] 

2. Patients, Materials and Methods 

This is a cross-sectional study, from 1
st
 of April 2015 

through September 2016. The bone marrow aspirate (BMA) 

samples of 53 adult AML patients were collected at the time 

of diagnosis and prior to treatment at the Hematology Ward 

of Baghdad Teaching Hospital in Medical City compared 

with 53 control individuals (age and sex matched). All the 

control bone marrows were negative for infiltrative lesions 

and obtained from patients with anemia and idiopathic 

thrombocytopenic purpura. The related clinical and 

laboratory data for each patient were registered at the time of 

diagnosis. AML patients were diagnosed according to the 

FAB criteria. [10]
 
Immunophenotyping was done where it 

was deemed necessary, in patients with diagnostic 

uncertainty. 

From each patient, 0.5 ml of BMA was taken and equally 

distributed into 2 tubes; each contain (1.5 ml) erythrocyte 

lysis buffer mixed well and incubated for 15 minutes then 

centrifuged at 1800 rpm for 10 min at 4°C. The supernatant 

was removed and discarded. New erythrocyte lysis buffer 

(500 µl) was added to the cell pellet. The tubes centrifuged at 

1800 rpm for 10 min at 4°C, supernatant was removed and 

discarded. Buffer RLT (600 µl) was added to pelleted 

leukocytes. The samples were frozen and stored at -40°C 

until the day of RNA extraction. 

QIAamp® RNA Blood Mini kit (Qiagen, Germany) was 

used to extract RNA and then the RNA was reverse 

transcribed into cDNA using QuantiTect® Reverse 

Transcription kit (QIAGEN, Germany)(42°C for 30 minutes, 

followed 95°C for 3 minutes). The final volume for PCR 

reaction was20 µL containing 100 ng cDNA, 10 µL of 

TaqMan® Universal Master Mix II, with UNG (Applied 

Biosystems, USA), 300 nmol/L of forward primerand 600 for 

reverse primers, using the primers:NPM1-A- Reverse, (5'-

CTT CCT CCA CTG CCA GAC AGA-3') NPM1-A- 

Forward, (5’TCGTGTGTGAAACTCCAGACT3’), and 150 

nmolNPM1-A-TaqMan Probes labeled with FAM and MGB-

3'dyes (5'-FAM-ACC AAG AGG CTA TTC AAG AT-MGB-

3'). ABL housekeeping gene labeled with VIC and MGB-3 

dyes used as internal control for NPM1-A, using the primers: 

ABL- Reverse (5'-GATGTAGTTGCTTGGGACCCA-3') 

ABL- Forward (5'-

TGGAGATAACACTCTAAGCATAACTAAAGGT-3') and 

ABL- Probe (5'-VIC-

CCATTTTTGGTTTGGGCTTCACACCATT-MGB-3'). All 

the primers were designed using Primer Express Software 

(Applied Biosystem, Foster City, CA, USA). Real-time 

polymerase chain reaction (PCR) assays using Mx3000PTM 

real time PCR System sequence DetectionSystem 

(Stratagene, USA) was done by heating at 50°C for 2 

minutes, 95°C for 10 minutes, followed by 40 cycles of 95°C 

for 15 seconds, 60°C for 1 minute. Real-time polymerase 

chain reaction (PCR) assays usingMx3000PTM sequence 

Detection System (Stratagene, USA) data were analyzed 

using Real-time polymerase chain reaction (PCR) assays 

using Mx3000PTMsequence Detection. 

The NPM1-A mutated cases showed amplification of 

target sequence NPM1-A (figure 1); while patients negative 

for NPM1-A mutation and control cases showed no 

amplification product. All AML and control cases showed 

amplification of ABL transcript. 

 

Figure 1 Real time PCR amplification plots for NPM1-A cDNA in AML patients using TaqMan probe (FAM), where amplification curves are AML samples 

positive for NPM-A mutation. 
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3. Statistical Analysis 

Data were analyzed using statistical software program 

SPSS version 22 (SPSS Inc. Chicago, IL, USA). Continuous 

data were expressed as mean ± standard deviation (SD); 

frequency was used to express categorical data. Student t-test 

was used to analyze continuous data while Chi-square was 

used to analyze categorical data. Values were considered 

statically significant when P value (< 0.05). 

4. Results 

Table 1. Association of age and WBC count with NPM1-A mutation in AML 

patients. 

 
NPM1-A mutation P 

value Positive (10 cases) Negative (43 cases) 

Mean Age (±SD) 

years 
47.60 (± 22.83) 43.42 (± 18.31) 0.538 

Total WBC count 

(±SD) x109 
50.37 (± 56.05) 30.46 (± 51.09) 0.302 

Table 2. NPM1-A mutation in AML patients according to gender. 

NPM1- A mutation 
Gender 

Total 
Male Female 

Positive 9 1 10 (18.86%) 

Negative 23 20 43 (81.13%) 

Total 32 21 53 (100%) 

P=0.069 

 

Figure 2. NPM1-A mutation according to FAB classification of AML 

patients. 

The study was focused on 53 newly diagnosed Iraqi AML 

patients (Age range 15-83 years; median 42.00). The NPM1-

A mutation was identified in 10 (18.86%) of the 53 AML 

patients. The mean age of patients with NPM1-A mutation 

was non-significantly higher than patients without mutation 

(47.60 ±22.83; 43.42 ±18.31 years, respectively) (P=0.538) 

as shown in table (1). The NPM1-A mutation was 

predominantly seen in male (9 out of 32 males and 1 out of 

21 females), however; this was statistically not significant 

(P= 0.069) as shown in table (2). The NPM1-A mutation was 

more frequent in the patients classified as M5 (3/11) and M4 

(2/8) followed by M1, M2 and M3 in (2/10), (2/13), (1/9) 

patients respectively while NPM1-A mutation was not 

detected in patients with the M0 (0/1) and M7 (0/1) subtypes 

(Figure 2). The mutation was non-significantly higher among 

monocytic subtypes (M5+M4) compared with the other 

subtypes (P=0.916). In the NPM1 mutated group, the WBC 

count was non-significantly higher (P=0.302) than the non-

mutated group (50.37±56.05; 30.46±51.09, respectively) 

(P=0.302). 

5. Discussion 

In this study; among all adult newly diagnosed AML 

patients, 18.86% had NPM1-A mutation. This result was 

extremely lower than previously reported by earlier studies in 

Iraq, [11, 12, 13] in which the NPM1 mutations were 

detected in 56.66%, 46.88%, 34.37% of AML patients; 

respectively. [11, 12, 13] The lower detection rate in this 

study may be due to variable number of cases, and different 

methods had been used to screen and assess NPM1 

mutations. These include use of immunohistochemistry, [11] 

SSCP-RT-PCR, [12] and ASO-RT-PCR. [13] In the current 

study, QRT-PCR technique using TaqMan assay was used to 

screen AML patients with NPM1-A mutation. 

This study was similar to that reported by Pazhakh et al 

from Iran who revealed NPM1 mutation in 17.5 % of their 

patient’s series. [14]
 

This result was in contrast to many western studies, which 

implied a higher frequency of NPM1 mutations in AML 

patients with normal karyotype. The low frequency of 

NPM1-A mutation in the present study in relation to other 

studies might be explained by the fact that, most researchers 

had focused on NPM1 mutations in normal karyotype AML 

in general whereas; in the current study assessment of the 

frequency of NPM1-A mutation among AML cases with 

normal karyotype was not possible. 

The mean age of adult patients with NPM1-A mutation 

was non-significantly higher than that of non-mutated 

patients (P=0.507). Rau and Brown emphasized high 

frequency of NPM1 mutations in middle-aged adults or more 

elderly individuals. [15] 

The rate of NPM1-A mutation in males was higher than in 

females with M: F ratio 9:1 (P=0.069). Which was differing 

from that had been stated by several clinical studies. [12, 16, 

17, 18] Population genetics, environmental factors, smaller 

sample number of enrolled patients and mean age of female 

was lower than that of males (38.95 vs 47.65 years), or a 

combination of all might account for the lower frequency of 

NPM1-A mutation in females. 

Although, the means of WBC count of mutated AML 

patients in current study were higher than non-mutated 

patients, these correlations were not significant. Many 

workers had emphasized a higher WBC count, [19, 20, 21, 

22] in NPM1 mutated patients as compared to non-mutated 

patients. Chen et al [23] and Dohner et al [47] stated that 

mutant NPM1 genes tend to have higher WBC count than 

AML patients carrying wild type NPM1 gene. [21, 23] 

The frequency of NPM mutation among FAB subgroups 

was heterogenous being higher among monocytic subtypes 
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(M5+M4) (P=0.916), this finding corroborated by other 

studies; which found that NPM mutation was frequent among 

FAB groups with monocytic differentiation. [20, 21, 25, 26]
 

6. Conclusion 

Real time PCR technique is very specific test for detection 

of molecular markers including NPM1-A mutation. AML 

patients with NPM1-A mutation are positively associated 

with increased age, a higher WBC count, male predominance 

and the monocytic subtypes of the disease 
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