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Abstract
Background and Aims: Type A NPM1 mutation, the most common type of NPM1 mutations, requires highly
specific and sensitive method for its detection; therefore, this study was conducted to detect the frequency of type
A NPM1 mutation in Iraqi AML patients and to correlate this mutation with prognostic parameters of AML
patients.
Materials and Methods: Detection of type A NPM1 mutation was done using allele specific oligonucleotide reverse transcriptase polymerase chain reaction.
Results: Type A NPM mutation was found in 11 / 32 adult cases, and in 1/12 pediatric cases. In adult AML
patients, 45.45% of adult mutated cases had achieved complete hematological remission in comparison with
33.33% of non-mutated cases, (P=0.733).Furthermore, mean WBC count, peripheral and bone marrow
aspiration blast cell percent in mutated patients were lower than in non-mutated patients , ( P>0.05).Similarly,
the child harbored type A mutation had achieved complete hematological remission. These findings indicate the
good prognostic effect of this mutation in adult & pediatric AML patients. Furthermore, four adult cases whose
NPM1 genotype was NPM1 mutated lacked type A NPM1 mutation in this assay; therefore they had other types of
NPM1 mutations. Similarly, there were 2 children had NPM1 mutations, but they lacked type A mutation, so they
had other type of NPM1 mutations. Type A mutation represented 73.33% of all NPM1 mutations in adult patients,
and 66.66% of all NPM1 mutations in pediatric patients.
Conclusions: in this noval study for the detection of type A NPM 1 mutation in Iraqi AML patients Type A
mutation correlated with good prognostic parameters in adult age group in addition to its high rate of detection
in adult than pediatric AML. Allele specific oligonucleotide technique was very specific analytic test for this
mutation detection and might be used for monitoring of minimal residual disease.
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1. Introduction
The NPM1 gene encodes for a nucleolar protein that shuttles between nucleus and cytoplasm .Its main function is
as molecular chaperon that promotes multiple protein- protein interactions. (1) Nucleophosmin is necessary for
critical cell functions such as control of ribosome formation and export, stabilization of the onco-suppressor
P14ARF protein in the nucleolus, and regulation of centrosome duplication. (2)
The NPM1 gene has been always linked with cancer pathogenesis but, its role in leukemogenic process remains to
be clarified. (2)
To date about 50 molecular variants of NPM1 mutations have been discovered in AML. (3) These mutations are
confined to exon 12 but have occasionally been found in other exons. (4) These mutations are detected in
approximately one-third of adult AML, (5) and 6.5% to 8.4% of pediatric AML. (6)
The most common NPM1 mutation type, accounting for 75% to 80% of cases, is referred to as mutation A
(NPM1-mutA) and consists of a duplication of a TCTG tetra nucleotide at position 956 to 959 of the reference
sequence (Gene Bank accession number NM_002520). (7)
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Type A NPM1 mutation is the most frequent in adults (75%-80% of cases), whereas NPM1 mutations other than
type A predominate in children. (8) NPM1mutations characterized by high prevalence and stability over the
course of the disease consequently, they may serve as an ideal target for minimal residual disease (MRD)
assessment, particularly for patients with AML normal Karyotype. (9)
A variety of molecular assays and surrogate methods are currently available for diagnosing AML with mutated
NPM1. (10) One of the most commonly used techniques at diagnosis is fragment analysis (gene scan analysis)
which does not discriminate type A NPM1 mutation from rare variants. Others include melting curve analysis,
real time quantitative-PCR and locked nucleic acid-PCR clamping. (10) Furthermore, an allele-specific (ASO)RT-PCR assay that enables rapid and sensitive detection of the most common NPM1 mutation, (type A) ,has been
adapted by Ottone et al. (7) This test also seems suitable for assessment of response and longitudinal molecular
monitoring of patients with AML harboring type A NPM1 mutation. (7) Anticipation of highly specific, low-cost
and sensitive method for the detection of NPM1 mutations is necessary for the widespread of molecular detection
of mutations in AML and is the ultimate goal of all researchers.
The current study is done to detect the frequency of type A mutation in Iraqi adult and pediatric AML patients and
correlate this mutation with the patients clinical features.

2. Materials & Methods
2.1. Patients and controls
From October, 2010 to October 2011, forty four patients with acute myeloid leukemia (32 adult and 12 pediatric)
were enrolled in this prospective study. The patients were diagnosed at Baghdad Teaching Hospital and the Child
Welfare Teaching Hospital. Their diagnosis as AML cases was based on the finding of peripheral blood and bone
marrow aspirate smears prepared and stained with leishman stain and special stains Sudan Black B & Periodic
Acid Schiff using the standard procedures for staining. (11) The slides were examined by two hematology
specialists for diagnosis and sub-classification of patients according to FAB classification in the teaching
laboratories of Baghdad teaching hospital.
Full assessment of the patients was done at the admission and after the first course of induction therapy. The
initial response to chemotherapy was assessed whether there was complete hematological remission (CR),
treatment failure or death.
In addition, ten healthy adult individuals and 7 healthy children served as negative control group for the mutation
were enrolled randomly in relation to age and gender. Samples from three acute lymphoid leukemia patients were
used as negative leukemic control for NPM1 mutations.
All adult AML patients and control group in this study their NPM1 genotype is known from previous analysis
(wild or mutated) using single stranded confirmatory polymorphism RT-PCR (SSCP-RT-PCR) and the results
were published in previous paper. (12) Fifteen out of 32 adult AML patients were NPM1 mutated whereas the
NPM 1 genotype of children AML patients and control children were analyzed using SSCP-RT-PCR utilizing the
same conditions published previously. (12) Three out of 12 were found to have NPM1 mutation.
Extracted RNA from OCI/AML3 cell line was used as positive control for molecular analysis of type A NPM1
mutation. This research is approved by the ethical committee at the college of Medicine, Al-Nahrain University,
Baghdad-Iraq, and informed consents obtained from all participants.
2.2. Sampling
From peripheral blood or bone marrow samples, 0.5 ml was equally divided into 2 eppendorff tubes each contain
(1 ml) trizol reagent mixed well and kept in deep freeze(-70oC) until the day of analysis. Total RNA was extracted
from bone marrow cells or peripheral blood cells, according to the availability, using bioZOLTM-G RNA Isolation
Kit (BioWORLD-US) following the instruction manual.
2.3. Type A NPM1 mutation detection
In order to detect type A mutation (the most common NPM1 mutation) in NPM1 exon 12, allele specific
oligonucleotide- reverse transcriptase-polymerase chain reaction (ASO-RT-PCR) was used.
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A forward primer (NPM-A) was designed to specifically amplify NPM1 exon 12 only if the NPM1 mutation type
A was expressed. This primer contains an international mismatch at the third nucleotide from the 3' end to
improve specificity. The amplified region includes the insertion of a TCTG tetra nucleotide at positions 956 to
959 of the reference sequence. In this region NPM1 and its seven pseudo genes are highly homologous. (13) To
rule out the amplification of pseudo genes, reverse primer (NPM-REV-6) excluding the amplification of pseudo
genes was used. (14)
Abelson (ABL) gene amplification was included in this assay as internal control using the same ASO-RT-PCR
conditions, but utilizing specific primers for ABL gene (ABL-A2B-5', and ABL-A3E-3'), table I. Single step Accu
power® RT/PCR Premix Kit (BiONEERKorea) was used contains all the components necessary for
complimentary cDNA synthesis and amplification in one tube following the manufacturer manual as following:
Approximately 0.75 µg (7 µl) of the template RNA was mixed with 10 Pico moles of each primer in a sterile tube,
tables II & III. The mixture was incubated at 70 Co for 5 min and placed on ice. The mixture was transferred to
RT/PCR reaction tube, and then 11 µl of nuclease free water was added to complete the volume to 20µl. The
lyophilized blue pellet was dissolved by vortexing, and briefly spins down. Complimentary cDNA synthesis and
amplification was performed as in table IV. (7)
To the negative control tube, 7µl NFW was added instead of the template RNA whereas, for the positive control
tube 1 µg of RNA extracted from OCI-AML3 cell line was added. PCR product was visualized by electrophoresis
on 2.5% agarose gel.
2.4. Statistical Methods
Data were analyzed using SPSS program (Statistical Package for Social Sciences) version 16 and Microsoft
Office Excel 2007. Numeric data were expressed as mean+ SE, frequency was used to express discrete data.
Student t-test was used to analyze numeric data while Chi-square was used to analyze discrete data. Values were
considered statically significant when P < 0.05.

3. Results & Discussion
All the patients were screened for the presence of type A mutation, using allele specific oligonucleotide RT-PCR
(ASO-RT-PCR) with specific primers for type A NPM1 mutation.
The Abelson (ABL) gene as internal control showed a band approximately 200 bp in the ABL mix regardless of
the presence of the mutation, figure 1.The type A NPM mutated cases showed a band approximately 300 bp in
the amplified product of NPM mix whereas cases without this mutation lacked this band. (7) The ABL gene was
detected successfully in 44 AML patients (32 were adult cases and 12 were pediatric cases), and the 17 control
individuals showed successful ABL gene amplification.
The OCI/AML3 cell line which was used as positive control successfully showed ABL gene amplification in
addition to the type A mutant band, figure 2.
Regarding the acute lymphoid leukemia cases, they showed successful ABL gene amplification. In this study the
control group and acute lymphoid leukemia cases showed no type A mutation as this mutation is specific for
AML patients. (15)
3.1. Adult AML patients
Type A NPM1 mutation was found in 11 / 32 (34.37%) of adult patients which was in agreement with many
studies. (15, 16, 17, 18, 19, 20)
The mean age of adult patients with NPM A mutation was older than that of patients without this mutation
[39.6364±7.5; 37.09±3.85year, (mean ±SE)], respectively, (P= 0.456), table V. Nucleophosmin mutations usually
encountered in middle-aged adults or more elderly individuals. (21)
Furthermore, there was no significant relation between patients gender and the presence of type A NPM mutation,
(P=0.678) which is differ from that had been stated by different clinical studies. (16, 17, 22, 23, 24)This
difference could be explained by smaller sample number of enrolled patients.
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Type A NPM1 mutation was detected in de novo adult AML patients more than in secondary cases 10/11(91%) ,
(P=0.052) and in newly diagnosed cases than relapsed cases 6/11(55%), (P =0.960).It is a characteristic of AML
cases carry NPM1 mutations to be presented as de novo cases. (9)
Moreover 5/11(45.45%) of mutated cases had achieved complete hematological remission whereas, 7/21(33.33%)
of non-mutated cases had achieved complete hematological remission, (P=0.733), table V. A variety of studies
worldwide had listed nucleophosmin mutations as a favorable prognostic parameter in AML. (16, 17, 23, 25, 26,
27) In regards to the relation of type A NPM1 mutation to hematological parameters of the adult AML patients,
the mean WBC count in mutated patients was lower than non-mutated patients[34.21±11.00; 43.51±7.20/L,(
mean +SE )], respectively , ( P=0 .404). Controversial findings had been reported in different studies in this
regard. Kassem et al. , had reported no significant difference in the mean WBC count between NPM1 mutated
patients and wild type patients. (24) Others, had reported a higher WBC count in NPM1 mutated patients as
compared to non-mutated patients. (16, 18, 28, 29, 30)
Moreover, higher platelet count was found in patients with type A NPM1 mutation than patients without this
mutation [72.52±10.06; 48.91±11.03x109/L, (mean +SE)], respectively, (P= 0.530), table VI. This finding was
supported by other researchers. (16, 23, 31) It is the trend in AML with NPM1 mutations to present with high
platelet count as the blast cells retain a certain capacity for thrombocytic differentiation. (32) The mean
hematocrit % was higher in mutated patients than in non- mutated patients [23.90±1.47; 26.45±1.37%, (mean
+SE)], respectively, (P= 0.404), table VI, which was also reported by others. (31, 33)
The mean peripheral blood blast cells percent was lower in type A NPM1 mutated cases than non- mutated
cases[60.40±6.69; 66.52±5.66%, (mean +SE )], respectively ,(P= 0.778) similarly the mean bone marrow
aspirate(BMA) blast cells percent in type A NPM1 mutated cases was lower in patients with mutations than that
in patients without mutation[67.36±5.88; 70.67±5.91%, (mean +SE)], respectively, (P= 0.091),table VI. These
findings were on the contrary to what had been reported by Cazzaniga et al, and Kassem et al who had stated no
significant difference in blast cell percent between NPM1 mutated patients and patients without this mutation (24,
33) ,whereas other researchers had reported higher blast cell count in mutated patients as compared to nonmutated patients.(21, 23, 31) These differences might be explained by the fact that, all those researchers had
focused on NPM1 mutations in general whereas; in the current study the focus was on type A NPM1 mutation
only.
Type A NPM1 mutation were detected in M2(46%) , M1(36%) ,followed by M4 an M3 (9% for each), and the
least was found in M3(9%), (P= 0.497). In agreement to this result Verhaak et al., had reported high frequency of
NPM1mutations in FAB M1 34% , (18) ; whereas Pazhakh et al., had reported the occurrence of NPM1 mutation
mostly in M4 ,M5 and M3 and M3V subtypes. (34) Any difference might be related to environmental and
geographical variations. In addition, no significant relationship was found between the presence of type A NPM1
mutation and clinical presentations of adult AML patients, lymphadenopathy, splenomegaly , hepatomegaly,
fever, pallor ,bleeding and weight loss (P > 0.05), which was similarly reported by other studies. (19, 23)
3.2. Pediatric AML patients
Regarding pediatric AML patients, type A NPM1 mutation was found 1/12 (8.33%) of patients which was in line
with previous reports. (6, 8, 33, 35) The mutated child was 10 years old male newly, diagnosed ,de novo AML
FAB M2.His WBC count was 65.00 X109/L , platelet count was 14.00 X109/L , PCV 24.00% and, peripheral and
bone marrow blast cells % were 37.00%,35.00 % respectively. This child had achieved complete hematological
remission throughout the study. Many pediatric studies had revealed a trend towards increased frequency of
NPM1mutations in older age group. (6, 33, 36)
3.3. Correlation between NPM1 genotype and type A NPM1 mutation analysis in AML patients
Utilizing NPM1 genotype of the patients that was known from earlier analysis using single strand confirmatory
polymorphism-reverse transcriptase-polymerase chain reaction( SSCP-RT-PCR) and correlated with the
molecular results of type A mutation obtained in this study using ASO-RT-PCR, those 11 type A NPM1 mutated
adult cases and the child with type A NPM1 mutation in the current study their genotype were NPM1 mutations
positive by applying (SSCP-RT-PCR) technique which confirmed our previous results.
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Thus it may be conclude that both techniques (ASO and SSCP-RT-PCR) had the same sensitivity and specificity
in detecting NPM1 mutations as both techniques successfully detect mutant cases and wild cases. Furthermore,
those 11 type A NPM1 mutation were out of 15 (73.33%) of all NPM1 mutations in all 32 adult cases and the
remaining 4 NPM1 mutated cases (26.67%) most likely had other types of NPM1 mutation (may be B, D and
others).These findings were in agreement to other studies that stated high frequency of type A NPM1 mutation in
adult AML. (15, 16, 17, 18, 19, 20)
Similarly, the child who had type A mutation representing 1/3 (33.33%) of NPM1 mutated cases, and the other 2
patients had non type A NPM1 mutation (66, 66% of mutated cases). This result was in accordance with
previously reported results that the most frequent NPM1 mutation in childhood AML was non-type A mutation.
(68, 33, 34,) Any difference in findings of NPM1 mutations between adult and pediatric patients might be due to
differences in pathophysiology between children and adults. (3)

4. Conclusions
This is a noval research in which the frequency of type A mutation was detected for the first time in Iraqi adult
and pediatric AML patients. The frequency of the mutation was similar to the findings reported worldwide. Type
A mutation correlated with good prognostic parameters in adult age group (lower WBC count, lower peripheral
and bone marrow aspirate blast cell percent, higher platelet count and good response to induction therapy).Type A
mutation was detected more in adult age group than in pediatric age group. Allele specific oligonucleotide
technique was very specific analytic test for this mutation detection and might be used for monitoring of minimal
residual disease.
Figures

Figure 1: Detection of ABL gene in AML, ALL & Healthy control using ASO-RT-PCR.
Lane1&2: amplified product from healthy controls. Lanes 3,4,5,6,7,8,9& 10 : amplified product from AML
patients shows a band app 200bp. Lane 11:amplified product from ALL patient. Lane 12: amplified product from
positive control shows a band app.200 bp (arrow).Lane 13: negative (no template control).M: molecular weight
marker (DNA Ladder). Electrophoresis is carried in 2.5% agarose gel at (4V/cm) for 120min.
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Figure 2: Detection of NPM1 A mutation using ASO-RT-PCR in AML patients.
Lane 3: amplified product from ABL gene of AML patient (arrow b app, 200 bp), lane 4: amplified product from
NPM gene of the same patient shows a band app. 320 bp of type A mutation (arrow a).Lanes 5& 6: amplified
product from AML patient ABL & NPM genes, respectively shows a mutant band in lane 6(arrow a).Lanes 7& 8:
amplified product from a healthy control shows a band in lane 7 only of ABL gene. Lane 9& 10: amplified
product from positive control OCI-AML3 cell line shows a band of ABL gene(arrow b) and a mutant band in lane
10 (arrow a). Lane 11: negative control (no template) for ABL gene mix. Lane 12: negative control for NPM1
gene mix. M: Molecular weight marker. (DNA ladder).Electrophoresis is carried in 2.5% agarose gel at (4V/cm)
for 120min.
Tables
Table I: Primers used for ASO-RT-PCR for detection of type A NPM1 mutation. (7)
Primers
NPM-A
NPM-REV-6
ABL-A2B-5_
ABL-A3E-3_
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Sequence
5-CAAGAGGCTATTCAAGATCTCTCTC-3_
5_-ACCATTTCCATGTCTGAGCACC-3_
5_-GCATCTGACTTTGAGCCTCAG-3_
5_-TGACTGGCGTGATGTAGTTGCTT-3_
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Table II: PCR master mix for ABL gene detection.
Material
NFW
ABL-A2B-5_
ABL-A3E-3_
RNA template

Volume ( µl )per 1 reaction
11.0
1.1
0.9
7.0

Table III: PCR master mix for type A NPM1 mutation detection.
Material
NFW
NPM-A primer
NPM-REV-6 primer
RNA template

Volume (µl) per 1 reaction
11.0
0.8
1.2
7.0

Table IV: PCR circumstances for type A NPM1 mutation detection.
Step
c DNA synthesis
RT ase inactivation
Pre denaturation
Denaturation
Annealing
Extension
Final extension

Temperature
42 oC
94 oC
95 oC
95 oC
67 oC
72 oC
72 oC

Time
60 min
5 min
7 min
30 sec
45 sec
1 min
7 min

Cycles
1
1
1
35
1

Table V: Relation of type A NPM1 mutation with demographic features of adult AML patients.
Patients characteristics
Age /years
Mean ±SD
Male
female

Type A NPM1-ve

Type A NPM1 +ve

37.09±3.85

39.6364±7.5

P
0.456

6
5

0.678

10
11
19

10

0.052

2

1

New AML

12

6

Relapsed AML

9

5

Response to treatment
Remission
Failure
Death

7
13
1

5
6
0

Denovo AML
Secondary AML

0.960

0.733
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Table VI: relationship of type A NMP1 mutation with hematological parameters of adult AML patients.
Hematological parameters
WBCx109/L
Mean ±SE
PlateletX109/L
Mean ±SE
Hematocrit%
Mean ±SE
Peripheral Blast Cell %
Mean ±SE
BMA Blast Cell%
Mean ±SE

Type A NPM1-ve

Type A NPM1 +ve

43.51±7.202

34.21±11.001

48.91±11.030
26.45±1.37
66.52±5.662

72.52±10.060
23.9091±1.473
60.18±8.17

P
0..404
0.530
0.404
0.778

70.67±5.91

67.36±5.88

0.091
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