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Abstract:

Objective: Mutations of the nucleophosmin (NPM1) gene are considered as the most frequent acute myeloid leukemia (AML)-
associated genetic lesion, reported with various incidences in different studies, and type A (NPM1-A) is the most frequent type.
However, since most series in the literature report on the features of all patients regardless of the type of mutation, NPM1-A(+)
cases have not been well characterized yet. Therefore, we evaluated the prevalence of NPM1-A in Bulgarian AML patients and
searched for an association with clinical and laboratory features.

Materials and Methods: One hundred and four adults (51 men, 53 women) were included in the study. NPM1-A status was
determined using allele-specific reverse-transcription polymerase chain reaction with co-amplification of NPM1-A and p-actin
and real-time quantitative TagMan-based polymerase chain reaction. Patients received conventional induction chemotherapy
and were followed for 13.2+16.4 months.

Results: NPMI-A was detected in 26 (24.8%) patients. NPM1-A mutation was detected in all AML categories, including in
one patient with RUNX1-RUNX1T1. There were no differences associated with the NPM1-A status with respect to age, sex,
hemoglobin, platelet counts, percentage of bone marrow blasts, splenomegaly, complete remission rates, and overall survival.
NPM1-A(+) patients, compared to NPM1-A(-) patients, were characterized by higher leukocyte counts [(75.4£81.9)x109/L
vs. (42.5£65.9)x109/L; p=0.049], higher frequency of normal karyotype [14/18 (77.8%) vs. 26/62 (41.9%); p=0.014], higher
frequency of FLT3-ITD [11/26 (42.3%) vs. 8/77 (10.4%); p=0.001], and lower incidence of CD34(+) [6/21 (28.8%) vs. 28/45
(62.2%); p=0.017]. Within the FLT3-ITD(-) group, the median overall survival of NPM1-A(-) patients was 14 months, while
NPM1-A(+) patients did not reach the median (p=0.10).

Conclusion: The prevalence of NPM1-A mutation in adult Bulgarian AML patients was similar to that reported in other
studies. NPM1-A(+) patients were characterized by higher leukocyte counts, higher frequency of normal karyotypes and FLT3-
ITD, and lower incidence of CD34(+), supporting the idea that the specific features of type A mutations might contribute to the
general clinical and laboratory profile of NPM1(+) AML patients.
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6zet:

Amac: Nukleofosmin (NPM1) genine ait mutasyonlar degisik ¢alismalarda farkl insidanslar bildirilmekle birlikte, akut
miyeloid 16semi (AML)-iliskili genetik bozukluklarm en sik goriilenidir ve bunlar arasinda tip A (NPM1-A) en sik rastlanan
tipidir. Ancak literatiirdeki serilerin ¢cogu mutasyon tipinden bagimsiz olarak tiim hastalarin 6zelliklerini sunmakta olup,
NPM1-A(+) olgular bundan 6nce ayrintili olarak tanimlanmamistir. Bu yiizden, Bulgar AML hastalarinda NPM1-A prevalansi
degerlendirilmis, klinik ve laboratuvar ozellikler ile iligkileri arastirlmistir.

Gerec ve Yontemler: Calismaya yiiz dort hasta (51 erkek, 53 kadin) dahil edilmistir. NPM1-A durumu allel-6zgiil polimeraz
zincir reaksiyonu ile NPM1-A ve f-aktinin birlikte amplifikasyonu ve gercek-zamanh TaqMan-bazli polimeraz zincir reaksiyonu
ile belirlenmistir. Hastalar konvansiyonel indiiksiyon kemoterapisi almis ve 13,2+16,4 ay takip edilmislerdir.

Bulgular: NPM1-A 26 hastada (%24,8) tespit edildi. NPM1-A mutasyonu, RUNX1-RUNXITI tastyan bir hastay1 da iceren tiim
AML kategorilerinde gosterilmistir. Yas, cinsiyet, hemoglobin, trombosit say1s1, kemik iligindeki blast yiizdesi, splenomegali,
tam remisyon oranlar1 ve genel sagkalim ile NPM1-A durumu ile iligkili farklihk saptanmadi. NPM1-A(+) hastalar, NPM1-A(-)
hastalar ile karsilastirildiklarinda daha yiiksek 16kosit sayisma [(75,4£81,9)x109/L vs. (42,5+65,9)x109/L; p=0,049], daha sik
normal karyotipe [14/18 (%77,8) vs. 26/62 (%41,9); p=0,014], daha sik FLT3-ITD’ye [11/26 (%42,3) vs. 8/77 (%10,4); p=0,001]
sahipti ve daha seyrek CD34 (+) [6/21 (%28,8) vs. 28/45 (%62,2); p=0,017] idi. FLT3-ITD(-) grup i¢inde, NPM1-A(-) hastalarm
ortanca genel sagkalimi 14 aydi, ancak NPM1-A(+) hastalar ortancaya ulasmadi (p=0,10).

Sonug: Erigkin Bulgar hastalarda NPM1-A mutasyonunun prevalans1 diger ¢alismalarda bildirilenlerle benzer bulundu.
NPM1-A(+) hastalar, tip A mutasyonlarin spesifik §zelliklerinin NPM1(+) AML hastalarin genel klinik ve laboratuvar profiline
katkida bulunabilecegi fikrini destekler nitelikte yiiksek lokosit sayisi, daha sik normal karyotip ve FLT3-ITD ile daha seyrek
CD34(+) sikhig ile karakterizeydi.

Anahtar S6zciikler: Akut miyeloid 16semi, NPM1 geni tip A mutasyonu, FLT3-ITD, allel-6zgiil polimeraz zincir reaksiyonu

Introduction

Acute myeloid leukemia (AML) is a heterogeneous
group of clonal disorders with great variability in
terms of pathogenesis; morphological, genetic, and
immunophenotypic characteristics of the leukemic blast
population; clinical course; and response to therapy. It is
believed that this heterogeneity is largely related to variations
in the spectrum of the underlying molecular abnormalities
that alter normal cellular mechanisms of self-renewal,
proliferation, and differentiation [1].

Several lines of evidence support the idea that
hematopoietic precursor cells in AML undergo malignant
transformation in a multistep process of acquisition of
different genetic abnormalities that might range from
relatively large chromosome alterations to single nucleotide
changes, deregulated gene expression, or epigenetic changes
[2]. Some of these abnormalities exhibit strong correlations
with the phenotypic features of the disease and/or treatment
outcome and define biologically and prognostically different
subtypes of AML, as recognized in the latest World Health
Organization (WHO) classification system in 2008. The
category of “AML with recurrent genetic abnormalities”
consists of 6 subtypes, characterized by specific chromosome
translocations that lead to the formation of fusion genes.
Additionally, 2 provisional entities, AML with mutated
nucleophosmin (NPM1) and AML with mutated CCAAT/
enhancer binding protein alpha (CEBPA), have also been
recognized [3]. The former is considered as the most
frequent AML-associated genetic lesion.

The NPM1 gene maps to chromosome 5q35 and encodes
a ubiquitously expressed chaperone protein that shuttles
between the nucleus and cytoplasm but predominantly
resides in the nucleus. It is involved in multiple functions
and plays key roles in ribosome biogenesis, centrosome
duplication, genomic stability, cell cycle progression, and
apoptosis [4].

NPM1 is frequently overexpressed in solid tumors [5],
while in hematological malignancies, the NPM1 locus is
lost [6] or translocated, leading to the formation of fusion
genes and proteins [7]. Recently somatic mutations in exon
12 of the NPM1 gene have been found in approximately
one-third of all adult patients with AML [4,8]. Mutations of
the NPM1 gene induce delocalization of the NPM1 protein
in AML, while in solid tumors, only NPM1 overexpression,
but not delocalization, has been reported so far [9]. Some
differences in the incidence of NPMI mutations were
observed, suggesting the possible influence of ethnic and
geographic factors [10,11]. Therefore, data concerning
the incidence of the molecular abnormality in particular
countries might be helpful in the analysis of the impact of
local factors.

As reported so far, NPM1-mutation-positive patients are
more often females, with a normal karyotype, and usually
present with high white blood cell (WBC) counts and
higher percentages of bone marrow blasts, frequently with
myelomonocytic or monocytic morphology, with absent or
low expression of CD34, and with frequent FLT3 mutations
[12,13]. The presence of NPM1 mutations is associated with
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unique gene expression [14] and microRNA profiles [15].
NPM1 mutations predict an excellent response to induction
therapy [12] and provide important prognostic information
as stable markers for minimal residual disease monitoring in
AML patients [16,17].

Currently there are 55 described mutations of NPM1
exon 12 in AML that result in similar alterations at the
C-terminus of the mutant proteins. The most prevalent
types of mutations are mutation A (75%-80%), mutation
B (10%), and mutation D (5%), while all other mutations
are very rare [4,18]. To date, most studies have focused
on the clinical and laboratory profile of all NPM1-mutated
AML patients regardless of the type of the mutation, and,
therefore, the clinical and laboratory characteristics of
patients, particularly those with the most frequent type
A mutations, have not been precisely recorded. Certain
differences might be expected since some studies suggested
that the outcome and prognosis in patients with type A and
non-A mutations might not be identical [19,20]. Therefore,
in this study we performed molecular screening aiming at
establishing the prevalence of type A mutation of the NPM1
gene in Bulgarian adult AML patients and searched for an
association with major clinical and laboratory features
commonly reported in literature.

Material and Methods

Patients

The NPM1 type A [NPM1-A] mutation was studied in the
bone marrow cells of 104 adults (51 men, 53 women) at a
mean age of 53.7+15.8 years (range: 22-82 years), diagnosed
and treated at the National Specialized Hospital for Active
Treatment of Hematological Diseases, Sofia, Bulgaria, after
receiving informed consent.

The diagnosis of AML was based on WHO 2008
classification criteria using a combination of clinical data
and morphological, cytochemical, flow cytometric, and/or
immunohistochemical, cytogenetic, and molecular features.

Analysis of NPM1-A Mutation by Reverse-Transcription
Polymerase Chain Reaction (RT-PCR)

At the time of diagnosis, bone marrow mononuclear
cells were separated after red blood cell destruction with
a lysis buffer (155 mM NH#*Cl, 10 mM KHCO3, 0.1 mM
EDTA). Total cellular RNA was isolated using TRIzol
Reagent (Invitrogen, Karlsruhe, Germany) according to the
manufacturer’s protocol. cDNA was synthesized by reverse
transcription of 1 ng of RNA in a reaction medium with a
final volume of 20 pL containing 1X first-strand buffer, 200
U of MMLV reverse transcriptase (USB Products, Affimetrics,
Cleveland, OH, USA), 1 mM of each deoxynucleoside-5-
triphosphate (ANTP), 20 U of RNase Inhibitor (Invitrogen),
and 5 pM of random hexamers (Thermo Scientific, Waltham,
MA, USA), by consecutive incubation of the samples at 37
°C for 1 h and at 99 °C for 3 min.
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The presence of NPM1-A mutation was determined
using 2 different PCR approaches. In the first, allele-
specific PCR was carried out by simultaneous amplification
of NPMI1-A with allele-specific primers and f-actin
cDNA as an internal control. Briefly, 3 uL of cDNA was
amplified in a reaction medium with a final volume of 25
pL containing 1X PCR buffer, 2.5 mM MgCl2, 200 pM of
each ANTP, 1 U of Taq polymerase (Promega, Madison,
WI, USA), and 10 pmol of each of the following primers:
NPMI1-mutA (F): 5'-caagaggctattcaagatctctgtctg-3’ and
NPM-REV-6 (R): 5’-accatttccatgtctgagcacc-3° (NPM1-A),
together with b-actin (S) 5’-ggcatcgtgatggactccg-3’ and
b-actin (AS) 5’-gctggaaggtggacagega-3’ (f-actin). The
reaction started with denaturation at 95 °C for 7 min;
proceeded with 35 cycles of amplification at 95 °C for 45
s, at 67 °C for 45 s, and at 72 °C for 45 s; and terminated
at 72 °C for 7 min on a Veriti Thermal Cycler (Applied
Biosystems, Foster City, CA, USA). Amplification products
were run in 2% (w/v) agarose gel, stained with ethidium
bromide, and visualized after UV exposure. The second
approach employed real-time quantitative TaqMan-
based PCR using the MutaQuant® Kit NPM1 mutation A
(Ipsogen, Marseille, France) following the manufacturer’s
instructions on a Rotor-Gene 6000 thermocycler (Corbett
Life Science, Mortlake, Australia).

Treatment

Sixty-three patients with non-acute promyelocytic
leukemia (non-APL) received conventional induction
chemotherapy with one of the anthracyclines (doxorubicin
or idarubicin) for 3 days and cytosine arabinoside for 7
days. Patients with APL received all-trans retinoic acid
with or without concurrent induction chemotherapy.
After complete remission was achieved, patients received
consolidation chemotherapy with conventional doses of
cytosine arabinoside and one anthracycline or with high-
dose cytosine arabinoside. The mean period of follow-up of
treated patients was 13.2+16.4 months.

Five of the patients died before the start of any treatment.
Early death during the first induction course occurred in 16
(15.4%) patients. Due to old age and/or poor performance
status, no chemotherapy or only low-dose cytosine
arabinoside was given in 16 patients. One patient was lost
from contact.

Statistical Analysis

All statistical analysis was performed using SPSS
16.0.1. The Wilcoxon Mann-Whitney test was used to
compare the distributions of numerically valued variables.
Univariate differences between categorical variable
subsets were evaluated with Fisher’s exact test. Overall
survival (OS) was estimated for patients who received at
least one induction course of therapy using the Kaplan-
Meier method. Two-sided p<0.05 was considered to be of
statistical significance.
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Results

A positive reaction for NPM1-A mutation [NPM1-A(+)]
by both approaches was detected in 26 of 104 (24.8%)
patients (Figure 1). No discrepancies in the results generated
by the 2 methods were observed.

There were mno significant differences between
NPM1-A(+) and NPM1-A(-) patients with respect to age,
sex, hemoglobin, platelet counts, percentage of bone
marrow blasts, or the presence of splenomegaly (Table 1).
However, the mean WBC count was significantly higher in
NPM1-A(+) compared to NPM1-A(-) patients at (75.4+81.9)
x109/L versus (42.5£65.9)x109/L, respectively (p=0.049).

The statistical analysis did not show any significant
differences in the frequency of the molecular abnormality
in the defined AML categories. However, the incidence
of NPM1-A(+) was clearly lower in AML with recurrent
genetic abnormalities, at 1/11 (9.1%), compared to AML
with myelodysplasia-related changes (AML-MRC) at
4/11 (36.4%), therapy-related myeloid neoplasms at 3/15
(20.0%), and AML not otherwise specified (NOS) at 15/65
(27.7%).

The tendency for a lower frequency of NPMI-A
mutations in patients with recurrent genetic abnormalities
was even more prominent when all patients regardless of
previous chemo- and/or radiotherapy were analyzed. Thus,
a total of 17 patients comprising 11 de novo cases and 6
therapy-related AML cases with fusion transcripts (PML-
RARA, n=2; RUNX1-RUNXITI, n=3; CBFb-MYH11, n=1)
included only 1 (5.9%) positive case, versus 25/87 (28.7%)
in the remaining group of patients (p=0.064).
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Figure 1. Pattern of detection of NPM1-A mutation by
reverse-transcription polymerase chain reaction (RT-PCR).

A) Detection of NPMI1-A mutation by allele-specific
RT-PCR:1=negative control; 5,7=NPMI1-A(+) patients;
2.3,4,6,8=NPM1-A(-) patients.

B) Detection of NPM1-A mutation by quantitative real-time
RT-PCR.

Among the different subtypes of AML and NOS cases, no
statistical differences in the prevalence of NPM1-A(+) were
observed, with a relatively higher value in AML without
maturation [6/13 (46.2%)] and in AML with maturation and
acute myelomonocytic leukemia [4/11 (36.4%) and 5/16
(31.2%), respectively]. No positive reaction for NPM1-A was
found in patients with AML with minimal differentiation,
acute erythroid leukemia, and acute megakaryoblastic
leukemia; however, the number of studied cases was too low
for more general conclusions.

Immunophenotyping of patients with and without
NPM1I-A revealed statistically lower frequency of CD34(+)
in NPMI1-A(+) compared to NPMI1-A(-) patients, at 6/21
(28.8%) versus 28/45 (62.2%), respectively (p=0.017),
while no differences were observed in regard to aberrant co-
expression of lymphoid antigens or CD56.
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Figure 2. Kaplan-Meier survival curves.
A) OS of NPM1-A(+) and NPM1-A(-) AML patients.

B) OS of NPM1-A(+) and NPM1-A(-) AML patients within
the group of patients without FLT3-I1TD.
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Gender: Males
Females

Age [years]

White Blood Cells count [x109/L]

Platelets count [x109/L]

Hemoglobin concentration [g/L]
Blasts/blasts equivalents in bone marrow [%]
Splenomegaly

WHO categories:

AML with recurrent genetic abnormalities
AML with t(8;21); RUNX1-RUNXI1T1

AML with inv(16) or t(16;16); CBFB-MYH11
APL with t(15;17);PML-RARA

AML with t(9;11); MLLT3-MLL

AML with t1(6;9); DEK-NUP214

AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms

Acute Myeloid Leukemia, Not Otherwise Specified
AML with minimal differentiation

AML without maturation

AML with maturation

Acute myelomonocytic leukemia

Acute monoblastic and monocytic leukemia

Acute erythroid leukemia

Acute megakaryoblastic leukemia

AML unknown

Immunophenotype
CD34(+)

CD56

Lymphoid Antigens

Normal Katyotype

FLT3-ITD(+) [n=]

MLL-PTD(+)

EVI1-overexpression

Early deaths

Complete remission

Mean OS (months)

Mean OS within the FLT3-ITD(-) group (months)
Median OS within the FLT3-ITD(-) group (months)

Table 1. Patient characteristics according to NPM1-A mutation status. NS: Not significant.

NPMI-A

(+)

12 [23.5%]
14 [25.9%]

54.8+11.0
75.4+81.9
83.5+86.4
84.1+21.3
77.8+21.0
6/19 (31.6%)

1/11 (9.1%)
1/5
0/1
0/3
0/1
0/1

4/11 (36.4%)
3/15 (20.0%)

18/65 (27.7%)
0/5 (0%)

6/13 (46.2%)
4/11 (36.4%)
5/16 (31.2%)
3/16 (18.7%)
0/3 (0%)

0/1 (0%)

0/2 (0.0%)

6/21 (28.8%)
8/21 (38.1%)
6/20 (30.0%)

14/18 (77.8%)
11726 (42.3%)
0/23 (0%)
4/20 (20.0%)
5/24 (20.8%)
11/16 (68.7%)
17.4

27.28

Not reached

NPMI-A
)

39 (76.5%)
40 (74.1%)

53.7+17.3
42.5+65.9
84.7+88.8
88.3+21.4
71.2+22.2
12/62 (19.4%)

10/11(90.9%)
4/5
1/1
3/3
1/1
1/1

7/11 (63.6%)
12/15 (80.0%)

47/65 (72.3%)
5/5 (100%)
7/13 (53.8%)
7/11 (63.6%)
11/16 (68.7%)
13/16 (81.3%)
2/2 (100%)
1/1 (100%)

2/2 (100.0%)

28/45 (62.2%)
14/43 (32.6%)
17/44 (38.6%)

26/62 (41.9%)
8/77 (10.4%)
7/61 (11.5%)
5/51 (9.8%)
11/75 (14.7%)
27/50 (54.0%)
11.3

30.41

14.00

0.82

0.76
0.049
0.95
0.41
0.38
0.34

p=0.463
NS

NS
NS
NS

NS

0.017
0.78
0.58

0.014
0.001
0.18
0.26
0.16
0.24
0.62
0.10
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The overallincidence of NPM1-A mutationamong patients
with a normal karyotype was 14/40 (35%). Interestingly,
within the NPM1-A(+) group, a distinct overrepresentation
of patients with a normal karyotype [14/18 (77.8%) vs.
26/62 (41.9%); p=0.014] and internal tandem duplication of
the FLT3 gene (FLT3-ITD) [11/26 (42.3%) vs. 8/77 (10.4%);
p=0.001] was observed compared to patients without the
mutation. No association between NPM1-A status and the
presence of partial tandem duplication of the MLL gene
(MLL-PTD) and overexpression of the EVI1 gene was
detected.

Sixteen patients (15.4%) died within the first month
after diagnosis; however, no differences in the early death
rates between the NPM1-A(+) and NPM1-A(-) groups were
observed [5/24 (20.8%) and 11/75 (14.7%), respectively;
p=0.16].

Overall, a complete remission was achieved in 38
of 66 (57.6%) patients, including 11 out of 16 (68.7%)
NPM1-A(+) patients and 27 out of 50 (54.0%) NPM1-A(-)
patients (p=0.24).

The median OS for NPM1-A(+) non-APL patients was
18.0 months, compared to 12.0 months for NPM1-A(-) non-
APL patients [log rank test, p=0.322]. When patients were
additionally stratified according to their FLT3-1TD status, we
found that, within the FLT3-ITD(-) group, the median OS
of patients without the NPM1-A mutation was 14 months,
while NPM1-A(+) patients did not reach this median. Due
to the relatively small number of patients, this tendency
was still not statistically significant (p=0.10). Within the
FLT3-ITD(+) group, the median OS for NPMI1-A(+) and
NPM1-A(-) was 12 months and 5 months, respectively
(p=0.88) (Figure 2).

Discussion

In this study, we screened 104 adult Bulgarian patients
with AML for NPM1 gene type A mutation using 2 different
RT-PCR based approaches and positive results by both
methods were found in 24.8% of patients. This result was
similar to previously reported frequencies of 19.1%-20.3%
for NPM1-A [21,22], while the incidence of all forms of
NPM1 mutations in adults varied from 24.9% to 34.5% in
the literature [22].

Several studies, including ours, clearly demonstrated
that the frequency of NPM1 gene mutations is significantly
higher in AML patients with a normal karyotype [22],
despite results being heterogeneous and varying from
38.1% to 63.8% [22,23]. The data concerning the incidence
of NPMI-A mutation in particular within the category of
patients with normal karyotypes are still scarce, mainly
because the reported data encompass the whole spectrum of
NPM1 gene mutations in most of the studies and only in a
few of them did the authors specify the frequency of type A
mutation. In our study, we found NPM1-A mutations in 35%

of normal-karyotype patients, similar to the results reported
by Schnittger et al. (41.4%) [24] and Dohner et al. (36.7%)
[13].

The group of NPMI1-A(+) patients in our study was
characterized by a higher WBC count at diagnosis (p=0.049),
higher frequency of normal karyotypes (p=0.012) and FLT3-
ITD (p=0.001), and lower incidence of CD34(+) (p=0.017).
These results corresponded to the characteristics of patients
with NPM1 gene mutations generally described in the
literature regardless of the type of mutation [25,26].

In contrast, several other findings in our study differed
from those of other reports. According to some authors,
NPM1 mutations occur almost exclusively in de novo AML
cases [25], while, in our study, the abnormality was observed
in 20% of therapy-related AML cases, confirming recently
published data that 16% of patients with therapy-related
AML are also positive for NPM1 mutations [27]. Presumably
the presence of NPM1 mutations in some cases might be
associated with the development of de novo AML, regardless
of the impact of the prior radio-/chemotherapy [28].

Earlier, it was suggested that NPM1 mutations and
recurrent genetic abnormalities are mutually exclusive
in AML patients [29]. However, our study demonstrated
at least one patient with simultaneous co-expression of
NPM1I-A and RUNX1-RUNXIT1 transcripts. Occasionally,
similar cases were reported by others, both in adults and
children [18,21,23,30]. Errors in sample registration, PCR
contamination, or other technical factors might explain
these findings in some [29], but not all, of these cases.
Therefore, several questions, such as whether NPMI
mutations and concurrent genetic abnormalities occur in
the same or different leukemic cell populations and whether
the occurrence of 2 or more specific genetic markers in
exceptional cases is just coincidental or represents a true
association, are still not understood [29].

Other variables that are still a subject of controversy are
the sex- and age-associated differences in the incidence of
NPM1 mutation. Previously, a significantly higher incidence
of NPM1 mutations in females was reported by Thiede et al.
[18] and Falini et al. [7]; however, these observation were
not confirmed by our study or others [21,31]. Similarly,
according to Schneider et al. [32], NPMI mutations
significantly decreased with age, while others reported
that patients with NPM1 mutations were older than those
without the mutation [11,21,33]. In our study, as well as
in those of Dohner et al. [13] and Luo et al. [31], no age-
associated differences in the NPM1-A mutation status were
found. Several factors might contribute to the heterogeneity
of the obtained results, such as variations in the biological
characteristics of patients (whole AML group vs. AML
patients with normal cytogenetics) or in the applied method
for NPM1 gene mutation detection and the methodological
technical variables [29].
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In our study, in addition to AML-MRC and therapy-
related AML, NPM1-A has been also detected in AML without
maturation, AML with maturation, acute myelomonocytic
leukemia, and acute monoblastic/monocytic leukemia within
the category of AML-NOS without significant differences
in the incidence among the various subtypes (p=0.50).
Previously, it has been suggested that NPMI mutations
could be found in different AML French-American-British
(FAB) entities [23], with a higher frequency in the M4/M5
subtypes [13,24]. Mutations were never found in FAB M3
and were less common in MO, M4eo, M6, and M7 [18], in
agreement with our data. However, according to Luo et al.,
in AML patients with normal cytogenetics, there was no
correlation between NPM1 mutations and FAB morphologic
subtypes, with a positive reaction for NPM1 predominantly
in M2 and M5 cases [31]. Interestingly, in a study of 252
NPM1-positive patients, those with AML M5 represented
only 12.7% of the whole group, while the majority of
patients had AML M1 (21.9%), AML M2 (25.1%), and AML
M4 (27.9%) morphology [34].

Within the category of AML-MRC, we found NPM1-A(+)
in 36.4% of patients, similarly to Dshner et al., who found
5 patients with NPM1 mutations out of 13 (38.5%) with
secondary AML following myelodysplastic syndrome [13].
In contrast, Devillier et al. reported positive results in only
8% of AML-MRC cases [35], while Falini et al. initially
reported that NPM1 gene mutations were found only in
de novo AML and not in the 135 AML cases arising from
myelodysplasia [12]. It is difficult to explain the reasons for
these differences. First, the number of analyzed cases in our
cohort of patients, as well as in that reported by Déhner et
al. [13], was too low for definitive conclusions concerning
the real incidence. On the other hand, the category of
AML-MRC consists of 3 subtypes, including cases with
previous history of Myelodysplastic syndrome, cases with
Myelodysplastic syndrome-related cytogenetic abnormality,
and cases with multilineage dysplasia [36]. Depending on the
prevalence of the particular subtype, the incidence of NPM1
mutations may vary. Regardless of the precise frequency, the
identification of these patients is important from a clinical
point of view in 2 aspects: first, in regard to the classification
as AML-MRC (applying the WHO morphologic criteria)
or as AML with NPMI mutation (using the WHO genetic
criteria), and second, because multilineage dysplasia has no
impact on the biologic, clinicopathologic, and prognostic
features of AML with mutated nucleophosmin [37].

In a number of studies, a favorable impact of NPM1 gene
mutations, particularly of type A mutations, on the outcome
was reported [21]. In this study we did not find significant
differences between NPMI1-A(+) and NPMI-A(-) patients
with regard to achievement of complete remission (CR) and
OS, despite a clear tendency for better treatment response
being observed in the group of patients with concomitant
FLT3-ITD. Similarly, no differences in CR rates between
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NPM-mutated and NPM wild-type patients were reported
by Boissel et al. [38]. Several factors might have an impact
on these results, such as the overall efficiency of the applied
treatment protocols, the rate of intensive induction course
approaches [38], the patients’ ages [39], or the presence of
other molecular abnormalities.

In conclusion, the prevalence of NPMI-A mutations in
adult Bulgarian AML patients was similar to that reported
by other studies. NPM1-A(+) patients in our study were
characterized by higher leukocyte counts at diagnosis, higher
frequency of normal karyotypes, higher frequency of FLT3-
ITD, and lower incidence of CD34(+) immunophenotypes,
supporting the idea that the specific features of type A
mutations of the gene might contribute to the general clinical
and laboratory profiles of AML patients with NPM1 mutations.

Acknowledgments

This study was supported by a grant from the
National Research Fund, Bulgarian Ministry of Education
and Science (D02-35/2009).

Conflict of Interest Statement

The authors of this paper have no conflicts of interest,
including specific financial interests, relationships, and/
or affiliations relevant to the subject matter or materials
included.

References

1. Dohner K, Déhner H. Molecular characterization of acute
myeloid leukemia. Haematologica 2008;93:976-982.

2. Wertheim GB, Hexner E, Bagg A. Molecular-based
classification of acute myeloid leukemia and its role in
directing rational therapy: personalized medicine for
profoundly promiscuous proliferations. Mol Diagn Ther
2012;16:357-369.

3. Arber DA, Brunning RD, Le Beau MM, Falini B, Vardiman JW,
Porwit A, Thiele J, Bloomfield CD. Acute myeloid leukaemia
with recurrent genetic abnormalities. In: Swerdlow SH,
Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele
J, Vardiman JW (eds). WHO Classification of Tumours
of Haematopoietic and Lymphoid Tissues, 4th ed. Lyon,
France, International Agency for Research on Cancer, 2008.

4. RauR, Brown P. Nucleophosmin (NPM1) mutations in adult
and childhood acute myeloid leukaemia: towards definition
of a new leukaemia entity. Hematol Oncol 2009;27:171-
181.

5. Grisendi S, Mecucci C, Falini B, Pandolfi PP Nucleophosmin
and cancer. Nat Rev Cancer 2006;6:493-505.

6. La Starza R, Matteucci C, Gorello P, Brandimarte L, Pierini V,
Crescenzi B, Nofrini V, Rosati R, Gottardi E, Saglio G, Santucci
A, Berchicci L, Arcioni E Falini B, Martelli ME Sambani C,
Aventin A, Mecucci C. NPM1 deletion is associated with
gross chromosomal rearrangements in leukemia. PLoS One
2010;5:e12855.



Balatzenko G, et al: NPM1 Gene “A” Mutation in Bulgarian AML Patients

Turk J Hematol 2014;31:40-48

7.

Falini B, Nicoletti I, Bolli N, Martelli MP, Liso A, Gorello
P, Mandelli E Mecucci C, Martelli ME Translocations and
mutations involving the nucleophosmin (NPM1) gene in
lymphomas and leukemias. Haematologica 2007;92:519-
532.

Falini B, Gionfriddo I, Cecchetti E Ballanti S, Pettirossi
V, Martelli MP. Acute myeloid leukemia with mutated
nucleophosmin (NPM1): any hope for a targeted therapy?
Blood Rev 2011;25:247-254.

Pianta A, Puppin C, Passon N, Franzoni A, Romanello
M, Tell G, Di Loreto C, Bulotta S, Russo D, Damante G.

Nucleophosmin delocalization in thyroid tumour cells.
Endocr Pathol 2011;22:18-23.

10.Falini B, Mecucci C, Tiacci E, Alcalay M, Rosati R,

11.

12.

13.

Pasqualucci L, La Starza R, Diverio D, Colombo E, Santucci
A, Bigerna B, Pacini R, Pucciarini A, Liso A, Vignetti M,
Fazi P Meani N, Pettirossi V, Saglio G, Mandelli E Lo-
Coco E Pelicci PG, Martelli MF; GIMEMA Acute Leukemia
Working Party. Cytoplasmic nucleophosmin in acute
myelogenous leukemia with a normal karyotype. N Engl ]
Med 2005;352:254-266.

Dohner K, Schlenk RE Habdank M, Scholl C, Riicker FG,
Corbacioglu A, Bullinger L, Frohling S, Dohner H. Mutant
nucleophosmin (NPM1) predicts favorable prognosis in
younger adults with acute myeloid leukemia and normal
cytogenetics: interaction with other gene mutations. Blood
2005;106:3740-3746.

Alcalay M, Tiacci E, Bergomas R, Bigerna B, Venturini E,
Minardi SP. Meani N, Diverio D, Bernard L, Tizzoni L,
Volorio S, Luzi L, Colombo E, Lo Coco E Mecucci C, Falini
B, Pelicci PG. Acute myeloid leukemia bearing cytoplasmic
nucleophosmin (NPMc+ AML) shows a distinct gene
expression profile characterized by up-regulation of genes
involved in stem-cell maintenance. Blood 2005;106:899-
902.

Garzon R, Garofalo M, Martelli MP, Briesewitz R, Wang L,
Fernandez-Cymering C, Volinia S, Liu CG, Schnittger S,
Haferlach T, Liso A, Diverio D, Mancini M, Meloni G, Foa
R, Martelli ME Mecucci C, Croce CM, Falini B. Distinctive
microRNA signature of acute myeloid leukemia bearing
cytoplasmic mutated nucleophosmin. Proc Natl Acad Sci U
S A 2008;105:3945-3950.

14. Kristensen T, Moller MB, Friis L, Bergmann O], Preiss B.

15.

NPM1 mutation is a stable marker for minimal residual
disease monitoring in acute myeloid leukaemia patients
with increased sensitivity compared to WT1 expression.
Eur ] Haematol 2011;87:400-408.

Thiede C, Koch S, Creutzig E, Steudel C, lllmer T, Schaich
M, Ehninger G. Prevalence and prognostic impact of NPM1

mutations in 1485 adult patients with acute myeloid
leukemia (AML). Blood 2006;107:4011-4020.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Koh Y, Park J, Bae EK, Ahn KS, Kim I, Bang SM, Lee JH,
Yoon SS, Lee DS, Lee YY, Park S, Kim BK. Non-A type
nucleophosmin 1 gene mutation predicts poor clinical
outcome in de novo adult acute myeloid leukemia:
differential clinical importance of NPM1 mutation according
to subtype. Int J Hematol 2009;90:1-5.

Park BG, Chi HS, Park SJ, Min SK, Jang S, Park CJ, Kim
DY, Lee JH, Lee JH, Lee KH. Clinical implications of
non-A-type NPM1 and FLT3 mutations in patients with
normal karyotype acute myeloid leukemia. Acta Haematol
2012;127:63-71.

Yan L, Chen S, Liang J, Feng Y, Cen J, He J, Chang W,
Zhu Z, Pan J, Wu Y, Xue Y, Wu D. Analysis of NPM1 gene
mutations in Chinese adults with acute myeloid leukemia.
Int ] Hematol 2007;86:143-146.

Ghosh K, Swaminathan S, Madkaikar M, Gupta M, Kerketta
L, Vundinti B. FLT3 and NPM1 mutations in a cohort of
AML patients and detection of a novel mutation in tyrosine
kinase domain of FLT3 gene from western India. Ann
Hematol 2012;91:1703-1712.

van Dongen J], Macintyre EA, Gabert JA, Delabesse E, Rossi
V, Saglio G, Gottardi E, Rambaldi A, Dotti G, Griesinger E
Parreira A, Gameiro P, Didaz MG, Malec M, Langerak AW,
San Miguel JE Biondi A. Standardized RT-PCR analysis of
fusion gene transcripts from chromosome aberrations in
acute leukemia for detection of minimal residual disease.
Report of the BIOMED-1 Concerted Action: investigation
of minimal residual disease in acute leukemia. Leukemia
1999:;13:1901-1928.

Suzuki T, Kiyoi H, Ozeki K, Tomita A, Yamaji S, Suzuki
R, Kodera Y, Miyawaki S, Asou N, Kuriyama K, Yagasaki
E Shimazaki C, Akiyama H, Nishimura M, Motoji T,
Shinagawa K, Takeshita A, Ueda R, Kinoshita T, Emi N,
Naoe T. Clinical characteristics and prognostic implications
of NPM1 mutations in acute myeloid leukemia. Blood
2005;106:2854-2861.

Boonthimat C, Thongnoppakhun W, Auewarakul CU.
Nucleophosmin mutation in Southeast Asian acute myeloid
leukemia: eight novel variants, FLT3 coexistence and
prognostic impact of NPM1/FLT3 mutations. Haematologica
2008;93:1565-15609.

Verhaak RG, Goudswaard CS, van Putten W, Bijl MA, Sanders
MA, Hugens W, Uitterlinden AG, Erpelinck CA, Delwel
R, Lowenberg B, Valk PJ. Mutations in nucleophosmin
(NPM1) in acute myeloid leukemia (AML): association
with other gene abnormalities and previously established
gene expression signatures and their favorable prognostic
significance. Blood 2005;106:3747-3754.

Schnittger S, Schoch C, Kern W, Mecucci C, Tschulik
C, Martelli ME Haferlach T, Hiddemann W, Falini B.
Nucleophosmin gene mutations are predictors of favorable
prognosis in acute myelogenous leukemia with a normal

karyotype. Blood 2005;106:3733-3739.

47



Turk J Hematol 2014;31:40-48

Balatzenko G, et al: NPM1 Gene “A” Mutation in Bulgarian AML Patients

25.Renneville A, Roumier C, Biggio V, Nibourel O, Boissel N,
Fenaux P, Preudhomme C. Cooperating gene mutations in
acute myeloid leukemia: a review of the literature. Leukemia
2008;22:915-931.

26. Falini B, Martelli MP, Bolli N, Sportoletti P, Liso A, Tiacci
E, Haferlach T. Acute myeloid leukemia with mutated
nucleophosmin (NPM1): is it a distinct entity? Blood
2011;117:1109-1120.

27.Kayser S, Dohner K, Krauter J, Kohne CH, Horst HA, Held
G, von Lilienfeld-Toal M, Wilhelm S, Kiindgen A, Gotze
K, Rummel M, Nachbaur D, Schlegelberger B, Gohring
G, Spdth D, Morlok C, Zucknick M, Ganser A, Dohner
H, Schlenk RF; German-Austrian AMLSG. The impact of
therapy-related acute myeloid leukemia (AML) on outcome
in 2853 adult patients with newly diagnosed AML. Blood
2011;117:2137-2145.

28. Andersen MT, Andersen MK, Christiansen DH, Pedersen-
Bjergaard J. NPMI mutations in therapy-related acute
myeloid leukemia with uncharacteristic features. Leukemia
2008;22:951-955.

29. Falini B, Mecucci C, Saglio G, Lo Coco E Diverio D, Brown
P, Pane E Mancini M, Martelli MP, Pileri S, Haferlach T,
Haferlach C, Schnittger S. NPM1 mutations and cytoplasmic
nucleophosmin are mutually exclusive of recurrent genetic
abnormalities: a comparative analysis of 2562 patients with
acute myeloid leukemia. Haematologica 2008;93:439-442.

30. Braoudaki M, Papathanassiou C, Katsibardi K, Tourkadoni
N, Karamolegou K, Tzortzatou-Stathopoulou E The
frequency of NPM1 mutations in childhood acute myeloid
leukemia. ] Hematol Oncol 2010;3:41.

31.Luo J, Qi C, Xu W, Kamel-Reid S, Brandwein J, Chang H.
Cytoplasmic expression of nucleophosmin accurately
predicts mutation in the nucleophosmin gene in patients
with acute myeloid leukemia and normal karyotype. Am ]
Clin Pathol 2010;133:34-40.

32.Schneider E Hoster E, Schneider S, Dufour A, Benthaus T,
Kakadia PM, Bohlander SK, Braess J, Heinecke A, Sauerland
MC, Berdel WE, Buechner T, Woermann BJ, Feuring-
Buske M, Buske C, Creutzig U, Thiede C, Zwaan MC,
van den Heuvel-Eibrink MM, Reinhardt D, Hiddemann
W, Spiekermann K. Age-dependent frequencies of NPM1
mutations and FLT3-ITD in patients with normal karyotype
AML (NK-AML). Ann Hematol 2012;91:9-18.

48

33. Chen W, Rassidakis GZ, Medeiros L]. Nucleophosmin gene
mutations in acute myeloid leukemia. Arch Pathol Lab Med
2006;130:1687-1692.

34. Schnittger S, Kern W, Tschulik C, Weiss T, Dicker E Falini
B, Haferlach C, Haferlach T. Minimal residual disease
levels assessed by NPMI1 mutation-specific RQ-PCR
provide important prognostic information in AML. Blood
2009;114:2220-2231.

35. Devillier R, Gelsi-Boyer V, Brecqueville M, Carbuccia N,
Murati A, Vey N, Birmbaum D, Mozziconacci MJ. Acute
myeloid leukemia with myelodysplasia-related changes
are characterized by a specific molecular pattern with high
frequency of ASXL1 mutations. Am J Hematol 2012;87:659-
662.

36. Arber DA, Brunning RD, Orazi A, Bain BJ, Porwit A, Vardiman
JW, Le Beau MM, Greenberg PL. Acute myeloid leukaemia
with myelodysplasia-related changes. In: Swerdlow SH,
Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele
J, Vardiman JW (eds). WHO Classification of Tumours
of Haematopoietic and Lymphoid Tissues, 4th ed. Lyon,
France, International Agency for Research on Cancer, 2008.

37.Falini B, Macijewski K, Weiss T, Bacher U, Schnittger S,
Kern W, Kohlmann A, Klein HU, Vignetti M, Piciocchi A,
Fazi P, Martelli MP, Vitale A, Pileri S, Miesner M, Santucci
A, Haferlach C, Mandelli E Haferlach T. Multilineage
dysplasia has no impact on biologic, clinicopathologic, and
prognostic features of AML with mutated nucleophosmin
(NPM1). Blood 2010;115:3776-3786.

38.Boissel N, Renneville A, Biggio V, Philippe N, Thomas X,
Cayuela JM, Terre C, Tigaud 1, Castaigne S, Raffoux E, De
Botton S, Fenaux P, Dombret H, Preudhomme C. Prevalence,
clinical profile, and prognosis of NPM mutations in AML
with normal karyotype. Blood 2005;106:3618-3620.

39. Becker H, Marcucci G, Maharry K, Radmacher MD, Mrozek
K, Margeson D, Whitman SP, Wu YZ, Schwind S, Paschka
P, Powell BL, Carter TH, Kolitz JE, Wetzler M, Carroll
AJ, Baer MR, Caligiuri MA, Larson RA, Bloomfield CD.
Favorable prognostic impact of NPMI mutations in older
patients with cytogenetically normal de novo acute myeloid
leukemia and associated gene- and microRNA-expression
signatures: a Cancer and Leukemia Group B study. J Clin
Oncol 2010;28:596-604.



