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Introduction

Acute myeloid

poor morphological
cytochemistry, cytogenetics,
molecular abnormalities.

Essential cell processes as controlling the
duplication of the centrosomes, ribosome biosynthesis
and export, protein synthesis and transportation,
programming nucleosome and histone, in addition to
cellular proliferation, regulation of the genome stability,
and DNA amendment is done by nucleophosmin
(NPM) which is also known as nucleolar protein
NO38, nucleolar phosphoprotein B23, or numatrin by
interacting with the p53 and alternative reading frame
tumor suppressors [5], [6]. Mutations in the NPM1 gene

leukemia (AML) is known
as cancer of the blood and bone marrow (BM) and
is regarded as the commonest acute leukemia in
adult patients [1]. The disease has a characteristic
heterogeneous pattern as it infiltrates marrow BM and
other relevant tissues by proliferative, clonal leukemic
cells that are abnormally differentiated and possess
structures,
in addition to other
It may result from gene
mutation or overexpression [2], [3], [4]-

Abstract

BACKGROUND: Acute myeloid leukemia (AML) is known as cancer of the blood and bone marrow (BM) and is
regarded as the commonest acute leukemia in adult patients.

AIM: In this study, the aim to investigate the nucleophosmin mutations and their prognostic impacts in patients that
were recently diagnosed with AML.

METHODS: We have included patients who were newly diagnosed with AML and presented to the medical oncology
clinics, National Cancer Institute, Cairo University, during the period from August 2016 to December 2018. To assess
the laboratory and hematological outcomes of our patients, total RNA was extracted from BM and converted to cDNA
then the expression of nucleophosmin 1 (NPM1) type A mutation was done by real-time quantitative polymerase chain
reaction (PCR). Comparative analysis was also conducted to study outcomes between the gene mutation groups.

RESULTS: We have included 89 AML patients in our study with a median age of 43 years (18-77). NPM1 gene
mutation was detected in 37.1% of our patients by conventional PCR technique and agarose gel electrophoresis,
of which 18% were NPM1 type A mutation. No significant differences were noticed between our patients based on
their NPM1 gene mutation status (wild and mutant) in terms of sex, hepatomegaly, splenomegaly, and complete
remission (CR). Lymphadenopathy was the only significant factor (p = 0.023). Surprisingly we found 9/33 patients
had NPM1 mutation with recurrent cytogenetic abnormality. We found no statistical significance between mutation A
and mutation non-A groups in any of the studied outcomes as sex, clinical and laboratory data, and CR.

CONCLUSION: NPM1 gene mutation A was relatively low among our population but did not significantly affect the
outcomes.

can cause various NPM1 mutant products that can lead
to serious leukemoid reactions as these are basically
found in the cytoplasm of the leukemic cells [7]. Various
mutations have been discovered concerning the NPM1
gene with the commonest one known as NPM1 type A
mutation (NPM1-mA) which is attributable to 70% to
80% of the cases with mutations. In the same context,
in 5-10% of NPM1 mutations-induced AML, other
types of mutations as type B and type D could be also
detected [8].

The clinical significance of NPM1-mutations-
related AML is that extramedullary involvement has
been associated with higher proportions of patients
in these groups. Such involvement is responsible for
many clinical characteristics as lymphadenopathy,
gingival hyperplasia, and the presence of myeloid
sarcoma [8], [9]. Leukemic infiltration of the skin has
been also associated with kinds of mutations which
can be referred to as leukemia cutis [10]. Although
data obtained from previous studies suggested that
such clinical features mainly occur secondary to
matrix metalloproteases up-regulation [11], no exact
mechanisms have fully explained the phenomenon.
Although many studies have been published in this

immunophenotype,
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field, the outcomes regarding the prognostic values
and prevalence are hugely variable based on the
studied population. Consequently, in this study, we aim
to investigate the NPM mutations and their prognostic
impacts in patients that were recently diagnosed with
AML.

Materials and Methods

Study population

We recruited 89 patients that had de novo AML
and were located in the 18-77 age range. They were
52 males (58.4%) and 37 females (41.6%). All these
patients presented to the medical oncology clinics,
National Cancer Institute (NCI), Cairo University,
during the period from August 2016 to December 2018.
Approval from the institutional review board (IRB) was
also obtained (MD2010013006.3, Issue date: March 3,
2013) before conducting this study. During treatment,
patients’ response to ftreatment was assessed
clinically and by BM examination at days 14 and 28.
The response is categorized as complete remission
(CR), partial response, or refractory to treatment. CR
was defined following the standard criteria by Déhner
et al. [12] which required an absolute neutrophil count
of 1.5 x 10%/L, platelet count of 100 x 10%L or more,
no blasts in peripheral blood (PB), BM cellularity of
more than 20%, no Auer rods, <5% BM blasts and no
extramedullary leukemia. Disease-free survival (DFS)
for our patients was measured from the date of CR to
the date of relapse or death from any cause.

Total cellular RNA extraction from human
BM

After obtaining the patient’s consent, total RNA
was extracted from the BM of all the study groups using
QlAamp RNA blood Mini Kit (Qiagen) according to the
manufacturer’s instructions. Quantitation and purity
assessment for RNA samples were done using the
Nano Drop® (ND)-1000 spectrophotometer (Nano Drop
Technologies, Inc. Wilmington, USA).

Real-time quantitative polymerase chain
reaction (RT-qPCR)

Conversion of RNA to cDNA was done by using
the QuantiTect Reverse Transcription Kit (QIAGEN).
A 10 ul of 2x RT master mix was pipetted into each
tube. The volume of the RNA sample was adjusted
according to the concentration of RNA in the sample to
make the concentration of cDNA 50 ng/ul and was then
completed by nuclease-free H,O until the total volume
per reaction reached 20 pl. Thermal cycling conditions

for optimization of reverse transcription kits were as
follows: 25°C for 10 min, 37°C for 120 min, 85°C for
5s[13], [14].

Amplification of cDNA to detect NPM mutation
type A expression by using the ipsogen NPM1 mutA
MutaQuant Kit (cat no. 67751) allowed the quantification
of NPM1 mutA transcripts by RT-qgPCR, depending
on the already-characterized NPM1 genotype of the
sample to be analyzed. The kit included primers and
probes spanning NPM1 exons 11 and 12 exclusively to
detect NPM1 mutations in cDNA. Control primers and
probes that were included to detect plasmids specific for
ABL and NPM1 mutA to normalize NPM1 copy numbers
in samples. gPCR allowed for accurate quantification
of PCR products during the exponential phase of
the PCR amplification process. qPCR data could be
rapidly obtained, without post-PCR processing, by RT
detection of fluorescent signals during and/or after PCR
cycling [15].

Statistical analysis

The study data have been analyzed by using
IBM® SPSS°® Statistics version 22 (IBM® Corp., Armonk,
NY, USA). Data expression and presentation were
done based on the nature of the raw data for the study
variables as follows: we presented the numerical ones
in mean (standard deviation) or median (range). On the
other hand, we presented qualitative data as frequency
(percentage). Besides, we also used Chi-square
or Fisher’s exact tests to interpret and examine the
correlation between the qualitative variables of this
study. Whenever data were not normally distributed,
we, depending on the Mann-Whitney test which is a
non-parametric t-test, initiated a comparison between
two groups to find which variables were significant
between the two groups where a p < 0.05 was marked
significant. It should also be noted that all of the
conducted tests were done on a two-tailed basis.

Results

Patients’ characteristics

We have included 89 AML patients in our study.
The median age for these patients was 43 years old
(range: 15—77). Hepatomegaly and splenomegaly were
encountered in 13 (14.6%) and 13 (14.6%) patients,
respectively, while lymphadenopathy was found in
20 (22.5%) patients. Regarding the hematological
findings in our patients, the median WBCs, and platelet
counts were 15.3 x 10°L (0.10-358.6 x 10°L), and
33 x 10°/L (4-290 x 10°L), respectively, while the
median Hb level was 7.8 (3.5-14) g/dL. Besides, BM
was hypercellular in 82%, normocellular in 15.7%, and

633

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Hassan et al. Nucleophosmin Mutations in Patients with AML

hypocellular in 2.2% of our patients. The median of PB
blasts percentages was 49% (1-98%), while a median
of 73% (20-97%) was noticed within the BM. As for
the immunophenotyping, all our cases were positive
for CD13 and CD33 while CD34 was detected in
51 cases (57.3%), and 88 (98.9%) cases were positive
for MPO. In the same context, 28 cases were positive
for monocytic markers CD14, CD4, CD64 (31.5%), and
only one case was positive for megakaryocytic markers
CD41, CD61 (1.1 %). According to the World Health
Organization (WHOQO) classification recurrent genetic
abnormalities were detected in 30.3% of our AML
patients. Such abnormalities are presented in Table 1.
Regarding patients’ response to treatment, 58% of
patients died befor 28" day of treatment while 33%
achieved CR after 28" day of starting chemotherapy
and 9% had a refractory pattern.

Table 1: Molecular and cytogenetic analysis findings and

classification of AML cases according to the FAB and WHO
classification

Genetics and classification n =89 Percent
FLT3 mutation
Wild ITD Wild TDK 37 41.6
Mutant ITD Wild TDK 28 315
Wild ITD mutant TDK 20 225
NPM1 mutation
Wild 56 62.9
Mutant 33 371
Conventional cytogenetic*
Normal karyotype 39 53.5
Abnormal Karyotype 34 38.2
FAB classification
AML without differentiation (M0) 1 1.1
AML without maturation (M1) 14 15.7
AML with maturation (M2) 31 34.8
Acute promyelocytic leukemia (M3) 14 15.7
Acute myelomonocytic leukemia (M4) 22 24.7
Acute monoblastic leukemia (M5) 6 6.7
Acute megakaryocytic leukemia (M7) 1 11
WHO classification
AML with recurrent genetic abnormalities
AML with t(8,21)(q22;q22); RUNX1-RUNX1T1 7 7.9
AML with t(15;17)(q22;q12); PML-RARA 14 15.7
AML with inv(16)(p13.1922); CBFB-MYH11 6 6.7
AML not otherwise specified
AML without differentiation 1 1.1
AML without maturation 14 15.7
AML with maturation 25 28.1
Acute myelomonocytic leukemia 15 16.9
Acute monoblastic leukemia 6 6.7
Acute megakaryocytic leukemia 1 1.1
Response to treatment
Early dead 52 58
CR 29 33
Refractory 8 9
Refractory 8 9

FAB: French-American-British, AML: Acute myeloid leukemia, NPM1: Nucleophosmin 1, ITD: Internal
tandem duplication, TDK: Tyrosine kinase domain, *n = 73 AML cases.

Genetic analysis and classification

Within our AML patients, normal karyotye was
found in 43.8% while 38.2% had abnormal karyptype.
Gene mutation status showed that 41.6 % of cases were
Wild internal tandem duplication (ITD) wild tyrosine
kinase domain (TDK), 31.5 % were mutant ITD wild
TDK while 22.5% were wild ITD mutant TDK. All the
relevant genetic profiles are presented in Table 1. NPM1
gene mutation was detected in (33/89) 37.1% of our
patients by conventional PCR technique and agarose
gel electrophoresis. Among mutant NPM1 gene, we
found NPM1 mutation A mRNA transcripts expression

in 6/33 (18%) patients ranged between 140-2060%
NCN (NCN = [mutACN/ABLCN] x 100) which was less
than the least standard sample (not within the standard
curve) (Table 2).

Table 2: Expression of NPM1 mutation A mRNA transcripts by
quantitative RT-PCR

Case NCN%
1 139.8

2 744.06
3 835.3

4 1450.1
5 1623.64
6 2159.5
NPM1: Nucleophosmin 1, RT-PCR: Real-time polymerase chain reaction.

NPM1 mutations and the clinical and
molecular features

Regarding the clinical significance, no
significant differences were noticed between our
patients based on their NPM1 gene mutation status
(wild and mutant) in terms of sex, hepatomegaly,
and splenomegaly (p = 0.375, 0.429, and 0.429,
respectively). On the other hand, lymphadenopathy
was the only significant factor (p = 0.023). We found
9/33 (27%) patients with NPM1 mutation had recrrent
cytogenetic abnormality (2,5 and 2 patients with t(8;21),
t(15;17) and inv16 respectively). Besides, no statistical
significance was estimated regarding the laboratory data
or achieving CR between the two groups (Table 3). The
previous outcomes were also compared based on the
presence of NPM1 mutation A status as patients were
divided into NPM1-mutant non-A (n = 27), and NPM1-
mutant A (n = 6). No statistical significance was found
between the two groups in any of the studied outcomes
as sex, clinical, and laboratory data (Table 4). Besides,
among the patients with muta A type mutations (n = 6),
we found that only one patient (16.7%) was positive for
t(8;21), another one (16.7%) with normal cytogenetics
while neither of these patients were positive for inv. 16.
No statistical significance was found between patietns
with NPM1-mutant non-A and NPM1-mutant A in any
of these variables. Further detalis are presented in
Table 4. Regarding the treatment outcomes, dead or
refractory patients accounted for 70% and 83.3% while
patients that achieved CR accounted for 30% and
16.7% among patients within the NPM1-mutant non-A
and NPM1-mutant A groups, respectively. However, we
found no statistical significance between the two groups
regarding this outcomes (p = 0.487).

Discussion

Genetic mutations possess crucial roles in the
development, prognosis, and pathogenesis of AML.
However, it is not necessary to detect such mutations
in all AML patients [1]. NPM1 gene mutations frequently
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Table 3: Comparing patients’ characteristics according to their
NPM1 gene mutation results

Table 4: Comparing patients’ characteristics according to the
type of NPM1 gene mutations

Patients' characteristics NPM (%) p-value Patients’ characteristics NPM (%) p-value
Wild (n = 56) Mutant (n = 33) Non A (n = 27) Muta A (n = 6)
Sex Sex
Male 35 (62.5) 17 (51.5) 0.375 Male 14 (51.9) 3(50) 1
Female 21 (37.5) 16 (48.5) Female 13 (48.1) 3 (50)
Hepatomegaly Hepatomegaly
Negative 47 (83.9) 29 (87.9) 0.429 Negative 24 (88.9) 5(83.3) 1
Positive 9(16.1) 4 (12.1) Positive 3(11.1) 1(16.7)
Splenomegaly Splenomegaly
Negative 47 (83.9) 29 (87.9) 0.429 Negative 24 (88.9) 5(83.3) 1
Positive 9(16.1) 4 (12.1) Positive 3(11.1) 1(16.7)
Lymphadenopathy Lymphadenopathy
Negative 39 (70.9) 30 (90.9) 0.023* Negative 25 (92.6) 5(83.3) 0.464
Positive 16 (29.1) 3(9.1) Positive 2(7.4) 1(16.7)
BM Cellularity BM Cellularity
Hypercellular 43 (76.8) 30 (90.9) 0.207 Hypercellular 25(92.6) 5(83.3) 0.464
Normocellular 11 (19.6) 3(9.1) Normocellular 2(7.4) 1(16.7)
Hypocellular 2(3.6) 0 FAB
FAB AML-MO 1(3.7) 0 0.716
AML-MO 0 1(3) 0.235 AML-M1 6(22.2) 0
AML-M1 8(14.3) 6(18.2) AML-M2 9(33.3) 3 (50)
AML-M2 19 (33.9) 12 (36.4) AML-M3 4 (14.8) 1(16.7)
AML-M3 9 (16.1) 5(15.2) AML-M4 5(18.5) 2(33.3)
AML-M4 15 (26.8) 7(21.2) AML-M5 2(7.4) 0
AML-M5 4(7.1) 2(6) AML-M7 1(3.7) 0
AML-M7 1(1.8) 0 CD13 (positive) 27 (100) 6 (100) NA
CD34 CD33 (positive) 27 (100) 6 (100) NA
Negative 25 (44.6) 13 (39.4) 0.663 CD34
Positive 31 (55.4) 20 (60.6) Negative 12 (44.4) 1(16.7) 0.364
MPO Positive 15 (55.6) 5(83.3)
Negative 1(1.8) 0 1 CD14_CD4_CD64
Positive 55 (98.2) 33 (100) Negative 20 (74.1) 4 (66.7) 0.918
Monocyte markers Positive 7 (25.9) 2(33.3)
Negative 37 (66.1) 24 (72.7) 0.638 CD41_61 (negative) 27 (100) 6 (100) NA
Positive 19 (33.9) 9(27.3) FIt3
FlIt3 Wild ITD wild TDK 13 (52) 3(50) 0.381
Wild ITD wild TDK 21(38.9) 16 (51.6) 0.392 mutant ITD wild TDK 7(28) 3(50)
mutant ITD wild TDK 18 (33.3) 10 (32.3) Wild ITD mutant TDK 5(20) 0
Wild ITD mutant TDK 15 (27.8) 5(16.1) t(8.21)
t(8.21) Negative 26 (96.3) 5(83.3) 0.335
Negative 51(91.1) 31(93.9) 1 Positive 1(3.7) 1(16.7)
Positive 5(8.9) 2(6.1) PML RARA
PML RARA Negative 23(85.2) 5(83.3) 1
Negative 47 (83.9) 28 (84.8) 1 Positive 4(14.8) 1(16.7)
Positive 9(16.1) 5(15.2) Inv. 16
Inv. 16 Negative 25 (92.6) 6 (100) 1
Negative 52 (92.9) 31(93.9) 0.607 Positive 2(7.4) 0
Positive 4(7.1) 2(6.1) Cytogenetics (normal) 14 (58.3) 1(25) 0.311
Cytogenetics Response to treatment
Normal 24 (53.3) 15 (53.6) 1 Dead/Refractory 19 (70) 5(83.3) 0.487
Abnormal 21 (46.7) 13 (46.4) CR 8 (30) 1(16.7)
Response to treatment *p-value < 0.05 is significant, AML: Acute myeloid leukemia, NPM1: Nucleophosmin 1, ITD: Internal tandem
Early dead 33 (59) 19 (58) 0.267 duplication, TDK: Tyrosine kinase domain, CR: Complete remission, BM: Bone marrow.
CR 20 (36) 9(27)
Refractory 3(5) 5 (15)

*p-value < 0.05 is significant, AML: Acute myeloid leukemia, NPM1: Nucleophosmin 1, ITD: Internal tandem
duplication, TDK: Tyrosine kinase domain, CR: Complete remission, BM: Bone marrow.

occur in hematopoietic tumors as it plays a major role in
various cellular processes as gene fusion which result
from chromosome translocation [16]. NPM1 genetic
mutations lead to harmful cytoplasmic localization of
nucleoplasmin proteins [7]. Although such mutations
have been reported to be frequently associated with the
development of AML, no aberrant unusual keratotyping
has been associated [7]. We analyzed the level of
expression of NPM mutation A mRNA using RT-PCR
studied on 89 patients that were newly diagnosed
with adult AML in the medical oncology department
at the NCI to gain insight into its correlated clinical
characteristics in AML and different laboratory findings
and its impact on prognosis.

We found that the prevalence of NPM1
mutations in our population was 37.1% in our AML
patients which is similar to the results by lvey et al. [17],
which found NPM1 gene mutation in 30% to 35% of
his studied AML patients, Thiede et al. [18] reported
a rate of 27.47% in their patients and with Mahmood

et al. [19] who found NPM1 mutation in 26.9% AML
patients. Other studies have also reported similar
results [7], [18], [20], [21], [22], [23]. On the other
hand, Pazhakh et al. [24] estimated NPM1 mutations
in a lower percentage (17.5%) of AML patients, and
Dohner et al. [25] recorded NPM1 mutations in a higher
percentage (48%) of normal karyotypic AML patients
which was consistent with Kassem et al. [26], and Nafea
et al. [27] who found that the mutation was detected
in higher percentage (45.8% and 47.9% respectively).
This discrepancy may be due to different populations,
different sample sizes, and selection criteria or may be
due to different approached techniques.

Regarding the study outcomes, we did not find
any significantdifferences interms of sex, hepatomegaly,
and splenomegaly based on NPM1 mutation results.
Only lymphadenopathy occurred significantly more
frequently in patients with wild NPM1 genes while
other laboratory data were not, as mentioned before.
In the same context, Boissel et al. [28] reported that no
significant difference between mutant and non-mutant
NPM1 groups in terms of sex (p = 0.375) was estimated.
On the other hand, Mahmood et al. [19] reported the
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opposite as their study found significance in terms of
the female gender, higher hemoglobin level, and platelet
counts which were associated with the NPM1 mutation
group. Similarly, Falini et al. [8], and Dohner et al. [24]
estimated statistical significance, and according to
which, they claimed that lymphadenopathy and gingival
hyperplasia were associated with NPM1 mutations.
These results can be explained by the presence of
such mutations in M4 and M5 French-American-
British (FAB) subtypes which are usually associated
with lymphadenopathy and gum hyperplasia. However
Kassem et al. [26], and Boonthimat et al. [20], reported
that no significant clinical outcomes were correlated
with the presence of NPM1 genetic mutations.

Falini et al. [29] showed that NPM mutation was
more common in M5 (14/23) and M4 (9/20) subtypes
while it was absent in MO (0/2) which is inconsistent
with our results as we found NPM1 mutation more
in M2. In the same context, Dohner et al. [25] and
Falini et al. [8] also reported that M4and M5 subtypes
were significantly associated with higher proportions
of NPM1 mutations as detected in their patients.
The same results were also reported by previous
studies [18], [26], [27], [30]. On the other hand,
Pazhakh et al. [24] estimated that the occurrence of
NPM1 mutation was mostly found in M3, M4, M5, and
M3V patients. M1 subtype was the commonest (34%)
as reported by Verhaak et al. [22] in their population.

We also found that gene mutations occurred
in 53.6% of our population with normal karyotypes.
This rate is variable among previous studies and can
be ranging between 40% and 60% of AML patients.
Regarding prognosis, we found that among our AML
patients with mutant NPM1 genes, 73% died before
day 28 which may be due to old age, secondary
infections, and late diagnosis. Therefore, we could not
estimate the correlation between the NPM1 mutant
gene and the early response to treatment in AML
patients. Mahmood et al. [19] estimated the CR rates
in NPM1-mutation AML to be 72% while the median
DFS was 16.1 months. Previous reports also estimated
consistent findings [7], [8], [18], [25], [31], [32]. On the
contrary, Wang et al. [33] and Boonthimat et al. [20]
reported that no association was found between the
presence of NPM1 mutations and the prognosis of AML
patients.

The prevalence rate of NPM1 mutation A was
18% of our AML patients with mutant NPM1 genes,
and 6.7% of all our AML patients which is similar to
the findings by Falini et al. [30] and much lower than
other previous studies [25], [34], [35] which may be
attributable to the differences in patients’ baseline
demographics and inclusion criteria. We did not find
any significance regarding the clinical and laboratory
features among patients with type A NPM1 mutations.
However, NPM1 gene mutation A was higher in
some variables as FAB classification M2 (50%) and

M4 (33%), despite not being statistically significant.
Quan et al. [36], on the other hand, reported that M5
subgroups were associated with higher NPM1 mutation
A more than M2 and M4.

Conclusion

The frequency of NPM1 gene mutation was
comparable to previous investigations while NPM1 gene
mutation A was relatively low among our population.
Besides, we could evaluate some relations of NPM1
mutation with initial laboratory prognostic parameters
as blood count, BMA findings, FAB classification,
karyotyping, and gene mutations. However, we could
not evaluate its relation to response to treatment
nor survival as many early deaths in our adult AML
patients occurred. Consequently, more studies with
larger samples are recommended and also to illustrate
the frequency of non A mutant NPM1 gene and their
prognostic roles.
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