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ABSTRACT

Background and objectives: Acute myeloid leukemia is the most prevalent type of leukemia in adults.
It is defined by changes in average hematopoietic growth and differentiation, resulting in large
numbers of abnormal, immature myeloid cells in the bone marrow and peripheral blood. This study
aimed to investigate the Neucleophosminl mutation gene by detecting the Neucleophosminl subtypes
(A, B, C, D, and P) and their correlation to other clinical and pathological parameters.

Methods: This study involved 150 subjects: 100 newly diagnosed cases with acute myeloid leukemia
and 50 age and gender-matched controls. Neucleophosminl gene mutation subtypes were detected by
real-time polymerase chain reaction.

Results: Mutation D was linked to a markedly lower survival rate among the acute myeloid leukemia
mutated Neucleophosminl cases and was correlated with other prognostic indicators (high blast count
and M1 in French, American, British). Cytogenetic normality was more significant with mutation A
than with other different mutations.

Conclusion: This study concluded that Neucleophosminl gene mutation subtypes showed different
prognostic significance and overall survival, suggesting that Neucleophosminl gene mutation subtype
analysis is recommended as a prognostic marker in acute myeloid leukemia.

Keywords: Acute myeloid leukemia, Neucleophosminl mutation, Neucleophosminl subtype and
polymerase chain reaction.

1. INTRODUCTION:

Acute myeloid leukemia (AML) is a
malignant hematopoietic stem cell disease
that is characterized by decreased ability to
differentiate, clonal proliferation, and
accumulation of immature cells, together
with the inhibition of polyclonal residual
hematopoiesis (Bain and Béné, 2019). Acute
myeloid leukemia (AML) should be
considered in patients with unexplained
cytopenia, peripheral blood blast cell
circulation, or renal failure from tumor lysis
syndrome or disseminated intravascular
coagulation (Vakiti and Mewawalla, 2023).

The World Health Organization's (WHO)
most recent classification of leukemia and
myeloid neoplasms shows that our
understanding of AML has significantly
improved due to studies into the disease's
underlying pathogenic mechanisms. Acute
myeloid leukemia diagnosis and
classification were significantly impacted in
2022 by the recently proposed WHO 5%
edition and the International Consensus
Classification (ICC) for hematological
neoplasms (Khoury et al., 2022). Though
50% of AML cases only have chromosomal
abnormalities, AML risk categorization has
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historically relied on cytogenetic testing to
define three categories (favorable, moderate,
and unfavorable). A more accurate
characterization of prognosis for patients
with normal cytogenetic AML (which is
currently included in the AML classification)
was made possible by the discovery of
molecular gene mutations (Vakiti and
Mewawalla, 2023). Furthermore, a growing
body of evidence suggests that the presence
of minimal residual disease (MRD), as
determined by multiparameter flowcytometry

or molecular methods, provides
comprehensive  prognostic  information
beyond pretreatment features such as

cytogenetic or molecular abnormalities (Li et
al., 2022) and identifies patients with an
abnormally high risk of relapsing. The 37-
kDa nucleolar phosphoprotein known as
nucleophosmin is widely distributed and well
conserved. It is encoded by a gene including
12 exons and located on chromosome 5¢35
(Heath et al., 2017). Nucleolar phase
separation and the directionality of ribosome
production  throughout  the  different
subcellular ~ compartments depend on
heterotypic interactions. NPM1 participates
in  multiple pathways essential for
maintaining cellular homeostasis and serves
as a chaperon protein (Frottin et al., 2019).

Mutations in the NPM1 gene could be a
novel way to track minimal residual disease
in AML patients with normal karyotypes. A
more thorough investigation is necessary to
determine whether these yet unreported
NPM-1 mutations will result in the same
improved outcome as previously described
alterations (Neemat Kassem et al., 2011 and
Marelli et al., 2021).

Heme chaperone aids in chromatin
transcription and is crucial for chromatin
organization [8], and cell division, and is
closely related to centrosome activity,
centrosome duplication, DNA repair, and
tumor suppression (Hindley et al., 2021,
Kelemen et al., 2022 and Sakthivel et al.,
2023). Ribosome biogenesis in the nucleolus
is a process that encourages cell growth and
proliferation and is necessary for protein
translation (Hindley et al., 2021). Protein

overexpression in solid tumors increases
NPM1 function; its elevated level has been
associated with tumor stage or disease
progression due to increased Myc-dependent
hyperproliferation (Kelemen et al., 2022).
NPM1 mutations are usually restricted to
exon 12 and are heterozygous, retaining a
wild-type allele. NPM1 has been shown to
contain over 50 molecular variants, sorted
alphabetically from A to F (Marelli et al.,
2021 and Tazi et al., 2022). Furthermore, it
has been demonstrated that uncommon
NPM1 mutations in exons 5, 9, and 11 also
cause  aberrant  cytoplasmic  NPM1
localization (Marelli et al., 2021). In the
Egyptian population, the NPM1 mutation is a
predictor of an optimal outcome (Neemat
Kassem et al., 2011 and Zidan et al., 2013).
This study evaluated the utility of NPM1
mutant subtypes in acute myeloid leukemia as
a prognostic biomarker.

2. PATIENTS AND METHODS
2.1. Study design and participants:

One hundred fifty participants were
included in this study and were split into two
groups: Group | consisted of 100 newly
diagnosed patients with acute myeloid
leukemia chosen from Menoufia University's
oncology center between January and
October 2022. Group Il consisted of 50 age &
gender-matched healthy controls. Menoufia
University's Ethics Committee accepted the
project (NLI IRB procedure BIO 13-3,
December 2023). The study excluded all
other cancer patients.

2.2 Sample size:

The least sample size was calculated using
statistics and sample size calculator version 6
as 100 subjects and 50 subjects as control.
The power of study was 80% and the
confidence level was 95%.

2.3 Inclusion and Exclusion criteria:

The study involved newly diagnosed AML
with peripheral blood evaluation, Standard
morphology, Cytochemistry, and
immunophenotyping of leukemic blast cells.

While, the pediatric age group, patients
who started treatment or were diagnosed with
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other hematologic malignancies or disorders,
and patients who discontinued the study were
excluded from the study.

2.4 Sample collection and RNA
extraction:

In order to perform CBC by coulter
counter model Beckman 750, Int, U.S.A., and
extract RNA to identify the various types of
NPM1 mutations, 2 milliliters of venous
blood were collected on EDTA as an
anticoagulant. The manufacturer's
instructions for the Direct-zol RNA
Extraction kit (Zymo Research Orange,
California) were followed to extract RNA

from whole blood.

2.5 Detection of the NPM1 mutation:

As a first step in RT-PCR, RNA extract is
first converted into single-stranded cDNA.
This procedure was done on a thermal cycler
instrument, Applied Biosystems 2720
Singapore. For cDNA synthesis, the cDNA
synthesis kit (Fermentas, St. Leo-Rot,
Germany) was utilized. Absolute™ SYBR
Green Low ROX gPCR Mix (Thermo Fisher
Scientific Inc., USA) was used for the second
step of real-time PCR, following the
recommendations  provided by the
manufacturer. The different mutation types
were identified and quantified using allele-
specific oligonucleotide real-time
quantitative polymerase chain reaction
(ASO-RQ-PCR) (five separate RQs). The
endogenous reference gene (ABL), a
common forward primer, and one of five
reverse primers designed specifically to
target mutations of types A, B, C, D, and P
were all included in the PCR tubes that were
utilized (Life Technologies Corporation
Applied Bio Technologies, Carlsbad, CA,
USA) (Neemat Kassem et al., 2011). The
primer sequence was as indicated in Table
(1). A total of 20 pl was used for each Q-PCR
mixture reaction, which included 5 pL of
cDNA, 1 ul of 300 nM of each primer, and 10
ul of low ROX SYBR Green Master Mix with
3 ul of nuclease-free water. The mixture was
preheated for 5 minutes at 95°C, followed by
45 cycles of a 3-step cycle procedure (10
seconds at 95°C, 40 seconds at 62°C, and 1

minute at 72°C) on The Applied
Biosystems 7500 Real-Time
PCR instrument, Carlsbad,

California, United States., the endogenous
reference gene ABL was effectively
introduced.

2.6 Mutational analysis:

The comparative cycle threshold (C.T.)
method of relative quantification was used for
analysis, providing the amount of the target
gene normalized to the ABL gene as follows:
ACT is equal to C.T. (NPMIm) minus C.T.
(ABL). The mutation type of each sample
was determined using five ACT values
corresponding to the NPM1 mutation type
acquired in a single sample.

2.7 ACT values obtained:

(i) Mutations A, B, C, and P were
identifiable because primers A, B, C, or P
yielded the lowest ACT values, in contrast to
the results obtained using the other particular
primers. (ii) The ACT values of primers A
and D were both low for mutation D. Since
type A had far greater ACT values than type
D, these two mutations might be
distinguished.

2-8 Statistical analysis:

Data input and analysis was done using
IBM SPSS software package version 28
(Chicago, IL, USA). The qualitative data was
described in terms of numbers and
percentages. The Kolmogorov-Smirnov test
was used to determine whether the data was
normal. The data was reported using
frequencies and percentages for categorical
variables and the mean, standard deviation,
median, and interquartile range (IQR) for
continuous variables. The Chi-square test was
used to analyze categorical data, while the
Student t-test, Mann-Whitney test, and
Kaplan-Meier curve were used to analyze
quantitative  variables  with  normal
distributions, abnormal distributions, and
survival curves, respectively. P<0.05 was
used as the significance criterion for
statistical analysis.

24



Abdelrahman A. Abdelrahman et al.

3. RESULTS
3.1. Demographic and
characteristics:

As shown in Table (2), this study was age
and gender-matched with a non-significant
difference between the AML group and
control group. Regarding hematological
parameters, TLC was statistically indifferent
between AML & control groups while Hb &
platelets were significantly different between
both groups. With a prevalence of roughly
40-50% in adults and 20% in juvenile AML,
NPM1 mutations were more common in
AML with a normal karyotype. Cytogenetic
analysis  showed that 50%  were
cytogenetically normal, 22% had t(8:21),
14% had PML-RARA, 10% had t (9:11), and
4% had INV (16). EPICS XL flowcytometer
(Coulter Corporation, Hialeah, FL, USA) was
used for cells in B.M. aspirate samples. This
allowed for the confirmation of the AML
diagnosis using a broad panel of myeloid
markers (cyto MPO, CD117, CD33, CD13,
and CD15), lymphoid markers (CD10, CD19,
CD79a, CD22, CD20, and Cyto IgM for B
lymphoid series, and CD3, CD2, CD4, CDS8,
CD7, and CD5 for T lymphoid series), and
the stem cell marker CD34 along with CD56
and HLADR regularly. A supplementary
panel of markers (CD64, CD4, CD14, CD61,
CD11c, CD41, and Glycophorin A) was used
to sub-classify AML as shown in Figure (1).

clinical

3.2. Mutation identification of the NPM1
gene:

Our study showed that 73% of patients had
mutations in the NPM1 gene, and 27% had no
mutations. NPM1 gene mutation subtypes (A,
B, C, D, and P) were measured in all patients
at diagnosis and showed that 43% of cases
had mutation A, 14% had mutation B, 4% had
mutation C, 10% had mutation D, and 2% had
mutation P (Figure 2).

3.3. Correlation between NPM1 Gene
Mutation Analysis and Clinical
Characteristics:

Table 3 displays a substantial correlation
between cytogenetic analysis and NPM1
mutation (P = 0.014), and a correlation

between FAB classification and NPM1
mutation, primarily M4 (P = 0.035).

3.4. Correlation between NPM1 mutation
subtypes and different parameters in
the AML group:

According to the results of the present
work shown in table (4), the subtypes of
NPM1 mutations revealed that mutation A
was linked to a smaller proportion of bone
marrow  blasts, primarily with M4
phenotyping, cytogenetically normal in
58.1% of cases (P = 0.008), some with
t(8,21), and a good clinical prognosis, with
74.4% of cases remaining alive (P = not
applicable). A reduced proportion of bone
marrow blasts with mutation B exhibited
primarily M3 phenotyping, some
cytogenetically normal, and some with
t(15,17). A reduced proportion of bone
marrow blasts and cytogenetically normal
cells were linked to mutation C. According to
tables (2 and 3), mutation D was linked to a
larger proportion of bone marrow blasts,
primarily with M1 phenotyping,
cytogenetically normal, and the worst result,
with 90% of cases dying.

3.5. Survival analysis:
It was assessed from the revision of

medical records of patients, after tracking
patients for a year, from the date of diagnosis
to the date of last follow-up or death, and the
overall survival rate (OS) was determined.
Regarding the survival analysis of patients
with the NPM1 gene mutations, the Kaplan-
Meier curve revealed that cases with the
NPM1 mutation were associated with good
overall survival in 82% of cases to 10.707
months, as shown in Figure 3, Table 5. The
subtypes of NPM1 gene mutations showed
different overall survival rates. Patients with
mutation A had the best overall survival,
while mutation D showed the worst overall
survival and was associated with decreased
overall survival (P<0.001), as no cases
survived till the end of the study.
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4. DISCUSSION:

Adult acute myeloid leukemia (AML) is
the most frequent leukemia, and NPM1
mutations are among the most prevalent
mutations and important indicators in AML
(Vakiti and Mewawalla, 2023). NPM1's
function in AML patients was assessed with
a variety of risk classification approaches
(Liesveld et al., 2016, Dovey et al., 2017 and
Sakthivel et al., 2023). The current
investigation examined the role of various
subtypes of NPM1 gene mutations in the
overall survival and prognosis of individuals
with acute myeloid leukemia. According to
our analysis, the NPM1 gene was mutated in
73% of patients. According to earlier
research, patients with AML have mutations
ranging from 25% to 45% (Falini et al., 2005,
Jeon et al., 2013 and Alarbeed et al., 2021).
Our results might be justified by the relatively
smaller sample size and the variation in
population ethnicity. Analysis of the patients'
peripheral blood showed thrombocytopenia,
anemia, and a normal to a modest decline in
leukocyte count. NPM1 mutations were
linked to a favorable prognosis and overall
survival. According to Papaemmanuil et al.
(2016), NPM1 manifested as a distinct entity
and was linked to a favorable clinical course
influenced by co-occurring mutations. NPM1
mutations were associated with a favorable
prognostic effect in CN-AML older patients
(Christian et al., 2006). Christian et al.,
(2006) demonstrated that NPM1 cases with
mutations alone had significantly higher
overall and disease-free survival rates, as well
as a lower cumulative frequency of relapse.
The cytogenetic analysis of the cases revealed
a typical karyotype. According to Chopra et
al. (2016), NPM1 mutations appeared more
prevalent in AML with a normal karyotype,
occurring in 20% of cases in juvenile AML
and around 40-50% of cases in adult AML.
We investigated various NPM1 gene
mutation subtypes and their correlation to
AML. The results showed that mutation A
was the most common, whereas mutations C
and P were the least common. According to
Patkar et al. (2018), type A mutations
accounted for 70-80% of all mutations, with

types B and D combined accounting for the
remaining 15-20%. According to earlier
research, 13 (6.1%), 21 (9.9%), and 166
(78.3%) of the AML patients contained type
B mutations, type D mutations, and type A
mutations respectively (Alpermann et al.,
2016 and Liesveld et al., 2016). The number
of bone marrow blasts with mutation (A) was
lower, with the majority having M4
phenotyping, cytogenetically normal in
58.1% (P = 0.008), some having t(8,21), and
good clinical outcomes, as seen by the 74.4%
of cases that were still alive (P = 0.002). A
fair prognosis was associated with type (A)
mutation, according to Eisfeld et al. (2020),
while a few non-type (A) mutations that were
recently found were associated with a poor
prognosis. Mutation B demonstrated a
statistically  significant and  favorable
outcome, given that all cases were alive till
the end of the study (P = 0.023), and the FAB
M3 subtype was found in 50% of cases (P =
0.034). According to Yao et al. (2023), these
alterations did not appear to impact the
prognosis of individuals with type B. Ninety
percent of cases with mutation D had a bad
outcome.  According to the FAB
classification, 60% of mutation D cases were
primarily M1 subtype, and had a significant
percentage of bone marrow blasts,
confirming the poor prognosis associated
with mutation D. Among NPM1 mutations,
Alpermann et al. (2016) discovered that
mutation D was the most harmful and
progressive. Unfavorable clinical outcomes
were associated with non-type (A) mutations
(Yao et al., 2023). Type D NPML1 genotype
variants had a much poorer prognosis than
non-NPM1 mutant AML, as demonstrated by
Pigazzi et al., 2023. Eventually, these cases
of mutation D go to the higher-risk group
(Pigazzi et al., 2023). With all parameters,
mutations P and C did not demonstrate any
statistical significance. The ACMG results by
Clinvar indicated that mutation P was of
questionable importance.

5. CONCLUSION:
The present study demonstrated that the
detection of the NPM1 gene mutation
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subtypes showed differences in overall
survival, which might improve the risk
stratification of AML patients. NPM1
mutation D was linked to decreased overall
survival and a decreased full remission rate.
The NPM1 mutation subtypes could be used
as a prognostic biomarker in AML cases.

6. LIMITATIONS:

We used a modest cohort design in our
single-center investigation. Our findings
needed to be validated by conducting
additional statistical analysis.

FUND: NIL
CONFLICT OF INTEREST: NIL

7- REFERENCES:

Alarbeed IF, Wafa A, Moassass F, Al-Halabi
B, Alachkar W, and Aboukhamis I. Two
Novel Mutations of the NPM1 Gene in
Syrian Adult Patients with Acute Myeloid
Leukemia and Normal Karyotype. Asian
Pac J Cancer Prev. 2021 Jan 1;22(1):227—
232.

Alpermann T, Schnittger S, Eder C, Dicker F,
Meggendorfer M, Kern W, Schmid C, Aul
C, Staib P, Wendtner CM, Schmitz N,
Haferlach C, Haferlach T. Molecular
subtypes of NPM1 mutations have
different clinical profiles, specific patterns
of accompanying molecular mutations,
and varying outcomes in intermediate-risk
acute myeloid leukemia. Haematologica.
2016 Feb;101(2):e55 8.

Bain BJ, Béné MC. Morphological and
Immunophenotypic Clues to the WHO
Categories of Acute Myeloid Leukemia.
Acta Haematol. 2019;141(4):232-244.

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.
Favourable prognostic impact of NPM1
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 Feb 1;28(4):596—604.
Cela 1., Di Matteo A., Federici L.
Nucleophosmin in its interaction with

ligands. Int. J. Mol. Sci. 2020;21:4885.

Chopra A, Soni S, Pati H, Kumar D, Diwedi
R, Verma D, Vishwakama G, Bakhshi S,
Kumar S, Gogia A, Kumar R.
Nucleophosmin mutation analysis in acute
myeloid leukemia: immunohistochemistry
as a surrogate for molecular techniques.
Indian J Med Res. 2016 Jun;143(6):763—
768.

Christian Thiede, Sina Koch, Eva Creutzig,
Christine Steudel, Thomas Ilimer, Markus
Schaich, and Gerhard Ehninger, for the
Deutsche  Studieninitiative  Leukemia
(DSIL); prevalence and prognostic impact
of NPM1 mutations in 1485 adult patients
with acute myeloid leukemia (AML).
Blood 2006; 107 (10): 4011-4020.

Dovey OM, Cooper JL, Mupo A, et al.
Molecular synergy underlies the co-
occurrence patterns and phenotype of
NPM1-mutant acute myeloid leukemia.
Blood. 2017;130(17):1911-1922.

Eisfeld AK, Kohlschmidt J, Mims A, Nicolet
D, Walker CJ, Blachly JS, et al. Additional
gene mutations may refine the 2017
European LeukemiaNet classification in
adult patients with de novo acute myeloid
leukemia aged < 60 years. Leukemia.
2020;34(12):3215-3227.

Falini B, Mecucci C, Tiacci E, Alcalay M,
Rosati R, 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 F, Lo-Coco F, Pelicci
PG, Martelli MF; GIMEMA Acute
Leukemia Working Party. Cytoplasmic
nucleophosmin in acute myelogenous
leukemia with a normal karyotype. N Engl
J Med. 2005 Jan 20;352(3):254-66. doi:
10.1056/NEJM0a041974.

Frottin F, Schueder F, Tiwary S, Gupta R,
Korner R, Schlichthaerle T, Cox J,
Jungmann R, Hartl FU, Hipp MS. The
nucleolus functions as a phase-separated

27



Research Journal of Applied Biotechnology (RJAB)

(2025)Vol. 11 (1):Pp 22-32

protein quality control compartment.
Science. 2019 Jul 26;365(6451):342-347.

Heath EM, Chan SM, Minden MD, Murphy
T, Shlush LI, and Schimmer AD.
Biological and clinical consequences of
NPM1 mutations in AML. Leukemia.
2017;31(4):798-807

Hindley A, Catherwood MA, McMullin MF,
Mills KI. Significance of NPM1 Gene
Mutations in AML. Int J Mol Sci. 2021
Sep 17;22(18):10040. doi:
10.3390/ijms221810040.

Jeon Y, Seo SW, Park S, Kim SY, Ra EK,
Park SS, and Seong MW. Identification of
two novel NPM1 mutations in patients
with acute myeloid leukemia. Ann Lab
Med. 2013 Jan;33(1):60-4.

Kelemen K, Greener ID, Wan X, Parajuli S,
and Donahue JK. Heterogeneous
repolarization creates ventricular
tachycardia circuits in a healed myocardial
infarction scar. Nat Commun. 2022 Feb
11;13(1):830.

Khoury JD et al. The 5th edition of the World
Health Organization Classification of
Hematolymphoid Tumors: Myeloid and
Histiocytic/Dendritic Neoplasms,
Leukemia 2022;36(7):1703-17109.

Li P, Brown S, Williams M, et al. The genetic
landscape of germline DDX41 variants
predisposes to myeloid neoplasms. Blood.
2022; 140(7):716-755. .

Liesveld JL, Lichtman MA. Acute
myelogenous leukemia. In: Kaushansky
K, Lichtman M, Prchal J, Press OW, Burns
LJ, Caligiuri MA, et al. (eds). Williams
hematology. 9thed. China: McGraw-Hill
Companies, 2016. 1373-436.

Martelli M.P., Rossi R., Venanzi A,
Meggendorfer M., Perriello V.M., Martino
G., Spinelli O., Ciurnelli R., Varasano E.,
Brunetti L., et al. Novel NPM1 exon 5
mutations and gene fusions lead to
aberrant cytoplasmic nucleophosmin in
AML. Blood. 2021

Martina Pigazzi, Claudia Tregnago, Rhonda
E. Ries, Maddalena Benetton, Todd A.
Alonzo, Nicolas Duployez, Edwin
Sonneveld, Jonas Abrahamsson, Linda
Fogelstrand, Nils Von Neuhoff, Henrik

Hasle, Dirk Reinhardt, Franco Locatelli,
and Soheil Meshinchi; Nucleophosmin
(NPM1) Type D Genotype Is Associated
with Distinct Outcome in Acute Myeloid
Leukemia: An AIEOP-BFM and COG-
SWOG Intergroup Collaboration. Blood
2023; 142 (Supplement 1): 840.

Neemat Kassem, Alaa Abel Hamid, Tarek
Attia,  Sherif  Baathallah, = Somay
Mahmoud, Eman Moemen, Ezzat Safwat,
Mohamed Khalaf, Olfat Shaker; ovel
mutations of the nucleophosmin (NPM-1)
gene in Egyptian patients with acute
myeloid leukemia: A pilot study,Journal of
the Egyptian National Cancer
Institute,Volume 23, Issue 2,2011,Pages
73-78,ISSN 1110-
0362, https://doi.org/10.1016/j.jnci.2011.0
9.003.

Papaemmanuil E, Gerstung M, Bullinger L,
Gaidzik VI, Paschka P, Roberts ND, Potter
NE, Heuser M, Thol F, Bolli N, Gundem
G, Van Loo P, Martincorena I, Ganly P,
Mudie L, McLaren S, O'Meara S, Raine K,
Jones DR, Teague JW, Butler AP, Greaves
MF, Ganser A, Dohner K, Schlenk RF,
Dohner H, Campbell PJ. Genomic
Classification and Prognosis in Acute
Myeloid Leukemia. N Engl J Med. 2016
Jun 9;374(23):2209-2221.

Patkar N., Kodgule R., Kakirde C., Raval G.,
Bhanshe P., Joshi S., Chaudhary S.,
Badrinath Y., Ghoghale S., Kadechkar S.,
et al. Clinical impact of measurable
residual disease monitoring by ultradeep
next-generation sequencing in NPM1-
mutated acute myeloid leukemia.
Oncotarget. 2018;9:36613-36624.

Sakthivel D, Brown-Suedel AN, Keane F,
Huang S, Sherry KM, Charendoff ClI,
Dunne KP, Robichaux DJ, Le B, Shin CS,
Carisey AF, Flanagan JM, Bouchier-
Hayes L. Caspase-2 is essential for
proliferation and  self-renewal  of
nucleophosmin-mutated acute myeloid
leukemia. bioRxiv [Preprint]. 2023 May
30: 2023.05.29.542723.

Schnittger S, Schoch C, Kern W, Mecucci C,
Tschulik C, Martelli MF, Haferlach T,
Hiddemann W, Falini B. Nucleophosmin

28



Abdelrahman A. Abdelrahman et al.

gene mutations are predictors of
favourable prognosis in acute
myelogenous leukemia with a normal
karyotype. Blood. 2005 Dec
1;106(12):3733-9.

Tazi, Y.; Arango-Ossa, J.E.; Zhou, Y.
Bernard, E.; Thomas, I.; Gilkes, A,
Freeman, S.; Pradat, Y.; Johnson, S.J;
Hills, R.; et al. Unified classification and
risk stratification in acute myeloid
leukemia. Nat. Commun. 2022, 13, 4622

Vakiti A, Mewawalla P. Acute Myeloid
Leukemia. [Updated 2023, Aug. 8]. In:

StatPearls [Internet]. Treasure Island
(F.L.): StatPearls Publishing; 2023 Jan.
Yao Y, Lin X, Wang C, Gu Y, Jin J, Zhu Y,

Wang H. Identification of a novel NPM1
mutation in acute myeloid leukemia. Exp

Hematol Oncol. 2023 Oct 4;12(1):87.

Zidan M, Shaaban H, ElI Ghannam D;
Prognostic Impact of Nucleophosmin 1
(NPM1) Gene Mutations in Egyptian
Acute Myeloid Leukemia Patients. Turk J
Haematol. 2013 Jun;30(2):129-36. doi:
10.4274/Tjh.2012.0048. Epub 2013 Jun 5.
PMID: 24385775; PMCID:
PMC3878472.

Table (1): Primer of NPM1 mutation subtypes

Primers

Sequence

c-NPMI-F (F)

5 GAAGAATTGCTTCCGGATGACT 3

c-NPM-mut AR (R)

S5 CTTCCTCCACTGCCAGACAGA 3

c-NPM-mut B-R (R)

STTCCTCCACTGCCATGCAG 3

c-NPM-mut C-R (R)

S TTCCTCCACTGCCACGCAG 3

c-NPM-mut D-R (R)

S TTCCTCCACTGCCAGGCAG 3

¢-NPM-mut P-R (R)

5 TTCCTCCACTGCCAAGCA 3

ABL(F)

5 TGGAGATAACACTCTAAGCATAACTAAAGGT 3

ABL (R)

5 GATGTAGTTGCTTGGGACCCA 3

Table (2): Demographic & haematological data of the patients and controls

AML Control
(n =100) (n=50) p
No. % No. %
Gender
Male 64 64.0 26 52.0
0.157
Female 36 36.0 24 48.0
Age (Years)
Min. — Max. 18.0 - 80.0 17.0 - 85.0
Mean + SD. 47.29 + 13.56 43.68 + 17.51 0.205
TLC (x10”3pl)
Min. — Max. 0.80 — 23.0 420-11.0 0.606
Mean * SD. 9.31 +6.65 7.35+2.19 '
HB (g/dl)
Min. — Max. 3.0-11.80 11.90 — 15.10 <0.001"
Mean + SD. 8.60 +1.84 13.43 +0.95 '
PLT (10/3/pl)
Min. — Max. 10.0 — 150.0 154.0 — 354.0 <0.001"
Mean + SD. 53.37 + 27.64 253.42 + 53.27 '
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Table (3): Correlation between NPM1 mutation existence and different parameters in the AML

group
No mutation Mutation p
(n=27) (n=73)
FAB
M1 0 9
M2 4 12
M3 3 17 Mep=
M4 11 21 N
M5 > 9 0.035
M6 5 2
M7 2 3
B.M. BLASTS
Mean = S.D. 43.93 + 20.07 38.70 + 21.87 0.045"
Median (Min. — Max.) 34.0(20.0 — 75.0) 30.0(20.0 — 90.0) '
Cytogenetically
Normal 9 41
INV (16) +ve 2 2 e
PML-RARA +ve 3 11 0 0‘1’}
T (8:21) +ve 6 16 ’
T (9:11) +ve 7 3

SD: Standard deviation ; U: Mann Whitney test; 3% Chi square test; MC: Monte Carlo;
p: p value for comparing between NPM1 mutation and different parameters;
*: Statistically significant at p < 0.05
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Table (4): Correlation between NPM1 mutation subtypes existence and different parameters

in the AML group
NPM1 mutation
No mutation A+ B+ C+ D+ P+ P
(n=27) (n=43) (n=14) (n=4) (n=10) (n=2)
FAB
M1 0 3 0 0 6 0
M2 4 10 0 0 2 0
M3 3 7 7 2 1 0 v
M4 11 15 5 0 0 1 <0.001"
M5 2 5 2 1 0 1
M6 5 2 0 0 0 0
M7 2 1 0 1 1 0
MCp, 0.329 0.034" 0.063 <0.001" 0.567
B.M. BLASTS
Mean £ S.D. 43.93 £ 20.07 |33.95 £ 15.82| 37.50 £ 18.69 | 25.0 £5.77 | 68.60 + 30.25 | 27.0 £ 9.90
Median 34.0 30.0 27.0 25.0 85.0 27.0 0.005"
(Min. — Max.) (20.0 - 75.0) [(20.0-90.0)| (20.0-70.0) |(20.0-30.0)| (20.0-90.0) |(20.0 —34.0)
P1 0.022" 0.097 0.025 0.155 0.268
Outcome
Alive 17 32 14 3 0 2
Died 0 0 1 9 0 “p
<0.001
Lost F.U. 11 0 0 1 0
MCpy 0.002" 0.023 1.000 <0.001" 1.000
Cytogenetically
Cytogenetically 9 o5 7 9 6 1
normal
INV (16) +ve 2 0 1 0 0 1 Mep=
PML-RARA _*
+ve 3 5 4 1 1 0 0.045
T (8:21) +ve 6 12 2 0 2 0
T (9:11) +ve 7 1 0 1 1 0
MCp, 0.008" 0.163 0.794 0.704 0.463

SD: Standard deviation H: H for Kruskal Wallis test y?: Chi square test
p: p value for comparing between NPM1 mutation and different parameters

p1 p value for comparing between No mutation and each other category
*: Statistically significant at p < 0.05

MC: Monte Carlo

NPM1 mutation | Mean | 20 ENd 2LOg-rank
of study x P
At 12.0 100.0
B+ 12.0 100.0
C+ 10.0 75.0% | 82.457" | <0.001
D+ 4.857 0.0%
P+ 12.0 100.0

Table (5): Kaplan-Meier for overall Survival with NPM1 mutation subtypes
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Figure (1): FAB classification of AML cases
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Figure 2: NPM1 mutation and its subtypes in AML group (n = 100)
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Figure (3): Kaplan-Meier for overall Survival with NPM1 mutation subtypes
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