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Abstract

Acute myeloid leukemia is a malignant disease results from mutation in a multipotent haemopoietic stem
cell. The study aimed to investigate NPM 1 and FLT3-ITD mutations in Iraqi patients with AML and correlate
results with other clinical and laboratory findings. Fifty-eight AML patients, admitted to Baghdad Teaching
Hospital from October 2019 till March 2020 in addition to 25 normal controls, were included in the study.
A detailed history, laboratory investigations including FLT3-ITD and NPM1 mutations were collected from
and analyzed. FLT3-ITD was detected in 17.24% of patients, NPM1 mutation in 10.34%. Most of the
patients are presented with pallor. FLT3-ITD mutation had a higher blast cell count (74%) while NPM1

mutation had higher WBCs count.

Conclusion: AML is common in middle age group, patients with NPM1 mutation had significantly higher
WBCs count while patients with FLT3-ITD mutation have higher blast percentage compared with non-

mutated patients.
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Introduction

Acute myeloid leukemia (AML) is characterized by
clonal explanation of differentiated myeloid precursors
which results in bone marrow failure.! Fundamentally,
the investigation of the genome profile in AML has
Changed the approach of patients with AML. AML
Patients are regularly tested for the existence of FMS-
related tyrosine kinase 3 (FLT3) and Nucleophosmin
1 (NPM1) gene mutations.> NPM1 is a predominantly
nucleolar of protein with important homeostasis and
cell growth functions, including regulation of ribosome
biogenesis and response of stress.? Disruption of NPM1,
either by chromosomal translocation or mutation,
disturbs its normal function as a transporter protein
leading to the notion that NPM1 mutation plays a role
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in early leukemogenesis as recorded in about 35 percent
of AML cases.*

FLT3 encodes a tyrosine kinase receptor
preferentially expressed in hematopoietic progenitor
cells and mediates the differentiation and proliferation
of stem cells.’ This receptor is activated by binding to its
extracellular domain of the fms-related tyrosine kinase 3
ligand (FL), which induces the formation of homodimers
in the plasma membrane and autophosphorylation.®
About 30 percent of all AML cases, (FLT3) gene
mutations occur, with internal tandem duplication (ITD)
being the mainly widespread form of FLT3 mutation
which constitute about 25 percent from all cases of
AML.” FLT3-ITD has consistently been related to
increased white blood cell levels, higher bone marrow
(BM) cell counts, increased risk of relapse, and lower
survival rates.® These results indicate that the mutation
of the FLT3-ITD gene plays an important role in the
development of leukemia, rather than initiation.

The aim of this study is to investigate the
characterization of NPM1 and FLT3-ITD mutations
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in Iraqi patients with AML and correlate the presence
of these mutations with other clinical features and
laboratory findings.

Material and method

After the approval of the Ethical Committee at
Faculty of Biology, University of Baghdad and taking
informed consents from the patients, the current
experimental work was carried out at the Laboratory
Department, Hematology Center and the National
Center of Educational Laboratories at Medical City
Complex, over a period extending from October 2019
till March 2020. A total of 58 patients, admitted to
Baghdad Teaching Hospital, Medical City Complex,
recently diagnosed with AML on the basis of findings of
blood smear, bone marrow (BM) examination and flow-
cytometry immunophenotyping, were included in this
study with an age ranged from 14 to 72 years in addition
to another group of 25 apparently healthy individuals
with an age ranging from 15 to 65, those subjects were not
found to have medical issues with normal investigations,
therefore were used as normal controls for comparison
with AML patients. A detailed information including
residence, occupation, family history, past medical
history, previous exposure to radiation or chemicals,
smoking history and clinical presentation were collected
from all patients and controls. The LeukoStrat® FLT3
Mutation kit (Cat No./ID: 9-412-0091, Invivoscribe) and

ipsogen NPM1 MutaScreen Kit (Cat No./ID: 677013,
Qiagen) were used to detection of FLT3-ITD and NPM1
mutations according to manufacturer’s instructions. All
Primers, materials and protocol were provided with the
kits. Regarding molecular detection of FLT3-ITD and
NPMI1 mutations in brief, DNA was extracted using
Qiagen extraction kit (Cat No./ID: 69504), FLT3-
ITD mutation was detected by conventional PCR
(AppliedBiosystems) with gel electrophoresis. NPM1
mutation was investigated by real time PCR (Rotor-
gene Q). Hematological parameters were obtained by
Nihon Khoden Celltac F Automatic CBC analyzer.
Hematological parameters result that obtained were
subjected to statistical analysis and p < 0.05 was
considered significant.

Results

This study was conducted on 58 patients with
AML and 25 healthy subjects all of them were selected
randomly in relation to age and sex. the age of patient
ranged from 14 -72 years, of median age of 30.5 years,
and a mean of 42.9 years, 31 patients were male and 27
were female with a male to female ratio of 1: 14.1 While
in control group the age ranged from (15 — 65 years, with
a median of 26 years and a mean of 30.6 years,12 were
males and 13 were female and as shown in figure (1) and
table (1).
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Figure 1: Age mean of acute myeloid leukemia patients and control. Different letters represent a significant
difference between the means (p < 0.001).
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Table 1: Gender distribution in leukemic patients and controls.

135

Leukemia Patients (N = 58) Control (N =25)
Gender

N % N %
Male 31 53.45 12 48
Female 27 46.55 13 52

Statistical Analysis

Pearson’s = = 0.208; D.F. =3; p = 0.649 (NS)

NS: Not significant (p > 0.05).

FLT3-ITD mutation was detected in 10 out of 58
AML patients (17.24%) while NPM1 mutation was
detected in 6 patients (10.34%) and as shown in table
(2). FLT3-ITD mutation was detected in 7 (12.1%)
females and in 3 (5.2%) males, on the other hand, NPM1
mutation was positive in 5 (8.6%) males and in 1(1.7%)
female as in table (2). The most common AML subtype

according to FAB classification was AML-M5 which
constitute about 18 (31.03%) of the patients followed
by AML- M2 in14 (24.13%), and as shown in table (2).
Most of the patients are presented with pallor which
was seen in 35 (60.34%) of them followed by fever in
22 (37.9%) and bleeding in17 (29.31 %) as shown in
table (2).

Table 2: FLT3-ITD and NMP1 Mutations relation to the characteristic of AML patients.

Type of AML (58)

Characteristics NPMI1 (+ve)

FLT3-ITD (+ve)

AML Patients Total

N

%

N

%

N

%

Frequency of Mutations

42

72.14

10

17.24

6

10.34

58

Male

Gender
Female

26

44.83

3

52

5

8.6

34

16

27.59

7

12.1

1

1.7

24

FAB subtype

AML Patients

FLT3-ITD (+ve)

NPM1 (+ve)

Total

%

MO 9
Ml 2
M2 12
M3
M4 8
M5 12
Mé
M7 0

11 18.97

14 24.14

10 17.24

18 31.03
1 1.72
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AML Patients (58)

Clinical Presentation

%

Pallor 35
Fever 22
Bleeding 17
LAP 11
HM 11

SM 11
Join pain 8
Weight loos
Skin lesion

60.34
379
22.4
18.9
18.9
18.9
13.7

12
34
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Regarding the bone marrow blast cells percentage
mean was 74+0.13 in patients with FLT3-ITD mutation,
66+0.10 in patients with NPM1 mutation and 624+0.22 in
non-mutant patients as shown in figure (2). Regarding
the relation of FLT3-ITD and NPMI1 mutation to

hematological parameter of the patients, the mean WBC
count in NPM1 was (49.56£15.77x10*9/L) which was
significantly higher than inpatients without the mutation
for NPM1 & FLT3-ITD (29.36+16.52x10*9/L) and as
shown in figure (3).
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Figure 2: Mean of bone marrow blasts percentage among AML patients. Different letters (a and b) on the
error bars indicate significant differences (p < 0.05), while similar letters represent no significant difference
between means (p > 0.05).
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Figure 3: Evaluation of WBC count in AML Patients. A. WBCs in AML patient and control samples. B.
WBC count of leukemia patients in relation to presences of mutations. Different letters (a, b, c and d) on the
error bars indicate significant differences (p < 0.05).

Regarding RBC count, Hb level and platelets count, there was no significant correlation with FLT3-ITD and

NPM1 mutations as shown in table (3).
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Table 3: Hematological parameters of AML patients in relation to mutations and control.

RBC (10%9/L) HGB (g/dL) PLT (10*9/L)
Groups P Value
Mean+SD Mean+SD Mean+SD
Control 4.91+0.69 13.56+1.8 261.52+68.97 NS
AML Patients 2.56+0.90 7.56£2.45 102.63+60.19 NS
FLT3-ITD 2.36+0.50 7.5+1.85 78.8+42.21 NS
NPM1 2.68+0.41 8.03+£1.32 95.17+60.49 NS

The Data is presented as the mean +SD. NS: Not significant (p > 0.05).

Discussion

Acute myeloid leukemia is a heterogeneous disease
results from mutation in a multipotent hematopoietic
stem cell. It is a common malignant myeloid disorder
in adults.” A total 58 AML patients were enrolled in
this study, the mean age was 42.9 years, comparable
to Tawfiq et al'® with a mean age of 42 years. Male to
female ratio was 1.14 : 1 which agrees with Figueroa
et al'! and Dhahi et al'> who reported male to female
ratio of 1.2: 1 for both, this slight male predominance
could be due to being more exposed to environmental
carcinogenic risks than females. FLT3-ITD mutation
was detected in (17.24%) of our patients similar to
Yusoff et al'* where (16.1%) of their patients had the
mutation. Female have FLT3-ITD mutation more than
male, in (12.1%) and (5.2%), respectively, comparable
to Juliusson et al'* with detectable mutation in (29%)
of female and (22%) of males. However, Chauhan et
al'® disagree in reporting FLT3-ITD mutation in males
more than females. NPM1 mutation was found in
(10.34%) of the patients and this was not so far from
Abdulateef et al'® who detected it in (18.86%) of the
patients. NPM1 mutation was reported more in males in
(16.1%) of them than in females (3.7%), this results are
similar to Abdulateef et al'® with a detection in (28.1%)
of males and (4.7%) of females. On the other hand, this
differs from Dhahir and Dhahi'” who reported NPM1
mutation in (60%) of females more than seen in males
(37.5%). The variation of results between studies may
be due to possible differences in sample size as well as
different method that have been used to evaluate these
mutations. Regarding morphology, AML-M5 was the
most common FAB subtype constitutes (31.03%) of
the cases followed by AML-M2 (24.13%), parallel to
Govedarovic and Marjanovic, 2011cK.'® On the other
hand, this results are different from Khan, 2018'® where
AML-M2 was reported in (59%). However, study the

subtype of AML is very important because it help to
choose the best treatment and also affects a patient’s
outlook. For instance, the acute promyelocytic leukemia
(APL) subtype is often treated using drugs that are
different from those used for other subtypes of AML.?
Pallor was the most common presentation followed by
fever, equivalent to findings of Dhahi et al'? but different
from Chauhan et al'> which hepatosplenomegaly was the
common clinical feature followed by lymphadenopathy.
This variation may be due to the different immunological
and physiological status of individuals among different
populations. Patients with FLT3-ITD mutation had
significantly higher mean B.M. blast cell percentage of
(74%)when compared with NPM1 mutation and AML
without these mutations in (66%) and (62%), respectively.
This close to Notopuro et al>! with blast cells of (79.5%).
Patients with NPM1 mutation had significantly higher
WBC count mean (49.56+15.77x10*9/L) as compared
with AML without any mutation (29.36+£16.52x10*9/L)
similar to findings of Dohner et al and 2? but different
from Abdulateef et al'® which reported that WBC count
was non-significantly higher than in non-mutated group.
Despite low mean of RBC count, hemoglobin levels
and platelets count in AML patients, there were no
significant difference among different groups, low levels
of these parameters is a logical consequence with AML
which is a cancer of the myeloid linage of blood cells,
characterized by the rapid growth of abnormal cells that
impede normal blood cell production and this will cause
anemia, pallor and bleeding tendency. Indeed, study the
features of BM blasts may not only allow us to better
know the biology circulation of bone marrow blasts, but
may also help in better understanding and developing
a new strategy of therapeutic.’! Also, many studies
have shown that genotypic subgroup and WBC count
without FLT3-ITD are independent predictors of effect.
However, the correlation between the WBC count and
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the molecular markers including NPMc and FLT3-ITD
on outcome of patients is still not clear!®.

Conclusion

AML is common in middle age group with slight
male predominance, AML-MS5 was the most common
FAB subtype, most of the patients presented with pallor,
patients with NPM1 mutation had significantly higher
WBC counts while patients with FLT3-ITD mutation
have higher blast percentage comparableto other local
and worldwide reports.
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