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( ABSTRACT ) Investigation of molecular evidence of FLT3 mutations in acute myeloid leukemia (AML) was carried out. Mutation

analysis was conducted on 146 patients diagnosed with acute myeloid leukemia (AML) utilizing polymerase chain
reaction (PCR) and restriction fragment length polymorphism (RFLP) techniques. Among the 146 AML patients analysed, 33 (22.60%) exhibited
FLT3 mutations. Specifically, 27 patients harboured FLT3-1TD mutations, 3 presented FLT3 D835 mutations, and 3 showed both FLT3-ITD and
FLT3 D835Y mutations. Notably, all patients with FLT3-D835Y or both FLT3-ITD and FLT3-D835Y mutations displayed heterozygous
mutations. The present study did not identify a significant difference in the incidence of various types of FLT3 mutations concerning age and sex.
Nevertheless, the study offers valuable insights into FLT3 mutation analysis among AML patients.
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INTRODUCTION

Acute Myelogenous Leukemia (AML) is a heterogeneous disease that
encompasses diverse subtypes with distinct clinical and prognostic
features. The heterogeneity arises from variations in genetic and
molecular abnormalities present in leukemic cells.[1] Prognostic
factors are crucial in determining the outcome of AML patients. Age,
cytogenetic (chromosomal changes in leukemic cells), performance
status (general health and functioning ability of the patient), and
response to treatments are among the most important prognostic
factorsinAML. [2,3]

Recent research has focused on identifying molecular abnormalities
that play a significant role in AML prognosis. These abnormalities
include mutations in genes such as NPM1, FLT3, WT1, and CEBPA.
[4]. The presence or absence of these mutations can provide valuable
prognostic information. Recognizing the impact of genetic and
molecular abnormalities, the World Health Organization (WHO) has
revised the classification of AML to incorporate these factors. The
latest WHO classification reflects a shift from a purely morphological
classification to a more comprehensive classification that incorporates
genetic and molecular characteristics.[5]

AML is indeed an aggressive hematologic malignancy. It is
characterized by the abnormal proliferation and accumulation of
immature myeloid cells, known as blasts, in the bone marrow and
bloodstream. These blasts fail to mature into normal blood cells,
leading to a disruption in the production of healthy red blood cells,
white blood cells, and Platelets.[6] The rapid growth of immature cells
in the bone marrow interferes with the normal functioning of the
hematopoietic system. As a result, individuals with AML often
experience symptoms such as fatigue, weakness, shortness of breath,
frequent infections, easy bruising or bleeding, and anaemia's[6]

FLT3 (FMS-like tyrosine kinase 3) is a receptor tyrosine kinase (RTK)
belonging to class III of the RTK family, which also includes KIT. [7]
FLT3 is expressed in early hematopoietic stem cells and a subset of
dendritic cell progenitors. [8] The deregulation of FLT3 signalling,
often caused by genetic mutations, can result in the aberrant activation
of these pathways, leading to uncontrolled cell proliferation and
decreased apoptosis. Mutations in FLT3, particularly internal tandem
duplications (ITD) and point mutations in the tyrosine kinase domain
(TKD), are commonly observed in AML and are associated with poor
prognosis [8].

Indeed, the most common FLT3 mutation observed in acute myeloid
leukemia (AML) is the internal tandem duplication (ITD) mutation
within the juxtamembrane (JM) segment [4,7]. FLT3-ITD mutations

are found in approximately 20-30% of AML patients and are more
commonly observed in specific AML subtypes, such as normal
karyotype (NK)-AML, acute promyelocytic leukemia, and AML with
t(6;9)(p23;q34) translocation [9-11]. In NK-AML patients with FLT3-
ITD, higher leukocyte counts are often observed. While the complete
remission (CR) rates may be similar to FLT3-ITD negative patients,
the presence of FLT3-ITD is associated with lower disease-free
survival (DFS) and overall survival (OS), primarily due to a higher
incidence of relapse [10-12]. It is worth noting that the prognosis is
influenced by the allele burden of FLT3-ITD, with patients having a
higher mutation burden generally experiencing a worse prognosis
[13].

Another class of FLT3 mutations in AML involves point mutations in
the TKD [14-16] with the most common being a mutation at aspartic
acid residue 835 (D835) [17]. These point mutations cause a
permanent open configuration of the activation loop, resulting in
constitutive signalling of the FLT3 receptor[18]. FLT3-TKD
mutations are .present in approximately 5-10% of NK-AML patients.
The prognostic significance of FLT3-TKD mutations remains
controversial and may depend on the presence of other mutations in
conjunction with FLT3-TKD.

MATERIALSAND METHODS

The present study was conducted at S N Gene Laboratory and
Research Centre, Surat, Gujarat, India. The study focused on Acute
Myeloid Leukemia (AML) patients of different age groups. Blood
samples were collected from these patients after taking their informed
concerned in EDTA vacationers to preserve the blood for molecular
studies. To isolate the DNA from the collected blood samples, the Spin
column method was employed. The necessary reagents for DNA
isolation were provided by the QIAamp blood kit, which is a
commonly used for DNA extraction.

Following DNA isolation, genomic DNA was amplified using specific
primers. These primers were designed to target and amplify the regions
of interest related to the study. The amplification process was carried
out using the standard Polymerase Chain Reaction (PCR) technique,
which enables the selective amplification of specific DNA sequences.
The samples obtained from the patients were subjected to PCR
amplification, specifically targeting the FLT3-ITD mutation. The
purpose of this step was to determine the presence or absence of FLT3-
ITD mutation in the patients' samples.

Furthermore, PCR-Restriction Fragment Length Polymorphism
(PCR-RFLP) was performed to investigate the presence of D835Y
mutations. PCR-RFLP is a technique used to detect genetic variations
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or mutations by analysing the differences in the patterns of DNA
fragments resulting from the digestion of amplified DNA with specific
restriction enzymes. The PCR conditions included an initial
denaturation at 95° C for 3 minutes; 28 cycles at 95° C for 20 seconds,
52° C for 20 seconds and 72° C for 30 seconds with final extension at
72° C for 3 minutes.

RESULTS

The analysis of samples revealed that the mean age at diagnosis of
AML (FLT3) patients was found to be 43.96 years, with a range
spanning from 0.583 years to 77 years (Table 1). This suggests that the
age of patients diagnosed with AML (FLT3) varied widely, with the
youngest patient being 0.583 years and the oldest being 77 years.
Regarding the gender distribution among the patients, the study found
that 91 patients (62.32%) were males, while 55 patients (37.67%) were
females. This indicates that AML (FLT3) affected a higher proportion
in male patients as compared to females. Furthermore, out of the 146
patients with AML, 33 patients (22.60%) had FLT3 mutation (Table 2).

Table 1: Baseline Variables Of Patients (n=146)

Variables No. of |Percentage|Mean+SD  |Range
Patients
Age in 146 - 43.96 +18.08|0.583-77
Years
Sex
Male 91 62.32%
Female |55 37.67%
FLT3
Mutation | 33 22.60%
Wild-Type| 113 77.39%

Table 2 : Prevalence Of FLT3 Mutation On The Basis Of Types Of
Mutant (n=33)

Mutation Types of mutant No. of Patients|Percentage

FLT3 ITD - 27 81.81%

FLT3-D835Y |Homozygous mutant |0 0
Heterozygous mutant|3 9.09%

Both FLT3 - 3 9.09%

ITD and

FLT3-D835Y

Total 33

DISCUSSION

FMS like tyrosine kinase III (FLT3) is the most repeatedly mutated
gene in AML patients, with a strong disease specificity [19]. FLT3
mutations can lead to the production of an abnormal FLT3 protein that
signals cells to divide and grow in an uncontrolled way. This can result
in the development and progression of AML, so FLT3 mutations have
become an important biomarker in the diagnosis and risk stratification
of AML. In this study, we investigated the frequency and types of FLT3
mutations in 146 Indian population with acute myeloid leukemia
(AML). FLT3 is a gene that codes for a receptor tyrosine kinase protein
involved in cell growth and differentiation, and mutations in this gene
are frequently observed in AML. There are two common types of FLT3
such as Internal tandem duplication (ITD) and Tyrosine kinase domain
(TKD) mutations [20]. The presence of ITD and TKD mutations in the
FLT3 gene is associated with a poor prognosis in patients with AML.
FLT3 mutations can cause the FLT3 receptor to be continuously active,
leading to the uncontrolled proliferation of leukemic cells.

In past, many large and small scale research was conducted for FLT3
mutations yet most of them concentrated on specific aspects such as on
juvenile and adult population. However, few studies showed the low
prevalence of FLT3 mutation which ranges from 5 to 16% in juvenile
community whereas 10 to 45% in adult AML community [22-23].
Hence, a high frequency of FLT3-ITD mutation was shown in juvenile
population which was around 40% [10] and 22.5% [24] respectively.
Moreover, FLT3-ITD was first described by Nakao and his colleagues
[25] and they reported that around 23% were found FLT3-1TD positive
in AML. In other studies of Meshinchi et al., (2001) [22] and Ahmad et
al., (2010) [23] found ranges from 10 to 45% respectively. In present
study, our analysis showed that FLT3-ITD was positive in AML
patients was reported around 22.60%.

An investigation by Dehbi et al. (2013)[21] showed that patients with
the FLT3-ITD mutation were older than the wild type group ( 37 years
vs. 30 years). We found similar observation (45.13 years vs. 41.25
years) in the present study. There was no significant difference in age
between the group of patients with FLT3 mutations and those without

FLT3 mutations ( 29.6 versus 28.2 years ). FLT3 gene mutations were
equally distributed in both males (49%) and females (51%) [ 26-27].
In most cases for AML, FLT3 mutation is heterozygous [28].
Similarly, Saroyan et al. (2014)[27] also reported all mutants (ITD and
TKD ) in their study were heterozygous for FLT3 mutation. Our results
are in total agreement with above study.

The frequency of FLT3 mutation in AML patients was found to be
22.60%. Furthermore, the prevalence of FLT3-ITD mutations was
higher than that of FLT3-TKD mutations.

The present study did not find any significant differences in prognostic
factors such as age and sex between AML patients with FLT3 mutation
versus those without FLT3 mutation. Additionally, the prevalence of
FLT3 heterozygous mutations was found to be higher than that of
homozygous mutations in AML patients. The conclusions suggest that
FLT3 mutation, particularly FLT3-ITD, is a relatively common feature
of AML and may have implications for prognosis and treatment
selection.

CONCLUSION

Consequently, the conclusion drawn is that FLT3 mutations are
relatively prevalent in AML patients and can manifest in various
forms, with FLT3-ITD being the most frequent. Heterozygous
mutations appear to be more prevalent than homozygous mutations.
Detecting FLT3 mutations can aid in the diagnosis, prognosis, and
treatment of AML. The current study found no significant differences
in the incidence of different types of FLT3 mutations between age and
sex groups. However, due to the limited sample size or availability of
samples, drawing meaningful conclusions is challenging. Therefore, a
larger sample size may be necessary to attain more reliable and precise
results in such studies. In conclusion, this study offers valuable
insights into FLT3 mutations in AML patients and underscores the
necessity for more extensive research in this domain.
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