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Abstract Mutations in the fms-like tyrosine kinase 3

(FLT3) gene (internal tandem duplication (ITD) and point

mutation in the tyrosine kinase domain, FLT3/D835) as

well as the nucleophosmin (NPM1) gene are the most

common abnormalities in adult acute myeloid leukemia

(AML). Their significance in pediatric AML is still

unclear. In this study we evaluated the frequency of FLT3

and NPM1 mutations in childhood AML. We also exam-

ined clinical features and outcome of these patients. FLT3

and NPM1 mutations were analysed in 42 and 37 child-

hood AML patients, respectively, using polymerase chain

reaction (PCR) and direct sequencing.FLT3 mutations

were detected in 4/42 patients (9.5%). The frequencies of

FLT3/ITD and FLT3/D835 were the same, 2/42 (4.7%).

NMP1 mutations were found in 1/37 patients (2.7%). FLT3

gene mutations were correlated with induction failure. Here

we report the results of the study of FLT3 and NPM1 gene

mutations in childhood AML patients in Serbia. Low fre-

quencies of these molecular markers point out that these

abnormalities are rare in this cohort of patients. Compar-

ative study of data on NPM1 mutations in childhood AML

revealed that various NPM1 gene mutation types are

associated with childhood AML. Our findings as well as

previously reported data, contributes to a hypothesis of

different biology and etiology of adult and childhood

AML. More extensive studies of NPM1 and FLT3 muta-

tions in childhood AML are needed to determine their

biological and clinical importance.
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Introduction

FLT3 is a member of the third class receptor tyrosine

kinase family. It plays a central role in hematopoietic

growth regulation of early progenitor cell [1]. The presence

of mutation in the FLT3 gene results in FLT3 ligand

independent kinase activation leading to increased and

uncontrolled cell proliferation. The most common muta-

tions in FLT3 gene are FLT3/ITD of the region coding

juxtamembrane (JM) domain and missense point mutations

in tyrosine kinase domen (TKD) [2].

Internal tandem duplication of FLT3 gene (FLT3/ITD)

is present in approximately 25% of adult acute myeloid

leukemia (AML) and is an adverse prognostic factor [3].

The frequency among children is much lower [4, 5].

The most frequent FLT3 point mutation occurs in the

second TKD, codon 835. Missense point mutations that

substitute the aspartic acid in codon 835 have been reported

in about 7% of adult AML patient and less than 4%

pediatric AML patients. FLT3/TKD mutations were not

found to be an adverse prognostic factor [2, 5–7].

Nucleophosmin (NPM1) is a nucleocytoplasmic shut-

tling protein with numerous functions such as preventing

protein aggregation in the nucleolus and regulation of the

assembly and transport of preribosomal particle through
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the nuclear membrane [8]. Mutations of the NPM1 gene

have been reported in 35% of adult AML patients. Even

higher frequency is found in AML with a normal karyotype

(50–60%) [9]. More than 40 different mutations involving

exon 12 of the NPM1 gene have been identified in AML

[10]. All of them lead to frameshift and elongation of the

protein, which is aberrantly retained in cytoplasm [9]. The

presence of NPM1 mutations is associated with favorable

outcome and increased event-free survival (EFS) and

overall survival (OS), but only in cases when they are not

in cooperation with FLT3/ITD mutations.

The incidence of NPM1 mutations found in the studies

of pediatric AML is much lower [11]. Due to a small

number of reports, the clinical impact of NPM1 gene

mutations in these patients remained uncertain.

In this study, we evaluated the frequency of FLT3/ITD,

FLT3/D835, and NPM1 gene mutations in Serbian children

with AML. The biological and clinical features and the

prognostic significance were also assessed. Additionally,

data of previous studies on FLT3 and NPM1 gene mutation

frequencies and types in childhood AML were compared.

Material and methods

Patients

Ninety-two patients with de novo AML diagnosed since

January 1997 till June 2007, at the University Children’s

Hospital and Mother and Child Healthcare Institute ‘‘Dr

Vukan Cupic’’, Belgrade, Serbia. Out of these 92 patients,

presence for FLT3 and NMP1 gene mutations were ana-

lyzed in 42 (45%) and 37 (40%), respectively. All patients

tested for NPM gene mutations were also tested for FLT3

mutation. The AML diagnosis was made according to FAB

classification. Immunophenotyping was performed by flow

cytometry and/or APAAP methods using monoclonal anti-

bodies minimally against CD13, CD33, CD3, CD10, CD19,

CD61, and glikophorin A. Cytogenetic G banding analyses

was performed with standard method. The non APL chil-

dren received induction and consolidation regimen derived

from Berlin Frankfurt Munster (BFM) AML study group.

Our policy treatment until 2006 was that children receive no

BMT in first remission. Children with acute promyelocytic

leukemia (APL) were treated according to Italian AIDA

protocol, based on combined use of all transretinoic acid

(ATRA) and idarubicin chemotherapy.

Detection of the FLT3/ITD mutations

To detect FLT3 mutations, genomic DNA was isolated

from a bone marrow using QIAamp DNA Blood Mini Kit

(Qiagen, Gremany). The PCR amplification was carried out

as previously described [12] and its products were resolved

on 4% agarose gel stained with ethidium bromide. Each

sample displaying an additional PCR product (longer than

325 bp) was considered as containing the internal tandem

duplication. Additional bands were extracted from the gel

using QIAquick Gel Extraction Kit (Qiagen, Germany) and

were directly sequenced.

Detection of FLT3/TKD mutations

Analysis of the FLT3/D835 mutation was carried out as

follows: exon 20 of the FLT3 gene was amplified by

genomic DNA PCR as previously reported [2]. The PCR

products digested with EcoRV (Biolabs, England) were

resolved on the 8% polyacrilamide gel.

Detection of NPM1 gene mutations

For the screening of NPM mutations, we amplified geno-

mic DNA corresponding to exon 12 of the NPM gene using

PCR method as previously described [9]. Amplified PCR

products were purified using QIAquick PCR Purification

Kit (Qiagen, Germany), and directly sequenced using

internal reverse primer NPM1_1112R [9].

Statistics

Fisher exact test, the chi squares test, the Kaplan–Meier

estimator and long rank test for comparison of EFS were

used for statistical analyses.

Results

The presenting characteristics of patients are detailed in

Table 1.

FLT3 gene mutations were detected in 4/42 patients

(9.5%). The frequencies of FLT3/ITD and FLT3/D835 were

the same, 2/42 (4.7%). One patient had a mutation in NPM1

gene, but at the same time, carried FLT3/D835 mutation.

FLT3/ITD mutation was found in one boy with micro-

granular variant of APL and he is in continuous long term

remission. Another patient harboring FLT3/ITD mutation

never achieved complete remission. Sequence analyses of

FLT3/ITD positive patients showed that both ITDs were in-

frame involving only juxtamembrane domain of FLT3

protein, namely exon 14. The open reading frame of the

transcripts in one patient was preserved by faithful in-

frame duplication (24 bp long) and in the other by the

insertion of the nucleotides at the ITD junction (the size of

duplication was 48 bp and the insertion was 4 bp long).

FLT3/D835 mutation was found in one patient with

FAB M4 morphology, t(11;17)(q23,q21) and resistant
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disease who received BMT but died after 19 months. No

APL clinical features were present. The other patient,

relapsed after 1 year and reversed its mutational status

from FLT3/D835 to FLT3/ITD. The ITD duplication found

in the relapsed sample was 107 bp long and it is presented

in Fig. 1. This patient was also a carrier of NPM1 mutation,

which did not change its status during the course of the

disease.

In our cohort of childhood AML patients, NPM1

mutation was found in 1/37 analyzed patients (2.7%). The

mutation was of the Q type [13]. Similar to all NPM1

mutations in AML, Q mutation is a heterozygous one,

consisting of 4 bp insertion between position nt 964 and nt

965 (Genebank accession NM_002520). Opposite to the

previous reports of the Q mutation (4 bp insertion was

AGGA), in our case the sequence of 4 bp insertion was

CGGA, but the amino acid sequence remained the same

(286-DLWQRMEEVSLRK instead of wt sequence 286-

DLWQWRKSL).

The mean WBC count at presentation in FLT3 negative

patients was 53.6 9 109/l (range 1.4–275 9 109/l). The

mean WBC count at presentation in FLT3/ITD positive

patients was 114.0 9 109/l (67.2–250 9 109/l), which is

not statistically higher comparing to FLT3 negative

patients (P = 0.114).

Induction failure was observed in four out of 30 patients

in whom remission status was achieved after induction

therapy, comparing to two out of four patients with FLT3

mutations (P = 0.047) (Table 1). After median follow up

of 63 months in FLT3 negative patients the EFS is 45%, CI

42.23–82.62. Overall survival for this cohort group is 44%

CI 40.89–78.63 and for APL group of patients OS is 39%

CI 6.74–70.93.

Discussion

Internal tandem duplication of FLT3 gene (FLT3/ITD) is

present in approximately 25% of adult AML [3]. The fre-

quency among children is much lower, approximately 5–

16.5% (Table 2). However, higher incidence of FLT3/ITD

in APL patients was found in several studies [14, 15]. Our

study showed relatively low frequency of FLT3/ITD

mutations in childhood AML (4.7%). The detected fre-

quency of FLT3/D835 of 4.7% is comparable to other

studies (Table 2).

Most studies of children with AML showed that FLT3/

ITD mutations are associated with older age, higher WBC,

FAB subgroups M1, M2 and M3, normal kariotype,

induction failure, and poor outcome [4]. Clinical charac-

teristics of one of our patients with FLT3/ITD are similar to

these observations.

In most studies, FLT3/ITD is found to be the strongest

independent predictor of outcome, because even patients

with t(15;17), a favorable prognostic factor, had a very

poor prognosis [4]. But in one case reported by Iwai et al.

[16] patient positive for t(15;17) and FLT3/ITD had a very

good outcome. Our patient positive for t(15;17) and FLT3/

Table 1 The presenting

characteristics of patients

a One patient positive for both

FLT3/D835 and NPM
b No statistical significant

deference in age, gender and

WBC count between patients

harboring mutations in the

FLT3 gene and patients with no

FLT3 mutations
c Statistically higher number

FLT3? of patients with

induction failure

FLT3/ITD? FLT3/D835? FLT3- NPM1 mutation

No. of patients (%) 2 (4.7%) 2 (4.7%)a 38 (90.5%) 1 (2.7%)a

Sex male/female 1/1 0/2 20/18 0/1

Gender FLT3?/FLT3-b P = 0.068

Age median(months) 123 93 101 125

Age FLT3?/FLT3-b P = 0.06

FAB

M1 5

M2 1 1 13 1

M3 1(M3v) 5

M4 1 9

M5 2

M6 1

M7 3

WBC median (9 109/l) 158.6 69.35 53.6 69.7

WBC FLT3-ITD?/FLT3-ITD-b P = 0.114

Abnormal 1[t(15;17)] 1[t(11;17)] 17

Karyotype not available 1 11

Normal 1 10 1

Induction failure 1 1 4 0

Induction failure FLT3?/FLT3-c P = 0.047
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ITD (24 bp duplication) also had good outcome of the

disease.

Frequency of FLT3/D835 is relatively low in adult AML

patients, as well as in pediatric population and prognostic

significance of this mutation has not been established.

There are some reports that FLT3/TKD mutation was not

an adverse prognostic factor [5, 7]. One of our patients with

FLT3/D835 had an adverse outcome, never achieving

complete remission. Interestingly, another child with

FLT3/D835 and positive for NPM1 mutation relapsed. In

Fig. 1 Detection of FLT3-ITD mutation. a Line 1 PCR product of the

FLT3-ITD in a relapsed sample (duplication of 107 bp); line 2 DNA

ladder (Low Range MassRuler, Fermentas); line 3 PCR product of the

wt-FLT3 (325 bp). b Partial sequence chromatogram of FLT3-ITD

mutation (duplication of 107 bp)
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the relapse of the disease, FLT3 mutation status changed to

FLT3/ITD positive but the same NMP1 mutation was

detected at the presentation and the relapse of the disease.

Our findings contribute to the hypothesis that FLT3

mutation is not a stable molecular marker [6].

In our study, NPM1 mutation was found in only one of

the 37 patient tested (2.7%). Mutations in the NPM1 gene

are the single most frequent abnormality in adult AML

[10]. NPM1 mutations are distinctly less common in

childhood AML ranging from 0 to 6.5% (Table 3). Par-

ticularly low incidence of these mutations in Asian popu-

lation are reported by Chou et al. (2%) and Shimada et al.

(0%) (Table 3). These data may suggest the presence of

racial variation in susceptibility to these mutations. Our

finding is similar to the Asian studies, but the number of

analyzed patients is rather small to draw any definite

conclusion.

In adults, as well as in childhood patients, the presence

of the NPM1 mutations are associated with normal

karyotype, FLT3/ITD positive status, older age, high

remission induction rate and improved survival, particu-

larly in patients lacking FLT3/ITD [14]. One of the

patients included in this study was FLT3/D835-NPM1

double positive. Whitman et al. [17] have recently

reported a significant number of patients with similar

finding.

The NPM1 mutation we found was of Q type. Type A

mutation (tandem duplication of TCTG) was found in

approximately 80% of adult cases [14]. On the other hand,

Brown et al. [18] found that only 40% of children were

type A mutants, and 35% of cases represent novel muta-

tions never reported in adults. The similar findings are

reported by Cazzaniga et al. and Thiede et al. [11, 19]. Our

finding of unusual type Q mutation is in concordance with

these findings.

Comparative study of data on NPM1 mutations in

childhood AML (Table 3) revealed that only 46/617 ana-

lyzed patients were positive (7.4%). Also, we observed that

the frequency of the type A mutation was only 33.3%, and

the frequency of all other types was 66.7%.

Evident discrepancy in frequency and type of NPM1

mutation between adult and childhood AML, contributes to

a hypothesis of different biology and etiology of the dis-

ease in these two groups of patients.

Table 2 Comparative study of

FLT3/ITDmutations in

childhood AML

a High number of APL patients

(39%)

References Number of

patients available

Number of FLT3/ITD

positive patients

Number

of FLT3/D835

Kang et al. [7] 61 4 (6.6%) 2(3.3%)

Arrigoni et al. [15] 72a 20 (27.7%)

Iwai et al. [16] 94 5 (5.3%)

Kondo et al. [20] 64 7 (11%)

Meshinchi et al. [21] 91 15(16.5)

Liang et al. [22] 80 9 (11.3%)

Meshinchi et al. [23] 630 77(12%) 42(6.7%)

Xu et al. [24] 87 12 (13.8%)

Zwaan et al. [4] 234 27(11.5%)

Laing et al. [5] 91 14 (15.4%) 3(3.3%)

Table 3 Comparative study of

NPM1 mutations in childhood

AML

References Number of

patients available

Number of NPM1

positive patients

Type of NMP1 mutation

(number of patients)

Thiede et al. [25] 75 9(12%) Type A (1)

Other types (8)

Brown et al. [18] 295 23(7.7%) Type A (10)

Other types (13)

Mullighan et al. [26] 93 6(6.4%) Type A (3)

Other types (3)

Cazzaniga et al. [11] 107 7(6.5%) Type A (1)

Other types (6)

Chou et al. [27] 47 1(2.1%)

Shimada et al. [28] 33 0

Total 650 46(7%) Type A (15)

Other types (30)
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Small number of patients with the FLT3 and NPM1

mutations were analyzed in this study but we believe that

data presented in this study could contribute to a growing

knowledge of frequency and clinical significance of FLT3

and NMP1 mutations in childhood AML. This study also

points out that molecular markers should be studied in a

number of different groups of patients in order to make

definite conclusion of its medical relevance.
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