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Abstract - Recent studies in leukemia patients have revealed cumulative mutations in the genes affecting cell differentiation 
and development.  Among these genes, IDH2, ASXL1, TET2, FLT3, CEBPA, NAS, IDH1, and NPM1 were investigated in 
leukemia. NPM1 mutations have been described as the most frequent molecular alterations in acute myeloid leukemia (AML). 
Detection of these mutations has become important for risk stratification and treatment decisions for patients with normal 
karyotype AML. Therefore, rapid screening for NPM1 mutations should be available shortly after diagnosis.  NPM1 gene is 
located on chromosome 5 encoding a nuclear phosphoprotein (nucleophosmin). Frameshift mutations in exon 12 results in the 
insertion of four base pairs (TCTG) in the C-terminal region, causing loss of a nucleolar localization signal and aberrant 
localization of the protein to the cytoplasm. However, most reports of NPM1 mutations came from Europe and focused mainly 
on adults, while report from Asian countries is few. Moreover, at the present time, no data exist in Iranian AML patients with 
respect to the incidence and distribution pattern of NPM1 mutations. In the current study, we investigated the exon 12 NPM1 
mutations in 40 de novo AML patients, a population of mixed adults and children, and set out to explore the prevalence, 
distribution pattern and clinical profile of NPM1 mutations in our population. To this end, genomic DNA was extracted from 
peripheral blood samples using QIA amp DNA blood midi kit. A 172bp fragment on NPM1 exon 12 was amplified using 
HEX-labeled PCR primers spanning the insertional mutation region. The fluorescent PCR products were undergone capillary 
gel electrophoresis on an ABI 3730 instrument and analyzed by associated analysis software. TCTG insertion at positions 
956–957 or 960-961 of exon-12 was confirmed in 5 out of 39 AML cases (12.8 %). The results of this assay were confirmed by 
PCR-sequencing of the mutation containing fragments. These genetic changes resulted in substitution of tryptophan by other 
amino acid residues at either codon 288 or 290 which leads to defective NPM1 protein nuclear localization. This study showed 
the remarkable frequency of NPM1 exon 12 mutations in Iranian AML patients as well as the feasibility of capillary gel 
electrophoresis analysis for rapid screening of these cases. 

 
Index Terms — AML, Insertional Mutation, Capillary electrophoresis, NPM1. 
 
I. INTRODUCTION 
 
Acute myeloid leukemia (AML) is a heterogeneous 
disease with respect to morphology, 
immunophenotype and genetic rearrangements [1; 2]. 
Besides their role as pathogenetic events, genetic 
alterations of AML are known to be major 
determinants of patient response to therapy and 
outcome. Three distinct groups of patients (i.e. good, 
standard and poor risk) can be identified on the basis 
of the leukemia karyotype [3]. However, conventional 
karyotypic analysis shows no chromosomal 
abnormalities in about half of patients with AML[4]. 
In addition to aberrations that are revealed by 
conventional karyotyping, molecular events have been 
described whose presence in AML blasts may confer 
distinct prognosis [5]. These include Flt3 receptor 
gene mutations and, more recently, NPM1 
(nucleophosmin) gene mutations [6]. Alterations in 
the NPM1 gene represent the most common genetic 
lesion currently detectable in AML, being found in 
nearly one-third of adult AML patients. Interestingly, 
such alterations are strongly associated with normal 
karyotype, being detectable in about two-third of 
AML without visible chromosomal aberrations [7].  
NPM1 is a ubiquitously expressed nucleolar 
phosphoprotein that constantly shuttles rapidly 
between the nucleus and cytoplasm in its role as a 
molecular chaperone [8]. Frameshift mutations in 

exon 12 lead to the loss of one or two tryptophan 
residues that are essential for nucleolar localization of 
the protein. This lesion consists of small 
insertion/deletions in the NPM1 gene C-terminal 
region [9]. Two kinds of NPM1 mutations have been 
described so far: (I) insertion of the four nucleotides 
(TCTG) downstream of nucleotide 956 (Gene Bank 
accession number NM_002520); and (II) deletion of a 
GGAGG sequence at position 960 and substitution 
with nine extra nucleotides [6].  
NPM1 insertional mutations can be screened by 
conformation-sensitive gel electrophoresis (CSGE) 
technique and confirmed by Sanger sequencing [10]. 
In present study, to analyze the frequency of NPM1 
mutations in an Iranian AML patient’s cohort, we 
successfully used fluorescent fragment analysis on 
capillary electrophoresis system as a high throughput 
screening method.  

 
II. MATERIALS AND METHODS 

 
AML patients and DNA samples 
Forty successive AML patients participated in this 
study. The diagnosis of AML was confirmed by expert 
hematologists according to the standard clinical and 
laboratory finding.  Peripheral blood samples (2 ml) 
were collected in EDTA-tubes at Hematology, 
Oncology, and Stem Cell Transplantation Research 
Center, Tehran University of Medical Sciences, Iran. 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-3 Oct.-2015 

Analysis Of Npm1 Gene Insertional Mutations In Iranian Acute Myeloid Leukemia (Aml) Patients 
 

27 

Written informed consent was obtained from all 
patients in accordance with the declaration of 
Helsinki. DNA was extracted from 500 µl of each 
blood sample using QIAamp DNA blood midi kit 
(Qiagen, Germany). The quality and quantity of the 
purified DNA was determined by NanoPhotometer 
(Implen, Germany). 

 
Multiplex PCR and fragment analysis 
NPM1 specific primers were designed to amplify a 
172bp fragment on exon 12 spanning the mutational 
hot spot region of the gene. The forward primer was 
labeled with HEX fluorescent dye at its 5' end. The 
sequence of the primers was as follows: NPM1-F; 
HEX-ATTTCTTTTT 
TTTTTTTTCCAGGCTATTCAAG and NPM1-R; 
CACGGTAGGGAAAGTTCTCACTCTGC. The 
PCR thermal cycling program was set as 95 °C for 60 
sec, 40 repeat of [95 °C for 20 sec, 60 °C for 40 sec, 72 
°C for 40 sec] and a final extension step at 72 °C for 60 
sec. The amplified fragments were first revealed on 
agarose gel electrophoresis to verify the amplification 
process. Then, purified fluorescent-labeled PCR 
products were sent to fragment analysis laboratory 
(Macrogen, South Korea). Each sample was 
accompanied by its corresponding non-fluorescent 
PCR product for Sanger DNA sequencing in parallel. 
The raw data of the fragment analysis experiments 
were assessed by Peak Scanner™ software (Version 
1.0, Applied Biosystems, USA) according to its 
default setting. The standard fragment GS400HD 
(Applied Biosystems, USA) was used for data analysis 
verification. 
 
III. RESULTS  

 
PCR Amplification and sequencing of NPM1 gene 
mutational region 
A 172 bp fragment on NPM1 exon 12 was 
successfully amplified using conventional and 
HEX-labeled primers as described earlier. Gel 
electrophoresis on 2% agarose showed the presence of 
the desired fragment (figure 1). The sequencing of the 
amplified fragments revealed heterozygous insertional 
mutation in 5 patients out of 39 AML cases 
investigated. The sequencing results were confirmed 
on both strands. A representative chromatograph of 
the sequencing experiments is illustrated in figure 2.  
 

 
 

Figure 1. Gel electrophoresis showed that a 172bp 
fragment on NPM1 exon 12 was successfully 
amplified using conventional primers. NPM1 specific 
primers were designed to amplify a 172bp fragment on 
exon 12 spanning the mutational hot spot region of the 

gene. The amplified fragments were first revealed by 
electrophoresis on 2% agarose gel to verify the 
amplification process. There was no non-specific PCR 
product or contaminations in this experiment. 
 

 
Figure 2. Sanger sequencing of the amplified fragment on 

MPM1 exon 12 revealed a heterozygous insertional mutation 
(TCTG at positions 956–957) in an AML patient investigated. 
 

Fluorescent fragment analysis 
 

All the DNA samples were analyzed by capillary 
electrophoresis after being PCR-amplified using 
HEX-labeled primers.  Each sample was compared to 
a normal control DNA which was analyzed in parallel. 
Those samples harboring insertional mutations in 
heterozygous status showed two distinct peaks on the 
fluorescent fragment analysis outputs. These peaks 
were corresponding to 172bp fragment (normal allele) 
and 176bp fragment (mutant allele), respectively 
(Figure 3). The difference between the two alleles was 
due to the insertion of TCTG at positions 956–957 or 
960-961 of exon 12 of the gene. According to the 
fragment analysis results, the frequency of NPM1 
mutations was 12.8 % in this Iranian AML patient’s 
cohort. 
 

 
 
Figure 3. Capillary electrophoresis graphs. DNA 
samples were analyzed by capillary electrophoresis 
after being PCR-amplified using HEX-labeled 
primers.  Each sample was compared to a normal 
control DNA (upper graph) which was analyzed in 
parallel. Those samples harboring insertional 
mutations in heterozygous status showed two distinct 
peaks on the fluorescent fragment analysis outputs 
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(lower graph). These peaks were corresponding to 
172bp fragment (normal allele) and 176bp fragment 
(mutant allele), respectively. 

 
CONCLUSION 

 
Analysis of genetic changes in AML patients indicates 
that cases with normal karyotype are indeed 
heterogeneous at molecular level. The identification of 
these molecular variations may help to explain the 
molecular pathogenesis in AML[11]. Recently, 
mutation of the NPM1 gene has been reported as the 
most frequent molecular alterations in AML. These 
mutations can be detected in nearly 25–35% of all 
AML and up to two-third of patients with normal 
karyotype [12]. The high frequency of NPM1 
mutations among AML patients along with their 
prognostic value highlights the importance of 
screening for these mutations [2]. Different methods 
have been described to screen NPM1 mutations so far. 
These commonly include immunohistochemistry 
(IHC) to track the gene expression at protein level, or 
conformation-sensitive gel electrophoresis (CSGE) 
technique followed by conventional PCR-sequencing 
[10] Here, we show that fluorescent PCR followed by 
capillary electrophoresis analysis can be used for a fast 
and reliable assay for the detection of NPM1 
insertional mutations. Capillary electrophoresis of 
fluorescently labeled PCR products is a very sensitive 
method for the detection of DNA fragment size 
variation. Multiple samples can be screened in a single 
experiment which is able to discriminate up to 1bp of 
fragment length difference [6]. 
The frequency of NPM1 mutation in AML patients has 
been reported to range from 24 to 74 % depending on 
the patient’s ethnic origin [13]. In spite of variable 
frequencies of these mutations among different 
populations, a higher frequency of NPM1 mutations is 
remarkable in AML cases with normal karyotype [14]. 
Our study showed that the frequency of NPM1 
mutations was 12.8 % in an Iranian AML patient’s 
cohort. However, the sample size of this study was not 
large enough to determine the nationwide incidence of 
the NPM1 mutations in Iranian AML patients. 
Furthermore, we confirmed the feasibility of capillary 
electrophoresis assay for the detection of NPM1 
insertional mutations. This may pave the way for 
quick and reliable screening of Iranian AML patients 
for NPM1 mutations and a better diagnostic and 
therapeutic approach in the future. 
 
ACKNOWLEDGEMENTS 
The authors acknowledge the contribution of the AML 
patients in this study. This work was supported in part 
by Research Deputy of Pasteur Institute of Iran (Grant 

No. 640).  
 
DISCLOSURE 
 
The authors have stated that they have no interests 
which might be perceived as posing a conflict or bias. 

                                      
REFERENCES 

 
[1] T. Robak, A. Wierzbowska, Current and emerging therapies 

for acute myeloid leukemia. Clin Ther 31 Pt 2 (2009) 
2349-2370. 

[2] E.H. Estey, Acute myeloid leukemia: 2013 update on 
risk-stratification and management. Am J Hematol 88 (2013) 
318-327. 

[3] K. Mrozek, K. Heinonen, C.D. Bloomfield, Clinical 
importance of cytogenetics in acute myeloid leukaemia. Best 
Pract Res Clin Haematol 14 (2001) 19-47. 

[4] H. Ghanem, N. Tank, I.A. Tabbara, Prognostic implications of 
genetic aberrations in acute myelogenous leukemia with 
normal cytogenetics. Am J Hematol 87 (2012) 69-77. 

[5] C.D. Baldus, L. Bullinger, Gene expression with prognostic 
implications in cytogenetically normal acute myeloid 
leukemia. Semin Oncol 35 (2008) 356-364. 

[6] N.I. Noguera, E. Ammatuna, D. Zangrilli, S. Lavorgna, M. 
Divona, F. Buccisano, S. Amadori, C. Mecucci, B. Falini, F. 
Lo-Coco, Simultaneous detection of NPM1 and FLT3-ITD 
mutations by capillary electrophoresis in acute myeloid 
leukemia. Leukemia 19 (2005) 1479-1482. 

[7] F. Ahmad, S. Mandava, B.R. Das, Mutations of NPM1 gene in 
de novo acute myeloid leukaemia: determination of incidence, 
distribution pattern and identification of two novel mutations 
in Indian population. Hematol Oncol 27 (2009) 90-97. 

[8] J. Luo, C. Qi, W. Xu, S. Kamel-Reid, J. Brandwein, H. Chang, 
Cytoplasmic expression of nucleophosmin accurately predicts 
mutation in the nucleophosmin gene in patients with acute 
myeloid leukemia and normal karyotype. Am J Clin Pathol 
133 (2010) 34-40. 

[9] L. Federici, B. Falini, Nucleophosmin mutations in acute 
myeloid leukemia: a tale of protein unfolding and 
mislocalization. Protein Sci 22 (2013) 545-556. 

[10] V. Pazhakh, F. Zaker, K. Alimoghaddam, F. Atashrazm, 
Detection of nucleophosmin and FMS-like tyrosine kinase-3 
gene mutations in acute myeloid leukemia. Ann Saudi Med 31 
(2011) 45-50. 

[11] Y. Ofran, J.M. Rowe, Genetic profiling in acute myeloid 
leukaemia--where are we and what is its role in patient 
management. Br J Haematol 160 (2013) 303-320. 

[12] C. Thiede, S. Koch, E. Creutzig, C. Steudel, T. Illmer, M. 
Schaich, G. Ehninger, Prevalence and prognostic impact of 
NPM1 mutations in 1485 adult patients with acute myeloid 
leukemia (AML). Blood 107 (2006) 4011-4020. 

[13] G. Helbig, K. Wozniczka, A. Wieclawek, A. Soja, A. 
Bartkowska-Chrobok, S. Kyrcz-Krzemien, Clinical relevance 
of mutant NPM1 and CEBPA in patients with acute myeloid 
leukaemia - preliminary report. Contemp Oncol (Pozn) 18 
(2014) 241-245. 

[14] H. Becker, G. Marcucci, K. Maharry, M.D. Radmacher, K. 
Mrozek, D. Margeson, S.P. Whitman, Y.Z. Wu, S. Schwind, 
P. Paschka, B.L. Powell, T.H. Carter, J.E. Kolitz, M. Wetzler, 
A.J. Carroll, M.R. Baer, M.A. Caligiuri, R.A. Larson, C.D. 
Bloomfield, Favorable 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 28 (2010) 596-604. 

 
 

 
 
  


