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ABSTRACT 

 Nucleophosmin (NPM1) encoded from the NPM1 gene is a ubiquitously expressed 
nucleolar phoshoprotein which shuttles continuously between the nucleus and cytoplasm.  
NPM protein plays an important role in cell proliferation and apoptosis.  NPM1 gene 
mutations at exon 12 represent the hallmark of a large subgroup of AML patients with a 
normal karyotype worldwide.  

This study aimed to determine the frequency and type of NPM1 mutations in Thai 
AML patients and to explore if NPM1 mutation preferentially affects a specific subtype of 
AML associated with a distinct karyotype, immunophenotype and clinical outcome.  NPM1 
mutation at exon 12 was investigated in 400 AML patients, 30 ALL patients, and 30 CML 
patients.  Mononuclear cells were isolated from bone marrow or peripheral blood aspirates at 
the time of initial diagnosis for immunophenotyping, cytogenetic and molecular analysis.  
Mutation detection techniques were developed using denaturing high performance liquid 
chromatography (DHPLC) and single stranded conformational polymorphism (SSCP) as 
mutation screening, followed by sequencing analysis.           

NPM1 mutation was not detectable in ALL or CML.  Thirteen variants of NPM1 
mutation were detected in 105 (26.2%) of 400 AML patients by DHPLC, including eight 
novel and five known variants.  The most common mutation was TCTG 4 bp insertion at 
position 960 detected in 81 of 400 cases (20.3%) and was found frequently in M2 and M3 
subtypes.  NPM1 mutations were predominantly found in patients with a normal karyotype 
with the incidence as high as 90 of 105 patients (85.7%).  Only 5 out of 105 NPM1-mutated 
cases had an abnormal karyotype: del(9), inv(9), del(10), inv(10), and t(15;17)(q22;q12).  
Clinical parameters including a wide spectrum of morphologic subtypes of AML (M1-M6), 
older ages, high WBC and Plt counts, and CD34-negativity were significantly associated with 
NPM1 mutation.  Moreover, a higher frequency of FLT3-ITD mutation in NPM1 mutation 
compared to NPM1 wild-type (56.8% versus 25.6%) was also significant (p <0.001).  
Although AML patients with a normal karyotype were categorized as an intermediate risk 
group of the disease, there was no significant difference in survival rate between NPM1 wild-
type and mutant patients who carried a normal karyotype.  The better impact of survival also 
emerged in patients with NPM1 mutation without FLT3-ITD when the data of the two genes 
was combined.       

  In conclusion, screening DHPLC-based assay was developed for the first time in 
Thailand to detect NPM1 mutations.  NPM1 mutations represent the most frequent molecular 
events that have ever been identified in Thai AML patients with a normal karyotype. 
Characterization of NPM1 mutations should improve the diagnosis and risk stratification of 
AML patients, especially in patients with a normal karyotype, as well as lead to specific gene-
targeted therapy.  Further studies are ongoing to determine the relationship of NPM1 
mutations to other genetic markers in Thai AML patients.   
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