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ABSTRACT

Background: Mutation in NPM1 gene has been reported to be the most common 
genetic mutation in de novo acute myeloid leukemia (AML). AML with NPM1 
gene mutation usually presents with higher initial leukocyte and blast cell counts 
and negative CD34 expression. We aimed to investigate the difference of initial 
leukocyte counts, bone marrow blast cell counts and expression of CD34 among 
patients with AML with and without NPM1 mutation.
Methods: In this study, 25 de novo patients with AML were investigated for 
NPM1 exon 12 gene mutation using ASO-RT-PCR. Initial leukocyte counts, 
bone marrow blast cell counts and expression of CD34 on blasts were examined 
in all patients.
Results: 13 of 25 de novo patients with AML (52%) had NPM1 gene mutation. 
Initial leukocyte counts in AML patients with NPM1 gene mutation was not 
significantly higher than patients without this mutation (23.400 /µL versus 
16.000 /µL, P=0.53). Blast cell counts were not significantly higher in AML 
patients with NPM1 gene mutation than patients without mutation. (41% versus 
19%, P=0,18). Expression of CD34 was not significantly different between AML 
patients with and without NPM1 gene mutation (P=0.48).
Conclusion: There were no difference in initial leukocyte count, blast cell count 
and CD34 expression among patients with AML with and without NPM1 exon 
12 type A gene mutation.

Introduction
Acute myeloid leukemia (AML) is a heterogenous 

disease with various clinical features and several genetic 
abnormalities. The incidence of AML is reported to be 
3.7 per 100.000 persons in the world.1 It has proposed 
that age of the patients, leukocyte count at diagnosis, 
bone marrow blast cell count and expression of CD34 
are important prognostic factors in AML patients.2,3 
Based on cytogenetic and molecular abnormalities, 
AML can be classified into low, intermediate and high 
risk groups. Low risk AML is defined as patients with 

normal karyotype with mutated NPM1 and no FLT3 gene 
mutation. Intermediate risk group is defined as abnormal 
karyotype, such as +8 and all other combinations of 
NPM1 and FLT3 gene mutation. High risk group of AML 
patients have high risk cytogenetic features such as inv 
(3)(q21q26), t(3;3) (q21;q26), monosomy 7, monosomy 
5, 5q-, 7q-, 11q23, t(9;11) and complex karyotype with 
>3 abnormalities.4 In 40-50% of patients with AML 
with normal karyotype, various clinical and prognostic 
factors have been reported. It can be related to some 
genetic mutations such as NPM1, FLT3, and CEBPA 
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gene mutations that also contribute to the pathogenesis 
of AML. The exon 12 NPM1 gene mutation is a common 
genetic mutation in AML (35% in de novo AML and 45% 
in the case of AML with normal cytogenetic).5 There is 
evidence that mutation in exon 12 NPM1 gene in AML 
is correlated with leukocyte count at diagnosis, bone 
marrow blast cell count and CD34 expression on blast 
cells. Patients with NPM1 gene mutation have reported 
to have higher leukocyte counts and bone marrow blast 
cell counts than patients without this mutation. Patients 
with NPM1 gene mutation have also down regulated 
CD34 expression.2,3,6 In this study, we investigated the 
difference of leukocyte count, bone marrow blast cell 
count and CD34 expression among AML patients with 
and without exon 12 NPM1 gene mutation.

Materials and Methods
This study was approved with ethical clearance by 

the Ethical Committee, Faculty of Medicine, Airlangga 
University. Inform consent was taken from the patients. 
Bone marrow aspirates of 25 newly diagnosed patients 
with AML were collected from January 2015 to August 
2015 from hospitals in Surabaya and Indonesia. The study 
was done in the department of biochemistry and clinical 
pathology, faculty of medicine, Airlangga University, 
Dr Soetomo general hospital Surabaya. Diagnosis of 
AML was made on the bone marrow aspirate cytology, 
considering cut off point of 20% blast cell count to establish 
the diagnosis. AML subtypes were defined based on FAB 
(French American British ) criteria. Immunophenotyping 
by flowcytometry was used to confirm the diagnosis and 
determine the subtype of AML. The specimen was also 
studied for detection of exon 12 NPM1 gene mutation. 

We extracted mRNA with RNA extraction kit ( Trizol® 
LS reagent Invitrogen Cat: 10296-010 ) according 
to manufacturer’s instruction. Exon 12 NPM1 gene 
mutation was detected by allele specific (ASO) RT-
PCR (Reverse Transcriptase Allele Specific Polymerase 
Chain Reaction). Extract of mRNA was incubated in 
55oC for 30 minutes with reverse transcriptase enzyme 
(Superscript III One Step RT-PCR with Platinum Taq 
Polymerase “Invitrogen” Cat No: 12574-026) to produce 
cDNA. We amplified cDNA of NPM1 mutant with RT-
AS PCR technique. Amplification (resulting 319 bp 
amplicon) was achieved after 40 cycles of the following 
steps: hot start (95oC for 3 minutes), denaturation (94oC 
for 50 seconds), annealing ( 60oC for 50 seconds ) and 
extension (68oC for 1 minute). We used forward primer 
NPM1-AN: 5’CAA-GAG-GCT-ATT-CAA-GAT-CTC-
TGT-CTG-3’ and reverse primer NPM-Rev6: 5’-ACC-
ATT-TCC-ATG-TCT-GAG-CAC-C-3’ to detect exon 12 
NPM1 gene mutation.7 Normal primer set was not used 
because all NPM1 mutations in patients with AML were 
heterozygote and homozygote states for NPM1 mutation 
were lethal.

Analysis of leukocyte count at diagnosis was done by 
ADVIA 2120i hematology analyzer system (Siemens®) 
as a routine procedure. Bone marrow aspirate blast cell 
counts were counted among 500 nucleated cells. 

CD34 expression was examined in BD (Becton 

Dickinson®) Facs Calibur Flowcytometry, using 
anti CD34 monoclonal antibody. We examined the 
expression of CD34 in population of cells in blast 
gate with blastic gating strategy ( low side scatter, 
moderate CD45 expression). Isotypic control was used 
to determine positive marker expression. Statistical 
analysis was done with SPSS version 22. Mann-whitney 
U-test was used to determine the difference in leukocyte 
count and bone marrow blast cell count and Fisher exact 
X2-test to indicate the difference between expression 
of CD34 in AML patients with and without exon 12 
NPM1 gene mutation.

Results
Among 25 de novo patients with AML, 13 (52%) patients 

had exon 12 NPM1 gene mutation based on the positive 
319 bp fragment in RT-AS PCR result; whereas 12 
patients did not show any mutation in this exon. Figures 
1 and 2 depict the positive and negative results of RT-AS 
PCR from de novo AML patients. Positive result was 
determined based on the positivity of 319bp fragment.

The patients’ characteristic ( sex, age and FAB 
classification for AML subtype ) is shown in table 1. 

The initial leukocyte count and bone marrow blast cell 

Figure 2: RT-AS PCR result from de novo AML patients 
with positive exon 12 NPM1 gene mutation ( positive 319 bp 
fragment in patients number 15,16,17),  negative result in patient 
number 18,19,20, K=Negative control, Ld=DNA Ladder 100bp. 

Figure 1: RT-AS PCR result from de novo patients with AML 
with positive exon 12 NPM1 gene mutation ( positive 319 bp 
fragment in patients number 1,2,3,4,6), negative result in patient 
number 5, K=Negative control, Ld=DNA Ladder 100bp. 
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count is described in table 2. The median initial leukocyte 
count in AML patients with mutated NPM1 is 23,400 /µL, 
and in non mutated NPM1 group is 16,000 /µL (P=0.53). 
The median bone marrow blast cell count is 41% in AML 
patients with mutated NPM1 and 19% in non mutated 
NPM1 group (P=0.18).

The distribution of CD34 expression is shown in table 
3. In AML patients with mutated NPM1, the CD34 
expression can be seen in 6 patients ( from total 8 mutated 
NPM1 patients ) and in non mutated NPM1 group, 
CD34 expression can be found in 5 patients (from total 
5 patients) (P=0.48) . 

Discussion
The median initial leukocyte count in AML patients with 

exon 12 NPM1 mutation was 23,400 /µL which was higher 
than median leukocyte count (16,000/µL) in patients 
without this mutation, but not statistically significant. 
Previous studies reported that leukocyte counts were 
significantly higher in AML patients with mutated NPM1 
gene than non-mutated group. This difference might be 
explained by other genetic mutations such as mutation in 
the FLT3-ITD and CEBPA mutation that could have some 
correlation with the leukocyte count at diagnosis. The 
other explanations for such dissimilarities were infectious 
complications of the patients and different frequency 
of mutations in geographic areas where the study was 

performed.2,3,6,8

The median bone marrow blast cell count  in AML 
patients with exon 12 NPM1 mutation was 41% which was 
higher than in patients without this mutation (19%), but 
statistically was not significant. This result was different 
from previous studies reporting bone marrow blast cell 
counts were significantly higher in patients with AML 
with mutated NPM1 gene. Again, this difference might 
be interpreted by existence of other genetic mutations or 
difference in geographic area. Studies have reported that 
AML patients with higher bone marrow blast cell counts 
had a worse prognosis.8,9 Based on French-American-
British classification for AML, the majority of AML 
patients with exon 12 NPM1 gene mutation in this study 
were AML-M5 (46,2%). Other studies reported the same 
results they stated that AML patients with mutated NPM1 
had a trend of differentiation to myelomonocytic series.2,3

The CD34 expression was not statistically different 
in AML patients with and without exon 12 NPM1 gene 
mutation. This result was different from the previous 
studies. Cauhan et al. reported that NPM1 gene mutation 
was significantly correlated with negative expression of 
CD34 and HLA-DR. Falini et. al described that 90-95% of 
their AML patients with mutated NPM1 gene were negative 
for CD34 expression. The possible causes proposed were 
other genetic mutations. Another possibility for lack of 
correlation between CD34 expression and NPM1 gene 

Table 1: Characteristic of AML patients
Mutated NPM1 Non Mutated NPM1 

Sex
Male 9 9 
Female 4 3 

Age
Mean 50.6 years 46 years
Range 17–78 yearrs 36–72 yearrs

FAB classification

M0 0 0
M1 2 0
M2 2 2
M3 3 2
M4 0 3
M5 6 4
M6 0 1
M7 0 0

Table 2: Leukocyte count and bone marrow blast cell count in patients with and without exon 12 NPM1 gene mutation
Parameter Mutated NPM1 Non-mutated NPM1 P value
Leukocyte count (×103/µL)

mean±SD 28.1±19.6 23.2±17.2 0.53
median 23.4 16
range 6.3–65 5.9–42

Bone marrow blast cell count (%)
mean±SD 43.8±25.1 30.2±26.6 0.18
median 41 19
range 9-75 4-72

Table 3: The CD34 expression in patients with and without mutated NPM1 gene
Mutated NPM1 Non mutated NPM1 P value

CD34+ 6 patients 5 patients 0.48CD34- 2 patients 0 patients
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mutational status in our study was the number of patients 
with acute promyelocytic leukemia that comprised 
almost 25% of the studied patients. In normal myeloid 
progenitor cell development, CD34 is mainly expressed 
on myeloblasts. This expression will be decreased in 
later maturation stages such as promyelocytes. In acute 
promyelocytic leukemia, most cells in bone marrow 
consist of promyelocytes that do not express CD34.2,6 
Martelli et. al reported that lack of expression of CD34 in 
AML with mutated NPM1 is caused by down regulation 
of CD34 gene expression. It is also related with the 
increment of HOX gene expression. In AML patients 
with mutated NPM1 gene, nucleolus and ribosomal stress 
cause down regulation of CD34 expression. Meanwhile, 
the positivity of CD34 expression has inverse correlation 
with the rate of complete remission. AML patients with 
CD34 expression show longer time to achieve complete 
remission than patients who lack its expression.10 

Limitations of this study were small sample size and 
lack of data of other genetic mutations and cytogenetic 
abnormalities that could affect initial leukocyte counts, 
bone marrow blast cell counts and CD34 expression. 
In addition, infection status, ethnicity and genetic 
polymorphism of the patients are also required in order 
to determine all contributing factors.

Conclusion
Initial leukocyte counts, bone marrow blast cell counts 

and CD34 expression were not statistically different in the 
patients with and without exon 12 NPM1 gene mutation.

Conflict of Interest: None declared.
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