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Abstract

Background: Acute myeloid leukemia (AML) is a hematopoietic 
stem cell disorder that carries very poor prognosis. Understanding 
molecular basis of AML leukemogenesis could lead to the emergence 
of effective targeted therapies for AML. AML bearing nucleophosmin 
(NPM) gene mutation has distinct features. This study was conducted 
to investigate the role of mutated (m) NPM in pathogenesis of de novo 
AML through studying its contribution in proliferation of AML cell 
line cells.

Methods: Two types of human leukemia cell lines were used. One 
of them was a model for AMLs with mNPM and the other for AMLs 
with wild type (wt) NPM. Assessment of the proliferative role of 
mNPM in AML was carried out using cell culture and viability stud-
ies. The obtained results were reaffirmed by immunocytochemical 
and immunoblotting techniques.

Results: Analysis of results was done with the appropriate computer 
software. It showed higher proliferative potential of cells with mNPM 
compared to those bearing wtNPM only. Furthermore, the immuno-
cytochemical studies demonstrated subcellular localization of NPM 
isoforms during various phases of mitosis. Mitosis was associated 
with cytoplasmic translocation of wtNPM in certain phases, while 
localization of mNPM remained unchanged throughout the cell cy-
cle. Results of immunoblotting showed little or no change in protein 
expression of either NPM moieties during mitosis.

Conclusions: The current study demonstrated important contribution 
of NPM gene mutation in enhancing proliferation of AML cell lines. 
These results confirmed the role of mNPM in AML leukemogenesis, 

and highlighted the importance of targeting mNPM in new evolving 
AML therapies.
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Introduction

Cancer usually results from the disruption of the proliferation/
apoptosis cellular balance. A recent approach in cancer man-
agement is to create anticancer drugs that could change the 
molecular and biological properties of cancer cells and return 
the balance to normal [1]. Acute myeloid leukemia (AML) 
is a cytogenetically and clinically heterogeneous disease [2], 
recent studies revealed the presence of nucleophosmin (NPM) 
gene mutation in 65% of de novo AML with normal karyo-
type [3]. In respect to this high incidence of NPM mutation 
in AML it is conceivable that mutated (m) NPM plays an im-
portant role in AML leukemogenesis and development. Also 
AML bearing mNPM had been included as provisional en-
tity in the World Health Organization classification (WHO) 
in 2008. According to the WHO AML with mNPM is termed 
NPMc + AML, referring to the aberrant cytoplasmic localiza-
tion of mNPM [4].

A variety of laboratory techniques could be used to study 
mNPM in AML cells. Immunocytochemistry (ICC) is a labo-
ratory technique based on the antigen-antibody interaction. 
ICC could be used to study mNPM on AML; also it allows 
analysis of NPM behavior throughout the cell cycle. This is 
conducted by direct microscopic examination of AML cyto-
spins immunostained with NPM. Under microscopy, the 
morphological appearance of cells will help track NPM dur-
ing mitosis [5]. Immunoblotting is another laboratory tech-
nique that allows studying NPM [6], it is a procedure that 
helps not only to identify an antigen but also to determine 
its MW, quantity and possible protein interactions. This is 
achieved by binding the protein obtained by gel electropho-
resis with the antigen of interest with specific antibodies to 
the antigen [7].

In this study mNPM was meticulously investigated during 
proliferation of AML cells, aiming to study its pathologic role 
in primary AML. The study was conducted on both NPM moi-
eties (wild type (wt) NPM and mNPM) using type A mNPM as 
an example for mNPM.
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Materials and Methods

Some technical and ethical reasons limited this study to be in 
vitro study only. Accordingly, human leukemia cell lines were 
used as a model for AML cells. Accordingly two types of hu-
man leukemia cell lines were used in this work, one to act as a 
model for NPMc + AML (AML bearing mNPM) and the other 
as a model for NPMc-AML (AML with mild type AML). In 
order to investigate the role of mNPM in proliferation of AML 
cells the behavior of both NPM moieties was studied through-
out mitosis of colchicine treated cells of both cell types.

Biological materials

Human leukemia cell lines

Two human leukemia cell lines were used, OCI-AML3 Cells 
were purchased from DSMZ (German collection of micro-or-
ganisms and culture) (ACC, 582). Mutational analysis of NPM 
in these cells revealed TCTG duplication at 956-959 of exon 
12- of NPM gene (GenBank accession number NPM-002520). 
This corresponds to type A NPM mutation that was found in 
NPMc + AML (NPM-cytoplasmic positive) [8]. Accordingly, 
OCI-AML3 was used as a cell line model for NPMc+AML.

HL60 cells were purchased from DSMZ (ACC, 3); we used 
HL60 as a cell line model for NPMc- AML (NPM-cytoplasmic 
negative).

Antibodies

Two types of antibodies were used, primary and secondary 
antibodies. Primary antibodies include NPM FC-61991, from 
Zymed which is specific to NPM C-terminus region, NPM Ab 
15440 from Abcam that recognizes NPM a.a.23-38 and 226-
240, and NPM NA24 from Thermo that specifically reacting 
with NPM N-terminal region and 14a.a ALK.

A panel of species specific fluorophore conjugated sec-
ondary antibodies was used. These antibodies are Texas Red 
(TR) conjugated (Abcam 6003), and fluorescence isothiocy-
anate (FITC) conjugated (Abcam 6717). An enzyme linked 
secondary antibody was used in proteomic analysis that was 
obtained from GE-Healthcare.

Other materials

Other materials like chemicals, equipments, instruments and 
computer software will be mentioned together with the methods.

Methods

Cell culture and viability studies

Cells were grown in RPMI media 1640, with GlutaMAX™ 
supplemented with 10% FCS and 1%Pen/strep (GIBCO, 
61870-044, 10108-165, and15070-063). Cells were freshly 
fed, then each culture was divided into two flasks, one flask 
was left to grow normally (control), 1µM colchicine was 
added to the other. Colchicine was used at a dilution 1:100 
and incubated for 24 h. After 4 and 24 h cells were extracted 
from the media, of the control and treated cultures, cellular 
cytospins and lysates were prepared. Cytospins were used 
to assess the proliferative potential of each culture, through 
determination of the percent of blocked metaphases, also to 
investigate the kinetic changes in NPM during various stages 
of cell cycle. On the other hand the whole cellular lysates 
(WHL) were used to assess changes in NPM protein expres-
sion during cellular proliferation.

Immunoblot analysis

Cells were pelleted, washed, and lysed by incubation with 
RIPA buffer. Lysates were centrifuged and the supernatant was 

Figure 1. Images of DAPI mounted cytospins of colchicine treated HL60 cells, where blocked metaphase 1 is short, thick chromo-
somes, and blocked metaphase 2 is fused chromosomes. Nota bene (N.B.) similar results were obtained with OCI-AML3 cells.
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collected, diluted then loaded into 12% SDS-PAGE gels. Next 
it was electroblotted with the same protocol described by oth-
ers in 1979 [9], with some modifications, such as the use of 
polyvinylidene fluoride (PVDF) membrane instead of the ni-
trocellulose membrane. The obtained protein bands were blot-
ted with a panel of anti-human NPM antibodies. Lastly, im-
ages of the obtained blot were captured using a Kodak X-Ray 
film and cassette (Sigma Aldrich, Kodak Biomax XAR Film 
size 18/24 cm). Films were developed and the obtained protein 
bands were then marked compared to the Bio-Rad Precision 
Protein Standards.

Immunocytochemistry (Immunostaining)

For preparation of cytospins from both cultures, a volume of 
100 - 200 µL containing a number of 5 × 104 to 2 × 105 viable 
cells was added in a pre-assembled cytospin buckets including 
frosted slides (SLS, MIC3806).Then the buckets were spun 
at 60 × 10 for 5 min with the acceleration off in a specific 
cytospin machine (Shandon). Buckets were dismantled, and 
the slides left to dry at RT overnight. Lastly, the slides were 
wrapped in a foil and freezed at -8 °C. The cytospin quality 
was assessed by mounting the cytospin in a drop of reagent 
with DAPI (Invitrogen, P36935), then viewed under the im-
munofluorescence microscope.

We followed the manufacturer recommended protocols 
for immunostaining of cytospins for NPM. After which, the 
slides were viewed, with the Nikon Eclipse 80I fluorescence 
microscope (ICCT technologies, Canada), equipped with three 
fluorescence filter cubes. The obtained images were grabbed 
with the Hamamatsu ORCA HR (C4742-95-12HR) high reso-
lution digital camera with full remote control from PC. Fast 
high sensitivity black and white camera was used for low in-
tensity fluorescence slides. Analysis of the obtained images 
was conducted with the NIS-elements software.

Results

Colchicine effect on AML derived cells

Examination of the 4 h colchicine treated cytospins after 
mounting in DAPI to stain the nuclei, showed a good demon-
stration of most of the cell cycle stages, as depicted in Figure 
1, besides the blocked metaphases. This indicated that a frac-
tion of the cells entered metaphase and completed mitosis but 
this fraction is expected to decrease with time until a complete 
block achieved.

Cells were classified as normal metaphases if the chro-
mosomes line up along the equator. Blocked metaphases were 
distinguished by the presence of short, thick, and in some cases 
fused chromosomes, and the absence of a metaphase plate.

Since colchicine concentration and exposure time were 
the same for OCI-AML3 and HL60 treated cells. Thus the cell 
proliferative potential for each cell type was estimated by the 
percent of the blocked metaphases after 4 h exposure to colchi-
cine. The percent of normal metaphases was used as an indica-

tor for the proliferative potential of the untreated controls. To 
calculate the percentage of metaphases the slides were viewed 
with the immunofluorescence microscope and the total number 
of cells in a single field was counted. Then the same field was 
scanned again and only cells in mitosis were counted and cat-
egorized. To obtain sufficiently accurate values for metaphases 
percentage, metaphases were calculated in four different cyto-
spins and their mean was mathematically estimated.

Intriguingly, we observed that the percentage of the 
blocked metaphases of the colchicine treated OCI-AML3 and 
HL60 cells (29.8% and 21.6%, respectively) was significant-
ly higher than their equivalent untreated controls (3.1% and 
8%, respectively), as shown in Figure 2. This denotes that the 
percentage of the blocked metaphases is a good indicator of 
the cell proliferative potential within 4 h period. However, the 
difference in the proliferative potential of the colchicine OCI-
AML3 and the untreated control was significantly higher than 
that for the colchicine HL60.

On the other hand, the percentage of the blocked meta-
phases of the colchicine treated OCI-AML3 was significantly 
higher than that of the treated HL60. Taken together these 
results showed that the cell proliferative potential of the col-
chicine OCI-AML3 cells is significantly higher than that of 
colchicine HL60 cells.

Kinetic changes of NPM during proliferation of AML de-
rived cells

Immunostaining with NPM FC 61991 showed that wtNPM is 

Figure 2. Single parameter histograms of the percentage of the blocked 
metaphases in colchicine treated OCI-AML3 and HL60 cells after 4 h, 
and the percentage of normal metaphases in untreated OCI-AML3 and 
HL60, after the same duration.
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Figure 3. (a) Immunofluorescence images of resting HL60 cells, immunostained with wtNPM (FC61991), with TR (red) conju-
gated secondary antibody, and nuclei were stained with DAPI (blue). N.B. similar images were obtained with colchicine treated 
and control cytospins. (b) Immunofluorescence images of actively dividing HL60 cells, immunostained with wtNPM (FC61991), 
with TR (red) conjugated secondary antibody, and nuclei were stained with DAPI (blue). N.B. similar images were obtained with 
colchicine treated and control cytospins.
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nucleolarly localized in resting cells and is translocated into 
the cytoplasm during cell division. This translocation was 
found to be cell cycle dependent, as wtNPM was detected in 
the nucleoli of interphase cells including G1, S, and G2 phases. 
Cytoplasmic translocation of wtNPM was detected in cells in 
active phases of cell division including prophase, metaphase, 
blocked metaphase, and anaphase cells (Fig. 3a, b). However, 
wtNPM was noted to relocalize gradually into the nucleoli dur-
ing the telophase which represents the end of mitosis.

Wild type NPM translocation during proliferation was 
found to be unrelated to the duration and extent of colchicine 
effect. Furthermore, these findings were similar among the un-
treated and colchicine treated HL60 and OCI-AML3 cultures.

In sharp contrast to wtNPM, immunostaining with 
ab15440 showed nucleolar and a nucleocytoplasmic localiza-
tion in OCI-AML3 even during G0 phase (Fig. 4). This ap-
pearance was not seen in HL60 cells, and was not seen using 
antibodies that did not detect mNPM, strongly suggesting that 
the nucleoplasmic and cytoplasmic NPM was of mNPM type. 
However, the cytoplasmic localization was detected in actively 
dividing cells of both types. Comparing these findings with the 
results of wt immunostaining and the untreated controls denote 
that the cytoplasmic staining in the dividing HL60 represents 
the cytoplasmic translocation of wtNPM that was discussed 
before.

Nucleophosmin expression during proliferation of AML 
derived cells

To determine NPM expression during AML proliferation, pro-

teomic analysis of NPM was conducted in WCL of colchicine 
treated and untreated HL60 and OCI-AML3. The identity of 
NPM was confirmed by detection of a 37-kD band, after im-
munoblotting with specific NPM antibody.

Immunoblotting of anti-NPM FC61991 in lysates of HL60 
and OCI-AML3, both colchicine treated and untreated showed 
barely difference in wtNPM expression between HL60 and 
OCI-AML3. Moreover, the cytoplasmic translocation of wt-
NPM during cellular proliferation was not accompanied with 
changes in its protein levels and wtNPM protein expression in 
G0 cells was similar to that in dividing cells of both cell types 
as depicted in Figure 5.

Results of western blotting immunoassay of anti-NPM an-
tibodies (NA24 and ab1544) in protein extracts of OCI-AML3 
and HL60, both colchicine treated and untreated are shown in 
Figure 6. These results were inconsistent with our immunoflu-
orescence findings, as there was no significant difference be-
tween total NPM protein expression between OCI-AML3 and 
HL60. The most interesting finding was a significant reduction 
in total NPM protein in colchicine treated lysates compared 
with the untreated resting ones, this finding was the same in 
both cell types.

Discussion

Although NPM gene mutation has been implicated by others in 
AML pathogenesis, how mNPM contributes in AML develop-
ment remains unclear [10]. In the present study, a thorough in-
vestigation of NPM during proliferation of AML derived cells 
was done. The main aim is to have a complete scenario of the 

Figure 4. Immunofluorescence images of control, colchicine treated HL60 and OCI-AML3, as indicated in the figure, immu-
nostained with antiNPM (ab 15440) with FITC (green) conjugated secondary antibody, and nuclei were stained with DAPI (blue).
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contribution of NPM gene mutation in AML leukemogenesis. 
The study was conducted through an integration of viability 
studies, immunocytochemical and immunoblotting techniques.

The viability study results showed higher proliferative 
potential of cells expressing mNPM compared to those bear-
ing wtNPM. This was noted in the colchicine treated cultures, 
while the proliferative potential of the normally growing cul-
tures was higher in those bearing wtNPM. This denoted the 
presence of other differences besides mNPM expression that 
could explain these results. One of these is the difference in the 
cell cycle kinetics between the two types of cells.

These findings are supported by the findings of others who 
found that mNPM promotes proliferation of myeloid cells in 
zebra fish embryo and in mice [11, 12].

How mNPM enhanced the proliferation of OCI-AML3 
cells could be explained by the previous findings of the role 
of NPM in cellular proliferation. NPM was found to play criti-
cal roles in the control of different aspects of cell growth and 
homeostasis, such as ribosome biogenesis, centrosome dupli-
cation, and cell cycle progression [10]. Moreover, the cyto-
plasmically localized mNPM was proposed to downregulate 
the ARF tumor suppressor gene and enhancing the c-MYC 
oncogene [13-15].

The immunofluorescence and immunoblotting studies 
showed that wtNPM is localized in the central granular region 
of the nucleolus in resting cells. Then it gradually translocated 
to the cytoplasm in active mitotic cells and by the end of mito-
sis relocalized to the nucleoli. However, these kinetic changes 
were not accompanied with changes in NPM protein levels. 
On the other hand mNPM showed no changes either in its lo-
calization or in its expression, during cellular proliferation.

Our findings regarding the cytoplasmic translocation of 
wtNPM are consistent with the findings of others [16, 17]. 
However, the present study demonstrated how this transloca-
tion is different from one cell cycle phase to another. It also 
showed no or little effect of the cell cycle phases on mNPM 
localization. NPM cytoplasmic translocation was considered 
to play direct or indirect role on AML pathogenesis, either 
through disturbing NPM functions or binding with other cyto-
plasmic proteins [18, 19].

In conclusion, this study demonstrated that mNPM offered 
a proliferative advantage to cells bearing the mutation, and 
contributed in AML leukemogenesis and development. How-
ever, further studies are still needed to investigate the role of 
mNPM in proliferation of freshly prepared primary AML cells.
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