
ORIGINAL ARTICLES

Pharmazie 72 (2017)608

Department of Hematology, Xiangya Hospital, Central South University, Changsha, Hunan, China

Effect of NPM1 type B mutation on the proliferation, invasion and 
chemosensitivity of THP-1 leukemia cells

JIE PENG, BIN FU, GAN FU, XIELAN ZHAO, XIAOLIN LI, FANGPING CHEN*

Received February 13, 2017, accepted March 17, 2017

*Corresponding author: Fangping Chen, Department of Hematology, Xiangya Hospital, Central South University, 
87 Xiangya Road, Changsha, Hunan 410008, China
xy_chenfangping@163.com

Pharmazie 72: 608–613 (2017) doi: 10.1691/ph.2017.7473

Acute myeloid leukemia (AML) is the most malignant myeloid disorder in adults. AML with mutated nucleop-
hosmin (NPM1) is regarded as an independent leukemia subtype. According to previous studies, the role of 
NPM1 gene A mutation in AML has been well established; however, another major type, NPM1 gene B type 
mutation (NPM1 MutB) has been rarely reported. In the present study, we found that overexpression of NPM1 
MutB enhanced the proliferation and invasion of THP-1 AML cells through the regulation of TIMP-2, MMP-2, 
Ang-1, c-myc and CCND1; led to no significant change of apoptosis rate with the absence of chemotherapy 
agents, while enhanced the chemosensitivity of THP-1 AML cells to chemotherapy agents DNR and Ara-C 
through the regulation of Bax, Bcl-2 and caspase-3. Further, we revealed that NPM1 MutB overexpression 
reduced the NF-κB activity of THP-1 cells upon drug treatment. Taken together, we demonstrated the detailed 
functions of NPM1MutB in THP-1 proliferation, invasion, apoptosis and chemo-sensitivity. We provided a novel 
understanding of prognosis of patients carrying the NPM1 B mutation.

1. Introduction
Acute myeloid leukemia (AML) accounts for the highest propor-
tion of malignant myeloid disorder in adults, leading to the most 
annual deaths from leukemia (Schlenk et al. 2008; O’Donnell et 
al. 2013). Due to the distinctive genetic, pathological and/or clin-
ical features, AML with nucleophosmin (NPM1) gene mutations, 
which occur in one third of the AMLs, has been regarded as a new 
leukemia entity (Vardiman et al. 2009). 
NPM1 is a multifunctional nucleolar protein which is normally 
localized in nucleoli but also able to shuttle out of the nucleus 
to localize in the cytoplasm (Okuwaki 2008). As an essential 
regulator of cell cycle progression, NPM1 plays a key role in 
response to a variety of stress stimuli (Falini et al. 2008; Lindstrom 
2011). The wild type NPM1 gene chromosomal translocations 
or mutations have been frequently reported and regarded to be 
related to the progression of leukemia or lymphoma (Colombo et 
al. 2011). Once the NPM1 mutation occurs, the balance between 
nuclear and cytoplasmic NPM1 is altered, resulting in an abnormal 
cytoplasmic localization of NPM1 (Bolli et al. 2007). The cyto-
plasmic nucleophosmin (NPMc+) in AML was firstly observed 
and reported in 2005 by Falini et al. (2005). They also revealed 
that the typeA NPM1 mutation was the most frequent in adults 
(75-80% of cases). NPM1 mutated protein plays a crucial role in 
leukemogenesis (Falini et al. 2009). Mutated NPM1 attenuates the 
p53-ARF tumor-suppressor pathway through causing cytoplasmic 
delocalization and degradation of ARF and Fbw7 (Colombo et al. 
2006) and enhances the MYC oncogenic pathway (Bonetti et al. 
2008). In addition, the cytoplasmic NPM1 mutant could directly 
interact with caspase-6 and -8, and suppressed caspase-6/-8-medi-
ated myeloid differentiation (Leong et al. 2010). 
So far, more than 50 kinds of NPM1 mutations have been found; 
most of them are due to the frame shift mutations caused by the 
insertion of different bases at the C-terminus of the NPM1 gene 
coding region. In the mutations of the NPM1 gene, six mutations 
are dominant, namely, mutation A to F (Pitiot et al. 2007; Luskin 
et al. 2015; Azari-Yam et al. 2016). However, most of the research 
on the NPM1 mutations is focused on NPM1 type A mutations, 

whereas NPM1 mutations such as NPM1 type B mutations (NPM1 
MutB), accounting for about 10%, have rarely been reported. The 
NPMc + AML patients with different mutations had different 
NF-KB activity and Bax / bcl-2 ratio (Cilloni et al. 2008; Del Poeta 
et al. 2010). Clinical data also showed that although NPMc + AML 
patients overall showed a good prognosis, there are also differ-
ences in sensitivity to chemotherapy and disease-free survival in 
the NPMc + AML patients with different mutations (Verhaak et 
al. 2005).
In the present study, we focus on NPM1 MutB to investigate its 
detailed functions in the cell proliferation, invasion and apoptosis 
of human acute monocytic leukemia cell THP-1, the protein levels 
of proliferation-, invasion- and apoptosis-related factors, and the 
activity of NF-κB. Taken together, the aim of this study was to 
elucidate the effect of NPM1 B mutation on the phenotype of AML 
cells and its mechanism, to provide a novel theoretical basis for the 
treatment of AML.

2. Investigations and results

2.1. Establishment of THP-1 cells stably expressing 
NPM1 MutB
To establish the THP-1 cells that stably express NPM1 MutB, we 
firstly constructed lentiviruses expressing plasmid that contained 
NPM1 MutB. Compared with the wild-type NPM1 gene, the CDS 
region of the NPM1 MutB contains several different bases at the C 
terminus. By using the cDNA clone of the wild-type NPM1 gene 
as a template, and the NPM1 MutB specific primers, we obtained 
NPM1 MutB fragments through real-time PCR (Fig.S1); the 
NPM1 MutB fragments and the target vector were digested and 
connected. A skeleton diagram of pLVX-NPM1-MutB is shown 
in Fig. 1A.
Lentiviral expressing plasmid pLVX-NPM1-MutB or control 
plasmid pLVX-NC and lentivirus packaging plasmids pLP1, 
pLP2, pLP/VSVG were co-transfected into 293FT cells for 
lentivirus packaging; LV-NPM1-MutB over-expressing NPM1-
MutB and control lentivirus LV-NC were obtained. THP-1 cells 
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were infected with LV-NPM1-MutB or LV-NC; the expression of 
NPM1-MutB was then verified at both mRNA and protein levels 
using qRT-PCR and Western blot assays (Fig. 1B, C and D). The 
agarose electrophoresis of qRT-PCR products showed that NPM1 
MutB was expressed in LV-NPM1-MutB group rather than the 
LV-NC group and Blank group (without any infection) (Fig. 1B).
The statistic analysis of qRT-PCR and western blotting assays 
showed that NPM1 MutB significantly upregulated after infection 
of LV-NPM1-MutB, compared with the two control groups (Fig. 
1C and D).

2.2. NPM1 MutB promoted THP-1 cells proliferation 
and invasion
After successfully establishing NPM1 MutB-expressing THP-1 
cell line, we then evaluated the function of NPM1 MutB in THP-1 
cell proliferation and invasion. 48 and 72 h after LV-NPM1-
MutB infection, the proliferation of THP-1 cell was significantly 
promoted, compared to the LV-NC and blank group (Fig. 2A, 
P<0.01), as shown by the CCK-8 assays. Results from the Tran-
swell assays showed that NPM1 MutB promoted the invasion 
capability of THP-1 cell, compared to the LV-NC group (Fig. 2B, 
P<0.01). 
To investigate the possible mechanism(s) by which NPM1 MutB 
affected the cell proliferation and invasion of THP-1 cell, we 
monitored the changes of the protein levels of proliferation- and 
invasion-related factors. Results from the Western blot assays 
showed that, the protein levels of c-myc and CCND1, which were 
both regarded as oncogenes related to cell proliferation (Rodrigo 
Tapia et al. 2001; Tian et al. 2005; Akinyeke et al. 2013; Chen 
et al. 2014), were upregulated by NPM1 MutB (Fig. 2C). The 
protein level of Ang-1, which highly expresses in cancer tissues, 
promotes tumor angiogenesis thus promotes cancer cell migration 
and invasion (Zheng et al. 2015), was upregulated by NPM1 MutB 
(Fig.  2C). In addition to the Ang-1/Tie2 pathway, the MMP2 
pathway is also related to cancer cell migration and invasion (Shen 

Fig. 1: Establishment of THP-1 cells stable expressing NPM1 MutB. (A) Skeleton 
diagram of pLVX-NPM1-MutB plasmid. (B) and (C) Verification of NPM1 
MutB overexpression in THP-1 cells using real-time PCR assays analyzed 
by agarose electrophoresis and statistic analysis. (D) Verification of NPM1 
MutB protein overexpression in THP-1 cells using Western blotting assays. 
The data are shown as mean± SD of three independent experiments. ** 
P< 0.01.

Fig. 3: NPM1 MutB enhanced the sensitivity of THP-1 
cells to DNR and Ara-C. (A) The apotosis rate 
of LV-NPM-MutB-infected THP-1 cell, with 
the presence or absence of chemotherapy agents 
(DNR or Ara-C), compared to LV-NC group or 
LV-NC + DNR group or LV-NC + Ara-C group, 
as determined using Flow Cytometry assays. (B) 
The protein levels of Bax, Bcl-2 and Cleaved 
caspase-3 in LV-NPM-MutB-infected THP-1 
cell, with the presence or absence of chemother-
apy agents (DNR or Ara-C), compared to LV-NC 
group or LV-NC + DNR group or LV-NC + Ara-C 
group, as determined using Western blot assays. 
The data are shown as mean±SD of three indepen-
dent experiments. ** P< 0.01 (compared to LV-
NC group); # P< 0.05, ## P< 0.01 (compared to 
LV-NC + DNR group or LV-NC + Ara-C group).



ORIGINAL ARTICLES

Pharmazie 72 (2017)610

Fig. 2: NPM1 MutB promoted THP-1 cells proliferation and invasion. (A) The proliferation of LV-NPM-MutB-infected THP-1 cell, compared to Blank (without any infection) 
and LV-NC group, as determined using CCK-8 assays. (B) The invasion capability of LV-NPM-MutB-infected THP-1 cell, compared to LV-NC group, as determined using 
Transwell assays. (C) The protein levels of TIMP-2, MMP-2, Ang-1, c-myc and CCND1 in LV-NPM-MutB-infected THP-1 cell, compared to LV-NC group. The data are 
shown as mean± SD of three independent experiments. ** P< 0.01.

et al. 2015; Wang et al. 2016). Here we found that MMP2 protein 
was increased, while the protein level of an inhibitor of MMP2, 
TIMP2, was reduced by NPM1 MutB (Fig. 2C). These data 
suggested that NPM1 MutB could significantly promote THP-1 
cell proliferation and invasion, through different pathways.

2.3. NPM1 MutB enhanced the THP-1 cell chemo-sensi-
tivity to DNR and Ara-C 
To evaluate the function of NPM1 MutB in inducing chemo-sen-
sitivity of THP-1 cells, THP-1 cells expressing NPM1 MutB were 
incubated under DNR (0.25 μM) or Ara-C (8.5 μM) treatment for 
24 h. Then the cell apoptosis was evaluated using Flow cytometric 
assays. As shown in Fig. 3A, without durg treatment, the apoptosis 
rate of THP-1 cells expressing NPM1 MutB showed no significant 
difference compared to the LV-NC group, indicating that NPM1 
MutB made almost no impact on THP-1 cell apoptosis. Under either 
DNR or Ara-C treatment, the apoptosis rate of LV-NC-infected 
THP-1 cells was significantly promoted compared to non-treated 
LV-NC group (15.54% in LV-NC + DNR group, 9.45% in LV-NC 
+ Ara-C group); in addition, after either DNR or Ara-C treatment, 
the apoptotic percentage of NPM1 MutB-expression THP-1 cells 
was significantly higher as compared to LV-NC + DNR or LV-NC 
+ Ara-C group (32.32% in LV-NPM1 MutB + DNR group, 21.52% 
in LV-NPM1 MutB + Ara-C group) (Fig. 3A). These data indicated 
that NPM1 MutB made almost no impact on THP-1 cell apoptosis; 
however, NPM1 MutB amplified the promotive effect of DNR and 
Ara-C on THP-1 cell apoptosis.

To investigate the possible mechanism(s) by which NPM1 MutB 
amplified the promotive effect of DNR and Ara-C on THP-1 cell 
apoptosis, we monitored the changes of protein levels of apop-
tosis-related factors using Western blot assays. Consistent with 
the results of apoptosis assays, NPM1 MutB led to no significant 
changes of apoptosis-related proteins (Fig. 3B). Either DNR or 
Ara-C treatment increased the protein levels of pro-apoptosis 
factors, Bax and Cleaved caspase-3, reduced the protein level 
of anti-apoptosis factor Bcl-2 (Fig. 3B). Consistent with the cell 
apoptosis, NPM1 MutB amplified the effect of DNR and Ara-C 
on the indicated apoptosis-related proteins (Fig. 3B). These data 
suggested that NPM1 MutB amplified the promotive effect of 
DNR and Ara-C on THP-1 cell apoptosis most possibly through 
Bax/Bcl-2 and caspase-3.

2.4. NPM1 MutB reduced the NF-κB activity in THP-1 
cells after drug treatment
Recently, NF-κB activation has been regarded as a key response 
of leukemia cell to chemotherapy (Turco et al. 2004; Jacamo et 
al. 2014). To investigate whether NF-κB activity is involved in the 
NPM1 MutB-mediated chemosensitivity of THP-1 cells, luciferase 
reporter assays were employed to evaluate the NF-κB activity of 
THP-1 cells with the presence or absence of chemotherapy agents. 
The changes of NF-κB activity were not statistically significant (P> 
0.05) in untreated cells. The activity of NF-κB in both LV-NPM1-
MutB and LV-NC cells was higher after DNR or Arc-C treatment, 
compared to untreated cells (P<0.01); however, there was a certain 
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degree of increase of the NF-κB activity in the chemotherapeutic 
agents-treated LV-NPM1-MutB cells, both the magnitude of 
increase and the NF-κB activity in the LV-NPM1-MutB cells were 
significantly lower than those of the LV-NC cells (Fig. 4). These 
results indicate that the treatment of chemotherapeutic agents can 
stimulate or induce NF-κB activation in THP-1 cells, whereas 
overexpression of NPM1-MutB significantly attenuates or inhibits 
NF-κB activation induced by the chemotherapeutic agent.

2010). Since tumor growth and metastasis is largely dependent on 
tumor angiogenesis, Ang-1 can thus make contribution to tumor 
growth and metastasis. In the present study, Ang-1 protein level 
and the invasive potential of THP-1 cells were both significantly 
promoted by NPM1 MutB overexpression, indicating that NPM1 
MutB might contribute to the invasion of THP-1 cell through 
Ang-1.
In addition to Ang-1, MMP2 has also been regarded as an essen-
tial regulator of cancer invasion (Kalhori and Tornquist 2015; 
Xuan et al. 2015). Increased MMP2 expression leads to increased 
degradation of type IV collagen, which in turn affects the integ-
rity of the basement membrane. The destruction of the basement 
membrane leads to less restrictions of invasion and metastasis of 
the tumor cells, leading to increased tumor invasion and metas-
tasis. In the present study, we monitored the protein levels of 
MMP2 and its inhibitor, TIMP2 in NPM1 MutB-overexpressing 
THP-1 cells. After NPM1 MutB overexpression, MMP2 protein 
was increased, whereas TIMP2 protein was reduced, indicating 
that NPM1 MutB might decrease the expression of TIMP-2, 
decrease the inhibition of MMP-2, and promote the expression 
of MMP2, which can enhance the degradation of THP-1 cells to 
extracellular matrix, leading to THP-1 cell invasion and extrame 
dullary in filtration.
Apoptosis involves a series of gene activation, expression and 
regulation, in which Bcl-2 family is one of the most important 
regulator of apoptosis playing a decisive role in the process of 
apoptosis (Siddiqui et al. 2015). Bcl-2 family can be divided into 
anti-apoptotic factors and pro-apoptotic factors according to their 
roles, of which the most important anti-apoptotic protein Bcl-2 
and pro-apoptotic protein Bax (Zhang and Saghatelian 2013, 
Volkmann et al. 2014). The ratio of Bax/Bcl-2 can reflect the 
apoptosis of cells; the ratio of Bax/Bcl-2increases, the apoptosis 
rate increases, the ratio of Bax/Bcl-2 decreases, the apoptosis rate 
decreases (Sakinah et al. 2007, Skala et al. 2016). In addition, 
either death receptor pathway-mediated apoptosis or mitochon-
drial pathway-mediated apoptosis induces cell apoptosis by acti-
vating caspase-3 ultimately, therefore, the expression of cleaved 
caspase-3 in cells can directly reflect the level of apoptosis (Mukai 
et al. 2005).In the present study, we found that in the absence of 
external stimuli, NPM1-MutB had little effect on apoptosis of 
THP-1 cells. Correspondingly, when NPM1-MutB gene was over-
expressed in THP-1 cells, Bax and Bcl-2 protein expression did not 
change significantly, nor did the expression of cleaved caspase-3 
protein. These data indicated that NPM1-MutB did not directly 
affect THP-1 cell apoptosis or apoptosis-related factors. However, 
after treatment with chemotherapy agents DNR or Ara-C, different 
results were observed. Either DNR or Ara-C treatment signifi-
cantly increased the apoptosis rate; more strongly increased the 
apoptosis rate of NPM1-MutB-overexpressing THP-1 cell. The 
changes of the apoptosis-related factors were consistent: either 
DNR or Ara-C treatment increased the protein levels of Bax and 
cleaved caspase-3, reduced the protein level of Bcl-2; the ampli-
tude of changes was stronger in NPM1-MutB-overexpressing 
THP-1 cells. All these data suggested that NPM1-MutB might 
improve the sensitivity of THP-1 cells to DNR or Ara-C through 
Bax/Bcl-2 and caspase-3.
After treatment with chemotherapy agents, NF-κB abnormal acti-
vation and continuous rising in leukemia cells frequently appears, 
leading to decreased Bax/Bcl-2 ratio and inhibition of apoptosis, 
which is also the main reason of leukemia cell chemo-resistance 
(Vaskivuo et al. 2002; Zhang,et al. 2016). In the present study, we 
monitored the activity of NF-κB in THP-1 cells in the presence 
or absence of chemotherapy agents. In response to chemotherapy 
agents’ treatment, NF-κB activity in both LV-NC-infected or 
NPM1-MutB-overexpressing THP-1 cell was significantly upreg-
ulated; however, in NPM1-MutB-overexpressing THP-1 cells, the 
extent of variation of NF-κB activity was lighter than that of the 
LV-NC-infected THP-1 cells. As we have mentioned, the mutant 
NPM1 protein is abnormally localized in the cytoplasm (Al-Hus-
seinawi 2013); it might bind to the cytoplasmic NF-κB protein 
through N-terminal domain, thereby prevent the NF-κB protein 

Fig. 4: NPM1 MutB reduced the NF-κB activity in THP-1 cells after drug treatment. 
The activity of NF-κB in THP-1 cells, with the presence or absence of che-
motherapy agents (DNR or Ara-C), compared to LV-NC group or LV-NC + 
DNR group or LV-NC + Ara-C group, as determined using Luciferase report-
er assays.The data are shown as mean± SD of three independent experiments. 
* P< 0.05, ** P< 0.01 (compared to LV-NC group); ## P< 0.01 (compared to 
LV-NC + DNR group or LV-NC + Ara-C group).

3. Discussion
The efficiencies of AML treatment in patients are different due to 
the genotypic leukemia-specific differences (Lowenberg 2008). In 
the pathogenesis of leukemia, NPM1 is a major object of research. 
As we have mentioned, NPM1 mutations frequently occur in 
AML and play crucial roles in leukemogenesis (Falini et al. 2009). 
Previously, NPM1 MutA has been frequently reported to a play 
key role during AML. In the present study, we focused on another 
important NPM1 mutation, NPM1 MutB, to evaluate its functional 
roles in THP-1 cell line and the underlying mechanism.
In the present study, we used human monocytic leukemia THP-1 
cells without NPM1 mutation as a cellular model. In the cell lines 
stably expressing NPM1 MutB, we observed that NPM1 MutB 
significantly promoted the cell proliferation and invasion capa-
bility of THP-1 cells. To investigate the underlying mechanism, we 
monitored the changes of protein levels of a series of proliferation- 
and invasion-related factors. 
The disorder of c-myc, a member of the myc gene family with 
multiple functions, has been frequently reported in some tumors. 
C-myc is an essential regulator of many physiological processes 
including cell cycle control, apoptosis, protein synthesis, and cell 
adhesion as a vital transcription regulator (Dang 2012). In addi-
tion to c-myc, elevated cyclin D1 protein due to overexpression 
of CCND1 mRNA in cancers is also frequently observed (Tian et 
al. 2005). In the present study, NPM1 MutB increased the protein 
levels of c-myc and CCND1 in THP-1 cells, indicating that NPM1 
MutB might promote THP-1 cell proliferation through increasing 
c-myc and CCND1 protein expression.
Ang-1, a member of the Ang family, binds to the tyrosine kinase 
receptor Tie2 and participates in a variety of physiological or 
pathological angiogenesis, including tumor angiogenesis (Shantha 
Kumara et al. 2010). Recent studies have revealed that Ang-1 is 
highly expressed in a variety of tumor tissues, and thus promote 
tumor angiogenesis (Enholm et al. 1997; Shantha Kumara et al. 
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from entering the nucleus, or result in degradation of NF-κB 
protein (Cilloni et al. 2008), thus reduce the NF-κB activity, inhibit 
its regulation of downstream genes such as Bax and Bcl-2, weaken 
its inhibition of apoptosis, finally enhance the sensitivity of THP-1 
cells to chemotherapeutic drugs.
Taken together, we demonstrated the detailed functions of NPM1 
MutB in THP-1 proliferation, invasion, apoptosis and chemo-sen-
sitivity. We provided a novel understanding of prognosis of 
patients carrying the NPM1 B mutation. Further studies are needed 
to investigate the role of NPM1-MutB in leukemia chemo-sensiti-
zation in a proper animal model and clinical study.

4. Experimental

4.1. Cell line, cell culture and agents
THP-1 cells were obtained from Shanghai Institutes for Biological Sciences 
(Shanghai, China), maintained in RPMI-1640 medium (Gibco, USA)with a 
supplement of 10%fetal bovine serum (Gibco, USA) and 100 U of penicillin and 
streptomycin (Sangon Biotech, Shanghai, China) in a 5% CO

2
-humidified incubator 

at37 °C. Lentivirus packaging cells 293FT were purchased from Invitrogen, USA. 
Chemotherapy agents Daunorubicin (DNR) andcytarabine (Ara-C) were purchased 
from Sigma.

4.2. NPM1-MutB slow virus expression plasmid construction and cell 

infection
pLVX-NPM1-WT and pLVX-NC (negative control) were purchased from YRBio 
(Changsha, China). Using the cDNA clone of wild-type NPM1 as a template, the 
NPM1-MutB--f and NPM1-MutB--ras primers to amplify theNPM1-MutB CDS region 
(NPM1-MutB-f: 5’-GGAATTCGCCACCATGGAAGATTCGATGGACATGGA-3’; 
NPM1-MutB-r: 5’-CGGGATCCCTATTTTCTTAAAGAGACTTCCTCCACTGC-
CATGCAGAGATCTTGAATAGC-3’; 918 bp). Lentivirus packaging plasmids pLP1, 
pLP2, pLP/VSVG were purchased from Invitrogen, USA. The lentiviral expressing 
plasmid pLVX-NPM1-MutB or control plasmid pLVX-NC and the lentivirus pack-
aging plasmids pLP1, pLP2, pLP/VSVG were co-transfected into 293FT cells, 
and lentivirus packaging was performed to obtain NPM1-MutB over-expressing 
LV-NPM1-MutB and control lentivirus LV-NC by using Lipofectamine2000 (Invit-
rogen, USA) following the manufacturer’s instructions. The lentivirus in supernatants 
wash arvested, concentrated and the viral titers were determined.
The target cells were plated and incubated overnight (16 h) for infection. On the day 
of infection, 1.5 ml/well viral supernatant was used to replace the culture medium. 
After incubated at 37 °C for 10 h, the viral supernatant was replaced with fresh media. 
48 h after infection, the target cells were selected using puromycin (2 mg/ml) and 
maintained in G418 (Invitrogen, USA). 

4.3. Real-time PCR assays
Total RNA was extracted with TRIzol reagent (TaKaRa, Japan). Total RNA was 
reverse-transcribed for cDNA synthesis. Quantitative real-time PCR (qRT-PCR) 
analysis was performed on a MJ Mini™ Gradient Thermal Cycler Real-Time PCR 
machine (Bio-Rad, USA) with the SYBR Green reaction (TaKaRa, Japan) kit. 

4.4. Cell counting Kit-8 (CCK-8) assay
Cells were seeded into 96-well plates (Corning, USA) at a density of 1×103 cells 
per well with RPMI-1640 containing 10% FBS. The cell number was quantified 0, 
24, 48, 72 h with the Cell Counting Kit-8 (CCK-8, Dojindo, Japan) assay; at 1 h 
before the endpoint of incubation we added 10 μl CCK-8 reagents to each well. A 
microplate reader was used to determine OD

490nm
 value in each well. Each experiment 

was performed in triplicate.

4.5. Transwell assay
THP-1cells with NPM1-MutB were detected for their invasive ability. THP-1cells 
were suspended in medium without serum and medium supplemented with serum was 
used as a chemo-attractant in the bottom chamber. The cells were incubated at 37 °C 
for 48 h. The non-invasive cells in the top chambers were removed with cotton swabs. 
The invaded cells on the lower membrane surface were fixed in 100 % methanol for 
10 min, air-dried, then stained with 0.1% crystal violet solution (Beyotime Institute of 
Biotechnology, Haimen, China), and counted under a microscope. The experiments 
were performed in triplicate.

4.6. Cell apoptosis assay
For apoptosis analysis, quantification of apoptotic cells was performed with Annexin 
V-FITC apoptosis detection kit (Keygen, China). Briefly, the cell samples were 
harvested with 0.25% trypsin without EDTA 48 h after infection and then washed 
twice with ice-cold PBS and re-suspended in 500 μl binding buffer. Then cells were 
incubated with 5 μl Annexin V-FITC specific antibodies and 5 μl propidium iodide 
(PI) then incubated for 15-20 min in the dark and detected by BD Accuri C6 flow 
cytometer (BD, USA) with the excitation wavelength of Ex = 488 nm and emission 
wavelength of Em = 530 nm. Each experiment was repeated three times in triplicate.

4.7. Western blotting
Treated THP-1 cells were washed with cold PBS and lysed in radio immune precipi-
tation assay (RIPA) buffer. Protein concentration was determined by the bicinchoninic 
acid (BCA) protein assay, and denatured proteins were separated in 15% SDS poly-
acrylamide gel electrophoresis and transferred onto PVDF membranes. Nonspecific 
binding was blocked with 5% milk in TBST buffer for 2 h, followed by incubation 
with primary antibodies (MMP-2, TIMP-2, Ang-1, c-myc, CCND1, Bax, Bcl-2 and 
cleaved caspase-3 monoclonal antibodies from Inc. Santa Cruz, USA; NPM1MutB 
monoclonal antibodies from Abcam, UK; β-actin monoclonal antibodies from Inc. 
Santa Cruz, USA) at 4 °C overnight and secondary antibodies at room temperature for 
2 h. Blots were visualized using ECL detection reagents. Protein expression quanti-
fication was normalized against the β-actin protein expression using image software.

4.8. Luciferase reporter assays
Nuclear factor-κB basal activity was determined by the ELISA method. 106 cells 
in each group was placed on a 6-well plate, transfected with a firefly luciferase-re-
porter construct (pNF-κB-TA-luc, Beyotime, Shanghai, China), or a control vector 
containing Renilla luciferase (pRL-TK Promega, Madison, USA). 24 h after the trans-
fection, cells were incubated with 0.25 μM of DNR or 8.5μM Ara-C. Another 24 h 
after chemotherapy agents’ treatment, luciferase activities were determined using the 
Dual-Luciferase® Reporter (DLR™) Assay System (Promega, Madison, USA). The 
ratio was set as the relative activities of NF-κB. The final numerical value is expressed 
as mean absorbance values±SD.

4.9. Statistical analysis
Results were presented as the means±SD for three independent experiments. Data 
assessing and statistical analysis was generated using SPSS17.0 software. A Student’s 
t-test was employed to assess to compare averaged values. A P value of <0.05 were 
considered statistically significant.

Conflicts of interest: None declared.

References
Akinyeke T, Matsumura S, Wang X, Wu Y, Schalfer ED, Saxena A, Yan W, Logan 

SK, Li X (2013) Metformin targets c-MYC oncogene to prevent prostate cancer. 
Carcinogenesis 34: 2823-2832.

Al-Husseinawi EK (2013) A surrogate marker to detect nucleophosnim (NPM1) gene 
mutations in the cytoplasm of acute myeloid leukemia (AML) blast cells in 30 
adult Iraqi patients. Ann Saudi Med 33: 539-546.

Azari-Yam A, Bagheri SD, Tavakkoly-Bazzaz J, Sarhaddi AB, Rejali L, Alimogh-
addam K, Yaghmaie M, Ghavamzadeh A, Zeinali S (2016) NPM1 Mutation 
detection in acute myeloid leukemia: a method comparison study. Genet Test Mol 
Biomarkers 20: 63-66.

Bolli N, Nicoletti I, De Marco MF, Bigerna B, Pucciarini A, Mannucci R, Martelli 
MP, Liso A, Mecucci C, Fabbiano F, Martelli MF, Henderson BR, Falini B (2007). 
Born to be exported: COOH-terminal nuclear export signals of different strength 
ensure cytoplasmic accumulation of nucleophosmin leukemic mutants. Cancer Res 
67: 6230-6237.

Bonetti P, Davoli T, Sironi C, Amati B, Pelicci PG, Colombo E (2008) Nucleophosmin 
and its AML-associated mutant regulate c-Myc turnover through Fbw7 gamma. J 
Cell Biol 182: 19-26.

Chen BJ, Wu YL, Tanaka Y, Zhang W (2014) Small molecules targeting c-Myc onco-
gene: promising anti-cancer therapeutics. Int J Biol Sci 10: 1084-1096.

Cilloni D, Messa F, Rosso V, Arruga F, Defilippi I, Carturan S, Catalano R, Pautasso 
M, Panuzzo C, Nicoli P, Messa E, Morotti A, Iacobucci I, Martinelli G, Bracco 
E, Saglio G (2008) Increase sensitivity to chemotherapeutical agents and cyto-
plasmatic interaction between NPM leukemic mutant and NF-kappaB in AML 
carrying NPM1 mutations. Leukemia 22: 1234-1240.

Colombo E, Alcalay M, Pelicci PG (2011) Nucleophosmin and its complex network: 
a possible therapeutic target in hematological diseases. Oncogene 30: 2595-2609.

Colombo E, Martinelli P, Zamponi R, Shing DC, Bonetti P, Luzi L, Volorio S, Bernard 
L, Pruneri G, Alcalay M, Pelicci PG (2006) Delocalization and destabilization of 
the Arf tumor suppressor by the leukemia-associated NPM mutant. Cancer Res 
66: 3044-3050.

Dang CV (2012) MYC on the path to cancer. Cell 149: 22-35.
Del Poeta G, Ammatuna E, Lavorgna S, Capelli G, Zaza S, Luciano F, Ottone T, 

Del Principe MI, Buccisano F, Maurillo L, Panetta P, de Fabritiis P, Stasi R, 
Venditti A, Amadori S, Lo Coco F (2010) The genotype nucleophosmin mutated 
and FLT3-ITD negative is characterized by high bax/bcl-2 ratio and favourable 
outcome in acute myeloid leukaemia. Br J Haematol 149: 383-387.

Enholm B, Paavonen K, Ristimaki A, Kumar V, Gunji Y, Klefstrom J, Kivinen L, 
Laiho M, Olofsson B, Joukov V, Eriksson U, Alitalo K (1997) Comparison of 
VEGF, VEGF-B, VEGF-C and Ang-1 mRNA regulation by serum, growth factors, 
oncoproteins and hypoxia. Oncogene 14: 2475-2483.

Falini B, Mecucci C, Saglio G, Lo Coco F, Diverio D, Brown P, Pane F, Mancini 
M, Martelli MP, Pileri S, Haferlach T, Haferlach C, Schnittger S (2008). NPM1 
mutations and cytoplasmic nucleophosmin are mutually exclusive of recurrent 
genetic abnormalities: a comparative analysis of 2562 patients with acute myeloid 
leukemia. Haematologica 93: 439-442.

Falini B, Mecucci C, Tiacci E, Alcalay M, Rosati R, Pasqualucci L, La Starza R, 
Diverio D, Colombo E, Santucci A, Bigerna B, Pacini R, Pucciarini A, Liso A, 
Vignetti M, Fazi P, Meani N, Pettirossi V, Saglio G, Mandelli F, Lo-Coco F, Pelicci 
PG, Martelli MF (2005) Cytoplasmic nucleophosmin in acute myelogenous 
leukemia with a normal karyotype. N Engl J Med 352: 254-266.



ORIGINAL ARTICLES

Pharmazie 72 (2017) 613

Falini B, Sportoletti P, Martelli MP (2009) Acute myeloid leukemia with mutated 
NPM1: diagnosis, prognosis and therapeutic perspectives. Curr Opin Oncol 21: 
573-581.

Jacamo R, Chen Y, Wang Z, Ma W, Zhang M, Spaeth EL, Wang Y, Battula VL, Mak PY, 
Schallmoser K, Ruvolo P, Schober WD, Shpall EJ, Nguyen MH, Strunk D, Bueso-
Ramos CE, Konoplev S, Davis RE, Konopleva M, Andreeff M (2014) Reciprocal 
leukemia-stroma VCAM-1/VLA-4-dependent activation of NF-kappaB mediates 
chemoresistance. Blood 123: 2691-2702.

Kalhori V, Tornquist K (2015) MMP2 and MMP9 participate in S1P-induced invasion 
of follicular ML-1 thyroid cancer cells. Mol Cell Endocrinol 404: 113-122.

Leong SM, Tan BX, Bte Ahmad B, Yan T, Chee LY, Ang ST, Tay KG, Koh LP, Yeoh 
AE, Koay ES, Mok YK, Lim TM (2010) Mutant nucleophosmin deregulates cell 
death and myeloid differentiation through excessive caspase-6 and -8 inhibition. 
Blood 116: 3286-3296.

Lindstrom MS (2011) NPM1/B23: A multifunctional chaperone in ribosome biogen-
esis and chromatin remodeling. Biochem Res Int 2011: 195209.

Lowenberg B (2008) Acute myeloid leukemia: the challenge of capturing disease 
variety. Hematology Am Soc Hematol Educ Program: 1-11.

Luskin MR, Huen AO, Brooks SA, Stewart C, Watt CD, Morrissette JJ, Lieberman 
DB, Bagg A, Rosenbach M, Perl AE (2015) NPM1 mutation is associated with 
leukemia cutis in acute myeloid leukemia with monocytic features. Haematologica 
100: e412-414.

Mukai M, Kusama T, Hamanaka Y, Koga T, Endo H, Tatsuta M, Inoue M (2005) Cross 
talk between apoptosis and invasion signaling in cancer cells through caspase-3 
activation. Cancer Res 65: 9121-9125.

O’Donnell MR, Tallman MS, Abboud CN, Altman JK, Appelbaum FR, Arber DA, 
Attar E, Borate U, Coutre SE, Damon LE, Lancet J, Maness LJ, Marcucci G, 
Martin MG, Millenson MM, Moore JO, Ravandi F, Shami PJ, Smith BD, Stone 
RM, Strickland SA, Wang ES, Gregory KM, Naganuma M (2013) Acute myeloid 
leukemia, version 2.2013. J Natl Compr Canc Netw 11: 1047-1055.

Okuwaki M (2008) The structure and functions of NPM1/Nucleophsmin/B23, a 
multifunctional nucleolar acidic protein. J Biochem 143: 441-448.

Pitiot AS, Santamaria I, Garcia-Suarez O, Centeno I, Astudillo A, Rayon C, Balbin 
M (2007) A new type of NPM1 gene mutation in AML leading to a C-terminal 
truncated protein. Leukemia 21: 1564-1566.

Rodrigo Tapia JP, Garcia Gonzalez LA, Martinez Sanchez JA, Gonzalez Meana MV, 
Garcia Pedrero JM, Suarez Nieto C (2001) CCND1 oncogene amplification and 
cellular DNA content in squamous cell carcinomas of the head and neck. Acta 
Otorrinolaringol Esp 52: 539-543.

Sakinah SA, Handayani ST, Hawariah LP (2007) Zerumbone induced apoptosis in 
liver cancer cells via modulation of Bax/Bcl-2 ratio. Cancer Cell Int 7: 4.

Schlenk RF, Dohner K, Krauter J, Frohling S, Corbacioglu A, Bullinger L, Habdank 
M, Spath D, Morgan M, Benner A, Schlegelberger B, Heil G, Ganser A, Dohner H 
(2008) Mutations and treatment outcome in cytogenetically normal acute myeloid 
leukemia. N Engl J Med 358: 1909-1918.

Shantha Kumara HM, Grieco MJ, Yan X, Kalady MF, DiMaggio V, Kim DG, Hyman 
N, Feingold DL, Whelan RL (2010) Minimally invasive colorectal resection for 
cancer is associated with a short-lived decrease in soluble Tie-2 receptor levels, 
which may transiently inhibit VEGF-mediated angiogenesis (via altered blood 
levels of free Ang-1 and Ang-2). Surg Endosc 24: 2581-2587.

Shen M, Wu MY, Chen LP, Zhi Q, Gong FR, Chen K, Li DM, Wu Y, Tao M, Li W 
(2015) Cantharidin represses invasion of pancreatic cancer cells through acceler-
ated degradation of MMP2 mRNA. Sci Rep 5: 11836.

Siddiqui WA, Ahad A, Ahsan H (2015) The mystery of BCL2 family: Bcl-2 proteins 
and apoptosis: an update. Arch Toxicol 89: 289-317.

Skala E, Sitarek P, Toma M, Szemraj J, Radek M, Nieborowska-Skorska M, Skorski 
T, Wysokinska H, Sliwinski T (2016) Inhibition of human glioma cell prolifera-
tion by altered Bax/Bcl-2-p53 expression and apoptosis induction by Rhaponticum 
carthamoides extracts from transformed and normal roots. J Pharm Pharmacol 68: 
1454-1464.

Tian X, Chakrabarti A, Amirkhanov NV, Aruva MR, Zhang K, Mathew B, Cardi C, 
Qin W, Sauter ER, Thakur ML, Wickstrom E (2005) External imaging of CCND1, 
MYC, and KRAS oncogene mRNAs with tumor-targeted radionuclide-PNA-pep-
tide chimeras. Ann N Y Acad Sci 1059: 106-144.

Turco MC, Romano MF, Petrella A, Bisogni R, Tassone P, Venuta S (2004) 
NF-kappaB/Rel-mediated regulation of apoptosis in hematologic malignancies 
and normal hematopoietic progenitors. Leukemia 18: 11-17.

Vardiman JW, Thiele J, Arber DA, Brunning RD, Borowitz MJ, Porwit A, Harris 
NL, Le Beau MM, Hellstrom-Lindberg E, Tefferi A, Bloomfield CD (2009) The 
2008 revision of the World Health Organization (WHO) classification of myeloid 
neoplasms and acute leukemia: rationale and important changes. Blood 114: 
937-951.

Vaskivuo TE, Stenback F, Tapanainen JS (2002) Apoptosis and apoptosis-related 
factors Bcl-2, Bax, tumor necrosis factor-alpha, and NF-kappaB in human endo-
metrial hyperplasia and carcinoma. Cancer 95: 1463-1471.

Verhaak RG, Goudswaard CS, van Putten W, Bijl MA, Sanders MA, Hugens W, 
Uitterlinden AG, Erpelinck CA, Delwel R, Lowenberg B, Valk PJ (2005) Muta-
tions in nucleophosmin (NPM1) in acute myeloid leukemia (AML): association 
with other gene abnormalities and previously established gene expression signa-
tures and their favorable prognostic significance. Blood 106: 3747-3754.

Volkmann N, Marassi FM, Newmeyer DD, Hanein D (2014) The rheostat in the 
membrane: BCL-2 family proteins and apoptosis. Cell Death Differ 21: 206-215.

Wang D, Wang N, Long Z, Ren X (2016) Long non-coding RNA BANCR promotes 
endometrial cancer cell proliferation and invasion by regulating MMP2 and MMP1 
via ERK/MAPK signaling pathway. Cell Physiol Biochem 40: 644-656.

Xuan X, Li S, Lou X, Zheng X, Li Y, Wang F, Gao Y, Zhang H, He H, Zeng Q (2015) 
Stat3 promotes invasion of esophageal squamous cell carcinoma through up-regu-
lation of MMP2. Mol Biol Rep 42: 907-915.

Zhang S, Qin F, Yang L, Xian J, Zou Q, Jin H, Wang Q, Zhang L (2016) Nucleop-
hosmin mutations induce chemosensitivity in THP-1 leukemia cells by suppressing 
NF-kappaB activity and regulating Bax/Bcl-2 expression. J Cancer 7: 2270-2279.

Zhang T, Saghatelian A (2013) Emerging roles of lipids in BCL-2 family-regulated 
apoptosis. Biochim Biophys Acta 1831: 1542-1554.

Zheng S, Yang Y, Song R, Yang X, Liu H, Ma Q, Yang L, Meng R, Tao T, Wang S, 
He J (2015). Ang-(1-7) promotes the migration and invasion of human renal cell 
carcinoma cells via Mas-mediated AKT signaling pathway. Biochem Biophys Res 
Commun 460: 333-340.


