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Abstract. – OBJECTIVE: Nucleophosmin 1 
(NPM1) is a common shuttling protein. Mutation 
in the NPM1 gene is the most frequent gene al-
teration in acute myeloid leukemia (AML). This 
study aims to explore the inhibitory effects of 
small molecule NSC348884 on wild-type and 
NPM1-mutated AML cells. 

MATERIALS AND METHODS: Immunofluo-
rescence was used to determine the intracellular 
localization of NPM1 protein in wild-type (OCI-
AML2) and NPM1-mutated (OCI-AML3) AML cell 
lines. The oligomerization state of NPM1 was as-
sessed by Western blot analysis, and the inhibi-
tory effect of NSC348884 on the proliferation of 
AML cells was evaluated by Cell-counting kit-8 
(CCK-8). Flow cytometry was used to detect the 
proapoptotic effect of NSC348884 on AML cells. 

RESULTS: Western blot results showed a sig-
nificant reduction in the levels of the oligomeric 
NPM1 protein after the treatment with NSC348884. 
NSC348884 had an inhibitory effect on the prolif-
eration of both wild-type and NPM1-mutant AML 
cells. The inhibitory effect on OCI-AML3 cells was 
stronger, compared to OCI-AML2 cells. Flow cy-
tometry showed that NSC348884 could significant-
ly induce AML cell apoptosis and had a stronger 
proapoptotic effect on OCI-AML3 cells. 

CONCLUSIONS: NSC348884 had inhibito-
ry and proapoptotic effects on both wild-type 
and NPM1-mutated AML cells. The effect of 
NSC348884 on AML cells, carrying NPM1 muta-
tion was significantly stronger. 
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Introduction

Nucleophosmin 1 (NPM1) is a widely ex-
pressed nuclear phosphoprotein that is mainly 
located in the nucleolus and shuttles between the 
nucleoplasm and the cytoplasm1. Its main func-

tions include ribosome generation, mRNA pro-
cessing, chromatin remodeling, apoptosis regu-
lation and DNA repair1,2. Recent studies3,4 found 
that the expression of NPM1 is increased in solid 
tumors such as liver, ovarian, and colon cancers, 
and overexpression of NPM1 is closely related to 
tumor proliferation, invasion, and patient progno-
sis. NPM1 is also the most common mutated gene 
in acute myeloid leukemia (AML). Approximate-
ly 35% of AML patients have frameshift muta-
tions in the 12th exon of the NPM1 gene4. 

The mutation changes the nucleolar localization 
signal (NoLS) of NPM1 into the nuclear export sig-
nal (NES), resulting in the cytoplasmic localiza-
tion of the NPM1-mutated protein NPMc+2-4. In 
2016, WHO5 updated the identification of unique 
biomarkers associated with some myeloid neo-
plasms and acute leukemias and classified myeloid 
tumors as a subtype with reproducible genetic ab-
normalities. While NPM1 mutation is an import-
ant cause of AML, there is still a lack of drugs 
specifically targeting NPM14,5. Small molecule 
inhibitor NSC348884 can act on NPM1, affecting 
its function by impacting the oligomerization state 
of the protein3,5. Multiple studies5-7 have shown 
that NSC348884 has anti-tumor effects. The aim 
of this study is to compare the inhibitory effects 
of NSC348884 on wild-type and NPM1-mutated 
AML cells, providing some reference for develop-
ing more effective clinical treatment of leukemia.

 

Materials and Methods

Wild-type AML cell line OCI-AML2 and 
NPM1-mutated AML cell line OCI-AML3 were 
purchased from Triton Company (Purchase, NY, 
USA). NSC348884 was purchased from MCE Com-
pany (NJ, USA). Glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH), NPM1, B-cell lymphoma 
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protein 2 (Bcl-2) and Bcl-2-associated X (Bax) anti-
bodies were purchased from Proteintech Group Inc. 
(Rosemont, IL, USA). RPMI-1640 culture medium, 
and penicillin/streptomycin solution were purchased 
from Invitrogen Company (Waltham, MA, USA). 
Fetal bovine serum (FBS) was purchased from Sich-
uan Sijiqing Company (Sichuan, China). The CCK-8 
proliferation kit was purchased from Vazyme Com-
pany (Nanjing, China), and the Annexin V-FITC/
PI cell apoptosis detection kit was purchased from 
ServiceBio Company (Wuhan, China). The study 
was approved by the Ethics Committee of the First 
Affiliated Hospital of Bengbu Medical College with 
No. BY2022026, date: 2022-March-05th.

Cell Culture
OCI-AM2 and OCI-AML3 cells were cultured 

in RPMI-1640 complete medium containing 15% 
FBS, 1% penicillin and streptomycin, and incu-
bated at 37°C, 5% CO2 with saturated humidity.

Immunofluorescence
OCI-AML2 and OCI-AML3 cells were centri-

fuged at 800 rpm for five minutes, and the pel-
lets were washed with phosphate-buffered saline 
(PBS). Centrifugation and washing with PBS 
were repeated twice. One hundred microliters of 
cell suspension were put onto a glass slide, fixed 
with 4% paraformaldehyde for 30 minutes, per-
meabilized with 0.5% Triton x-100 for 15 minutes, 
and blocked with 5% BSA for one hour. Cells 
were incubated with the NPM1 primary antibody 
overnight at 4°C, followed by one hour incubation 
with the fluorescent secondary antibody (in the 
dark). Nuclear DNA was labeled by 4’,6-diamidi-
no-2-phenylindole (DAPI) staining for 15 minutes 
and confocal fluorescence microscopy was car-
ried out using FV-1000 (Olympus, Tokyo, Japan).

Cell Apoptosis Detection
OCI-AML2 and OCI-AML3 cells were cultured 

on a six-well plate and treated with different concen-
trations (0 μM, 1 μM, 2 μM, 4 μM) of NSC348884 for 
24 hours. Cells were then transferred into a 5 ml cen-
trifuge tube, pelleted by centrifugation and washed 
twice with ice-cold PBS. Five microliters of Annexin 
V-FITC and Propidium Iodide (PI) staining solutions 
were added to each well while protecting from light, 
and cells were incubated at room temperature for 10 
minutes in the dark. After incubation, 400 microliters 
of binding buffer were added, and cells were resus-
pended into a single-cell suspension. Apoptosis was 
detected by flow cytometry using FACSCanto™ II 
(BD Biosciences, Jose, CA, USA).

CCK-8 Cell Proliferation 
OCI-AML2 and OCI-AML3 cells were cul-

tured on the 96-well plate, 12,000 cells per well. 
Cells were incubated with 2 μM of NSC348884 
for 12, 24, 36, and 48 hours, or with different con-
centrations (0 μM, 1 μM, 3 μM, 6 μM, 10 μM) of 
NSC348884 for 12 hours to test the dose-depen-
dent effect, and 10 microliters of CCK-8 reagent 
were then added to each well, for 2 hours. The 
absorbance of CKK-8 at 450 nm was measured 
using a microplate reader Varioskan LUX (Ther-
mo Scientific™, Waltham, MA, USA). All experi-
ments were performed in triplicates.

Western Blot
After 12 hours of treatment with 2 μM 

NSC348884, cells were collected by centrifugation, 
washed twice with PBS, lysed using RIPA buffer 
[50 mMTris-HCl (pH 7.4), 150 mM NaCl, 1% NP-
40, 0.1% SDS, Beyotime Institute of Biotechnology, 
Jiangsu, China], and the protein concentration was 
measured by bicinchoninic acid assay method. Pro-
tein samples (50 μg) were separated by polyacryl-
amide gel electrophoresis (SDS-PAGE), transferred 
to polyvinylidene fluoride (PVDF) membrane, and 
blocked with 5% skim milk for one hour. Mem-
branes were then incubated with the appropriate 
primary antibody overnight at 4°C, followed by the 
incubation with the secondary antibody labeled with 
horseradish peroxidase (Proteintech, Rosemont, IL, 
USA) at room temperature for two hours. Proteins 
were visualized using ECL chemiluminescence kit 
(Thermo Scientific, Waltham, MA, USA). GAPDH 
was used as a loading control.

Statistical Analysis
Categorical variables were compared via Fish-

er’s exact test or Chi-squared tests. Continuous 
variables are expressed as means ± SD (standard 
deviation) and were compared via Student’s t-tests 
or Mann-Whitney’s U tests. p<0.05 was the signifi-
cance threshold. SPSS v26.0 (IBM Corp., Armonk, 
NY, USA) was used for all statistical testing.

 

Results

Localization of NPM1 Protein in AML 
Cells and the Effect of NSC348884 on 
NPM1 Oligomerization

Localization of the NPM1 in OCI-AML2 (ex-
pressing unmutated NPM1 protein) and OCI-AML3 
(carrying an NPM1 mutation) cells was first detect-
ed by immunofluorescence. As shown in Figure 1, 
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in OCI-AML2 cells, NPM1 was mainly localized in 
the nucleus and nucleolus. In contrast, the localiza-
tion of NPM1 protein in OCI-AML3 cells changed 
from nuclear to cytoplasmic (Figure 1A). 

To investigate whether the inhibitory effect of 
NSC348884 on AML cells is exerted by affecting 
NPM1 oligomerization, cells were incubated with 
2 μM of NSC348884 for 12 hours. Western blot 
analysis showed that after 12 hours of NSC348884 
treatment, levels of oligomeric NPM1 protein in 
OCI-AML3 cells were significantly reduced, as 
shown in Figure 1B.

NSC348884 Inhibits the Proliferation 
of NPM1-Mutated AML Cells

We next investigated whether NSC348884 
inhibits AML proliferation by affecting NPM1 
oligomerization. To determine the dose-depen-
dent effect, OCI-AML2 and OCI-AML3 cell 
lines were incubated with varying concentrations 
(0 μM, 1 μM, 3 μM, 6 μM, 10 μM) of NSC348884 
for 12 hours (Figure 2A). Alternatively, to test the 
time-dependent effect, cells were incubated with 
2 μM NSC348884 for 12, 24, 36, and 48 h (Figure 
2B). Cell proliferation was measured by CCK-8. 
NSC348884 had a significant inhibitory effect on 
both OCI-AML2 and OCI-AML3 cells in a con-
centration- (Figure 2A) and time-dependent (Fig-

ure 2B) manner. At the concentration of 2 μM, 
NSC348884 had a significantly stronger inhibito-
ry effect on OCI-AML3 cells compared to OCI-
AML2 cells (Figure 2) (p<0.05).

NSC348884 Induces Apoptosis 
in AML Cells

To investigate the proapoptotic effect of 
NSC348884 on AML cells, cells were treated with 
2 μM NSC348884 for 12 hours, and the expres-
sion of apoptosis-related proteins Bax and Bcl-2 
in OCI-AML2 and OCI-AML3 cells was detected 
by immunoblotting. The results showed that the 
expression level of Bax in OCI-AML3 cells was 
significantly higher (Figure 3A), and the expres-
sion level of Bcl-2 was significantly lower than 
that of OCI-AML2 cells (Figure 3B) (p<0.05). 
After NSC348884 treatment, the expression of 
anti-apoptotic protein Bcl-2 in OCI-AML3 cells 
was significantly reduced (Figure 3B) (p<0.05). 
Flow cytometry analysis showed that NSC348884 
had a proapoptotic effect on both OCI-AML2 and 
OCI-AML3 cells. As the concentration increased, 
cell survival decreased, and the proapoptotic ef-
fect was enhanced. The proapoptotic effect of 
NSC348884 on the OCI-AML3 cell line was sig-
nificantly higher compared to OCI-AML3 cells 
(Figure 3D and E) (p<0.05).

Figure 1. Localization of NPM1 protein in OCI-AML2 and OCI-AML3 cell lines and the effect of NSC348884 on NPM1 
oligomerization. A, The localization of NPM1 protein (red) in AML cell lines was detected by laser confocal microscopy. 
Cellular DNA was stained with DAPI (green), B, Levels of NPM-1 oligomer in OCI-AML2 and OCI-AML3 cells, treated with 
2 μM NSC348884 for 12 hours were detected by Western blotting (**p<0.01).
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Figure 2. The proliferative inhibitory effect of NSC348884 on OCI-AML2 and OCI-AML3 cell lines was detected by 
CCK-8. A, Different concentrations of NSC348884 inhibit the proliferation of AML cells; (B) The inhibitory effect of 2 μM 
NSC348884 on AML cell proliferation at different time points (all data are shown as mean ± SD. Of three replicates: *p<0.05, 
**p<0.01, ***p<0.001, ****p<0.0001).

Figure 3. The proapoptotic effect of NSC348884 on AML cell lines. A, Western blot analysis of the expression of Bax protein 
in AML cells; (B) Western blot analysis of the expression of Bcl-2 protein in AML cells; (C) Western blot analysis of the ex-
pression of Bcl-2 protein in cells, treated with 2 μM of NSC348884; (D) Flow cytometry was used to detect the apoptotic effect 
of NSC348884 on OCI-AML2 cells; (E) Flow cytometry was used to detect the apoptotic effect of NSC348884 on OCI-AML3 
cells (statistically significant differences was set as p<0.05, *p<0.05, **p<0.01, ***p<0.001).
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Discussion

This study compared the inhibitory effects of 
NSC348884 in AML cell lines with and without 
the mutation in NPM1 and found that NSC348884 
can inhibit the proliferation activity of AML cells 
in a time- and concentration-dependent manner. 
NSC348884 had a proapoptotic effect on both 
OCI-AML2 and OCI-AML3 cells, but this effect 
was stronger in cells carrying the NPM1 mutation. 

Mutations in the NPM1 gene that result in the 
expression of the NPMc+ protein are unique to 
hematological tumors and occur in approximately 
one-third of acute myeloid leukemia cases7. Recent 
studies7,8 suggest that the interaction between the 
mutated NPM1 protein (NPMc+) and tumor sup-
pressor protein alternative reading frame leads to 
abnormal localization of NPMc+ in the cytoplasm 
and its subsequent degradation. In agreement with 
this observation, our results demonstrated that 
NPMc+ localized in the cytoplasm of the AML 
cells, as opposed to no clearly localized wild-type 
NPM-1 protein. The interaction between NPMc+ 
and the deubiquitinating enzyme herpesvirus-asso-
ciated ubiquitin-specific protease (HAUSP) of the 
tumor suppressor Phosphatase and TENsin homo-
log (PTEN) increases the degradation of PTEN8. 
NPMc+ also interacts with the E3 ubiquitin ligase 
Fbwγ of c-Myc and brings it to the cytoplasm to in-
crease its degradation, thereby upregulating c-Myc 
protein expression9. In addition, the expression of 
the HOX gene, controlling the proliferation and 
differentiation of hematopoietic stem/progenitor 
cells, is upregulated in the NPM1-mutated AML 
cells10. This leads to impaired differentiation and 
maturation of hematopoietic cells, which may be 
an important cause of leukemia10,11. NPM1 muta-
tion is often accompanied by multiple additional 
mutations in various genes, such as FLT3, DN-
MT3A, IDH1, IDH2, RUNX1, etc12. While patients 
with NPM1-mutated AML have a good prognosis, 
the presence of additional gene mutations is asso-
ciated with a poor prognosis11,12. 

Numerous studies13-15 show that NPM1 muta-
tion provides an important basis for predicting 
the prognosis and hierarchical treatment of AML. 
Although NPM1-mutated AML responds well to 
standard chemotherapy, patients still face a risk of 
relapse and drug resistance after discontinuation of 
the treatment. So far, there is still a lack of drugs 
that specifically target NPM1 and its exact role in the 
pathogenesis of AML has not been fully elucidat-
ed. Previous research13,16 established that impaired 
oligomerization of NPMc+ affects the occurrence 

and development of AML. Since oligomerization is 
essential for NPM1 function, NPMc+ oligomers are 
important targets for the treatment of NPM1 mutant 
AML17,18. Studies13-15 have found that NSC348884 
can inhibit the formation of oligomers in NPM1 by 
disrupting the N-terminal hydrophobic pocket re-
quired for oligomerization, and can inhibit the prolif-
eration of various tumors and induce their apoptosis. 
However, the mechanism of action of NSC348884 
on AML cells is still poorly understood. Our results 
showed that NSC348884 significantly reduced lev-
els of NPMc+ oligomers in AML cells, carrying 
the NPM-1 mutation, compared to AML cell lines 
expressing wild-type NPM-1. Studies11,16 also show 
that NSC348884 can downregulate antioxidant 
Peroxiredoxin 6 (PRDX6) and increase the levels 
of reactive oxygen species in the body via NPM1. 
NPM1 is the most significantly up-regulated gene 
in the atypical teratoma/rhabdoid tumor (AT/RT) 
tissues16. NSC348884 treatment was able to reduce 
the viability of the AT/RT cell line by blocking its 
cell cycle in the G1 phase17. NSC348884 can induce 
apoptosis in colorectal cancer cells by inhibiting 
NPM1, upregulating p53 protein, and inhibiting the 
AKT pathway, thereby enhancing the sensitivity of 
colorectal cancer cells with high expression levels of 
NPM1 to chemotherapy18. Our results demonstrated 
that NSC348884 treatment markedly inhibited cell 
proliferation and induced apoptosis of AML cells. 
Mutation in NPM-1 was associated with a signifi-
cantly lower proliferation rate and higher extent 
of cell death compared to cells with the wild-type 
NPM-1. 

Conclusions

In conclusion, our results showed that 
NSC348884 exerts inhibitory and proapoptotic 
effects on AML cells in vitro. However, the effect 
of NSC348884 on AML cells, carrying NPM1 
mutation is significantly stronger. Our results may 
provide a basis for identifying strategies to specif-
ically target nucleophosmin and to develop new 
therapeutic approaches to treating AML. 
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