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Up-regulation of Nucleophosmin 1 in Cisplatin-induced Death 
of Mouse Osteoblastic MC3T3-E1 Cells
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Cisplatin (cis-diamminedichloroplatinum II, Fig. 1A) is 
one of the most used chemotherapeutic agents in the 
management of malignant bone and soft tissue tumors, but 
its treatment can show the impairment of bone formation. 
Actually, during the administration of cisplatin, its effect has 
been reported to be targeted directly on the proliferation and 
differentiation of bone-forming cells.1 In addition, in the 
study to elucidate the effect of cisplatin on regenerate bone 
formation during the distraction and consolidation phases of 
bone transport osteogenesis, cisplatin-treated dogs had 
decreased mineralized bone volume, decreased percentage 
of woven bone volume, decreased percentage of osteoblast- 
covered bone and increased porosity, suggesting that bone 
formation and resorption may be uncoupled in cisplatin- 
treated regenerate bone.2

Throughout adult life, bone tissue is subject to a continu­
ous process of turnover, whereby old bone is removed and 
replaced by new bone by the coupled processes of bone 
resorption and bone formation. Osteoblasts are the bone 
lining cells responsible for the production of the matrix 
constituents such as a collagen and originate from a bone 
marrow stromal stem cells under the influence of local 
growth factors. These precursors undergo proliferation and 
differentiate into preosteoblasts and then into mature 
osteoblasts. Interestingly, several studies have clearly shown 
the deleterious effect of cytotoxic chemotherapy on protein 
synthesis and DNA replication resulting in diminished bone 
formation, but the precise mechanism has not been studied 
yet.3

Therefore, in this study, we evaluated the effect of cis­
platin on the survival of osteoblasts and applied the proteo­
mics technology for identifying protein(s) involved in the 

action of cisplatin in osteoblasts.
First, the effect of cisplatin on the proliferation of MC3T3- 

E1 cells was evaluated (Fig. 1B). In a dose-dependent 
manner, the proliferation of MC3T3-E1 cells was signifi­
cantly inhibited 〜90% and 〜54% in 1-day and 4-day culture 
by the treatment of 100 ^M cisplatin, respectively. Since 
100 /zM of cisplatin significantly inhibited the proliferation 
of MC3T3-E1 cells in 1-day culture, cells incubated with/ 
without 100 /M cisplatin for 1 day were used for identifying 
the differentially expressed protein(s). Using Phoretix 2D 
image analysis software, the altered spots were compared 
based on their volume percentages in the total spot volume 
over the whole gel images. Of over 500 protein spots resolv­
ed in a 2-DE gel with silver staining analyzed, 18 spots was 
above 2-fold increased, whereas 35 spots decreased in 
cisplatin-treated cells (data not shown). Among these spots, 
the circle-indicated spot in Figure 2A was increased 2.63- 
fold in cisplatin-treated cells compared to control. The 
circle-indicated spot was digested in gel with trypsin and 
subjected to peptide mass fingerprinting (PMF). The repre­
sentative MALDI-TOF MS spectrum for the spot was shown 
in Figure 2B. According to the PMF, the estimated pI and 
molecular weight (MW) by the 2-DE map, the circle- 
indicated spot in Figure 2A was identified to nucleophosmin 
1 (NPM, Fig. 2C).

Cisplatin-induced protein expression of NPM was con­
firmed using Western blot analysis (Fig. 3). NPM was 
induced by cisplatin in a dose-dependent manner and its 
actin-normalized expression levels in 100 /M cisplatin was 
〜2-fold increased compared to control, which was similar 
with the result observed in 2-DE analysis. NPM is a nu­
cleolar phosphoprotein and it appears to be a multi-func-
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Figure 1. (A) Structure of cisplatin (B) The eiiect of cisplatin on the proliferation of MC3T3-E1 cells. Cell proliferation was measured as 
described in ‘Materials and Methods5. a, P < 0.01; b, P < 0.001.
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Figure 2. 2-DE analysis. (A) The partial 2-DE images were presented to show the differentially expressed protein (circle-indicated spot) in 
cisplatin-treated MC3T3-E1 cells. The relative volume of circle-indicated spot was analyzed by Phoretix 2D software. (B) MALDI-TOF- 
MS spectrum of the analysis of the peptide derived from the circle-indicated spot after in-gel digestion. (C) Circle-indicated spot was 
identified as nucleophosmin 1 by using Z score from ProFound匕 MOWSE score from MASCOT" and MOWSE score from MS-fitc.

Protein name Accession
(GI)

No. of matched 
peptides

Sequence 
coverage (%)

Theoretical
Mr(kDa)/pI

Measured
Mr(kDa)/pI Score

Nucleophosmin 1 2500582 5 28 29.19/4.5 40/4.6 1.90a; 73b; 1.11E+O4C

tional protein. Interestingly, the expression level of prolife­
rating cellular nuclear antigen (PCNA) that is an essential 
component for DNA repair machinery has been shown to be 
correlated with NPM expression in fibroblast.4 In addition, 
NPM has been recently reported to regulate the PCNA 
promoter.5 Therefore, we further examined the expression 
level of PCNA and found that it was also induced by cis­
platin in a dose-dependent manner. These suggested that the 
up-regulation of NPM in cisplatin-treated osteoblasts might 
be part of a protective response to enhance DNA repair.

In addition, cisplatin-induced genotoxicity has been 
reported in several studies.6 Considering that NPM has been 
identified as one of genotoxic stress-responsive RNA-bind- 
ing proteins or chromatin-binding proteins in response to 
DNA double-strand breaks,7 cisplatin-induced genotoxic 
stress (or DNA damage) in osteoblasts might be regulated by 
NPM through its binding activity on nucleotides.

In conclusion, we found the induction of NPM in cis­
platin-induced cytotoxicity in osteoblasts and suggested that 
NPM might play roles in DNA repair and/or damage response 
through some global regulation of the essential processes 
such as modulation of chromatin structure and control of

Figure 3. The effect of cisplatin on the protein expression levels of 
NPM and PCNA. Actin was used as an internal control.

gene expression. Further studies such as gain-of-function 
and loss-of-function experiments will be required for eluci­
dating the functional role of NPM and the precise mech­
anism by that NPM is regulated in normal cells in response 
to chemotherapeutic agents and these data would be helpful 
to evaluate the functional activity of cisplatin-related anti­
cancer compounds or drugs in normal and cancer cells.8,9

Experiment지 Section

Cell culture. Mouse osteoblast MC3T3-E1 cells were 
kindly provided by Dr. Lim (Department of Internal Medi­
cine, Yonsei University College of Medicine, Seoul, Korea). 
MC3T3-E1 cells were maintained in alpha-modified essen­
tial medium (aMEM, Life Technologies, Inc., MD) supple­
mented with 10% fetal bovine serum (FBS; HyClone 
Laboratories, UT), 100 U/mL of penicillin, and 100 mg/mL 
streptomycin with a change of medium every 3 days in 
humidified atmosphere of 5% CO2 at 37 oC.

Cell proliferation assay. Cells were plated at a density of 
4 x 103 cells in aMEM with 5% FBS into 96-well plates and 
incubated for 1 day. The medium was changed with aMEM 
with 0.1% FBS and then next day, cells were incubated with 
cisplatin (1 to 100 ^M). After 1 day or 4 days, cell prolife­
ration was measured using Cell Counting Kit-8 (Dojindo 
Molecular Technologies, Inc., ML) according to manufacturer's 
protocol. Significance was determined by Student's t-test 
and differences considered significant when P < 0.05.

Two-dimension지 gel electrophoresis (2-DE). As previ­
ously described, 2-DE was carried out with modifications.10 
Protein samples (100 ^g) were applied on Immobiline 
Drystrip (pH 4-7, 18 cm, Amersham Biosciences, Korea) 
and focused at total 57,000 Vhrs. The second-dimensional 
separation was performed on 12% polyacrylamide gels and 
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then the gels were stained with silver staining kit (Amersham 
Biosciences) according to manufacturer's protocol.

Matrix-assisted laser desorption ionization-time of 
flight mass spectrometry (MALD-TOF MS). The excised 
protein spots from silver stained gel were cut into pieces and 
those gel pieces in 1.5 mL microtubes were destained with 
120 fiL of 1:1 mixture of 30 mM potassium ferricyanide and 
100 mM sodium thiosulfate with vigorous shaking. Upon 
complete destaining, the destained gel pieces were washed 
three times with deionized water for 15 min with gentle 
shaking, once with 120 fL of 50% acetonitrile/25 mM 
ammonium bicarbonate, pH 7.8, for 10 min with shaking, 
and then immersed with 50 fL of acetonitrile for 5 min. 
After removal of liquid, the gel pieces were dehydrated in a 
SpeedVac for 10 min. The following steps were carried out 
as described previously.8

Western blot an지ysis. Protein expression levels were 
examined as described previously.8
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