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Abstract

Ginsenoside Rg1, cinnamic acid, and tanshinone IIA are effective anticancer and antioxidant constituents of traditional Chinese
herbal medicines of Ginseng (Panax ginseng), Xuanshen (Radix scrophulariae), and Danshen (Salvia mitiorrhiza), respectively.
There was insufficient study on molecular mechanisms of anticancer effects of those constituents and their targets were unknown.
We chose nucleophosmin as a candidate molecular target because it is frequently mutated and upregulated in various cancer cells.
Nucleophosmin is a major nucleolus phosphoprotein that involves in rRNA synthesis, maintaining genomic stability, and normal cell
division and its haploinsufficiency makes cell more susceptible to oncogenic assault. Ginsenoside Rg1, cinnamic acid, and tanshinone
IIA treatment of osteosarcoma MG-63 cells decreased nucleophosmin expression in nuclear matrix and induced nucleophosmin
translocation from nucleolus to nucleoplasm and cytoplasm, a process of dedifferentiating transformed cells. Using immunogold
electro-microscopy, we found at the first time that nucleophosmin was localized on nuclear matrix intermediate filaments that had
undergone restorational changes after the treatments. Nucleophosmin also functions as a molecular chaperone that might interact
with multiple oncogenes and tumor suppressor genes. We found that oncogenes c-myc, c-fos and tumor suppressor genes, P53, Rb
were regulated by ginsenoside Rg1, cinnamic acid, and tanshinone IIA as well. In present study, we identified nucleophosmin as a
molecular target of the effective anticancer constituents of t Ginseng, Xuanseng, and Danseng that down-regulated nucleophosmin

in nuclear matrix, changed its trafficking from nucleolus to cytoplasm, and regulated several oncogenes and tumor suppressor
genes. Therefore, we postulate that Ginsenoside Rg1, cinnamic acid, and tanshinone IIA could serve as protective agents in cancer
prevention and treatment.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction
Ginseng (Panax ginseng), Xuanshen (Radix scrophu-
lariae), and Danshen (Salvia mitiorrhiza) literately mean
in Chinese “essences of the earth in the form of a man,
a saint, and a cardinal”, respectively. They were highly
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reasured in Chinese traditional medicines for maintain-
ng youth, promoting longevity, and balancing whole
ody ying and yang to prevent diseases. Ginsenoside
g1, cinnamic acid, and tanshinone IIA (RCT) are effec-

ive constituents of Ginseng, Xuanshen, and Danshen,
espectively. Previous studies showed that RCT prevent
umor growth through reversal of gene expression of
ransformed cells by antioxidant, anti-inflammatory and
poptotic mechanisms (Helms, 2004; Yun, 2001). How-
ver, RCT treatment of cancer is controversial because
heir adverse interactions with other anticancer drugs
Sparreboom, Cox, Acharya, & Figg, 2004). The molec-
lar mechanisms of RCT anticancer effects were not
ell understood. We previously found that osteosarcoma
G-63 cells could be induced to differentiation by RCT.

n this study, we used osteosarcoma MG-63 cells as a
odel to investigated RCT effect on a major nucleolus

hosphoprotein, nucleophosmin (NPM), whose traffick-
ng from nucleolus to nucleoplasm and cytoplasm was
sed to test effectiveness of anticancer drugs (Chan, Qi,
mley, & Koller, 1996; Yung, 2007; Yung, Yang, & Bor,
991).

Nucleophosmin plays multiple roles in tumoroge-
esis by functions in rRNA processing (Savkur &
lson, 1998), histone chaperone (Okuwaki, Matsumoto,
sujimoto, & Nagata, 2001; Szebeni & Olson, 1999),
entrosome duplication (Okuda et al., 2000), negative
egulation of the ARF-P53 tumor suppressor pathway
Colombo, Marine, Danovi, Falini, & Pelicci, 2002;
olombo et al., 2005; Li, Zhang, Sejas, & Pang,
005). NPM mutations were frequently observed in
cute myologenous leukemia with normal karyotype
AML-NK) and NPM cytoplasmic location in leukemic
lasts forming a prognostically favorable subgroups to
nduction of chemotherapy (Falini et al., 2005; Falini,
icoletti, Martelli, & Mecucci, 2007). Chromosomal

ranslocations at NPM gene locus were found in anaplas-
ic lymphoma with t(2;5)(p23;q35) (Morris et al., 1994),
cute promyelocytic leukemia t(5;17)(q35;q12) (Redner,
002), and acute myeloid leukemia t(3;5)(q25;q35)
Raimondi et al., 1989). NPM homozygous knockout
ice were embryonic lethal and heterozygous knockout
ice were NPM gene haploinsufficient with increased

usceptibility to oncogenic transformation (Grisendi et
l., 2005). NPM is tightly bond to nuclear matrix in
ssociation with induction of proliferation in lympho-
ytes (Feuerstein & Mond, 1987; Feuerstein, Spiegel,

Mond, 1988) and localized in nuclear matrix inter-

ediate filament system in human hepatocarcinoma

ells (Tang et al., 2007). In this study, we further
xplored differential expression and intermediate fila-
ent localization of nucleophosmin in the nuclear matrix
istry & Cell Biology 40 (2008) 1918–1929 1919

during the differentiation of MG-63 cell induced by
RCT.

2. Materials and methods

2.1. Cell culture and treatment

The osteosarcoma MG-63 cells, provided by China
Center for Type Culture Collection (CCTCC), were
maintained in RPMI-1640 medium supplemented with
15% heat-inactivated fetal calf serum, 100 U mL−1

penicillin, 100 �g mL−1 streptomycin and 50 �g mL−1

kanamycin at 37 ◦C, 5% CO2 in air atmosphere.
After being seeded for 24 h, MG-63 cells were treated
with culture medium containing the combination of
33 �g mL−1 ginsenoside Rg1, 0.3 �g mL−1 cinnamic
acid and 0.3 �g mL−1 tanshinone IIA (shortened form
RCT) for 7 days to induce differentiation. Meanwhile,
MG-63 cells were cultured in RPMI-1640 medium as
the control group. The components of RCT are the stan-
dards bought from National Institute of the Control for
the Pharmaceutical and Biological Products (NCPBP).
The concentration of RCT was decided by previous work
which evaluated the effects of terminal differentiation
on MG-63 cells treated with the components and the
combination of RCT.

2.2. Extraction of nuclear matrix proteins (NMPs)

For 2-DE analysis, the extraction method used was
modified from Fey and Nickerson et al. (Gao, Han,
Jiao, & Zhai, 1994; Michishita et al., 2002; Nickerson,
Krockmalnic, Wan, & Penman, 1997). Harvested MG-
63 cells were firstly washed with ice-cold PBS twice and
then extracted by cytoskeleton (CSK) buffer (100 mM
KCl, 3 mM MgCl, 5 mM EGTA, 10 mM PIPES, pH 6.8,
300 mM sucrose, 0.5% Triton X-100, 2 mM PMSF) for
10 min at 0 ◦C. After being centrifuged at 600 × g for
5 min, the pellets were washed with ice-cold PBS to
remove soluble cytoplasmic proteins. They were then re-
centrifuged and suspended within digestion buffer (same
as CSK buffer except with 50 mM NaCl instead of KCl)
containing 400 mg mL−1 DNase I for 30 min at room
temperature. Cold ammonium sulfate was added to a
final concentration of 0.25 M to terminate the enzyme
digestion. After centrifugation at 1000 × g for 10 min,
the pellets were washed with CSK buffer and then
dissovolved in lysis buffer (7 M urea, 2 M thiourea,

4% CHAPS, 1.5% Triton X-100, 1% Pharmalyte (pH
3–10, Amersham Biosciences), 65 mM DTT, 40 mM
Tris, 5 mg/mL aprotinin, 1 mg/mL leupeptin, 1 mg/mL
pepstatin, and 2 mM PMSF, 5 mM EDTA). The sam-
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ple was sonicated at 0 ◦C for 30 min and centrifuged
at 15,000 × g for 1 h. The protein concentrations of the
control and treated supernatants were determined by the
Bradford assay, and then diluted to the same concen-
tration (about 5 mg/mL) with lysis buffer and stored at
−70 ◦C until future use.

2.3. Two-dimensional gel electrophoresis and
image analysis

2D PAGE was performed with general methods. The
gels were stained with silver nitrate protocol compati-
ble with MS. Image scanning (UMAX PowerLook III)
and analysis (PDQuest 8.0 software, Bio-Rad) for the
three repeat sets silver-stained 2D gels were performed.
After the background subtraction, spot detection and
match, spot intensities were obtained by integration of
the Gaussian function with unit of intensity calculated
as “Intensity × Area as parts per million” (INT × area
PPM). The intensity of each protein spot was normal-
ized to the total intensity of the entire gel. The spots of
protein whose intensity changed twofold were defined
as differentially expressed NMPs.

2.4. MALDI-TOF-MS analysis and protein
identification

The spots of differentially expressed proteins were
cut out from the gels. After a series of steps including
silver removal, reduction with dl-dithiothreitol, alkyla-
tion with iodacetamide, and in-gel digestion with trypsin,
the peptide mass finger (PMF) maps were generated by
Bruke III MALDI-TOF mass spectrometry. Flex Anal-
ysis software was used to analyze the PMF data so as
to calibrate and remove polluted peaks. The data were
then searched against NCBInr and Swiss-Prot protein
databases using Mascot tool from Matrix Science.

2.5. Western blot

The nuclear matrix proteins were separated by SDS-
PAGE and then transferred onto PVDF membranes.
Nonspecific reactivity was blocked by incubation at 4 ◦C
for 1 h in 4%BSA buffer. The membrane was then incu-
bated with NPM primary antibody at room temperature
for 3 h. After being washed, the secondary antibody
(combined with horseradish peroxidase) was used to
detect bound primary antibody. Reactive protein was

detected by enhanced chemiluminescence (ECL) detec-
tion system (Pierce). The quantitative analysis of each
protein band was performed by gel analysis software
Quantity One (Bio-Rad).
istry & Cell Biology 40 (2008) 1918–1929

2.6. Sample preparation for NM-IF system

The cells were selectively extracted as described
below (Capco, Wan, & Penman, 1982). The cells treated
with or without RCT were seeded in small bottles
with cover slip strip on which there were some nickel
grids covered with formvar, coated with carbon, and
covered with polylysine. The cells were rinsed with
D-Hank’s solution twice at 37 ◦C, and extracted by high-
ionic strength extraction solution (10 mmol L−1 PIPES,
pH 6.8, 250 mmol L−1 (NH4)2SO4, 300 mmol L−1

sucrose, 3 mmol L−1 MgCl2, 1.2 mmol L−1 PMSF, 0.5%
TritonX-100) at 4 ◦C for 3 min. The extracted cells were
then rinsed in nonenzyme digestion solution (same as
extraction solution except with 50 mM NaCl instead of
250 mmol L−1 (NH4)2SO4), and digested in digestion
solution containing DNase I (400 mg L−1) and RNase
A (400 mg L−1) for 20 min at 23 ◦C. After that, the
extracted samples were placed in high-ionic strength
extraction solution at 23 for 5 min. So far only the
nuclear matrix intermediate filament structure remained
intact.

2.6.1. Sample preparation for the light microscopy
The cells seeded on cover slip strip were selectively

extracted. The NM-IF samples were firstly prefixed in
2% glutaraldehyde (made in nonenzyme digestion solu-
tion) at 4 ◦C for 30 min. Then, after being washed with
PBS (pH 7.4) they were stained with 0.2% Coomassie
Brilliant Blue G-250. Finally, the NM-IF system was
observed under light microscope after the following
activities were performed on them including washing
with water, airing, vitrification with xylene and envelop-
ing with resin.

2.6.2. Sample preparation for the electron
microscope

The NM-IF samples on the nickel grids were prefixed
in 2% glutaraldehyde (made in nonenzyme digestion
solution) at 4 ◦C for 30 min. They were then washed
with PBS (pH 7.4), post-fixed in 1% OSO4 at 4 ◦C for
5 min, dehydrated in ethanol series, replaced in isoamyl
acetate, and dried through the CO2 critical point. The
NM-IF samples were examined with a JEM-100CX II
transmission electron microscope (TEM).

2.7. Immunogold staining sample preparation
The NM-IF samples on the nickel grids were blocked
by 5% BSA at 37 ◦C for 30 min and incubated with
NPM primary antibody (1:100) at room temperature
for 1–2 h. They were then incubated with 5% BSA for
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0 min, washed with PBS (pH 8.2), and incubated with
he secondary antibody (1:30) which were labeled with
olloidal gold (10–15 nm) for 2 h. After that, they were
ashed with PBS, incubated with 3% paraformaldehyde

nd 2% glutaraldehyde for 10 min, post-fixed in 1%
SO4 at 4 ◦C for 5 min, dehydrated in ethanol series,

eplaced in isoamyl acetate, and dried through the CO2
ritical point. At last, the immunogold staining samples
ere observed under TEM.

.8. Sample preparation for the fluorescence
icroscopy

The NM-IF samples on the cover slip strip were
refixed in 4% paraformaldehyde at 4 ◦C for 10 min,
locked by 5% BSA at room temperature for 1 h, incu-
ated with NPM primary antibody (1:300) and then with
econdary antibody (1:1000) which was labeled with flu-
rescence dye Cy3 (red), washed with water and dried by
iring. After that, they were enveloped with 90% glycerol
nd then observed under fluorescence microscopy. The
hole process after incubation with secondary antibody

hould be performed in the dark.

.9. Sample preparation for LSCM

The cells on the cover slip strip were submerged in
BS or TBS (including 0.5% Triton X-100) at 37 ◦C for
0 min. After being washed with PBS, the cells were
xed in 4% paraformaldehyde for 10 min, blocked by
% BSA at room temperature for 1 h, and then incu-
ated with dual primary antibodies at room temperature
or 30 min and then 4 ◦C overnight. The dual primary
ntibody sets comprised of NPM/c-fos, NPM/c-myc,
PM/Rb and NPM/P53.
After being washed with TTBS thrice for 30 min, the

ells were incubated with different secondary antibod-
es sets which were labeled with Cy3 or FITC (green),
ashed with TTBS for 4× 10 min and with water for
× 5 min, enveloped with 90% glycerol after airing and
hen observed under LSCM.

. Results

.1. Results of 2D PAGE and image analysis
The nuclear matrix proteins extracted from MG-63
ells and the cells treated with RCT were subjected to
D PAGE (Fig. 1A). Quantificational analysis of image
or three repeat sets silver-stained 2D gels was performed
sing PDQuest 8.0 software (Bio-Rad).
istry & Cell Biology 40 (2008) 1918–1929 1921

3.2. Results of MALDI-TOF-MS analysis and
database search

After MALDI-TOF-MS analysis and Swiss-Prot
database search, two protein spots (Fig. 1B and C)
with altered expression are identified as nucleophosmin
(Table 1).

3.3. Western blot of nucleophosmin

The nucleophosmin immunoband with a molecular
weight of 38 kDa was observed in both NM-IF sam-
ples of control and RCT-treated cells. The immunoband
of control cells is wider and thicker than that of RCT-
treated cells. The intensity of the band of NPM protein
changed 13.87-fold. It indicates the down-regulated
expression of nucleophosmin after RCT treatment which
is consistent with the results of 2D PAGE analysis
(Fig. 2).

3.4. The localization and expression of
nucleophosmin in the nuclear matrix of MG-63 cells

3.4.1. Results of light microscopy
Light microscopy observation revealed that the inter-

mediate filaments in MG-63 were not well distributed
and the amount of which was rather small. Lam-
ina, which was thick and uneven, was deeply stained.
The nuclear matrix filaments in MG-63 cells were
not well distributed and they were arranged irregu-
larly. More residual nucleoli were usually observed
within the nucleus region (Plate I, 1). However, in
the MG-63 cells induced by RCT, the karyoplas-
mic ratio decreased, the whole framework outspread
to a greater extent, and the NM-IF system showed
characteristics of uniform distribution. The intermedi-
ate filaments, dyed uniformly, spread from the region
around nucleus to the cellular edge and formed a
well-distributed and regular network throughout the
cytoplasm region. Lamina became thinner. The nuclear
matrix filaments were abundant and well distributed
(Plate I, 2).

The localization and expression of nucleophosmin
was revealed after observing the immunofluorescence.
The results showed that the highly intensified NPM
immunofluorescence mainly distributed in the residual
nucleoli region of MG-63 cells, and the intensity of flu-
orescence was very low in the nuclear matrix and lamina

regions (Plate I, 3). After treatment by RCT, the dis-
tribution of NPM changed evidently. The intensity of
immunofluorescence within the nucleus region dropped,
especially in the nucleoli region while that in the lamina



1922 Q.-F. Li et al. / The International Journal of Biochemistry & Cell Biology 40 (2008) 1918–1929

Fig. 1. 2D protein profiles from nuclear matrix of human osteosarcoma MG-63 cells. Proteins were separated on the basis of pI (X-axis) and
were id

-63 cell
-DE ge
molecular mass (Y-axis) and visualized by silver staining. The proteins
as symbols on the gels. (A) 2-DE pattern from nuclear matrix of MG
proteins. (B) Enlarged portions of nucleophosmin protein spots from 2
changes of identified nucleophosmin protein spots.
and karyotheca regions ascended. NPM also displayed
the tendency of transferring from nucleoli regions to
nuclear matrix. Faint fluorescence could be observed
even in the intermediate filaments (Plate I, 4).
entified by MALDI-TOF-MS, and nucleophosmin proteins are shown
s. Labeled spots S1 and S2 indicated down-regulated nucleophosmin
ls. Arrows indicate nucleophosmin protein spots. (C) Optical density
3.4.2. Results of the transmission electron
microscope

The observation showed that the framework of
nuclear matrix, lamina and intermediate filaments joined
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Table 1
The nuclear matrix proteins identified as nucleophosmin by MS

Spot ID. Protein names Swiss-Prot ID Theoretic Mr pI Score/coverage Peptides matched

S ,726
S ,726
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1 Nucleophosmin P06748 32
2 Nucleophosmin P06748 32

ach other and formed an interlinking and integrated
M-IF network system. In the NM-IF system of MG-63

ell, the filaments were relatively few and scattered. They
ere not well distributed and arranged irregularly. The
uclear lamina in MG-63 cells was ununiformly thick
nd compact. The inner nuclear lamina was connected
o some thick nuclear matrix filament bundles, and the
uter nuclear lamina was connected to some thin and
hort intermediate filaments. The intermediate filaments
hich were not big in number were chiefly thick bundles
ith only a few single filaments. They were distributed
nevenly and arranged irregularly (Plate I, 5).

In MG-63 cells treated with RCT, in which the single
laments increased, the nuclear matrix filaments were
bundant, slender and well distributed. The nuclear lam-
na in induced cells turned into a thin and uniform fibroid
tructure. Quite a few single filaments were found in

ntermediate filaments which interweaved with the slen-
er intermediate filament bundles into a well distributed
nd regular network throughout the cytoplasm region.
he nuclear matrix, lamina and intermediate filaments

ig. 2. Confirm of the differential expression of NPM by western blot.
he selectively extracted nuclear matrix proteins (15 �g/band) were
pplied to an SDS-polyacrylamide gel, separated by electrophore-
is, and transferred to PVDF membrane by electroblotting. NPM was
hen detected using anti-NPM mouse monoclonal antibody. �-Actin
as also detected as inner control using rabbit monoclonal antibody.
orseradish peroxidase-conjugated goat anti-mouse and anti-rabbit

gG were used as secondary antibody, respectively. The bands were
etected by enhanced chemiluminescence (ECL) detection system.
ane 1 is the nuclear matrix proteins sample of MG-63 cells and lane
is the sample of RCT treated MG-63 cells.
4.64 58/28% 6
4.64 64/28% 6

connected closely to each other, and formed a compact
and regular network. The configuration of NM-IF sys-
tem in treated cell displayed typical features of normal
cells (Plate I, 6).

TEM observation for NPM which was labeled with
immunogold revealed that black high-density immuno-
gold granule were found in the nuclear matrix filaments
of MG-63 cells (Plate I, 7) and the MG-63 cell treated by
RCT (Plate I, 8). This indicated NPM was located in the
nuclear matrix filaments system. In MG-63 cells, there
were more immunogold granules which distributed fas-
cicularly in the nuclear matrix. But in the MG-63 cells
treated by RCT, there were few immunogold granules
and they distributed singly or fascicularly.

3.5. The co-localization between NPM and the
products of oncogenes, antitumor genes

The cells were dyed with special dual antibody sets
which were labeled with different fluorescent dye. The
antibody sets comprised of NPM/c-fos, NPM/c-myc,
NPM/Rb and NPM/P53. NPM was dyed with cy3 and
the opposite proteins in each set were dyed with FITC.
The localization of NPM and the opposite proteins were
observed with LSCM. The co-localization fluorescence
was yellow or orange when two different fluorescence
overlapped (Plate II).

3.5.1. The co-localization between NPM and c-fos
in MG-63 cells

In MG-63 cells, the highly-intensified red fluores-
cence of NPM mainly distributed in nucleolus region,
and the intensity of fluorescence in cytoplasm was very
low (Plate II, 1). The highly intensified fluorescence of
c-fos distributed mainly in karyon in clusters and punc-
tate fluorescence could be found in cytoplasm (Plate
II, 2). The yellow overlapped fluorescence indicated
co-localization between NPM and c-fos especially in
nucleolus region (Plate II, 3).

In MG-63 cells treated with RCT, the unitary inten-

sity of NPM fluorescence weakened. NPM fluorescence
in nucleolus regions became weak, but the dispersed
fluorescence in karyoplasm intensified, which seems to
indicate the transference of NPM from nucleolus region
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Plate I. (1, 2) Observation of NM-IF system in MG-63 cells (1) and treated cells (2) by light microscopy (dyed by CBB G-250, bar = 30 �m);
(3, 4) distribution of NPM in the NM-IF system of MG-63 (3) and treated cells (4) cells by fluorescence microscopy (labeled with fluorescence
dye CY3, bar = 30 �m); (5, 6) observation of NM-IF system in MG-63 cells (5) and treated cells (6) by TEM (NM = nuclear matrix, L = lamina,
IF = intermediate filaments, bar = 0.5 �m); (7, 8) distribution of NPM in the NM-IF system of MG-63 cells (7) and treated cells (8) by TEM (labeled
with immunogold granule, bar = 200nm).
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Plate II. (1–6) Expression of NPM and c-fos in MG-63 cells. The overlay indicated the co-localization relationship between NPM and C-fos
( The ove
( ls. The
C ells. Th
R

t
t
e
a

bar = 30 �m); (7–12) expression of NPM and c-myc in MG-63 cells.
bar = 30 �m); (13–18) expression of NPM and mtP53 in MG-63 cel
-myc (bar = 30 �m); (19–24) expression of NPM and Rb in MG-63 c
B (bar = 30 �m).
o karyoplasm (Plate II, 4). It could also be observed
hat the unitary intensity of c-fos fluorescence weak-
ned. C-fos fluorescence clustered in nucleolus regions
nd dispersed in cytoplasm (Plate II, 5). There was still
rlay indicated the co-localization relationship between NPM and P53
overlay indicated the co-localization relationship between NPM and
e overlay indicated the co-localization relationship between NPM and
overlap of fluorescence which indicated co-localization
between NPM and c-fos especially in nucleolus, but
the intensity of the co-localized fluorescence weakened
(Plate II, 6).
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3.5.2. The co-localization between NPM and c-myc
in MG-63 cells

In MG-63 cells, the highly intensified red fluores-
cence of NPM clustered around nucleolus region and
some center of nucleolus became vacuolar. Some faint
punctuate fluorescence dispersed in cytoplasm (Plate II,
7). The highly intensified fluorescence particle of c-myc
distributed mainly in nucleolus and peripheral regions,
and a little dispersed green fluorescence could be found
in cytoplasm (Plate II, 8). The overlapped fluorescence
indicated there was co-localization in karyon, and the
intensity of overlapped fluorescence in nucleoli was the
highest (Plate II, 9).

In MG-63 cells induced by RCT, the red fluorescence
of NPM could be found both in karyon and cytoplasm.
The intensity of fluorescence in karyon became weak and
the nucleolus became vacuolar. Strong red fluorescence
clustered in cytoplasm and distributed mainly around
karyotheca. NPM tended to transfer from nucleolus
to karyotheca and cytoplasm (Plate II, 10). The dis-
persed fluorescence of c-myc, which distributed mainly
in nucleolus, became weak. The fluorescence of c-myc
in cytoplasm also weakened, or even disappeared (Plate
II, 11). The overlapped fluorescence of NPM and c-myc
indicated co-localization in nuclear lamina and nucleolus
regions, and the co-localized fluorescence in nucleolus
became weaker (Plate II, 12).

3.5.3. The co-localization between NPM and mtP53
in MG-63 cells

In MG-63 cells, the highly intensified red fluores-
cence of NPM which clustered mainly around nucleolus
region and dispersed faint fluorescence could be found
in karyoplasm (Plate II, 13). The mutant of P53 protein
(mtP53) distributed mainly in karyon (the half-life of
wild P53 is very short, and the protein that immunofluo-
rescence indicated is mtP53 which has a longer half-life).
The highly intensified fluorescence of mtP53 lumped in
karyon, and faint fluorescence could be found in cyto-
plasm (Plate II, 14). The overlapped fluorescence of
NPM and mtP53 indicated co-localization in nucleolus
regions (Plate II, 15).

In MG-63 cells induced by RCT, the fluorescence of
NPM weakened in karyon, but increased in nuclear lam-
ina and inner regions (Plate II, 16). This suggested the
transference of NPM from nucleolus to karyoplasm and
nuclear lamina. After treatment, the whole green fluo-
rescence of mtP53 weakened, and the fluorescence in

inner karyotheca increased markedly (Plate II, 17). The
overlapped fluorescence indicated the co-localization in
nucleolus and nuclear lamina between NPM and mtP53
after treatment (Plate II, 18).
istry & Cell Biology 40 (2008) 1918–1929

3.5.4. The co-localization between NPM and Rb in
MG-63 cells

In MG-63 cells, NPM clustered mainly around nucle-
olus region and the intensity of fluorescence was high
(Plate II, 19). Most Rb distributed unevenly in the
nucleus, and the intensity of fluorescence was faint in
cytoplasm (Plate II, 20). The overlapped fluorescence
indicated that they had co-localization nucleolus regions
(Plate II, 21). After treatment with RCT, the distribu-
tion of NPM changed in induced cells. The fluorescence
of NPM increased in nuclear lamina but decreased in
nucleolus regions (Plate II, 22). It indicated that the fluo-
rescence tended to transfer from nucleolus to karyoplasm
and karyotheca. Faint fluorescence of NPM could be
found in cytoplasm. The intensity of Rb fluorescence
increased markedly after treatment with RCT. Rb con-
gregated mainly in the nucleus and karyotheca in induced
cells. In some treated cells, dispersed Rb fluorescence
could be found in karyon (Plate II, 23). The overlapped
fluorescence indicated the co-localization in nucleolus
and nuclear lamina between NPM and Rb after treat-
ment, and the co-localization fluorescence transferred
from nucleolus to nuclear lamina (Plate II, 24).

4. Discussion

4.1. The changes of expression and localization of
nucleophosmin in the nuclear matrix

NPM distributes mostly in the nucleolus granule
regions and can shuttle between karyon and cytoplasm.
There were only a few reports about its localization in
nuclear matrix. Previous studies (Subong et al., 1999;
Yun et al., 2003) showed that NPM existed in the nuclear
matrix of human prostate cancer cells and hepatoma
cells. The re-localization of NPM was affected by cell
cycle phase and some cytotoxin (Chou & Yung, 1995).
The changes of localization and expression of NPM play
an important role in the regulation of cell differentiation.

In this study, the results of 2D quantitative analy-
sis, mass spectrum and western blot revealed that NPM
existed in the sample of nuclear matrix and the expres-
sion of NPM in nuclear matrix decreased markedly after
treatment with RCT. NPM was found to locate in the
nuclear matrix filament system via immunogold trans-
mission electron microscopy. It was also observed in the
nucleus of karyotheca and cytoplasm via immunofluo-
rescence microscopy and LSCM after RCT-induction of

MG-63 cells. After RCT treatment, NPM translocated
from nucleolus to nucleoplasm and cytoplasm while the
total level of NPM in the cell did not change signif-
icantly in control and RCT-treated MG-63 cells. The
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oluble NPM in cytoplasm was increased as demon-
trated in immunocytochemistry. The most prominent
hange was NPM reduction in association with nuclear
atrix. This indicated that NPM localization in nuclear
atrix was directly related to NPM function in differen-

iation. Although immunogold dots could not accurately
uantify NPM localization in nucleolus or nucleoplasm,
t served a rough estimation of NPM translocation
rom nucleolus to nucleoplasm. We think the structural
hanges of nuclear matrix after RCT induction might be
irectly associated with NPM translocation.

What is more, previous researches had found the
verexpression of NPM were in many tumor cells
nd the down-regulated expression in the differential
ells induced by retinoic acid (Alsayed et al., 2001).
hey were in accordance with our study in which the
xpression of NPM was down-regulated during the dif-
erentiation induced by the combination of effective
omposition of Chinese herbs and drugs (RCT). This
ndicated that NPM was an important regulator during
he modulation of cell canceration and reversion.

The results of immunofluorescence microscopy and
SCM confirmed qualitatively the down-regulated
xpression of NPM in nuclear matrix. Some researchers
eported the cell cycle phase-dependent changes of local-
zation of NPM, and the translocation from nucleolus
o karyoplasm after being treated with cytotoxin drugs
Chan & Chan, 1999). However, there was not any report
bout the localization changes of NPM in the nuclear
atrix of tumor cells during the induced differentiation,

nd we do not know the mechanism of the transloca-
ion. As a multifunctional nuclear matrix protein, the
e-localization of NPM might serve as a mechanism of
odulation, which participates in the regulation during

he cell differentiation induced by RCT, which deserves
urther study. The results of our study confirmed that
PM was a nuclear matrix protein located in the nuclear
atrix filaments, and the expression and localization of
PM in nuclear matrix changed markedly during the

nduced differentiation. Further research for the alter-
tion of the expression and localization of NPM will
ontribute to the elucidation of the effect of NPM in the
nduced differentiation of MG-63 cells.

.2. The co-localizational relationship between
PM and the products of correlative genes and its
lteration
Being an important regulator and chaperone, NPM
articipates in the modulation of cell differentiation
hrough its interaction with many correlative products
f oncogenes and antitumor genes.
istry & Cell Biology 40 (2008) 1918–1929 1927

The results of LSCM showed that there were sim-
ilar co-localization relationship between NPM and
the products of oncogenes c-fos, c-myc, and tumor
suppressor genes Rb, P53 in MG-63 cells, respec-
tively. After the treatment with RCT, the co-localizative
immunofluorescence weakened and transferred from
nucleolus to karyoplasm and karyotheca. Meanwhile,
the results of LSCM qualitative analysis revealed
the up-regulative expression of RB gene and the
down-regulative expression of gene c-fos, c-myc and
mtP53. Immunocytochemistry gives rise of indirect co-
localization of NPM and other cancer related genes.
NPM also serves as chaperone function and potential
interactions of NPM with other oncogenes and tumor
suppressor genes are important. We plan to further inves-
tigate this possibility. Co-localization of c-myc and c-fos
with NPM does not mean direct association that requires
biochemical evidence. Subcellular localization of c-myc
and c-fos could change in different cell lines and we
observed more concentrated immunofluorecense in the
nucleolus of MG-63 cells might represent more active
nucleolus in cancer cells.

The activation of c-myc could make cells to enter
S phase and complete the replication of DNA, and the
overexpression of c-myc could accelerate the prolifer-
ation of cells. The dimeric transcription factor Ap-1,
which is composed of c-fos and c-Jun, participates in
the cell regulation of growth, development and differ-
entiation. Nucleophosmin was identified as a candidate
myc-responsive gene and the NPM peptide sequence was
bound by c-myc in vivo (Zeller et al., 2001). The increas-
ing expression of c-myc gene will improve the level of
NPM transcription (Guo et al., 2000). NPM co-localized
with c-myc and c-fos, respectively in nucleus and the
co-localization altered after the induced differentiation
of cells. This indicated that the products of these genes
might have direct interaction and the interaction could
be a new mechanism for cell differentiation. However,
there has not been any report about the co-localizational
relationship.

Previous researches revealed that NPM could inte-
grate with NF-�b (Dhar, Lynn, Daosukho, & St Clair,
2004) and phosphorylated pRb (Lin, Liang, & Yung,
2006), influence the gene transcription through the alter-
ation of E2F1 expression, and accelerate the running of
cell cycle. The down-regulated expression of NPM pro-
tein could block cell cycle. And low-phosphorylated pRb
could restrain the activation of transcription mediated by

E2F1 and block the cell cycle in G1 phase. These results
displayed that the overexpression of NPM could impel
cells into proliferation while the increasing expression
of pRb could conduce to block cell cycle in G1 phase



Biochem
1928 Q.-F. Li et al. / The International Journal of

and therefore promote the differentiation of cells. In this
study, the treatment of MG-63 cells with RCT decreased
the expression of NPM and increased the expression of
Rb. These results suggested that RCT blocked the cycle
of MG-63 cells by the alterative expression of NPM and
Rb. The enhanced co-localizative fluorescence of NPM
and Rb in the nuclear lamina during the induced differ-
entiation suggested the enrichment of pRb in the inner
region of karyotheca in which the expression of gene was
active, and the enrichment of pRb restrained the activa-
tion of E2F1. But the mechanism of enrichment has not
been reported so far.

The half-life of wild type P53 protein is very short
(just about 6 min), so in this study the P53 protein, which
was observed by immunocytochemistry, is considered as
mutative products of P53 gene whose half-life is longer.
Previous researches discovered that the domain at the
C-terminus of NPM could interact with two domains of
P53, which suggested that they could interact directly,
and the interaction could regulate the stability and tran-
scriptional activity of P53 (Colombo et al., 2002; Kurki et
al., 2004; Lambert & Buckle, 2006). Previous researches
also discovered that NPM participated in the regulation
of ARF–P53 tumor suppression pathway (Bertwistle,
Sugimoto, & Sherr, 2004). NPM could inhibit the tumor
suppressive function of ARF by recruiting ARF to nucle-
oli (Korgaonkar et al., 2005). Our experiment suggested
the co-localization relationship between NPM and P53
and confirmed former research results that NPM inter-
acted with P53 directly. During the differentiation of
MG-63 cells, the expression of NPM and mutative prod-
ucts of P53 gene decreased markedly. These results
suggested that the reduced expression of NPM made
mutative P53 unstable and degraded, and the expression
of wild products of P53 gene, which had been restrained,
began to increase. This process, in turn, triggered the
reversion of tumor cells malignant phenotype. How-
ever, we do not understand the biological significance
of translocation of the co-localized NPM and P53 dur-
ing the cell differentiation, which was induced by RCT.
It requires further investigation.

The results of our research indicated that NPM inter-
acted respectively, with the products of c-fos, c-myc,
mtP53, and Rb gene in karyon, and the locality of interac-
tion altered after the treatment by RCT. It is the first time
that the co-localizational relationships among NPM and
c-fos, c-myc were found. This provides important sci-
entific base for the mechanism research of MG-63 cell

differentiation induced by the combination of Chinese
medicine efficacious ingredients. We emphasize NPM
in this study because NPM has multiple cellular func-
tions associated with tumor promotion as well as tumor
istry & Cell Biology 40 (2008) 1918–1929

suppressor depending on binding partners, cellular loca-
tion, and cell cycle. NPM haploinsufficiency that causes
cancer vulnerability indicates that it is one of master
switches of cancer related genes. RTC anticancer effects
might have multiple targets as demonstrated by changes
of oncogenes and tumor suppressor genes in our study.
The possibility of chaperone function of NPM in rela-
tionship of other cancer related genes would be explored
in the future study.

All in all, our research found that during the differ-
entiation of MG-63 cells induced by the combination
of Chinese medicine efficacious ingredients, NPM
localized in nuclear matrix, and altered markedly in
localization and expression. It also confirmed that NPM
co-localized with c-fos, c-myc, P53, and Rb respec-
tively, and the co-localization altered after the treatment.
Such results suggested that the combination of Chinese
medicine efficacious ingredients (RCT) regulated the
expression and localization of NPM and relative genes
in nuclear matrix, blocked cell cycle, and facilitated the
terminal differentiation of MG-63 cells. Therefore, we
can confidently conclude that NPM played a very impor-
tant role in the procedure of differentiation though many
mechanisms have not been investigated because this pro-
cedure involves such a complicated regulative network
of NPM and many other regulators. Further researches
on the alterations of NPM expression and localization in
nuclear matrix and its mechanism in the modulation of
tumor cell differentiation will be very significant in the
more insightful understanding of the anti-tumor mech-
anism of Chinese medicine efficacious ingredients and
the induced differentiation mechanism of tumor cells.
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