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Introduction

Colorectal cancer (CRC) is the third most prevalent cancer in humans worldwide and
accounts for ~9% of all cancer mortalities.? Early diagnosis of CRC is beneficial to
guide surgical resection and improve the survival rate for CRC. However, the long-term
survival rate of, as well as accurate prognosis for, patients with CRC remains poor.?
Current knowledge of molecular alterations that are important for CRC, including
epigenetic and genetic changes in key tumor suppressors and oncogenes, is extensive;
however, it still represents the tip of the iceberg of knowledge that needs to be resolved
for a complete understanding of CRC pathogenesis.*

In 2002, Tsai and McKay discovered that a novel gene called nucleostemin (NS)
is apparently expressed in stem cells of embryonic and adult rat central nervous
systems.>® The protein coded by the NS gene was found in the nucleoli of undiffer-
entiated cells, such as adult and embryonic stem cells, neural stem cells, and human
bone marrow stem cells, but not in differentiated counterpart cells, indicating that NS
gene is silenced during normal cell differentiation.”® Interestingly, recent reports
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suggest that the NS gene is also abundantly expressed in
several human cancer cell lines, such as SGC-7901 (gastric),
HeLa (cervical), 5637 (bladder), PC-3 (prostate), and
HL-60 (acute myelocytic leukemia).” ' Some experiments
using RNA interference (RNA1) showed that inhibition of
NS gene expression markedly inhibited proliferation and
cell cycle progression of cancerous cells, followed with
induction of differentiation and/or apoptosis.''!* Recently,
a high expression level of NS has been reported in gastric
cancer patients.'> Consistent with this, RNAi-mediated NS
knockdown inhibited proliferation and induced differentia-
tion and apoptosis in gastric cancer cell lines.!®* However,
the importance of NS in other types of digestive cancers,
especially CRCs, needs to be addressed.

This study was designed to investigate the functional
importance and therapeutic potential of NS gene expression
and effects of NS knockdown on cell cycle and apoptosis in
CRC cell lines. Our result showed that RNAi-mediated NS
silencing induced Gl cell cycle arrest, followed with apop-
tosis in CRC cell lines.

Materials and methods

Participants and samples
In this study, 372 patients diagnosed with CRC, who wer
our hospital during 2010-2012, were recruited according t
their tissue detection data (details in Table 1). Tha

of January 2014. Foll
nicating with thossms

auned consent was signed by all
participants, C study was performed in accordance with
the Declaration O%@elsinki.

Cell culture and transfection

LoVo, Caco2, and Sw620 cell lines were purchased from the
American Type Culture Collection (Rockville, MD, USA).
These cells were maintained in RPMI-1640 supplemented
with 10% fetal bovine serum and incubated in 5% CO, at
37°C. NS-specific small interfering RNAs (NS-siRNAs)
and scrambled siRNA (control) were synthesized by
Invitrogen Life Technologies and transfected into cells

Table | Clinicopathological characteristics and NS expression in
patients with colorectal cancer

Characteristic n NS expression P-value
Low High

Total 372 117 255

Age (years)
<60 144 52 92 0.371
=60 228 64 164

Sex
Male 208 72 136 0.49
Female 164 48 1)

Tumor location
Right colon 80 24 0.875
Left colon 96 36
Rectum 196 60

Histology (differentiation)
Satisfactory 172 48 0.098
Moderate 13 56
Poor

Node metastasis
NO 88 0.0024
NI1-N3 4 164

Distant metastasis
No 112 176 <0.001
Y, 84 8 76

TNNbtage
| 28 12 16 0.0016
Il 116 28 88

148 72 76
80 8 72

®

sing Lipofectamine® 2000 (Invitrogen Life Technologies,
Shanghai, People’s Republic of China) according to the

manufacturer’s instructions.

Histopathological examination and

scoring

The NS protein expression was detected by immunohis-
tochemistry of paraffin-embedded sections of CRC samples.
After deparaffinization, the sections were incubated with
anti-NS antibody (Abcam, Cambridge, MA, USA), as
described previously.® Negative-control sections were incu-
bated with preimmunized rabbit serum (Abcam). The immu-
nostaining results were analyzed by measuring the intensity
of positive regions and the percentage of positive-expression
cells. The staining intensity was scored on a three-level scale
(zero to three). The percentage of stained tumor cells was
graded in four levels as follows: 0 (<5% positive cells),
1 (5%-25% positive cells), 2 (26%—50% positive
cells), 3 (51%—75% positive cells), and 4 (>75% positive
cells). The final scores ranged from 0 to 12. In this study,
scores between zero and four were denoted as low expression
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of NS, and the scores ranging from 5 to 12 were denoted as
high expression. Incongruous scores would be reevaluated
by two individual pathologists until a consensus score was
obtained.

PCR analysis

RNA isolation and reverse transcription were performed as
previously described.?? Oligonucleotide primer sequences
were as follows: B-actin (264 bp): forward 5-GAG ACC
TTC AAC ACC CCA GCC-3"; reverse 5-AAT GTC AC G
CAC GATT TCC C-3’; NS (201 bp): forward 5’-TCC CCA
TCG CCA TCC CC-3’; reverse 5-CAC CAT GGC CTC
GGC TGG-3". For all the above genes, amplification was
performed under the same cycling conditions (1 minute at
94°C, 50 seconds at 57°C, and 1 minute at 72°C), except
for the number of cycles that were specified for each gene
(32 for NS). All the experiments were repeated at least
three times.

Western blot
Swo620 cells were harvested at specific time points after
treatment with reagents as indicated in each experiment.

Cells were mixed with loading buffer and subjected tg elec-

trophoresis. After electrophoresis, proteins were tran'{
to polyvinylidene difluoride membranes (Pall Filtron)
a semidry blotting apparatus (Pharmacia) g

Migra

We used a

sion assays

swell insert (24-well insert, pore size § um;
ing, NY, USA) to determine the effect
of microRNA miR-320a on K562 migration and invasion

Corning, Inc,

invitro. Briefly, the transfected cells were first starved in serum-
free medium overnight, and 3x10* cells were resuspended
in serum-free medium and placed in the top chambers in trip-
licate. The lower chamber was filled with 10% fetal bovine
serum as the chemoattractant and incubated for 48 hours for
the migration assay and 72 hours for the invasion assay. For
the invasion assay, the inserts were previously coated with

extracellular matrix gel (BD Biosciences, Bedford, MA,
USA). At the end of the experiments, the cells on the upper
surface of the membrane were removed, and the cells on the
lower surface were fixed and stained with 0.1% crystal violet.
Five visual fields of each insert were randomly chosen and
counted under a light microscope.

MTT assay
To record the cell viability, the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay was used for

was added to the
37°C. Before

ribed previously. Control and transfected cells were
harvested and washed twice with phosphate-buffered saline,
fixed in 70% ethanol, and stored at —20°C until analysis.
Then the cells were stained with 20 pg/mL propidium iodide
containing 20 pg/mL RNase (DNase free) for 2 hours. The
stained cells were analyzed by flow cytometry (Partec PAS,
Miinster, Germany). The populations of GO/G1, S, G2/M,
and sub-G1 cells were determined using Mulicycle Cell
Cycle Software. The results are expressed as percentage of
the cells in each phase.

Statistical analysis

Results are expressed as mean + standard deviation. Data
were analyzed using the unpaired two-tailed Student’s
t-test and the log-rank test. P-values <0.05 were considered
significant.

Results
Elevated level of NS in CRC and the
correlation between NS and

clinicopathological variables
NS expression levels were found to be elevated in the CRC
specimens, compared with paired normal colon tissue,

OncoTargets and Therapy 2015:8

submit your manuscript

1807

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wei et al Dove

by quantitative polymerase chain reaction (QPCR) (n=30,  was significantly higher in CRC tissue than in noncancerous,
P<0.01, Figure 1A). In CRC cell lines, NS expression  normal colorectal tissue. The expression of NS protein was
was also increased (P<<0.05, Figure 1B). Northern blotting  analyzed in 372 CRC tissue samples and 367 noncancerous
assay revealed that NS blot was significantly denser in CRC  colorectal tissue samples. Among the CRC tissues, 69.36%
samples and cell lines, than in normal tissue and colon cells  (258/372) of cases showed high NS expression (scale >5),
(Figure 1C). Moreover, the location of NS was predomi-  while only 10.22% (38/367) of noncancerous colorectal
nantly nuclear, as shown by immunohistochemistry results  tissue sections showed high NS expression (P<<0.001).
(Figure 1D), and the sections showed that NS expression  In addition, significant differences in NS expression were
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— [ 2 S
S 44 =! 2
2 = 2]

4

2 3 B o
” ‘B 2
> 2. : T
2 s
© (]
T 1. % o
4

0

Colon CRC

NS == e o

Figure | Elevated level of NS in CRC.

Notes: (A) On qPCR analysis, NS expression levels were found to be elevated in the CRC specimen, compared with paired normal colon tissue (n=30, P<<0.01). (B) In CRC
cell lines, NS expression was also increased (*P<<0.05). (C) Northern blotting assay revealed that the NS blot was significantly denser in CRC samples and cell lines, than in
normal tissue and colon cells. (D) Immunohistochemical nuclear staining of NS in CRC. CRC samples were classified as having (a and b) low or (c and d) high NS expression.
Original magnifications: X100 (A and C); x400 (B and D).

Abbreviations: CRC, colorectal cancer; NS, nucleostemin; qPCR, quantitative polymerase chain reaction.

1808  submityour manuscript OncoTargets and Therapy 2015:8

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Upregulated nucleostemin in colorectal cancer

observed in the two groups in tumors with node metastasis
(P=0.0017), distant metastasis (P<<0.001), and different
TNM stages (P=0.0016; data not shown).

Correlation between NS expression and

survival rate in CRC patients

Briefly, the survival analysis revealed that patients with low
NS expression (scale <5) survived significantly longer than
those with high NS expression (log-rank test, P<<0.001;
Figure 2A). The metastatic lymph nodes in patients with
low NS expression indicated a longer overall survival than
in patients with high NS expression (Figure 2B, log-rank test,
P=0.007). These results suggested that NS expression was
closely related with the survival rate of CRC patients.

Expression of NS was efficiently inhibited
by NS-siRNA in Sw620 cells

On the basis of our preliminary data on the high expression
level of NS in Sw620 cell lines, we examined different RNAi
techniques for silencing of this gene in Sw620 cells. One of
the designed siRNAs, called NS-siRNA, could efficiently
inhibit NS expression in Sw620 cells (Figure 3). As depicted
in Figure 3, NS-siRNA at 200 nM was efficiently del4

Low NS

s High NS

20

Survival rate

0 20 40 60 80 100
Follow-up (months)

Knockdown of NS significantly inhibited
CRC cell proliferation and invasion

The expression of NS was analyzed in LoVo, Caco2, and
Sw620 cells. Interestingly, it was expressed at higher levels
in Caco2 and Sw620 cells than in LoVo cells (Figure 4A).
On the basis of this observation, Caco2 and Sw620 cells were
chosen for the subsequent functional analysis. Knockdown of
NS by siRNA was confirmed using qPCR and Western blot-
ting, in which obviously low expression of NS was observed

after transfection (Figure 4B). The cell proliferation and inva-

ath in NS-siRNA-transfected cells, we studied
optosis and necrosis by acridine orange/ethidium bromide
staining of the cells (Figure 5B). The results clearly
showed that NS-siRNA-transfected cells underwent apopto-
sis after 48 hours. The apoptotic criteria, including nuclear
fragmentation, chromatin condensation, and apoptotic bodies,
were clearly observed. In these figure panels, viable cells were
equally green, whereas early apoptotic cells had bright green
dots or blobs in their nuclei, indicating chromatin condensa-
tion and nuclear fragmentation. Late apoptotic cells, however,
stained orange and showed condensed and fragmented nuclei.

B Metastatic lymph nodes

~ 100}

S

o 80

®

= eor Low NS
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Figure 2 Kaplan—Meier curves showing NS expression and overall survival in patients with CRC.

Notes: (A) Patients with high NS expression levels had poorer overall survival compared with patients with low NS expression. Data are representative of 372 CRC tissues
(P<<0.001). (B) Patients with high NS expression in metastatic lymph nodes had poorer overall survival than patients with low metastatic lymph node NS expression. Data
are representative of 88 metastatic lymph node tissues (P=0.003).

Abbreviations: NS, nucleostemin; CRC, colorectal cancer.
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Necrotic cells were uni
down of NS ind

A-transfected Sw620 cells
is work (Figure 5C). When compared
-siRNA-transfected cells showed a
significant increase in the GO/G1 phase of cell cycle popu-

was also studied
with control cells,

lation, with concurrent decrease in S and G2M phases after
24 hours of transfection. As might be expected, a sub-G1
peak (corresponding to apoptotic cells) was apparent after
longer times of transfection. For example, after 24 hours,
the GO/G1 cell cycle population of NS-siRNA-transfected
cells (58%) was higher than that in control cells (47%).
Moreover, the sub-G1 cell population (apoptotic cells)

NS-siRNA

NS

(hour,

48

Horescein-labeled NS-siRNA, Sw620 cells were harvested and analyzed by fluorescence
were detected by Western blot. (C) Analysis of NS mRNA level in Sw620 cells. The densitometry
gd by UVltec software. Each value represents the mean + SEM of three independent experiments,

was increased from 21% to 38% during the 48- to 72-hour
period of transfection, respectively. Results are expressed
as the mean + standard deviation. Data were analyzed using
the unpaired two-tailed Student’s #-test and the log-rank
test. P-values <0.05 were considered significant. All these
indicated that knockdown of NS induces G0/G1 cell cycle
arrest in Sw620 cells.

Discussion

CRC is a serious problem for human health.'” The incidence
and mortality of CRC in the People’s Republic of China has
increased rapidly in the past few decades. Early detection is
essential to reduce mortality and improve survival rates, but
this approach is hampered by the lack of convenient screen-
ing tools with high specificity and sensitivity for early-stage
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stem cells a involved in controlling self-renewal, cell

cycle progressid¥, and proliferation in both stem cells and
cancerous cells. Considering that NS plays a critical role in
cell proliferation, we examined expression and function of
NS in Sw620 and Caco2 cells as models of CRC cell lines.
To our knowledge, the functional importance of NS in CRC
has not been studied until now. Our results indicated that NS
mRNA was highly expressed in Sw620 and Caco?2 cells. This
finding is in alignment with previous studies based on NS

overexpression in several human cancer cell lines.'*2*
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Previous reports have indicated that NS expression was
related with cancer cell metastasis, TNM stage, and mortality.
Furthermore, these correlations were found to be independent
of other patient characteristics.” These findings hint that a
high NS expression could be used as a prognostic marker for
CRC diagnosis. An abnormally high expression of NS has
been found in various human cancers, including neuroblas-
toma and pancreatic, lung, bladder, liver, ovarian, and breast
cancers.*'3»26 However, the mechanism of how NS regulates
CRC is not yet elucidated. In the present study, immuno-
histochemistry revealed that NS had a nuclear expression
pattern and was upregulated in CRC tissues, compared to
the expression level in noncancerous tissues.
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In human breast, overexpression of NS has been pro-
posed to contribute to malignant progression by the inacti-
vation of wild-type p53 and p38 mitogen-activated protein
kinase, as well as by decreasing p16 protein expression.?’
In addition, NS is a good candidate prognostic marker
in patients with lung adenocarcinoma.?® Furthermore,
high NS expression has been negatively correlated with
prognosis in patients with pancreatic neuroendocrine
tumors and medulloblastoma.?-*° Similar to these find-
ings, a worse outcome was observed in CRC patients with
high NS expression. Furthermore, multivariate analysis
indicated that high NS expression was an independent
prognostic parameter for CRC patients.*® In cell lines, the
transfection with NS-siRNA significantly inhibited CRC
cell proliferation and invasion. Taken together, NS can be
used not only as a prognostic marker, but also as a potential
therapeutic target.

In our study, the roles of NS in cell cycle progress and
apoptosis were determined by NS-siRNA. These oligos
led to a significant decrease in the NS mRNA expression.
The results showed that NS knockdown inhibited growth
of Sw620 cells 24 hours after transfection. Apoptosis
began after 48 hours and increased to its highest level after

fbladder cancer SW1710 cells. Apparently,
u the regulation of the G1 phase of the cell

as in the 8
the role of N
cycle in Sw620%ells are in full agreement with most of
these literature reports.

Although several reports point to the apoptotic effects
of NS depletion in different cancerous cells, induction of
apoptosis following G1 cell cycle arrest is a novel finding
of this study. In fact, it has been previously reported that
NS depletion induced a rapid apoptosis response in HeLa
cells, PC-3 cells, human bladder (5637) cells, and HL-60

cells.??3 In our experiments, however, we observed a

delayed apoptosis response in Sw620 and Caco2 cells.
This may be related to the different levels of NS deple-
tion and the protein contents of the cells used in distinct
experiments.

In conclusion, NS may be a diagnostic biomarker for
CRC and high expression of NS is closely related with poor
prognosis. Further investigations are necessary to validate
the findings and to elucidate the underlying mechanisms of
how NS regulates the development of CRC.

Disclosure
The authors report no conflictg
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