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The role of calcyclin gene in the proliferation
and migration of gastric cancer cells
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Abstract. The aim of this study was to investigate the influence
of calcyclin on the growth, proliferation, apoptosis, invasion
and cell cycle of gastric cancer cell lines in order to elucidate the
role that calcyclin plays in gastric adenocarcinoma. Calcyclin
cDNA was subcloned into a constitutive vector pcDNA3.1
followed by liposome-mediated transfection in the MKN45
gastric cancer cell line. Stable transfectants were selected
and appraised. Specific inhibition of calcyclin was achieved
using a vector-based siRNA system by transfection into the
SGC7901 gastric cancer cell line. The apoptosis and cell cycle
of these clones were analyzed by flow cytometry. Growth and
proliferation were analyzed by cell growth curves and a colony-
formation assay, respectively. The invasion of these clones was
analyzed by a cell migration assay. MKN-calcyclin grew faster
compared to MKN45 and MKN-PC (MKN45 transfected
with pcDNA3.1 vector). SGC-SR1,2 grew slower compared
to SGC7901 and SGC-SS1,2 (SGC7901 transfected with
scrambled control duplexes). Cell cycle analysis showed that
proportions of MKN-calcyclin and SGC-SR1,2 cells in G0/
G1 and G2/M were significantly different compared to those
of their control groups, respectively (P<0.05). The apoptosis
rate of MKN-calcyclin was significantly lower compared to
those of control groups (P<0.05). Results of colony-formation
assay showed that the colony formation rate of MKN-calcyclin
was higher compared to those of control groups, otherwise
the rates of SGC-SR1,2 were lower compared to those of
their control groups (P<0.05). The results of the cell migra-
tion assay showed that the migration rate of MKN-calcyclin
was significant lower compared to those of its control groups,
conversely, the migration rates of SGC-SR1,2 were signifi-
cantly higher than those of their control groups (P<0.05). In
conclusion, calcyclin can promote the growth and proliferation
of gastric cancer cells and knockdown of calcyclin can restrain
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the growth and proliferation of gastric cancer cells. It can help
tumor cells maintain the malignant phenotype. However, it
can depress the ability of invasion of gastric cancer cells, thus
restraining the metastasis of gastric cancer.

Introduction

Gastric cancer is the second most common cause of death
from cancer worldwide (1,2) especially in many Asian coun-
tries, such as China, Japan and Korea. The incidence of gastric
cancer varies substantially among racial and ethnic groups.
The incidence is higher in eastern Asia than that in Western
countries. Recently, major advances have been made in our
understanding of the molecular and genetic alterations of
this gastrointestinal malignancy. A number of these altera-
tions, which are thought to contribute to carcinogenesis and
cancer progression, have been investigated, such as those of
oncogenes (k-ras, c-myc) (3-7), tumor suppressor genes (p53,
retinoblastoma gene) (8,9) and metastasis suppressor genes
(KAIl and nm23) (10,11). However, the more extensive genetic
events that lead to the development of gastric cancer are not
known. Understanding of this process may identify potential
markers and therapeutic targets for gastric cancer.

The calcyclin gene is an important member of S100 family.
The genes of this family are distributed in the region 1q21-
1g22. A cluster of at least 16 types of S100 genes is located on
1g21. The S100 protein family constitutes a group of nearly 20
proteins that contain well-conserved EF-hand calcium binding
domains (12-16).

Calcyclin is an EF-hand calcium binding protein (17,18).
Calcyclin cDNA was discovered by Hirschhorn et al (19) and
further characterized by Calabretta et al (20). The protein was
originally identified in Ehrlich ascites tumor cells by Filipek
and Kuznicki (21) and Kuznicki er al (22). The properties and
distribution of calcyclin are well established but its function is
unclear. It has been suggested that calcyclin may be involved
in cell proliferation, differentiation, and secretion (23,24). In
recent years, the up-regulation of calcyclin has been reported
in a variety of tumors such as colorectal carcinoma, pancreatic
carcinoma, hepatic carcinoma, breast carcinoma, melanoma
and osteosarcoma (25-32) and is linked to metastasis. However,
the exact intracellular roles of calcyclin in cancer have not
been clarified. Yang et al (33) performed the serial analysis
of gene expression (SAGE) experiment, microarrays and
real-time polymerase chain reaction (RT-PCR) assays to
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compare the gene expression profiles between cancerous and
adjacent tissues. They found that calcyclin was significantly
up-regulated in gastric cancer tissue and thought that it was
associated with gastric cancer tumorigenesis and assessment
of calcyclin levels could be a promising tool for diagnosis of
gastric cancer. On the other hand, Ning ef al (34) prepared
calcyclin-binding protein/Siah-1-interacting protein (CacyBP/
SIP) (calcyclin-binding protein which could interact with
calcyclin) overexpressing and knockdown cell lines of gastric
cancer. They found that CacyBP/SIP inhibited the prolifera-
tion of gastric cancer cells, suppressed tumorigenicity in vitro,
and prolonged the survival time of tumor-bearing nude mice.
Their results suggested that CacyBP/SIP could be a potential
inhibitor of cell growth and invasion in the gastric cancer cell
and it could be an antagonist to the role of calcyclin in gastric
cancer. However, at present, the reports on the role of calcyclin
in gastric cancer are limited.

Recently, using the technique of microarray analysis,
we showed that the expression of calcyclin appeared to be
up-regulated about 3-fold in gastric cancer lesions relative
to the expression by the peripheral normal gastric mucous
membrane in our department (35,36). Perhaps somewhat
naively, we considered that such up-regulation of a puta-
tive carcinogenic gene was consistent with the possibility
that greater proliferation, as well as enhanced invasive
activity, would be more likely to occur in the cancer masses.
Accordingly, we chose to examine the effects of up-regulation
and down-regulation of calcyclin protein levels in cancer cells
using the gene transfection and RNA interference (RNAi)
approach, followed by assessment of the activity of treated
cells in a range of proliferative or invasive assays. We report
that calcyclin expression is crucial for tumor cell growth,
survival and the maintenance of tumor cell parameters that
may contribute to malignant potential. Our data suggest that
calcyclin could partially be classified as a tumor-enhancing
gene, but its role could be more complicated than what we
think.

Materials and methods

Materials. The calcyclin monoclonal antibody was purchased
from Abcam (Cambridge, MA, USA), Rabbit anti-mouse HPR
(1:1,000; Dako, Copenhagen, Denmark) was used to recognize
the corresponding proteins. pcDNA3.1 vector was prepared by
our laboratory and common cell culture plates were purchased
from Orange Co. (Braine-I'Alleud, Belgium). Transwell
cell culture plates were (8 ym pore size; Transwell, Becton-
Dickinson, Franklin Lakes, NJ, USA) purchased and prepared
in our department. Annexin V-FITC apoptosis detection kit
was purchased from Biosea Biotechnology Co., Ltd. (Beijing,
China). All the primers used in this research were synthesized
by Shanghai Boya Biotechnology Co., Ltd. (Beijing, China).

Cell lines and culture. The human gastric adenocarcinoma
cell line (MKN45) was provided by the Shanghai Institute of
Biotechnology and maintained by our department. The human
gastric adenocarcinoma cell line (SGC7901) was obtained
from Shanghai Cell Research Institute of Chinese Scientific
Academy, stored and cultured in our laboratory. Dulbecco's
modified Eagle's media (DMEM) containing 10% calf serum,

100 IU/ml penicillin and 100 IU/ml streptomycin was used as
the conventional culture medium. The culture procedures were
performed under 37°C, 5% CO, and saturation humidity.

Investigation of calcyclin expression in SGC7901 and MKN45
cell lines. The expression of calcyclin in SGC7901 and MKN45
cell lines was detected to determine whether the cell lines could
be used in the research. RT-PCR and immunocytochemistry
were performed to detect the expression of calcyclin in cells.

Transfections. Human gastric cancer MKN45 cells were
transfected with cDNA of the calcyclin gene. For the stable
transfections, cDNA was inserted into the pcDNA3.1 expres-
sion vector (Invitrogen, San Diego, CA, USA) between the
EcoRI and BamHI site. The orientation of the insert was
confirmed by restriction digestion and DNA sequencing.
The pcDNA3.1 vector inserted with the calcyclin cDNA
was renamed as pcDNA3/ calcyclin and was transfected into
MKN45 cells using a Lipofectamine 2000 liposome transfec-
tion kit, (Boehringer Mannheim, Indianapolis, IN, USA). The
pcDNA3.1 empty vector transfection group and the untreated
control group were established. Putative transfectants were
then selected by antibiotic resistance in cell culture medium
containing 800 pg/ml G418. After 7 weeks of culture in the
presence of G418, the remaining cells were isolated with
cloning cylinders and transferred into 24-well dishes. Eight
and thirteen positive clones were respectively obtained in the
pcDNA3/calcyclin vector transfection group (MKN-calcyclin)
and pcDNA3.1 empty vector transfection group (MKN-PC).
These selected clones were taken for identification and frozen
for future use.

Calcyclin small interfering RNA (siRNA) synthesis and manip-
ulation. We obtained the whole cDNA sequence of calcyclin
from GenBank and used OligoEngine software to select two
targeted fragments for RNAi as follows: 1, aaggagctcaccatt
ggcteg (390-410), 2, aagcacaccctgagecaagaag (432-452). These
21 nucleotide DNA sequences corresponded to calcyclin
coding nucleotides.

To control for the specificity of the RNAi effect, an
independent DNA duplex was designed and produced respec-
tively with 1 point mutation compared with the calcyclin
siRNA duplex; this served as the control for the transfection
procedure. The scrambled control sequence was as follows:
1, aaggagatcaccattggetcg; 2, aagcacacactgagcaagaag. A
BLAST search of the calcyclin siRNA against the GenBank
_ EMBL _ DDBIJ _ PDB sequences was performed and the
results identified only one gene. Human mRNA encoding the
calcyclin was targeted. BLAST searches of the control siRNA
against the same sequences showed no other human gene to
be targeted. According to the selected targeted fragments, two
calcyclin siRNA duplexes and two scrambled control duplexes
were synthesized as follows: S1, 5'-cgacggagctcaccattggeteg
gagtactgcgagccaatggtgagetccttttt-3' and 3'-gcctcgagtggtaacc
gagcctcatgacgetcggttaccactcgaggaaaaagatc-5'; S2, 5'-cgacgeac
accctgagcaagaaggagtactgcttcttgctcagggtgtgcttttt-3' and 3'-gc
gtgtgggactegttcttcetcatgacgaagaacgagtcccacacgaaaaagatc-5'.

The scrambled control duplexes were as follows: S1s, 5'-cga
cggagatcaccattggetcggagtactgegagecaatggtgageteettttt-3' and
3'-gcctetagtggtaaccgagectcatgacgetcggttaccactcgaggaaaaagatc-5';
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S2s, 5'-cgacgcacacactgagcaagaaggagtactgettettgetcagggtgtg
cttttt-3' and 3'-gegtgtgtgactegttettcctcatgacgaagaacgagtcccac
acgaaaaagatc-5'.

All the DNA fragments were chemically synthesized,
purified and annealed by Dharmacon Research (Lafayette,
CO, USA) and manipulated according to the manufacturer's
instructions. These duplex DNA fragments were inserted
into IMG-800 RNAI vector (Imgenex, San Diego, CA, USA)
between the Xbal and Scal site. The orientation of the insert
was confirmed by restriction digestion and DNA sequencing,
and then vector-based siRNAs were amplified.

Cell culture and RNA transfection. SGC7901 cells were grown
in DMEM medium (Invitrogen, Paisley, UK) supplemented
with 10% fetal calf serum (FCS) without antibiotics.

Twenty-four hours before transfection, 1x10° cells were
seeded into a T75 flask in 15 ml DMEM medium with 10%
FCS. The Lipofectamine 2000 liposome transfection kit,
(Boehringer Mannheim) was used to transfect vector-based
siRNAs into cells according to the procedures recommended
by the manufacturer. An amount of 1 nmole siRNA duplex was
used for each T75 flask. In cases of apparent overconfluence,
assessed by simple visual examination, cells were split on the
second day after the transfection but the cells were maintained
in various media containing the siRNA duplexes at the appro-
priate concentration. All assays were carried out on Day 5
after transfection, except the growth curve study, which was
initiated on Day 2 after the transfection and continued over the
subsequent 7 days. Two groups of SGC7901 cells transfected
with two siRNA duplexes were renamed as SGC-SR1 and
SGC-SR2. Two other groups of SGC7901 cells transfected
with scrambled control duplexes were renamed as SGC-SS1
and SGC-SS2 respectively. On the fifth day after transfection,
the effect of siRNA on the gene expression was analyzed.

Analysis of transfectants. RT-PCR and Western blot analysis
were respectively performed to detect the mRNA and protein
levels of calcyclin in each sample, and immunocytochemical
analysis was used to detect the expression of calcyclin protein
in the MKN-calcyclin, MKN-PC, SGC-SR1,2, SGC-SS1,2
cells in situ. Densitometry of the RT-PCR and Western blot
analysis results of the SGC-SR1,2, SGC-SS1,2 and SGC7901
groups was performed, and the data represent average values
from 5 replicates respectively. Expression of calcyclin mRNA
and protein from the cells of each group was normalized to
the B-actin band and compared with controls. Bands were
detected by chemiluminescence and quantified using NIH
Image (v1.60). Data were expressed as a percentage of control,
and were analyzed using the Student's t-test, with P<0.05 being
considered significant.

Cell growth curves. All of 8 MKN-calcyclin cell clones, 13
MKN-PC cell clones and untreated MKN45 cells were used.
The cells of each clone were inoculated into 24-well culture
plates at the concentration of 5x10%/ml. After the cells were
plated, they were washed once with phosphate buffer solu-
tion (PBS) and then trypsinized in 0.5 ml of Trypsin/EDTA
(ethylenediaminetetraacetic acid) and counted in triplicate
at 1 to 7 days using a cell counter (Beckman Coulter, Inc.,
Fullerton, CA, USA). The mean values of all § MKN-calcyclin
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cell clones and 13 MKN-PC clones at different time points
were calculated, and growth curves were plotted.

Two days after the siRNA transfection, cells of SGC-SR1,2,
SGC-SS1,2 and untreated SGC7901 groups were trypsinized
and seeded at 2x10*/well in 6-well plates. Subsequently, cells
were trypsinized and counted each day after plating.

Colony formation assay. Each clone of MKN-calcyclin,
MKN-PC, and untreated MKN45 groups was examined. One
thousand cells of each clone were respectively seeded in a 9 cm
cell culture dish. After 18 days of culture in DMEM containing
FCS, cell colonies were fixed and stained with 0.5% methylene
blue (Sigma, Poole, Dorset, UK) in ethanol and the number of
cell colonies with more than 50 cells was counted in each dish
(colony formation rate = number of colonies in each dish/1,000).
Three reduplicate dishes were used from each clone.

On the fifth day after transfection, 1,000 cells from each
sample of SGC-SR1,2, SGC-SS1,2 and untreated SGC7901
groups were seeded in 6-well plates and kept growing in 4 ml
DMEM with 10% FCS. After 16 days culture, cell colonies
were fixed and stained with 0.5% methylene blue (Sigma) in
ethanol. All colonies visible by eye were counted separately for
each sample and their colony formation rates were evaluated.

Analysis of cell cycle and apoptosis. All cell clones of the
MKN-calcyclin, MKN-PC, and untreated MKN45 groups
and all cell samples of the SGC-SR1,2, SGC-SS1,2 and
untreated SGC7901 groups were detected by flow cytometry
for analysis of the cell cycle and apoptosis. When the cells
covered 70% of the area of the cell culture plates, the serum-
free culture medium was used for synchronization. After 24 h
of continuous culture, the cells were harvested and fixed by
100% ethanol, then prepared for single cell suspensions. After
DNA staining, the cell cycles of the samples were measured
on a FACScalibur cytometer (Becton-Dickinson). Analysis
was performed with the CellQuest software. After synchro-
nization and 24 h continuous culture, the cells were harvested
and fixed. Propidium iodide (PI) and Annexin V-FITC double
staining was performed, and flow cytometry was used to
detect cell apoptosis. Three replicate tests on every sample
were performed in each group, the average values of these
groups were calculated respectively, and comparison between
these groups was conducted.

Analysis of the influence of specific down-regulation of calcy-
clin on cellular proliferation by PCNA staining. The cells of the
SGC-SR1,2, SGC-SS1,2 and untreated SGC7901 groups were
immunostained for proliferating cell nuclear antigen (PCNA)
to assess the activity of cellular proliferation. Cultured cells
were fixed with 4% paraformaldehyde (PFA) in PBS for 1 h,
and to block non-specific staining, they were treated with 2%
bovine serum albumin (BSA) and 0.1% Triton X-100 in PBS
for 1 h at room temperature. After treatment with 3% H,0,
for 10 min to block endogenous peroxidase activity, primary
mouse antibody raised against PCNA (Clone PC10; Dako,
Carpinteria, CA, USA) was applied for 1 h, the secondary
biotin-labelled goat anti-mouse antibody was added for 10 min;
and the avidin-biotin peroxidase complex (ABC) (Dako) was
applied for 10 min. 3,3'-Diaminobenzidine (DAB) was used
as the chromogen. Finally, the cells were counterstained with
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Figure 1. The results of RT-PCR for calcyclin in SGC7901 and MKN45 cells.
S1, S2 were the results of RT-PCR for calcyclin and B-actin in SGC7901
cells, M1, M2 were the results of RT-PCR for calcyclin and fB-actin in
MKN45 cells. The calcyclin and the $-actin fragments were about 500 bp.
The results showed that calcyclin expression was present in SGC7901 cells,
but not detectable in MKN45 cells.

Harris's hematoxylin for 3 min and coverslips applied with
a xylene-based mounting medium. For the quantification of
PCNA immunostaining, 15 fields were analyzed per sample.
The PCNA-labeling index (PCNA positive proportion) was
expressed as the percentage of the number of PCNA-labelled
nuclei divided by the total number of nuclei examined under
a microscope (20x objective) and the average value of each
group was calculated. The PCNA positive proportions were
compared between SGC-SR1,2 and their control groups.

Cell migration assay. The cell migration assay was performed
using FCS-coated polycarbonate filters (8 ym pore size;
Transwell, Becton-Dickinson). The membrane undersurface
was coated with 200 ul FCS for 1 h at 37°C and blocked with
200 pl migration buffer (0.5% BSA in DMEM) for 30 min at
37°C. The lower chamber was filled with 500 ul of migration
buffer, following which cells were plated in the upper chamber
of 4 wells/treatment at a density of 1x10° in 100 1 of migration
buffer and incubated at 37°C for 4 h. Following incubation,
cells in the upper compartment were trypsinized and counted
by the CASY 1 counter (Sharfe System, Reutingen, Germany).
Cells that had migrated to the lower surface of the filter were
also trypsinized and counted. The migration rate was obtained
by dividing the cell number in the lower chamber by the sum
of the cell number found in both the lower chamber and the
upper chamber.

Results

Expression of calcyclin gene in SGC7901 and MKN45 cell
lines. The expression of the calcyclin in the gastric adenocar-
cinoma cell strains SGC7901 and MKN45 was detected by
RT-PCR and immunocytochemical analysis. All the results
in the MKN45 cell strain were negative, which indicated that
there was no detectable expression of calcyclin gene or protein
in untreated MKN45 cells. On the other hand, the results in the
SGC7901 cell strain were positive. The results of the immuno-
cytochemical assay showed that the expression of calcyclin in
SGC7901 cells was mainly distributed in the cytoplasm and
membrane but there was no obvious positive signal in the cell
nucleus (Figs. 1 and 2).

Expression of calcyclin gene in transfectants. The results of
RT-PCR, Western blotting and immunocytochemical analysis
showed that the expression of calcyclin significantly increased
in MKN-calcyclin cells when compared with the untreated
MKN45 cells or MKN-PC cells. The results of the immuno-

Figure 2. Immunocytochemistry of calcyclin in the MKN45 and SGC7901
cell lines (x200). (A) The results showed that there was no detectable expres-
sion of calcyclin in MKN45 cells. (B) The brown positive signals were
mainly distributed in the cytoplasm and membrane. The results showed that
calcyclin expression was detectable in the SGC7901 cell line.
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Figure 3. RT-PCR of calcyclin in MKN-calcyclin and MKN-PC cells. Mg,
and Mg, denote the results of RT-PCR for calcyclin and f-actin control in
MKN-calcyclin cells, My, and My, indicate the results of RT-PCR for calcy-
clin and -actin control in MKN-PC cells. The results showed that expression
of calcyclin gene was detectable in MKN-calcyclin cells but not in MKN-PC
cells.

Figure 4. Immunocytochemistry of calcyclin in MKN-PC and MKN-
calcyclin cells (x200). (A) There was no positive signal in MKN-PC cell. (B)
The brown positive signals were mainly distributed in cytoplasm of MKN-
calcyclin cells. The results showed that there was expression of calcyclin in
the MKN-calcyclin cell line but not in the MKN-PC cell line.

cytochemical assay showed that the expression of calcyclin in
MKN-calcyclin cells was mainly distributed in the cytoplasm
and there was no obvious positive signal in the cell nucleus
and membrane (Figs. 3-5). The results of RT-PCR, Western
blotting and immunocytochemical assay showed that calcyclin
siRNA can efficiently and specifically decrease endogenous
calcyclin expression. Only the calcyclin siRNA caused the
down-regulation of calcyclin protein, while calcyclin protein
levels in the scrambled siRNA and untreated control samples
showed no change (Figs. 6-8). These results indicate that only
specific sSiRNA caused complementary mRNA degradation
and thus the decrease of the corresponding protein. Calcyclin
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Figure 5. Western blotting of calcyclin in MKN-calcyclin, MKN-PC and
MKN4S5 cells. Mg indicates the levels of calcyclin and B-actin control in MKN-
calcyclin cells, My, and My, indicate the calcyclin and 3-actin control levels in
MKN-PC cells, M, and M, those in MKN4S5 cells. The results show that calcy-
clin is expressed in MKN-calcyclin cells but not in MKN-PC or MKN45 cells.
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Figure 6. RT-PCR of calcyclin in SGC-SR1, SGC-SR2, SGC-SS1, SGC-SS2
and untreated SGC7901 cells. (A) S, and S, indicate the results of RT-PCR
for calcyclin and B-actin control in SGC-SS1 and SGC-SS2 cells, respectively,
and Sg, and Sy, indicate those in SGC-SR1 and SGC-SR2 cells, respectively.
S indicates the results in untreated SGC7901 cell. The results show that the
expression levels of the calcyclin gene in SGC-SR1 and SGC-SR2 cells were
decreased when compared with the control groups. (B) Levels of calcyclin
and B-actin mRNA of cells were detected by RT-PCR 5 days after siRNA
transfection. About 20-30% relative expression rates in SGC-SR1 and SGC-
SR2 groups could be detected when compared with untreated SGC7901.

mRNA and protein were decreased to about 30 or 20% of the
control level respectively by the fifth day after the calcyclin
siRNA transfection (Figs. 6-8).

The influence of calcyclin gene on cell growth. The results of
the cell growth curve assay showed that MKN-calcyclin cells
grew significantly faster than MKN-PC and untreated MKN45
cells, respectively (P<0.05), and there was no significant differ-
ence between the control groups. At Day 4, 5, 6 and 7 after
inoculation, the average cell counts of the MKN-calcyclin
group were 2.86x10%, 3.42x10%, 4.27x10° and 4.64x10° respec-
tively, which were significantly higher than those of the two
control groups (P<0.05) (Fig. 9A).

The growth curves of SGC-SR1, SGC-SR2, SGC-SSI1,
SGC-SS2 and untreated SGC7901 (Fig. 9B) groups showed
that treatment with calcyclin siRNA, but not with scrambled
siRNA, could restrain cell growth over a period of 7 days. At
Day 5, 6 and 7 after inoculation, the average cell counts of the
SGC-SR1 group were 0.96x10°, 1.26x10° and 1.56x10° respec-

Figure 7. Immunocytochemistry of calcyclin in SGC-SS1 and SGC-SRI cell
lines (x200). (A) The brown positive signals were mainly distributed in the
cytoplasm and membrane of SGC-SSI cells. (B) The brown positive signals
were mainly distributed in the cytoplasm of SGC-SR1 cells and the intensity
of positive signals decreased when compared with those of SGC-SS1 cells .
The results showed that the expression level of calcyclin in the SGC-SR1 cell
line was reduced.
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Figure 8. Western blotting of calcyclin in SGC-SR1, SGC-SR2, SGC-SS1,
SGC-SS2 and untreated SGC7901 cells. (A) Sg, and Sg, indicate the results of
Western blotting for calcyclin and B-actin control in the SGC-SR1 and SGC-
SR2 cells, respectively and Sg, and Sg, those in SGC-SS1 and SGC-SS2 cells,
respectively. S1 and S2 indicate the results in the untreated SGC7901 cell line.
The results showed that the expression levels of calcyclin in SGC-SR1 and
SGC-SR2 cell lines were reduced when compared with the control groups. (B)
Expression levels of calcyclin and 3-actin proteins of cells detected by Western
blot analyses 5 days after siRNA transfection. About 15-20% relative expression
rates in SGC-SR1 and SGC-SR2 groups could be detected when compared with
the untreated SGC7901 cells.

tively, which resembled those of the SGC-SR2 group and were
significantly lower than those of the control groups (P<0.05).

The influence of calcyclin gene on colony formation. The
colony formation rate of MKN-calcyclin cells (0.57+0.05) was
significantly higher than that of their control groups (P<0.05).
There was no significant difference between these control
groups (P>0.05) (Fig. 10A). It is apparent that transfection
with calcyclin siRNA increased the capacity of these cells to
establish colonies to a highly significant degree.

The examples of data from a colony formation assay for
SGC-SR1,2 cells are shown in Fig. 10B which were signifi-
cantly lower than those of their respective control groups
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Figure 9. Growth curves of MKN-calcyclin, MKN-PC, MKN45, SGC-SR1,2, SGC-SS1,2 and untreated SGC7901 cell lines. (A) MKN-calcyclin cells grew
significantly faster than MKN-PC and untreated MKN45 cells, respectively in the growth curves of MKN-calcyclin, MKN-PC and MKN45 cell lines. (B)
SGC-SR1, SGC-SR2 cells grew significantly slower than SGC-SS1, SGC-SS2 and untreated SGC7901 cells.
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Figure 10. (A) Colony formation assay of MKN-calcyclin, MKN-PC and MKN45 cells. Colony formation rates of 1, MKN45 cells, 2, MKN-PC cells and 3,
MKN-calcyclin cells. The results showed that the colony formation rate of MKN-calcyclin cells was significantly higher than that of its control groups. (B)
Colony formation assay of SGC-SR1, SGC-SR2, SGC-SS1, SGC-SS2 and untreated SGC7901 cell lines. Colony formation rates of 1 and 2, SGC-SS1 and
SGC-SS2 cells, 3, SGC7901 cells, 4 and 5, SGC-SR1 and SGC-SR2 cells. The results showed that the colony formation rates of SGC-SR1, SGC-SR2 cell lines

were significantly lower than those of their control groups, respectively.

(P<0.05) (Fig. 10B). It is apparent that transfection with
calcyclin siRNA decreased the capacity of these tumor cells
to establish colonies.

Calcyclin is important for cell cycle progression. The results of
the effect of calcyclin on individual experiments measuring cell
cycle progression are summarized in Tables I and II. It was
clear that up-regulation or down-regulation of calcyclin gene
expression led to consistent changes in the number of cells in
the GO/G1, S or G2/M phases. Up-regulation of calcyclin could
increase the number of cells in the G2/M phase, but decreased
that in the S phase. On the other hand, down-regulation of the
calcyclin gene expression could lead to an increased number of
cells in the GO/G1 phase and a decreased number of cells in the
S phase. This appeared to be caused by specific changes in the
rate at which cells passed from the GO/GI to the S phase with
changes of calcyclin protein levels.

The influence of calcyclin gene on cell apoptosis. The results
of the apoptosis assay showed that the average apoptosis rates
of all cell clones in MKN-calcyclin, MKN-PC and untreated
MKN45 groups were 6.29+0.66, 2.46+0.48 and 2.63+0.55%
respectively, and there was statistically significant difference

between MKN-calcyclin and their control groups (P<0.05).
The results of the apoptosis assay in the SGC-SR1, SGC-SR2,
SGC-SS1, SGC-SS2 and the untreated SGC7901 groups were
1.85+0.33, 2.51+0.31, 2.17+0.32, 1.96+0.63 and 2.39+0.25%
respectively, and there was no statistically significant differ-
ence between them (P>0.05). It appeared that up-regulation
but not down-regulation of calcyclin gene expression had an
important influence on cell apoptosis.

The influence of calcyclin gene on cellular proliferation.
Proliferating cell nuclear antigen (PCNA) reactivity patterns
were widely variable, with diffuse nuclear staining. The
results of the immunocytochemistry assay for PCNA showed
that there were PCNA immunostained cells in the SGC-SR1,
SGC-SR2, SGC-SS1, SGC-SS2 and the untreated SGC7901
groups. The brown positive signals were mainly distributed
in the cell nucleus (Fig. 11A). The mean PCNA positive
proportions were significantly different (P<0.05) between the
SGC-SR1, SGC-SR2 and the control groups. As a result, the
PCNA index decreased significantly with decreasing calcyclin
gene expression in the SGC7901 cell, whereas the differences
of the PCNA index between the control groups were not
significant (Fig. 11B).
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Table I. Cell cycle distribution of the MKN-calcyclin, MKN-PC and MKN45 cells.
Group Clone no. n GO/G1 (%) G2/M (%) S (%)
MKN-calcyclin 8 3 42.54+5.32 19.43+2.50* 36.03+2.27*
MKN-PC 13 3 44.33+3.45 2.79+0.44 52.88+6.43
MKN45 1 3 47.90+2.39 3.1245.37 48.98+4.22
*P<0.05 compared with the MKN45 group.
Table II. Cell cycle distribution of the SGC-SR1, SGC-SR2, SGC-SS1, SGC-SS2 and the untreated SGC7901 cells.
Group n GO0/G1 (%) G2/M (%) S (%)
SGC-SR1 3 53.34+4 45" 4.45+0.40 43.03+6.27*
SGC-SR2 3 51.03+6.25* 7.85+2.32 41.12+5.56*
SGC-SS1 3 35.50+5.21 6.67+0.54 57.83+11.67
SGC-SS2 3 42.66+4.57 3.55+1.16 53.79+1.34
SGC7901 3 36.22+8.43 3.78 £0.46 60.00+7.78

*P<0.05 compared with the SGC7901 group.
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Figure 11. (A) Immunocytochemistry of PCNA in SGC-SSI (left) and SGC-
SR1 (right) cells (x200). The brown positive signals were mainly distributed
in the cell nucleus of SGC-SS1 and SGC-SR1 cells. The results showed that
there were fewer PCNA-positive cells in SGC-SR1 than in the SGC-SSI cells.
(B) Analysis of the PCNA-positive proportion of SGC-SR1, SGC-SR2, SGC-
SS1, SGC-SS2 and untreated SGC7901 cells. PCNA-positive proportions of 1
and 2, SGC-SS1, and SGC-SS2 cells, 3, SGC7901 cells, 4 and 5 SGC-SR1 and
SGC-SR2 cells.

Role of calcyclin in cancer cell migration. Because individual
cell migration is an important characteristic of invasive tumor
cells, we examined the effects of calcyclin modulation on
migration. The migration rates of MKN-calcyclin, MKN-PC,
untreated MKN45 cells and calcyclin siRNA transfected cells
are showed in Fig. 12. We observed that the cell migration
rate was decreased when the calcyclin gene expression was
up-regulated but was increased when its expression was down-
regulated. The statistical differences in the experimental
groups and their control groups were significant (P<0.05).

Discussion

Upregulation of calcyclin is frequent in gastric adeno-
carcinoma as well as other malignancies. Although the role of
calcyclin has yet to be clearly defined, it has been implicated
in several cellular processes, such as cell proliferation and
invasion (37,38). In relation to studies performed on other
tumor forms, the evaluation of calcyclin yielded conflicting
results. In pancreas (37,39), thyroid (40,41) and colorectal (42)
cancers, calcyclin expression has been directly correlated with
the neoplastic phenotype, being more expressed in cancer
than in normal tissues. Additionally, calcyclin expression
was reported to be a negative prognostic factor in pancreatic
tumors (37), and in colorectal cancer it was more expressed
in liver metastasis then in primary tumors (42). Completely
opposite results have been obtained in osteosarcoma (43) and
cholesteatoma (44), where increased calcyclin levels in tumor
cells have been coupled with improved survival.

In the present study, the role of this gene in gastric cancer
was investigated in vitro. Cell growth or proliferation was
significantly increased in calcyclin-tansfected gastric cancer
cells and significantly decreased in calcyclin-RNA1i gastric
cancer cells. The results of the present study provided more
support for an oncogenic (proliferative) role in gastric cancer
and concurred with those in pancreas, thyroid and colorectal
cancers. It appears that calcyclin plays a tumor-enhancing role
in adenocarcinoma, but not in other tumors such as osteosar-
coma. Its role could be very different in different histological
malignancies. The influence on cell growth or proliferation
could be due to the direct or indirect regulation of cellular
genes involved in transcription and the mitotic program as
well as mediating of nuclear events associated with growth
factor stimulation. In conclusion, the molecular and biological
factors that control the balance between cell proliferation and
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Figure 12. (A) Cell migration assay of MKN-calcyclin, MKN-PC and untreated MKN45 cell lines. Cell migration rate of 1, MKN-calcyclin cells, 2, MKN-PC
cells and 3, untreated MKN45 cells. The results showed that the cell migration rate of the MKN- calcyclin cell line was significantly lower than that of its
control groups. (B)Cell migration assay of SGC-SR1, SGC-SR2, SGC-SS1, SGC-SS2 and untreated SGC7901 cell lines. Cell migration rates of 1 and 2,
SGC-SR1 and SGC-SR2 cell lines 3 and 4, SGC-SSI and SGC-SS2 cell lines and 5, the SGC7901 cell line. The results showed that the cell migration rates of
the SGC-SR1, SGC-SR2 cell lines were significantly higher than those of their control groups.

apoptosis in development and progression of gastric cancers
are complex, but the changes of calcyclin gene expression have
an effective influence on growth and proliferation of gastric
cancer cells. Research on the molecular mechanism of the
influence of calcyclin on cell growth or proliferation is limited
and further studies should be performed.

The results of the cell cycle assay suggest that up-regulation
of calcyclin expression could increase the cells in G2/M phase
significantly, while down-regulation of calcyclin expres-
sion increased the proportion of cells in the GO/G1 phase.
These results provide additional support for calcyclin's role in
promoting cell growth and proliferation. In previous studies,
calcyclin protein has been implicated in the regulation of cell
growth and proliferation because its mRNA is preferentially
expressed in the G1 phase of the cell cycle (45). The effects of
calcyclin on cell cycling are probably mediated via interactions
with various ligands including Ca**/phospholipid-binding
proteins of the Annexin family, glyceraldehyde-3-phosphate
dehydrogenase, and a 30 kDa protein present in Ehrlich ascites
tumor cells (46). It is possible that the post-translational modi-
fication of calcyclin will induce the conformational changes
which direct the binding of calcyclin to a specific target, and,
thereby elicit a distinct cascade of cellular events including the
cell cycle. In essence, calcyclin could regulate genes involved
in cell cycle regulation. To date, the complex modification of
calcyclin on the cell cycle was not clear. In further research,
we will investigate the molecular mechanism of the influence of
calcyclin on the biological characteristics of gastric cancer cells.

Using the cell apoptosis assay, we found that up-regulation
of calcyclin expression could increase the cell apoptosis rate in
gastric cancer cells. It seemed that calcyclin could induce cell
apoptosis, but the results of many studies have suggested that
the influence of calcyclin on cell apoptosis is very complex and
contradictory conclusions have been reported. Stomnicki er al
(47) investigated the functional implications of the calcyclin-
p53 interaction by comparing various aspects of p53 activity
in HEp-2 cells with either unaltered or diminished calcyclin
content due to stable expression of siRNA. They found that
the presence of calcyclin results in higher p53 transcriptional
activity which is also reflected by higher cell susceptibility to

apoptosis evoked by hydrogen peroxide. The results suggested
the calcyclin could enhance cell apoptosis through the p53
pathway. Joo et al (48) demonstrated that up-regulation of
calcyclin enhanced cell death and the processing of apoptosis
involved the modulation of the transcriptional regulation of
caspase-3. Leclerc et al (49) thought that calcyclin modulates
cell apoptosis in a RAGE (receptor for advanced glycation end
products)-dependent manner. Calcyclin specifically interacted
with the C(1) and C(2) RAGE domains. In our research,
down-regulation of calcyclin expression by specific RNAi had
no detectable influence on gastric cancer cell apoptosis. The
reason could be that the change of cell apoptosis had not been
displayed in the short experimental time. Further research will
be performed to confirm the results and identify the reason for
the lack of an effect on apoptosis.

Our results showed that up-regulation or down-regulation
of calcyclin expression could have a noticeable influence on
cellular migration. It seemed that increased calcyclin expres-
sion could restrain cellular migration, so the gene could depress
the invasion of gastric cancer cells. Otherwise, specific down-
regulation of the calcyclin gene enhanced cellular migration.
The results are in agreement with those of Luu ef al (43). They
found that loss of calcyclin's expression could correlate with a
metastatic phenotype. However, little is known about the exact
molecular mechanism of calcyclin's impact on cellular inva-
sion, even though it has been shown to interact with the actin
cytoskeleton via tropomyosin (38,50). The actin microfilament
system attaches to the adherens junctions and is involved in
cell contractility and adhesion-dependent signaling with the
extracellular matrix (51). It is conceivable that through its
interactions with the actin microfilament system, calcyclin
can modulate cell adhesion, cell motility, and/or anchorage-
independent growth. Interestingly, tropomyosin has been
shown to suppress transformed phenotypes, such as anchorage
independent growth, in both ras and src transformed cells
(52-54). Therefore, the results implied that knockdown of
calcyclin could not be helpful for treating the disease.

The results of the present investigation demonstrated that
overexpression of calcyclin gene can influence some biological
characteristics of gastric cancer cell. Calcyclin can promote
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the growth and proliferation of these cells and help tumor cells
maintain the malignant phenotype. However, it can restrain
the ability of invasion of gastric cancer cells. Specific knock-
down of calcyclin can repress gastric cancer cell growth and
proliferation, but can enhance invasion of gastric cancer cells.
The gene may be a potential target for gene therapy.
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