
Abstract. Calcyclin-binding protein (CacyBP) is a tumor
suppressor in gastric and renal cell carcinoma, but an oncogene
in pancreatic cancer. However, the function of CacyBP in
breast cancer has not been well elucidated. In this study, we
explored the clinical relevance of CacyBP and investigated
the relationship between CacyBP and COX-2 in breast cancer.
Immunohistochemical analysis in 172 cases of breast tissues
showed that the positive rate of CacyBP protein expression in
normal breast tissues (NBT) (89.3%) was higher than that in
invasive ductal carcinoma (IDC) (56.1%) (P<0.05). RT-PCR
and Western blot analysis showed that CacyBP mRNA and
protein expression were significantly lower in tumor tissues
as compared to those in the corresponding non-tumorous
tissues (P<0.05). The expression trend of COX-2 was opposite
with CacyBP in breast carcinogenesis. Moreover, the CacyBP
expression was significantly negatively associated with the
COX expression in the 132 breast cancer samples (cor-
relation coefficient = 0.505, P<0.001). The clinicopatho-
logical data analysis in 132 breast cancer samples showed
that CacyBP expression was positively correlated with
well differentiated samples (P=0.021), low pathologic TNM
stage (P=0.009), and no lymphatic metastasis (P=0.027) of
patients with breast cancer. Furthermore, reduced CacyBP
expression was associated with poor prognosis. Knockdown
of CacyBP gene using siRNA enhanced the proliferation and
invasion ability of breast cancer cells, which was dependent on
COX-2 expression. In conclusion, CacyBP regulation of
COX-2 expression may play an important role in human
breast carcinogenesis. Restoration of CacyBP gene is a
potential therapeutic target of breast cancer.

Introduction

Breast cancer is among the leading causes of malignancy-
related death in the women all over the world. Although
chemotherapy, radiation therapy and immunotherapy have
been employed (1,2), cancer cells remain resistant to these
treatments and subsequently survive. It is urgent to look for
useful biomarkers and identify novel therapeutic targets
involved in the process of breast carcinogenesis.

CacyBP, which was used as a target of S100A family, was
first identified in Ehrlich ascites tumor cells (3-5). CacyBP
was expressed in a wide range of normal and tumor tissues
(6). CacyBP was reported involved in inhibiting proliferation
and invasion of gastric cancer cells through down-regulating
ß-catenin expression (7). CacyBP antisense oligodeoxy-
nucleotides also inhibited implantation in vivo and the
apoptosis of endometrial stromal cells (8). CacyBP over-
expression was observed in renal cell carcinoma and its
expression associated with the suppression of cell growth and
tumorigenesis (9). It was also reported that CacyBP expression
was associated with aggressive phenotype of pancreatic cancer
(10). These observations suggested that CacyBP might have
important roles in tumorigenesis. However, the pathologic
roles of CacyBP in breast cancer remain unclear and our
study aimed to explore the effect of CacyBP in breast
carcinogenesis and the related mechanism.

In the present study, we examined CacyBP expression in
breast tissues and analyzed the relationship between CacyBP
expression, COX-2 expression and clinicopathological factors
of patients with breast cancer. We also explored the effects of
CacyBP gene on COX-2 expression, cell proliferation and
invasion in breast cancer cell lines using small interfering
RNAs.

Patients and methods

Patients and specimens. Paraffin specimens (n=172) were
obtained from patients with breast cancer who underwent
curative surgical resection without having chemotherapy or
radiation therapy in the Fourth Afiliated Hospital of China
Medical University between 2004 and 2007. Follow-up data
were obtained from review of the patients'medical record.
Informed consent was obtained prior to surgery from all
enrolled patients. According to World Health Organization
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breast carcinoma histological classification criteria (2003),
there were 40 cases of normal breast tissues (NBT) and
132 cases of invasive ductal carcinoma (IDC). The TNM
staging system of the International Union Against Cancer
(UICC) in 2003 was used to classify specimens as stages I+II
(n=78), and III+IV (n=54).

Thirty-eight cases (of the 132 cases) of tumor and paired
non-tumorous tissues (distant from the primary tumor) of the
same case were quickly frozen in -70˚C until protein and
RNA extraction. Clinicopathological information of the
patients on tumor size, histological type, differentiation,
stage and lymph node metastasis was obtained from patient
records, and summarized in Tables II and III.

Immunohistochemistry. The tissues were fixed with 10%
neutral formalin, embedded in paraffin, and 4-μm-thick
sections were prepared. Immunostaining was performed by
the streptavidin-peroxidase (S-P) method (Ultrasensitive™,
MaiXin, Fuzhou, China). The samples were incubated with
CacyBP polyclonal antibody (1:100; Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA) and COX-2 monoclonal antibody
(1:100; Santa Cruz Biotechnology). For negative control,
the primary antibodies were replaced by non-immune
serum. Staining for both antibodies was performed at 4˚C
overnight. Biotinylated goat anti-mouse serum IgG was used
as a secondary antibody. After washing, the sections were
incubated with streptavidin-biotin conjugated with horseradish
peroxidase, and the peroxidase reaction was developed with
3,3'-diaminobenzidine tetrahydrochloride. Counterstaining
with hematoxylin was performed and the sections were
dehydrated in ethanol before mounting.

Evaluation of CacyBP and COX-2 immunostaining. All of the
stained sections were assessed by two independent pathologists
who were unaware of the patients' clinical data. Five views
were randomly examined per slide, and 100 cells were
observed per view at magnification x400. The criteria of
CacyBP immunohistochemical staining were according to
Zhai et al (6). Cytoplasm/nuclear staining were considered
positive, and it was scored on the following basis: 0 (no
detectable staining); 1+ (<25% positive cells); 2+ (25-49%
positive cells); 3+ (50-74% positive cells); 4+ (>75% positive
cells). When the sample was with scores 2-4, we defined it as
having the CacyBP high expression. When the sample was with
scores 0-1, we defined it as having the CacyBP low expression.

The criteria of COX-2 immunohistochemical staining
were according to Ristimaki et al (11). The following scoring
criteria of the tumor cells were agreed upon before the analysis:
0, no staining; 1+, weak diffuse cytoplasmic staining (may
contain stronger intensity in <10% of the cancer cells); 2+,
moderate to strong granular cytoplasmic staining in 10-90%
of the cancer cells; 3+, >90% of the tumor cells stained with
strong intensity. When the sample was with scores 2-3, we
defined it as having the COX-2 high expression. When the
sample was with scores 0-1, we defined it as having the COX-2
low expression.

Cell culture. Human breast cancer cell lines MCF-7, MDA-
MB-231, and human breast epithelial MCF-10A cell line were
maintained in Dulbcco's modifed Eagle's medium (DMEM)

(Gibco Inc., Grand Island, NY, USA) supplemented 10%
fetal bovine serum (Gibco) with 100 U/ml streptomycin and
100 U/ml penicillin in a humidified atmosphere with 5% of
CO2. Cells were cultured to subconfluence until protein and
RNA extraction.

RNA interference. CacyBP siRNA (h) (Cat SC-88504), COX-2
siRNA (h) (Cat SC-29279), and negative control siRNA
(Cat SC-36869) were all from Santa Cruz Biotechnology. For
transient transfection, cells were transfected with Lipo-
fectamine 2000 according to the manufacturer's instructions
(Invitrogen, Carlsbad, CA, USA).

Western blotting. Total protein from cells were extracted
in lysis buffer and quantified using the Bradford method.
Fifty micrograms of protein were separated by SDS-PAGE
(12%). After transferring to polyvinylidene fluoride (PVDF)
membrane (Millipore, Billerica, MA, USA), the membranes
were incubated overnight at 4˚C with antibodies against
CacyBP (1:1000), COX-2 (1:500) at 4˚C overnight. After
incubation with peroxidase-coupled anti-mouse IgG (Santa
Cruz Biotechnology) at 37˚C for 2 h, bound proteins were
visualized using ECL (Pierce Biotechnology, Rockford, IL,
USA) and detected using BioImaging Systems (UVP Inc.,
Upland, CA, USA). The relative protein levels were calculated
based on ß-actin protein as a loading control. The experiments
were repeated 3 times independently.

Reverse transcriptase-polymerase chain reaction (RT-PCR).
Total RNA was extracted with TRIzol regent (Invitrogen).
RT-PCR was performed with the AMV Ver3.0 kit (Takara,
Shiga, Japan). The primer sequences and reaction conditions
are shown in Table I. Thirty cycles were used for CacyBP,
COX-2 and ß-actin respectively. The PCR products were
electrophoresed in a 2% agarose gel containing 0.1 μg/μl
ethidium bromide. Then they were visualized and analyzed
by the Bio-Imaging System (UVP). To provide a value for
the transcriptional level of each gene, a grayscale intensity
value was determined for each target band and normalized to
ß-actin. Each experiment was repeated 3 times independently.

Matrigel invasion assay. Matrigel (BD Biosciences, MA,
USA) and Transwell inserts of 8.0-μm pore size (Corning
Inc., NY, USA) were used for invasion assays. Briefly,
Matrigel diluted with serum-free medium at a ratio of l:3
(100 μl) was added to the upper chamber, and 100 μl of cell
suspensions (5x105 cells/ml) were added after the gel formed.
Six hundred μl of medium containing 10% FBS was added to
the lower chamber as the chemoattractant. After incubation
for 48 h, the filters were fixed with 100% methanol for 15 min
and then subjected to hematoxylin staining. The cells that
invaded and moved onto the lower surface of the filter
membrane were counted in 10 random high power fields
(x400) by an inverted microscope. The experiment was
repeated 3 times and the data are shown as mean ± standard
deviation (SD).

MTT assay. Cells were plated in 96-well plates in the medium
containing 10% FBS for 24 h after transfection. For quan-
titation of cell viability, cultures were stained after 4 days
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using the MTT assay. Briefly, 20 μl of 5 mg/ml MTT
(Thiazolyl blue) solution was added to each well and
incubated for 4 h at 37˚C. Then the media was removed
from each well, and the resultant MTT formazan was
solubilized in 150 μl of DMSO. The results were quantitated
spectrophotometrically at a wavelength of 490 nm.

Statistical analysis. SPSS version 13.0 for Windows was
used for all analyses. The Pearson ¯2 test was used to examine
the relationship of CacyBP or COX-2 with clinicopatho-
logical factors. The association between CacyBP and COX-2
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Table I. Primer sequences and reaction conditions of RT-PCR.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene Primer sequence (5'-3') Length (bp) Temperature (˚C)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
CacyBP F: CTCCCATTACAACGGGCTAT 359 55

R: TTCAGTGTCATAGGAGGG

COX-2 F: TTCAAATGAGATTGTGGGAAAATTGCT 299 54

R: AGATCATCTCTGCCTGAGTATCTT

ß-actin F: AGAGCTACGAGCTGCCTGAC 308 55

R: AGTACTTGCGCTCAGGAGGA
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Relationships between CacyBP, COX-2 expression and clinicopathological facors in 132 cases of invasive ductal
carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CacyBP COX-2
––––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––

Clinicopatho- n + Positive ¯2 value P-value + Positive ¯2 value P-value
logical factors rate (%) rate (%)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (years)

<49 68 40 58.8 0.435 0.510 25 36.8 0.997 0.318

≥49 64 34 53.1 29 45.3

Tumor size (cm)

<3 56 34 60.7 0.855 0.355 19 33.9 1.961 0.161

≥3 76 40 52.6 35 46.1

Grade

I+II 74 48 64.9 5.300 0.021a 22 29.7 8.707 0.003a

III+IV 58 26 44.8 32 55.2

Stage

I+II 78 51 65.4 6.729 0.009a 24 30.8 8.110 0.004a

III+IV 54 23 42.6 30 55.6

Lymphatic metastasis

- 69 45 65.2 4.921 0.027a 21 30.4 6.561 0.010a

+ 63 29 46.0 33 52.4
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
(1), Comparison between Grade I + II and III. (2), Comparison between Stage I + II and III + IV. aP<0.05.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table III. The correlation between CacyBP and COX-2
expression in 132 cases of invasive ductal carcinoma.
–––––––––––––––––––––––––––––––––––––––––––––––––

COX-2
––––––––––––––––––––––––––––––––––––––––
- + Correlation coefficient (rs) P-value

–––––––––––––––––––––––––––––––––––––––––––––––––
CacyBP

_ 18 40 0.505 <0.001

+ 60 14
–––––––––––––––––––––––––––––––––––––––––––––––––
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expression was assessed using the Spearman's correlation
test. The Student's t-test was used to compare data from the
densitometry analysis of Western blotting and RT-PCR. The
Kaplan-Meier method was used to estimate the probability of
patient survival. 

Results

The clinical significance of the CacyBP expression in the
process of breast carcinogenesis. IHC results showed that the
CacyBP expression intensity in normal breast tissues (NBT)

(Fig. 1A) was stronger than in invasive ductal carcinoma
(IDC) (Fig. 1C). Statistical analysis showed that the positive
rate of CacyBP protein expression in NBT (89.3%) was higher
than that in IDC (56.1%) (P<0.05). The clinicopathological
data analysis in 132 breast cancer samples showed that
CacyBP expression was positively correlated with well
differentiated samples, low pathologic TNM stage, and no
lymphatic metastasis of breast cancer (Table II). The overall
survival was significantly higher in patients with high
expression of CacyBP breast cancer than in patients with
low expression of CacyBP breast cancer (P<0.05, Fig. 2A). 
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Figure 1. Breast tissues show the opposite expression of CacyBP and COX-2. The same visual field sections show CacyBP and COX-2 immunostaining in the
NBT (A and B) and IDC (C and D). Original magnification x400.

Figure 2. CacyBP and COX-2 status correlated with overall survival of breast cancer patients.

1261-1269.qxd  22/9/2010  08:40 Ì  ™ÂÏ›‰·1264



Western blotting and RT-PCR analysis in tissues showed
that CacyBP protein (P<0.05) and mRNA (P<0.05) expression
in breast cancer tissues were significantly lower than those in
the corresponding non-tumorous breast tissues (Fig. 3A and B).
To further detect CacyBP expression in breast cancer cell lines,
we chose the MCF-7 (with low metastatic potential) and the
MDA-MB-231 breast cancer cell lines (with high metastatic
potential). Normal breast epithelial cell line MCF-10A was
used as a control. We found that the level of CacyBP protein
(P<0.05) and mRNA (P<0.05) expression in MCF-7 and
MDA-MB-231 were lower than those in MCF-10A. CacyBP
expression in MDA-MB-231 was lower than that in MCF-7
(P<0.05), which implied that CacyBP may be correlated
with invasiveness and metastasis of breast cancer cells (Fig. 3C
and D).

CacyBP expression was significantly negatively associated
with COX-2 expression. IHC showed that COX-2 was located

in the cytoplasm and statistical analysis showed that the
positive rate of COX-2 protein expression in NBT (9.8%) was
lower than that in IDC (40.9%) (P<0.05). The representative
immunohistochemical staining patterns of CacyBP (Fig. 1A
and C) and COX-2 (Fig. 1B and D) compared from consecutive
sections were found to show contrasting results. The
Spearman's correlation test revealed that the CacyBP
expression was significantly negatively associated with the
COX-2 expression in the 132 breast samples (P<0.001,
Correlation coefficient = 0.505, Table III). Statistical analysis
showed that COX-2 expression was positively correlated
with poor differentiation, high pathologic TNM stage, and
lymphatic metastasis of breast cancer (Table II). The overall
survival was significantly shorter in patients with high
expression of COX-2 breast cancer than in patients with low
expression of CacyBP breast cancer (P<0.05, Fig. 2B).

Western blotting and RT-PCR results showed COX-2
mRNA (P<0.05) and protein (P<0.05) expression were
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Figure 3. The expression of CacyBP and COX-2 in breast tissues and cell lines. (A) RT-PCR and Western blot analysis of CacyBP and COX-2 mRNA and
protein in primary breast cancers and their adjacent normal tissues. (B) The difference of CacyBP and COX-2 expression between T and N tissues was
statistically significant (P<0.05). *P<0.05. (C) RT-PCR and Western blotting showed CacyBP and COX-2 mRNA and protein expression in human breast cell
lines. (D) The difference of CacyBP and COX-2 expression in breast cell lines was statistically significant (P<0.05). Data represent the mean ± SD of three
independent experiments. Columns, mean (n=3); bar, SD; *P<0.05.
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significantly higher in 26 and 24 samples of the 30 IDC
samples in comparison with the non-tumorous counterparts,
respectively (Fig. 3A and B); and in human breast cancer cell
lines MDA-MB-231, and MCF-7 in comparison with normal
breast epithelial cell line MCF-10A (Fig. 3C and D).

The knockdown of CacyBP up-regulates COX-2 expression.
To further explore the relationship between CacyBP and

COX-2, we employed CacyBP siRNA to knock down CacyBP
expression in MCF-7 and MDA-MB-231 cells. RT-PCR and
Western blotting were used to examine the effectiveness of
siRNA. CacyBP gradually decreased along with increasing
CacyBP siRNA concentration, and CacyBP expression was
barely detectable at the concentration of 60 nM. Increasing
CacyBP siRNA concentration led to a significant up-
regulation of COX-2 expression (Fig. 4).
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Figure 4. The knockdown of CacyBP in MCF-7 and MDA-MB-231 cell lines up-regulates COX-2 expression. (A) RT-PCR and Western blotting results
showed CacyBP mRNA and protein expression were gradually decreased along with increasing concentrations of CacyBP siRNA, and COX-2 expression was
gradually up-regulated along with increasing concentrations of CacyBP siRNA. (B) The difference of CacyBP and COX-2 in each division was statistically
significant. Data represent the mean ± SD of three independent experiments. Columns, mean (n=3); bar, SD; *P<0.05.
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The knockdown of CacyBP promotes breast cancer cell
growth dependent on COX-2. To determine the influence
of CacyBP on the proliferation of breast cancer cells, we
performed MTT to examine the change in the proliferation
ability. A significant increase was observed in the
proliferation rate of MCF-7 and MDA-MB-231 cells
transfected with CacyBP siRNA compared with the
proliferation rate of the cells transfected with negative
control siRNA [P>0.05 (day 1); P<0.01 (days 2-4), n=3]. The
cells co-transfected with CacyBP siRNA and COX-2 siRNA
had lower proliferation rate than cells transfected with
CacyBP siRNA [P>0.05 (day 1); P<0.01 (days 2-4), n=3]
(Fig. 5).

The knockdown of CacyBP increases the invasive ability of
breast cancer cells dependent on COX-2. Matrigel invasion
assays showed that the invasive ability of the MCF-7 and
MDA-MB-231 cells gradually enhanced along with increasing
concentrations of CacyBP siRNA (P<0.05). MCF-7 and
MDA-MB-231 cells co-transfected with CacyBP siRNA and
COX-2 siRNA had fewer invasive cells than that transfected
with CacyBP siRNA alone (P<0.05) (Fig. 6).
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Figure 5. The knockdown of CacyBP increases cancer cell proliferation
dependent on COX-2. MTT assay was performed after CacyBP siRNA
treatment. The level of proliferation was significantly lower in cells co-
transfected with CacyBP siRNA and COX-2 siRNA than in cells transfected
with CacyBP siRNA alone. Data represent the mean ± SD of three
independent experiments. Columns, mean (n=3); bar, SD; *P<0.05.

Figure 6. The knockdown of CacyBP increases the invasive ability of breast cancer cells dependent on COX-2. (A) Matrigel invasion assay showed that the
invasive cells gradually increased along with increasing doses of CacyBP siRNA in cells. The cells co-transfected with CacyBP siRNA and COX-2 siRNA
had fewer cells invading onto the lower surface of the Transwell filter than the cells transfected with CacyBP siRNA alone. (B) Number of cells invading onto
the lower surface of the filter was counted. Data represent the mean ± SD of three independent experiments. Columns, mean (n=3); bar, SD; *P<0.05.
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Discussion

CacyBP functions as a tumor suppressor in gastric cancer and
renal cell carcinoma (9), but as an oncogene in pancreatic
cancer (10). However, the function of CacyBP in breast
cancer has not been previously elucidated. In the present
study, we demonstrated that the expression of CacyBP was
significantly decreased in breast carcinogenesis. The level
of CacyBP in breast cancer tissues was significant lower
than that in normal breast tissues at both protein and mRNA
levels. Importantly, reduced CacyBP expression was
associated with poor prognosis of breast cancer patients.
Furthermore, CacyBP expression was significantly negatively
associated with COX-2 expression. In addition, we found that
depletion of CacyBP in breast cancer cells led to increase
cell proliferation and invasion by up-regulating COX-2
expression. 

Previous studies showed that CacyBP mRNA and protein
expression were higher in a well-differentiated gastric
cancer cell line than those in poorly differentiated gastric
cancer cell line and its expression was associated with the
malignant phenotype of gastric cancer cells (8). Studies in
renal cancer demonstrated that CacyBP expression was
reduced in cancerous tissues and cells (9). These observations
suggested that CacyBP might be a tumor suppressor in many
human malignancies. In accordance with these findings, our
report showed there was a down-regulation of CacyBP
expression in breast cancer. Moreover, both mRNA and
protein levels of CacyBP were lower in tumor than those in
paired non-tumorous counterparts. Importantly, reduced
CacyBP expression was significantly correlated with poorly
differentiated tumors, higher TNM stage, lymphatic
metastasis, and reduced overall survival for breast cancer
patients. These results suggested that the loss or reduced
expression of CacyBP played an important role in breast
carcinogenesis. In contrast to these studies, some studies
reported that CacyBP expression was higher in pancreatic
cancer compared to adjacent tissues and correlated with
poorly differentiation, and higher TNM stage (10). Therefore,
CacyBP may have different influence on cancer cells in
different cancer types.

It has been shown that overexpressed CacyBP could
inhibit cell proliferation and invasion in gastric cancer (7)
and renal cell carcinoma (9). However, the effect of CacyBP
on breast cancer cells is unclear. In our study, we found that
depletion of CacyBP promoted breast cancer cell proliferation
and invasion. The mechanisms responsible for promotion of
cell proliferation and invasion by knockdown of CacyBP still
need to be clarified. Some studies indicated that CacyBP
might modulate the malignant behavior by regulating the
level of ß-catenin (7). CacyBP participated in the p53-
induced ß-catenin degradation (12). ß-catenin functioned as
an oncogene in many different types of cancers (13,14). It
has been reported that ß-catenin could up-regulate COX-2
expression in human cancer cells (15,16), and ß-catenin
involved in the activation of the COX-2 promoter by wnt
signaling pathway (17). COX-2 was overexpression in
colorectal, gastric, lung and breast carcinomas, and it was
involved in the processes of carcinogenesis, cell survival,
invasion, metastasis and poor clinical outcome (18-22).

Interestingly, we found that CacyBP was significantly
negatively correlated with the expression of COX-2 in breast
tissues, indicating that CacyBP might have some direct or
indirect effects on COX-2 expression. So we hypothesized
that CacyBP might regulate proliferation and invasion of
breast cancer cells in part by modulating COX-2 expression.
Then we introduced CacyBP siRNA into the breast cancer
cells, and found that the depletion of CacyBP expression up-
regulated the level of COX-2. To further investigate the role
of COX-2 in CacyBP-inhibition proliferation and invasion of
breast cancer cells, cells were co-transfected with CacyBP
siRNA and COX-2 siRNA, and we found that knockdown of
CacyBP-induced proliferation and invasion of breast cancer
cells was reversed, which also confirmed that COX-2 took
part in the knockdown of CacyBP-induced proliferation and
invasion of breast cancer cells.

In conclusion, this study identified CacyBP as an anti-
tumor gene in breast carcinogenesis. CacyBP plays an
important role in inhibiting cell growth, indicating CacyBP
gene is a potential therapeutic target of breast cancer. 
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