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Abstract: Cyr61 (CCN1) is a multifunctional matricellular protein in bridging inflammation and cancer, involved in 
many biological functions such as tumorigenesis and carcinogenesis. The role of Cyr61 in gastric cancer (GC) has 
not been fully understood and needs to be investigated and clarified. We examined Cyr61 expression in 6 GC cell 
lines and stable transfection of recombinants in to BGC823 specifically down regulated the Cyr61 mRNA and pro-
tein expression shown by the analysis with western blot, RT-PCR, western blot and immunofluorescence assay. The 
cells treated with siRNA shown markedly reduced activity in growth, migration and invasion compared with parental 
BGC823 cells as well as mock transfectants. The Cyr61 deficient cells demonstrated significantly inhibited colony 
formation in soft agar and reduced tumorigenicity was showed in nude mice, NF-kB pathway evidently inactivated 
respectively. However, under the stimulation of IL-8, the siRNA-treated cells can restore the capacity of proliferation 
and invasion. IL-8 can induce the high expression of Cyr61 and MMP11 through NF-kB signal pathway. Silencing of 
Cyr61 can inhibit or minimize the proliferation and invasiveness of gastric cancer cell. The results imply that Cyr61 
enhance the proliferation and invasion of gastric cancer cells and this process is partially modulated by the IL-8 up-
regulation. Cyr61 may mediate the proliferation and development of gastric carcinoma.

Keywords: Cyr61/CCN1, gastric cancer, MMP11, NF-kB, proliferation, invasion

Introduction

Gastric carcinoma is the fifth most common 
malignant tumors with high mortality worldwide 
[1]. Recently, the role of matricellular proteins 
which bridge inflammation and GC has been 
reported. In fact, uncontrolled and sustained 
inflammation may actively contribute to many 
chronic pathologies, including cancer [2-5]. At 
present, it has been reported that Cyr61/CCN1 
is remarkably overexpressed in GC cells and 
contributed to crucial processes involved in 
inflammatory response [3].

CCN growth factor family comprises six secret-
ed proteins: Cyr61/CCN1, nephroblastoma over- 
expressed (Nov/CCN3), connective tissue gro- 
wth factor (CTGF/CCN2), Wisp-3 (CCN6), Wisp-
2/rCop1 (CCN5), and Wisp-1/elm1 (CCN4). Ma- 
tricellular protein CCN regulates wide ranges of 
biological events, such as cell proliferation, cell 

adhesion, cell migration, cell differentiation, 
apoptosis, growth inhibition and extracellular 
matrix status [6, 7]. Cyr61, the first cloned 
member of CCN family, is consist of four 
domains with similar sequence to von Wil- 
lebrand factor type C repeats, thrombospondin 
type 1 repeats, insulin-like growth factor-bind-
ing proteins, and carboxyterminal region con-
taining cysteine knot domains. It plays impor-
tant role in cardiovascular morphogenesis, 
inflammation, and wound healing. Cyr61 aber-
rant expression is involved chronic inflammato-
ry diseases as well as a wide variety of cancers 
[8, 9]. 

Up regulation of Cry61 was initially seen in 
advanced mammary adenocarcinoma, pancre-
atic carcinoma, and gliomas, which imply the 
function of Cyr61 in tumorigenesis [10, 11]. In 
contrast, Cry61 is down-regulated in prostate 
and non-small-cell lung cancer. It reveals a neg-
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ative correlation with the malignancy and Cyr61 
is function as a tumor suppressor gene in non-
small-cell lung carcinoma. Apparently, Cyr61 
plays the contrasting roles in a variety of tu- 
mors, depending on different cellular milieu 
[12]. Nevertheless, the underlying mechanisms 
of Cyr61 during the progression of malignant 
neoplasm remain largely unclear.

In our study, the preliminary data indicated that 
Cyr61 was highly expressed in GC cell line 
BGC823. By using RNA interference (RNAi), we 
knock down Cyr61 at RNA level in BGC823 and 
studied the function of Cyr61 on the prolifera-
tion, migration, and invasion of GC cells. In 
addition, the crucial effect of IL-8 in Cyr61-
promoted GC invasion and mobility has also 
been investigated. The study also reveals that 
NF-kB signaling transduction is crucial for 
Cyr61-mediated IL-8 activation and subsequent 
cell mobility and invasion.

Materials and methods

Cell culture and transfection 

Human gastric cell line BGC823 was grown in 
Dulbecco’s Modified Eagle’s Medium supple-
mented with 5% fetal bovine serum (FBS) 
(DMEM; Gibco BRL, Gaithersburg, MD, United 
States). The cell was kept in a humidified 5% 
CO2 atmosphere at 37°C. Cells were grown in 
35-mm plates transfected were done when the 
cell density reached to 60-70% by using 
Lipofectamine 2000 (Invitrogen). The mono-
plasmids and empty vector were transfected 
into GC cells, while shRNA plasmids of Cyr61 
were co-transfected into BGC823 cells. To 
screen for stable clones, cells were seeded 
after 48 hours of transfection for 21 d in select-
ed medium containing 400 μg/mL G418. 
Immunofluorescence, Western blot and RT- 
PCR were used to determine the transfection 
efficacy. 

Plasmid construction 

For RNA interference, three 21-nucleotide si- 
RNA duplexes targeting different encoding re- 
gions of Cyr61 were designed by the Ambion 
siRNA system and they showed no homology 
with other known human genes. The chemically 
synthetic, annealed duplexes were inserted 
between the BamH1and Hind111 sites on the 
PsilencerTM3. 1-H1-Neo (Ambion) to form a hair-
pin construct to generate interfering RNA in  
cultured cells. Human scrambled siRNA se- 

quence (Ambion) possessing limited homology 
to human genes served as a negative control. 
The nucleotide sequences were depicted as fol-
lows: oligo1: 5’-GATCCGAGTGTCAGAATCAGAATC- 
TTCAAGAGAGATTCTGATTCTGACACTCTT TTTTGG- 
AAA-3’; oligo2: 5’-AGCTTTTCCAAAA AAGAGTGTC- 
AGAATCAGAATC TCTCTTGAAGATTCTGATT CTGA- 
CACTC G-3’.

Western blot 

Cells were scraped and collected following be- 
ing washed with PBS 2 times. Proteins were 
extracted, and sodium dodecy l sulfate poly-
acrylamide gel electrophoresis were done to 
separate proteins (50 µg) and transferred to 
polyvinyl difluoride membranes (Bio-Rad, He- 
rcules, CA, United States). The membrane trea- 
ted with monoclonal antibody specifically agai- 
nst Cyr61 (1:2500, dilution, Abcam United 
State), at 4°C overnight in blocking buffer. The 
immunoreactivity was revealed by extended 
duration substrate from Super Signal West 
Dura (Thermo Scientific, Rockford, IL, United 
States).

3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyltetrazolium bromide assay (MTT)

Constant transfected cells (1 × 103) in 200 μL 
DMEM were seeded in 96-well cultured plat in 
duplicate were treated with 10 μL (5 mg/ml) 
3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl tetra-
zolium bromide (MTT, Gen-View, Jacksonville, 
FL, United States) at culture interval of 0, 24, 
48, 72 and 96 hours. After incubation in the 
wells at 37°C in 5% CO2 for 4 hours, 100 μL 
dimethylsulfoxide (Amresco, Solon, OH, United 
States) was added and incubation for addition-
al 30 min. Absorbance was then analyzed by 
iMark Microplate Reader (Bio-Rad, Hercules, 
CA, United States) at 570 nm. Growth rate (%) is 
determined by the ratio of A570 of transfec-
tants/parental BGC823 control · 100%.

Wound healing assay

Cells were incubated in 60-mm dishes for 24 h 
with the concentration of 5 × 105 cells/ml at 
80%-90% confluence. A straight line was cre-
ated by scratching with a pipette tip, and the 
cells were incubated for an additional 24 h fol-
lowing being washed with phosphate buffered 
solution (PBS) for three times. The scratched 
gap was examined at the interval of 0, 2, 4, 6, 
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12 and 24 hours under TS100 inverted micro-
scope (Nikon, Tokyo, Japan), and images were 
recorded at the magnification of × 200. 

Transwell assay

The cells were suspended in serum free DMEM 
at the concentration of 1 × 105 and transferred 
to matrix membranes for invasion assay by 
using a BD Matrigel Invasion Chamber. A che-
moattractant were made with 10% FBS in 
DMEM. The cells were then fixed in methanol 
and stained 20 minutes in crystal violet solu-
tion after 48 hours of incubation and the num-
ber of membrane penetrated cells were coun- 
ted. 

Immunofluorescence analysis

The immunofluorescence was performed on 
the fixed cells grown on the glass slides. The 
cells were incubated with primary antibody 
against Cyr61 overnight at 4°C, followed by 
rhodamine-conjugated anti-rabbit secondary 
antibodies incubation for 1 hour, and 4’,6- 
diamidino-2-phenylindole as nuclear stain. The 
cells were then examined under confocal fluo-

rescence imaging microscope (TCSSP5; Leica, 
Mannheim, Germany).

Statistical analysis

Student’s t test (version 16.0) was used. The 
analysis of variance was used for data mea-
surement. Mean ± SD for quantitative values. 
The statistically significant is referred to the dif-
ferences with P < 0.05.

Results

Cyr61 high expressed in gastric cancer cell 
line BGC823 

The expression level of Cyr61 in BGC823, 
MGC803, SGC7901, AGS, N87, MKN45 were 
examined by using RT-PCR and Real-Time PCR. 
The expression of Cyr61 protein in these 6 cell 
lines showed that Cyr61 mRNA and protein 
were expressed differently in the above differ-
ent gastric cancer cell lines, and Cyr61 relative-
ly high expressed at the mRNA and protein  
level in BGC823. Immunofluorescence results 
showed that Cyr61 protein was distributed in 
cytoplasm (Figure 1).

Figure 1. A. The Cyr61 expression in BGC823 cells was significantly higher by RT-PCR. B. The expression of Cyr61 
gene by Real time PCR. Column diagram showed that the relative expression of Cyr61in BGC823 is highest in 6 
gastric cancer cells. C. The expression of Cyr61 protein by Western Blot. Cyr61 expression in BGC823 cells was 
significantly higher. beta-Actin is the internal parameter control. D. The expression of Cyr61 protein in 5 cell lines 
by immunofluorescence. Cyr61 protein is marked by green fluorescence. Cyr61 protein was mostly localized in the 
cytoplasm, with the strongest expression in BGC823, and extracellular secretory form of strong cluster fluorescence.
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Stable silencing of Cyr61 by constructed the 
recombinant plasmids targeting Cyr61 in GC 
cells 

Our previous study has shown that Cyr61 has 
transcriptional different expression in the GC 
and NATs (unpublished data). High expression 
of Cyr61 was found both in Intestinal Metapla- 
sia and dysplasia. To investigate the biological 
function and mechanism of Cyr61 in GC cells, 
the constructed and parental plasmids was 
designated as psiRNA-Cyr61 and psiRNA-vect, 
respectively (Figure 2). G418-resistant clones 
were isolated, which were stably transfected 
cells. By using semi-quantitative RT-PCR, We- 
stern blot and immunofluorescence assays,  
we analyzed Cyr61 expressions respectively 
(Figure 3).

Cyr61 increase the proliferation of gastric can-
cer cell BGC823

The roles of Cyr61 on the BGC823 cell prolifer-
ation were studied by MTT and soft agar colony 
formation (A, B, C). The results showed that the 
number of cell growth and clone formation 
decreased significantly in the interference of 
Cyr61 group and the inhibition rate was 74%. (P 
< 0.01) (Figure 4) Each test has been repeated 
three times.

Cyr61 increase BGC823 cell invasion and mi-
gration 

For examining the role of Cyr61 on cell invasion 
and migration, scratch healing test and Tran- 
swell assay were conducted. The results of 

Figure 2. Scheme and identification of recombinant plasmids. 3 pairs of RNA interference plasmids targeting Cyr61 
gene were constructed by psilencer3.1 vector. The sequencing results showed that the interference plasmid was 
successfully constructed. 

Figure 3. A. Cyr61 mRNA in cell clone psiRNA-Cyr61 by RT-PCR. Cyr61 expression level of interference group was 
obviously reduced. B. Cyr61 protein in clones psiRNA-Cyr61 compared with psi-vector and BGC823 by western blot. 
C. Immunofluorescence results of psiRNA interference effect of stable transfection cell protein levels. DAPI stain as 
the nucleus is blue, Cyr61 protein from green fluorescent tags, and the merge of the DAPI and Cyr61. Interference 
group psiRNA BGC823 relatively lighter than in the Vector and the blank control group.
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scratch test showed that the speed of psiRNA-2 
migration to scratch in the interference group 
was slower than control group Vector and the 
blank control group, and the Transwell invasion 
experiment showed that the invasion ability of 
psiRNA-2 cells interfered with Cyr61 was obvi-
ously weakened, and the number of cells 
attacked by the matrix glue to the membrane 
was obviously less, and the quantity of cells 
under the membrane was decreased. The com-
parative inhibition rate in the interference 
group was 79%. (P < 0.01) (Figure 5) Each test 
has been repeated three times.

Cyr61 increase the tumorigenesis of BGC823 
in nude mice

To study the role of Cyr61 on the tumorigenesis 
of gastric cancer cell line BGC823, we conduct-
ed a nude mouse experiment, subcutaneous 
injection of the same number of psiRNA-2 cells 

that interfered with Cyr61 and Vector cells in 
the empty control group. After 3 weeks, the 
tumor volume decreased in the interference 
group of nude mice (Figure 6).

IL-8 induces the expression of Cyr61 and en-
hances the invasiveness, proliferation, and 
migration of gastric cancer cells

Gastric cancer has been proposed to be caused 
by uncontrolled or sustained inflammation. Our 
previous data indicated that silencing of Cyr61 
can suppress the proliferation and metastasis 
of BGC823, indicating that Cyr61 may contrib-
ute in the invasion process of GC. To emphasize 
the hypothesis of Cyr61 in GC cells could be 
affected by inflammation factor, BCG823 cells 
were treated with interleukin-8 (IL-8). Cyr61 
expression was elevated by IL-8 stimulation as 
analyzed by RT-PCR and western blot. We next 
explored if the inflammation factor affects the 

Figure 4. A. The morphology and size of colony formation in three groups of soft agars were observed under 100 x 
microscope and naked eye. The lower soft agar is dyed and fixed. B. cells form a histogram of the number of clones. 
The number of psiRNA-2 cells was reduced in the interference group (P < 0.01). C. MTT test was used to test the cell 
growth ability. The transverse coordinate was MTT sampling time and the longitudinal coordinate was absorbance 
value. The growth ability of psiRNA-2 cells in the interfering group was significantly weaker (P < 0.01).
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biological function of Cyr61 in GC cells by using 
MTT, Scratch test and Transwell (Figure 7A-D).

MMP11 as a downstream effector of Cyr61 
and Nuclear factor- kB activation is significant 
for transcriptional up-regulation of MMP11

Cyr61 was highly expressed in human GC cell 
lines and enhanced their migrating and inva-
siveness in our previous studies (unpublish- 
ed data). Recently, it is well known that MM- 
P11 promotes tumor progression of GC. Never- 

transduction cascades and resulted in overex-
pression of MMP-11 in BGC823 cells (Figure 8). 

Discussion

In malignant tumor cells, studies have found 
that Cyr61 is up-regulated, overexpressed, and 
it might promote early tumorigenesis and tumor 
progression of human cancer [6-8, 12-15]. 
Over expressions of Cyr61 in cell lines and pri-
mary tumors of GC were frequently found in our 
studies. The recombinant plasmids have been 

Figure 5. A. Scratch healing test showed that the cells in the control group were full of scratches around 48 hours, 
while the migration rate of cells in the interference group was significantly slowed down. B. Transwell results re-
vealed the quantity of cells pass through the matrix significantly decrease in the interference group. C. The number 
of cells passing through the membrane.

Figure 6. A. Nude mice bearing neoplasm, subcutaneous inject cells on the 
left side, and subcutaneous inject control group cells on the right side. B. 
Dissected tumor mass, the first behavior of no-load group, the second row is 
interference group. C. The tumor growth curves were measured by the sum 
of the long and short paths.

theless, the regulation role of 
Cyr61 in MMP11 expression in 
GC cells remains unclear. The 
protein level of MMP11 de- 
creased in psiRNA-Cyr61 cells. 
However, the MMP11 level was 
increased in psiRNA-Cyr61 ce- 
lls after stimulated by IL-8.  
The result suggest that Cyr61 
induces MMP11 up-regulation 
and lead to the migration of  
GC cells stimulated by IL-8. 
Research data proved that 
activated NF-kB is vital for 
increasing expression of MMPs 
and Cyr61 in MCF-7 cells. In 
the same fashion, our data 
reveals that Cyr61 overexpres-
sion activated the NF-kB signal 
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constructed and the permanent cell line was 
established to investigate the potential role of 

Cyr61 in the matrix metalloproteinase tumori-
genesis of GC by applying a DNA vector-based 

Figure 7. A. (top). The expression of Cyr61by RT-PCR, and the expression in psiRNACyr61 group was significantly 
lower, after stimulated by IL-8 for 24 h, the Cyr61 expressions were obviously enhanced in interference group psiR-
NACyr61, no-load control group BGC823-vector and control group (bottom). After stimulated by IL-8 for 24 h, the Cyr-
61expressions were obviously enhanced in interference group psiRNACyr61, no-load control group BGC823-vector 
and control group. Beta-Actin as an internal loading control. B. MTT assay of the proliferation ability in three groups. 
Interference group psiRNA cells was significantly reduced (P < 0.01). And cell growth of all three-group stimulated 
by IL-8 is obviously enhanced. C. Wound healing assay of migration ability in three groups. The migration ability in 
Interference group psiRNA cells was significantly reduced compared with the Vector and BGC823 cells. However, 
after stimulated by IL-8 their migration ability is obviously enhanced (P<0.01). D. Transwell invasion experiments 
showed that the number of cells through the Matrigel decreased significantly in the Interference group psiRNA cells. 
However, their invasion ability is obviously enhanced after stimulated by IL-8 (P < 0.01).
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siRNA technology. Our results from experi-
ments using MTT indicated that Cyr61 deple-
tion resulted in the suppression of growth of 
BGC823 cells. These findings have provided 
evidences of the role Cyr61 in the progression 
of GC and could be used as potential GC thera-
peutic target.

The current research reports that the destruc-
tion of gastric mucosal barrier contributes in 
the occurrence of GC, rather than a controllable 
inflammation or the resulting metabolic inflam-
mation [13, 18]. Some evidence suggests that 
not only is Cyr61 growth factor associated with 
tumorigenesis, but there is an interaction be- 
tween chemokines and matrix metalloprotein-
ases [19]. Furthermore, Cyr61 is also involved 
in cancer related to inflammation, angiogenesis 
and tissue reconstruction process [14-16, 20]. 
Recent studies have shown that Cyr61 can 
modify the adhesion molecules, cell matrix and 
regulating the expression of gens pertaining to 
inflammation of macrophages related to Th1 
responses via NF-kB pathway [20, 21]. To fur-
ther clarify Cyr61 gene effects on gastric can-
cer biological behavior and the correlation with 
inflammatory factors, we built the plasmid of 

RNA interference of Cyr61 in BGC823 cell line. 
Through a series of biological function experi-
ments, the results show that interference of 
Cyr61 in gastric cancer BGC823 cell, the prolif-
eration and metastasis of GC cells decreased 
significantly. However, after the stimulation 
with IL-8, the biological function of gastric can-
cer BGC823 cell increased significantly. It sug-
gests that Cyr61 may under the regulation  
of IL-8, enhances proliferation and metastatic 
capacity of malignant tumor cells.

Invasion and metastasis are one of the most 
important biological behaviors of malignant 
tumors, it is also the main reasons that lead to 
increased mortality. Invasion and metastasis of 
tumor is the interaction between tumor cells 
and tumor microenvironment. As a result, it is a 
very complex pathological process, which in- 
volves multiple molecular mechanism and sig-
nal transduction pathways, such as the NF-kB, 
MAPK/ERK and PI3K/Akt [16, 22]. Some stud-
ies show that Cyr61 can contribute to the malig-
nant progression of gastric cancer by promot-
ing tumor cell mobility and invasion through up 
regulation of functional COX-2 via an integrin 
alpha(v) beta (3) and NF-kB dependent path-

Figure 8. (A) MMP11 protein expression in interference expression in psiRNACyr61 group, no-load control group 
BGC823-vector and control group by Western blot. MMP11 protein expression decreased obviously in psiRNACyr61 
group. (B) NF-KB, I-kB and PI-KB was detected by using Western blot, NF-KB signaling pathway was activated in psiR-
NACyr61 group. (C) Cyr61 gene expression in three groups increased after stimulated by IL-8 for 24 h, (D) activation 
of NF-KB signaling pathway was increased after IL-8 stimulation.  
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way. Thus, our current data strengthen the pre-
vious study showing that interaction of Cyr61 in 
gastric cancer cells constitutively block the 
NF-kB activity. On the other hand, MMP11 was 
initially described to be up regulated in invasive 
breast cancer and later confirmed to be overex-
pressed in other cancers, suggesting that 
MMP11 play a role in tumorigenesis. To address 
the interaction between Cyr61 and MMP11, 
Cyr61 was stable silenced in gastric cancer 
cells by using RNAi technology and our data 
indicated that interaction of Cyr61 could down 
regulate MMP11 and inhibit BGC823 cell prolif-
eration in vitro. 

In conclusion, we have demonstrated that IL-8 
induces functional Cyr61 that plays an impor-
tant role in human gastric cancer cells. In this 
mechanistic study, the results of our investiga-
tion strongly suggest that Cyr61-mediated IL-8 
signaling is a requisite for MMP-11 expression. 
Our current findings advise that Cyr61 enhance 
the proliferation and invasion of gastric cancer 
cells and this process is, at least in part, medi-
ated by the up-regulation of IL-8. Cyr61 acts as 
both an enhancer and a predictive biomarker 
for gastric cancer patients at early stages of 
their malady. 
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