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ABSTRACT

Gastric cardia adenocarcinoma (GCA) is the most aggressive subtype of gastric 
cancer with a high metastatic rate. In this report, we collected tumor tissue samples 
from 214 GCA cases and examined expression of CYR61, a target gene product of 
the Hippo-YAP/TAZ pathway, in the GCA tumors by immunohistochemical (IHC) 
staining using the tissue microarray assay (TMA). The results have shown that CYR61 
is overexpressed in 44% of the GCA tumor samples. Expression of CYR61 is inversely 
correlated with cumulative survival of GCA patients (p<0.001) and significantly 
associated only with metastatic pathological categories (with N category, p=0.052; 
with TNM stage, p=0.001). Furthermore, knockdown of CYR61 in gastric cancer AGS 
cells impairs the cancer cell migration and invasion, suggesting a driver role of CYR61 
in metastasis. Thus, our studies have established CYR61 as a metastatic biomarker 
for prediction of poor prognosis of GCA and provided a potential molecular target for 
anti-metastatic therapy of GCA.

INTRODUCTION

Gastric cardia adenocarcinoma (GCA), the type II of 
gastroesophageal junction adenocarcinoma (GEJAC), is the 
most aggressive type of gastric carcinoma [1–3]. Clinical 
data indicate that the post-surgery recurrence rate of GCA 
is as high as 50% [4]. Metastasis, particularly the distant 
metastasis, is the major cause for poor prognosis and low 
survival rate of GCA [1, 4, 5]. Five year survival rate of 
GCA patients with distant metastasis is about 2-12% [1]. 
Thus, targeting metastasis of GCA is a key therapeutic 
approach for improving survival rate of GCA patients.

Establishing biomarkers and identifying target 
molecules of GCA metastasis are two important steps for 
diagnosis, prognosis and targeted therapy of metastasized 
GCA. Currently, down-regulation of expression of some 
genes, such as RASSF2, RASSF6, FBXO32, GADD45A, 
and GADD45G, by methylation has been found to associate 
with poor prognosis of GCA [6–9]. There are a number of 
proteins, such as c-Met, Her2, Pim-3, Myc, Sirt1, PLCE1, 
and CHOP proteins whose expression is correlated with 

progression of GCA [10–15]. In addition, expression or 
polymorphisms of microRNAs or long non-coding RNAs 
(lnc-RNAs) are also associated with progression of GCA 
[16–18]. Despite a number of biomarkers associated with 
poor prognosis or progression are established, few of 
metastatic biomarkers, especially metastatic driver proteins, 
in GCA have been identified. We have recently found that 
expression of an E3 ubiquitin ligase Nedd4-1 is significantly 
associated with metastasis of GCA and correlated with poor 
survival of GCA patients [19]. We also showed that Nedd4-
1 functionally promotes gastric cancer cell migration and 
invasion, suggesting that Nedd4-1 is a driver protein for 
metastasis [19]. Further identification and characterization 
of novel biomarkers that are functionally associated with 
GCA metastasis are necessary for understanding of GCA 
progression, improving diagnosis, prognosis and therapy 
of GCA and developing anti-metastatic drugs for GCA 
targeted therapy.

CYR61 (or CCN1) is a member of CCN (Cysteine-
rich 61(CYR61), connective tissue growth factor 
(CTGF), nephroblastoma overexpressed (NOV)) family 
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Figure 1: CYR61 is overexpressed in GCA and the overexpression is inversely correlated with cumulative survival of 
GCA patients. A. Expression of CYR61 in GCA tumor tissue is significantly higher than in their adjacent normal gastric cardia tissue. 
The score distribution of IHC staining of CYR61 in both GCA tumors (T) and their adjacent normal tissue (N) is shown in the box plots. 
The black dots at top are scores outside of the box plots. The mean scores and standard deviation (SD) are shown at bottom of the box plots. 
B. IHC staining of CYR61 in GCA tumor samples. C. Kaplan-Meier survival curve of the CYR61 positive and negative GCA patients. The 
Chi-square and p values from Mantel-Cox test and the mean survival for the CYR61 negative and positive GCA are shown in the figure. 
The p value was calculated from Mantel-Cox test.
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CYR61 plays a major role in gastric cancer cell 
migration and is required for EGF-stimulated 
gastric cancer cell migration and invasion

To address the driver role of CYR61 in metastasis, we 
attempted to determine if CYR61 directly regulates GCA 
metastatic properties by an in vitro assay. However, there is 
no GCA cell line available currently. Thus, we used AGS, 
which is a highly metastatic gastric cancer cell line [32], to 
mimic GCA cells in determination of the role of CYR61 in 
cell migration and invasion that are two important cellular 
processes in metastasis. Previous studies observed that 
ectopic expression of exogenous CYR61 enhanced migration 
and invasion of AGS cells [33], which may not conclude the 
cellular function of endogenous CYR61. To address the role 
of endogenous CYR61 in metastasis, we first established the 
CYR61-knockdown cell lines in AGS using lentiviral vector-
loaded CYR61 shRNA. More than 90% of CYR61 was 

depleted in the sh-CYR61 cell lines (Figure 2A). Depletion 
of CYR61 caused a minor effect on cell proliferation 
(Figure 2B), suggesting that CYR61 plays an insignificant 
role in AGS cell proliferation. We then determined effect 
of CYR61 knockdown on cell migration and invasion. As 
shown in Figure 2C and 2D, depletion of CYR61 by the 
shRNA dramatically inhibited both basal and EGF-promoted 
cell migration using the wound healing assay. The inhibitory 
effect on cell migration is comparable with that treated with 
atorvastatin, an inhibitor of hydroxylmethylglutaryl co-
enzyme A (HMG-CoA) reductase that blocks the Hippo-
YAP/TAZ pathway in breast cancer cells [21, 34, 35]. In 
the transwell migration assays, both the basal and EGF-
promoted cell migration was completely eliminated by 
knockdown of CYR61 (Figure 2E), which was the same 
as the effect of atorvastatin. Combining the data in Figure 
2C, 2D and 2E, we conclude that CYR61 plays the major 
role in the Hippo-YAP/TAZ-mediated AGS cell migration 

Table 1: Multivariate Cox regression analysis of correlation of clinicopathological characteristics and CYR61 with 
AGC cumulative survival

Category Hazard ratio (95%CI) P

TMN stage 0.617 (0.382-0.998) 0.049

T category 0.513 (0.211-1.246) 0.140

N category 0.364 (0.150-0.882) 0.025

Differentiation 0.819 (0.521-1.288) 0.388

Tumor size 0.932 (0.317-2.739) 0.899

CYR61 0.461 (0.286-0.742) 0.001

Table 2: Association of CYR61 expression with pathological categories

Pathological category Case numbers CYR61 Positive % P

Age <=60 108 42 38.9 0.087

>60 106 52 49.11

Gender Male 157 70 44.6 0.435

Female 57 24 42.1

Tumor size <=6cm 166 76 45.8 0.308

>6cm 48 18 37.5

T category T1/T2 63 23 36.5 0.103

T3/T4 151 71 47

N category N0 73 26 35.6 0.052

N1-3 141 68 48.2

Differentiation Well/Mod 130 60 46.2 0.25

Poor/undiff 84 34 40.5

TNM stage I/II 83 25 30.1 0.001

III/IV 131 69 52.7
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signaling. In the transwell invasion assays, knockdown of 
CYR61 partially reduced the invasion capacity of AGS cells 
comparing to the effect of atorvastatin (about 50% of the 

effect of atorvastatin) (Figure 2F), suggesting that CYR61 
plays a partial role in the Hippo-YAP/TAZ-mediated AGS 
cell invasion signaling.

Figure 2: CYR61 is essential for cell migration and required for EGF-promoted migration and invasion in gastric 
cancer AGS cells. A. Endogenous CYR61 in AGS cells was depleted by lentiviral vector-loaded shCYR61 for 48 hours and detected by 
immunoblotting with anti-CYR61 from the cell lysates. B. The effect of CYR61 knockdown on proliferation of AGS cells. C-E. The effect 
of CYR61 knockdown on migration of AGS cells. C and D, the wound healing assay. 


