ONCOLOGY REPORTS 21: 1123-1129, 2009

Prognostic significance of altered expression of SDC2
and CYRG61 in esophageal squamous cell carcinoma
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Abstract. The transforming growth factor 8 (TGF-8) signaling
pathway plays an important role in growth and development,
and is critically involved in the genesis and development of
tumors. Syndecan-2 (SDC2) and Cysteine-rich 61 (CYR61)
are important genes in this pathway and SDC2 is known
to be a significant upstream regulator of TGF- signaling.
However, the roles of SDC2 and CYR61 in the development
of esophageal squamous cell carcinoma (ESCC) remain
unclear. In the present study, we investigated the relationship
between SDC2 and CYR61 mRNA expression levels and
disease prognosis in patients with ESCC. The mRNA
expression of SDC2 and CYR61 was detected by quantitative
real-time RT-PCR in 77 tissue specimens. Quantitative real-
time RT-PCR showed that SDC2 and CYR61 mRNA
expression levels were aberrant in ESCC tissue (P<0.01) and
that SDC2 mRNA expression was significantly associated
with tumor size (P=0.024) in ESCC. CYR61 mRNA
expression was significantly associated with regional lymph
node metastasis (P=0.034) and tumor size (P=0.03). A
positive correlation between SDC2 and CYR61 (r=0.770;
P<0.001) mRNA expression was observed. Moreover, we
observed significant associations between altered expression
of SDC2/CYRG61 and regional lymph node metastasis
(P=0.009) and TNM stages (P=0.033). Aberrant mRNA
expression of CYR61 and SDC2/CYR61 (P=0.005 and
P=0.026, respectively) were significantly associated with
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patient survival time. The multivariate Cox regression
analysis showed that SDC2 and CYR61 were independent
prognostic factors for survival. Our findings suggest that
SDC2 may act as an a upstream regulator of the TGF-
signaling pathway and regulate the expression of downstream
target genes. Moreover, SDC2 and CYR61 expression affect
the severity of cancer, and the survival of patients with
ESCC. Importantly, we report that SDC2 and CYR61 are
significant, independent prognostic factors for survival in
ESCC. These findings may have implications for targeted
therapies in patients with ESCC.

Introduction

Esophageal squamous cell carcinoma (ESCC) is the most
common malignancy in China, and has high mortality. It
is difficult to diagnose ESCC during early stages of disease
development, and advanced ESCC is frequently associated
with local invasion of lymph nodes and lymph node metastasis
(1).

Previous studies have proposed important roles for
various signaling pathways in tumorigenesis and develop-
ment of ESCC. For example, end-binding protein 1 (EB1)
over-expression may contribute to the development of ESCC
by activating the B-catenin/TCF pathway (2). Another report
demonstrated that the Notchl signaling pathway is activated
in ESCC, and that it can inhibit cell proliferation and induce
apoptosis in human ESCC cells (3). Studies from Noma et al
showed that pharmacologic targeting of the TGF- signaling
axis could be of therapeutic benefit in ESCC (4).

Syndecan-2 (SDC2) functions as a cell surface receptor in
the regulation of adhesion-dependent signal transduction
during cell growth, adhesion, migration, and differentiation
through binding of the extracellular matrix (ECM) and/or
soluble ligands (5). SDC2 is a significant upstream regulator
of the TGF-B signaling pathway (6), regulating signaling by
acting as a co-receptor for growth factors. SDC2 facilitates
signaling by forming a ternary complex with TGF-§ and its
signaling receptors, TGFRI and TGFRII (7-9). This protein
plays diverse roles in tumorigenesis. Previous studies of
colon cancer and mesothelioma cells have shown that SDC2
was up-regulated in these cells, compared to normal tissues
(10-12). However, Munesue et al transfected SDC2 into
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potentially metastatic cells derived from Lewis lung carci-
noma 3LL, and reported the suppression of both spontaneous
and experimental metastases to the lung through suppression
of the matrix metalloproteinase-2 (MMP-2) (13). In spite
of these advances, the expression levels and mechanisms
of action of the genes in the TGF-f signaling pathway,
including SDC2, remain unclear in ESCC.

Recent studies have shown that Cysteine-rich 61 (CYR61)
is a transcriptional target of the TGF- signaling pathway
(14). CYRG61 is a member of the CCN family and is known
to regulate cell growth, cell migration, cell adhesion, cellular
differentiation and matrix production (15), as well as angio-
genesis and tumorigenesis. Similarly to SDC2, the roles
of CYRG61 in tumorigenesis are diverse. Down-regulation of
CYRG61 expression is associated with non-small cell lung
carcinoma, uterine leiomyoma, endometrial cancer, and
prostate cancer. Chien et al have reported that the levels of
CYR61 are decreased in endometrial tumors, as compared
with normal endometrium. Furthermore, RNA interference
knockdown of CYRG61 expression in a well-differentiated
endometrial adenocarcinoma cell line resulted in stimulation
of cellular growth (16). On the other hand, over-expression
of CYRG is also frequently noted in advanced breast cancer,
pancreatic cancer, gastric cancer and gliomas. Tsai et al have
shown that CYRG61 is a tumor-promoting factor and a key
regulator of breast cancer progression (17). Xie et al have
demonstrated that overexpression of CYR61 occurred in
highly tumorigenic glioma cell lines and that CYR61 can
enhance tumorigenicity of glioma cells by acting through
activated integrin-linked kinase (ILK) to stimulate B-catenin-
TCF/Lef and Akt signaling pathways (18). Di Martino et al
have reported that during the development of Barrett's eso-
phagus and esophageal adenocarcinoma (EAC), CYRG61 is
up-regulated and has been investigated as a marker of EAC
risk (19).

Based on these previous studies of SDC2 and CYRG61
expression in various tumor tissues and cloned cell lines,
the objectives of the present study were to investigate the
expression of SDC2 and CYRG61 in ESCC, and the relation-
ship between their expression and the clinical characteristics
of ESCC, their prognostic significance, and patient survival.

Materials and methods

Patients and tissue specimens. ESCC tissue specimens and
paired adjacent normal epithelial tissues were obtained
from 77 patients (median age, 55 years, range 40-74) who
underwent surgery in the Department of Cardiothoracic
Surgery of the First Affiliated Hospital of Shantou University
between September of 2004 and August of 2007. The
specimens were immediately frozen in liquid nitrogen
following surgery and stored at -70°C until RNA isolation.
All of the tumors were confirmed as ESCC by the Clinical
Pathology Department of the Hospital, and the cases were
classified according to the fifth edition of the tumor-node-
metastasis classification of the International Union against
Cancer (UICC). Evaluation of tumor differentiation was
based on histological criteria of the guidelines of the WHO
Pathological Classification of Tumors. The study was
approved by the Ethics committee of the First Affiliated
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Table I. Clinicopathological features of patients with ESCC.

Parameters
Mean age, years (range) 55 (40-74)
<55 42
>55 35
Gender
Male 62
Female 15
Size
<5 40
>5 37
Regional lymph node
NO 42
N1 35
Infiltration degree
T1+T2 25
T4 + T3 52
P-Stage
I+ Ila + IIb 51
I +1v 26

Table II. The distribution number of ESCC specimens for
CYRG61 and SDC2 mRNA expression levels.

Genes 2-AACT 7 2>2MCT (05 28T <05  P-value

CYR61 43% (33/77) 36% (28/77) 21% (16/77) 0.023
SDC2  44% (34/77) 29% (22/77) 27% (21/77) 0.009°

Significant at the 0.05 level.

Hospital of Shantou University, and only patients with written
informed consent were included. None of the patients had
radiotherapy or chemotherapy before surgery (Table I).
Seventy-seven patients were monitored until January of
2008, and 23 (30%) patients had died at the end of the
follow-up period.

RNA extraction and cDNA preparation. Total RNA was
extracted from frozen stored tissues with TRIzol reagent
(Invitrogen, USA) in accordance with the manufacturer's
instructions. Reverse transcription was performed in a total
volume of 20 1 using 1 pg of total RNA by using the Reverse
Transcription System (Promega, USA).

Quantitative real-time RT-PCR. All PCR reactions were
performed using an ABI Prism 7300 Sequence Detection
System (Perkin-Elmer Applied Biosystems) based on the
TagMan technology. For the normalization of our results,
f3-actin was used as the internal control. Primers and probes
for CYR61, SDC2 and B-actin were chosen with the assistance
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Table III. Relationship between clinicopathological features and CYR61 mRNA expression.
CYRG61 status
Parameters 2-ACT ) 2>2-8€T >0.5 20T <05 P-value
Gender
Male 47% (29/62) 34% (21/62) 19% (12/62) 0.369
Female 26.7% (4/15) 46.6% (7/15) 26.7% (4/15)
Mean age
<55 50% (21/42) 29% (12/42) 21% (9/42) 0.264
=55 34% (12/35) 46% (16/35) 20% (7/35)
Size (cm)
<5 35% (14/40) 32.5% (13/40) 32.5% (13/40) 0.03¢
>5 51% (19/37) 41% (15/37) 8% (3/37)
Regional lymph node
NO 55% (23/42) 33% (14/42) 12% (5/42) 0.0342
N1 29% (10/35) 40% (14/35) 31% (11/35)
Infiltration degree
T1+T2 44% (11/25) 36% (9/25) 20% (5/25) 0.988
T3+ T4 42% (22/52) 37% (19/52) 21% (11/52)
P-Stage
I+ a+IIb 49% (25/51) 35% (18/51) 16% (8/51) 0.195
o1+ 1v 30% (8/26) 39% (10/26) 31% (8/26)

aSignificant at the 0.05 level.

of Primer Express 2.0 software (Perkin-Elmer Applied Bio-
systems). To avoid amplification of contaminating genomic
DNA, one of the two primers of each gene were intron
spanning. The PCR primers used for CYR61 and SDC2 were
as follows: For SDC2, the forward primer was 5'-CCTATTG
ATGACGATGACTACGC-3' and the reverse primer was
5'-TTTGGAAGTGGTCGAGATGTTG-3'. For CYR61, the
forward primer was 5'-ATGAATTGATTGCAGTTGGA
AA-3" and the reverse primer was 5'-TAAAGGGTTGTAT
AGGATGCGA-3'. According to the gene sequence of SDC2
and CYRG61, the PCR products of 95 bp and 86 bp were
obtained. For B-actin, the forward primer was 5'-CAACTG
GGACGACATGGAGAAA-3' and the reverse primer was
5'-GATAGCAACGTACATGGCTGGG-3'. The sequence of
TagMan probes were as follows: 5'-TCTGGCTCGGGAG
CTGATGAGGAT-3' for SDC2 5'-AGCTCACTGAAGCGG
CTCCCTGTTT-3' for CYRG61, and 5'-TCTGGCACCAC
ACCTTCTACAATGAGC-3' for B-actin. The 25 ul volume
PCR reaction mixture containing 5 ¢l cDNA sample was
preheated at 95°C for 10 min, followed by 40 cycles at 95°C
for 15 sec and 60°C for 1 min. Data were analyzed using
Sequence Detector Systems version 2.0 software (Applied
Biosystems). Quantification was performed using the 2-44CT
method. The comparative threshold cycle (C;) method was
used to calculate the relative expression. For quantification
of gene expression, the target gene values were normalized
to the expression of the endogenous reference (B-actin).
Thus, the amount of target relative to a calibrator (normal
pool expression) is given by 22T [AC = C; (target gene) - C.

(B-actin); AAC; = AC; for any sample AC; for the calibrator].
The status of each differentially expressed CYR61 and SDC2
gene in the ESCC tissue was defined as ‘aberrant expression’
if 2-44CT was >2-fold or <0.5-fold, when compared to that
detected in the adjacent normal tissue and as ‘normal
expression’ if 2 was <2-fold and >0.5-fold.

Statistical analysis. Statistical analyses were performed using
windows SPSS version 13.0 software. After performing
quantitative real-time RT-PCR, the extent of SDC2 and
CYR61 mRNA expression was analyzed by using a paired
sample t-test. The relationship between SDC2 and CYRG61
status and clinicopathological features, including TNM stage,
age, lymph node dissemination, and infiltration degree, were
analyzed using y? test. Survival analysis was carried out using
the log-rank test in association with Kaplan-Meier analysis
and Cox proportional hazards model analysis. Differences at
P-value <0.05 were deemed statistically significant in all
analyses.

Results

To assess the clinical implications of SDC2 and CYR61
mRNA expression in ESCC, we analyzed expression of
these genes in 77 ESCCs cancer tissues and paired adjacent
normal epithelial tissues. The number of ESCC specimens
for SDC2 and CYRG6 with ‘aberrant mRNA expression” was
significantly higher than that of ‘normal mRNA expression’
(P=0.009 and P=0.023) (Table II).
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Table IV. Relationship between clinicopathological features and SDC2 mRNA expression.

CYRG61 status

Parameters 2-88CT > 2>2-0CT (.5 2-MCT <0.5 P-value

Gender
Male 47% (29/62) 29% (18/62) 24% (15/62) 0.444
Female 33% (5/15) 27% (4/15) 40% (6/15)

Mean age
<55 47.6% (20/42) 28.6% (12/42) 23.8% (10/42) 0.720
=55 40% (14/35) 28.6% (10/35) 31.4% (11/35)

Size (cm)
<5 30% (12/40) 32.5% (13/40) 37.5% (15/40) 0.0242
>5 59.5% (22/37) 24.3% (9/37) 16.2% (6/37)

Regional lymph node
NO 52% (22/42) 31% (13/42) 17% (7/42) 0.067
N1 34% (12/35) 26% (9/35) 40% (14/35)

Infiltration degree
T1+ T2 40% (10/25) 32% (8/25) 28% (7/25) 0.859
T3 + T4 46% (24/52) 27% (14/52) 27% (14/52)

P-Stage
I+ Ila + IIb 47% (24/51) 31% (16/51) 22% (11/51) 0.286
I +1v 38.5% (10/26) 23% (6/26) 38.5% (10/26)

Significant at the 0.05 level.

Table V. Relationship between clinicopathological features and CYR61/SDC2 mRNA expression.

CYRG61/SDC?2 status

Parameters 2-08CT > 2>2-MCT () .5 2-MCT <0.5 P-value

Gender
Male 30.6% (19/62) 58% (36/62) 11.3% (7/62) 0.665
Female 26.7% (4/15) 53.3% (8/15) 20% (3/15)

Mean age
<55 33.3% (14/42) 52.4 %(22/42) 14.3% (6/42) 0.651
=55 25.7% (9/35) 62.9 %(22/35) 11.4% (4/35)

Size
<5 20% (8/40) 65% (26/40) 15% (6/40) 0.144
>5 40.5% (15/37) 48.4% (18/37) 10.8% (4/37)

Regional lymph node
NO 35.7% (15/42) 61.9% (26/42) 2.4% (1/42) 0.0092
N1 22.9% (8/35) 51.4% (18/35) 25.7% (9/35)

Infiltration degree
T1+T2 32% (8/25) 56% (14/25) 12% (3/25) 0.955
T3 + T4 28.8% (15/52) 57.7% (30/52) 13.5 % (7/52)

P-Stage
I+ 1Ila+ IIb 33.3% (17/51) 60.8% (31/51) 5.9% (3/51) 0.033¢
o +1v 23% (6/26) 50% (13/26) 26.9% (77/26)

Significant at the 0.05 level.
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Figure 1. Kaplan-Meier survival curves for CRY61. The Kaplan-Meier
analyses of CRY61 mRNA expression in 77 patients with ESCC illustrate
that survival was lower in cases where CYR61 mRNA expression was
down-regulated, as compared with cases where CYR61 expression was
normal or up-regulated (P=0.005).
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Figure 2. Kaplan-Meier survival curves for SDC2. The Kaplan-Meier
analyses of SDC2 mRNA expression in 77 patients with ESCC illustrate that
there was no correlation between SDC2 mRNA expression and survival
(P=0.081).

Clinical and pathological variable analysis. We analyzed the
relationship between SDC2 and CYR61 mRNA expression,
and clinical and pathological variables, including gender,
mean age, tumor size, lymph node dissemination, infiltration
degree and TNM stage analysis of ESCC, using Pearson >
test. We identified significant associations between CYR61
mRNA expression and regional lymph node metastasis and
tumor size (P<0.05, Table III). SDC2 mRNA expression was
significantly associated with tumor size (P=0.024, Table IV),
but not regional lymph node metastasis. Moreover, positive
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Figure 3. Kaplan-Meier survival curves for SDC2/CYR61. The Kaplan-
Meier analyses of SDC2/CYR61 mRNA expression in 77 patients with
ESCC illustrate that survival was lower in cases where SDC2 and CYRG61
mRNA expression were both down-regulated, as compared with cases in
which SDC2 and CYR61 were both normal or up-regulated (P=0.026).

correlations between SDC2 and CYR61 mRNA expression
were observed in the 77 ESCC cases (r=0.770; P<0.001).
Those cases in which SDC2 and CYRG61 together (SDC2/
CYRG61) were ‘increased’ (2-24€T >2-fold) were stratified into
group I. Cases in which both were ‘reduced’ (2-24T <0.5-fold)
were stratified into group II, and the rest of the cases were
input into group III for further analysis of the relationship
between SDC2/CYR61 mRNA expression and clinical factors.
We found significant associations between SDC2/CYRG61
mRNA expression status and regional lymph node metastasis
and TNM stages (P=0.009 and P=0.033, Table V).

Survival lifespan analysis. We used Kaplan-Meier analyses
of SDC2 and CYR61 mRNA expression and SDC2/CYR61
mRNA expression in 77 patients with ESCC. Figs. 1 and 3
illustrate the Kaplan-Meier survival curve as a function of
CYR61 and SDC2/CYR61 mRNA expression (P=0.005 and
P=0.026 respectively). CYR61 and SDC2/CYR61 mRNA
down-regulation correlated with lower survival rates. There
was no correlation between SDC2 mRNA expression and
survival (P=0.081; Fig. 2).

Multivariate analysis. Using the Cox proportional hazards
model, we performed multivariate analysis to assess the
independent predictive value of SDC2 and CYR61 mRNA
expression for survival after surgery. The following prognostic
variables were also included: gender, age, size of tumor,
regional lymph node metastasis, primary tumor and P-Stage.
The results for the multivariate survival analysis are sum-
marized in Table VI. In the 77 patients with ESCC, low levels
of SDC2 mRNA expression were significantly associated with
survival after surgery (P=0.013). Similarly, CYR61 (P=0.031)
was also an independent prognostic factor of survival after
surgery (Table VI).
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Table VI. Multivariate Cox regression analyses by CYR61 and SDC2 expression levels.

Univariate Mean for survival time Percentage of survival P-value
(months) (95% confidence interval)

SDC2
2-0MCT > 30.3 79.4% (26.6-34) -
2>2-0CT (0.5 27.3 72.7% (22.1-32.5) - 0.013
2-84CT <05 22.6 52.4% (17-28) -

CYRO61
2-0MCT > 28.2 72.7% (24-32.4) -
2>2-0CT (0.5 30.5 78.6% (26.8-34.2) - 0.046
2-84CT <0 5 16.7 50% (11.4-22) -

Multivariate variable B Hazard ratio 95% confidence interval P-value
SDC2 -0.715 0.489 0.277-0.863 0.0132
CYRO61 -0.618 0.539 0.308-0.946 0.0312

Significant at the 0.05 level. B, partial regression coefficient.

Discussion

SDC2 has been implicated in cancer cell growth, invasion,
metastasis, and angiogenesis. Park et al found that increased
expression of SDC2 is crucial for increased rates of colon
carcinoma cell proliferation (11). However, the inhibitory
effect of SDC2 in tumors was identified in Lewis lung carci-
noma through suppression of MMP-2 activation causing
suppression of metastasis (13). These studies indicate that
SDC2 plays diverse, and possibly conflicting roles, in
migratory and highly differentiated cell types. In the present
study of 77 patients with ESCC, we found that SDC2 mRNA
expression level was correlated with tumor size. Importantly,
SDC2 can be considered an independent prognostic factor
for survival of ESCC after surgery. These results indicate
that SDC2 mRNA down-regulation in ESCC is related to a
poor prognosis, and that SDC2 has anti-oncogenic activity
in ESCC.

CYR61 is a secreted, heparin-binding and extracellular
matrix-associated angiogenic inducer. It regulates cell
adhesion, migration, proliferation, and differentiation and is
involved in tumor growth. CYR61 was confirmed as both a
suppressor and a promoter of progression and tumor invasion.
CYRG61 can enhance tumor growth in a gastric adeno-
carcinoma cell line RF-1 and breast cancer cell lines (20,21).
However, several gain- and loss-of-function studies have
shown that CYR61 can suppress carcinogenesis. Tong et al
have reported that CYR61 behaved as a tumor suppressor
gene in non-small cell lung cancer (NSCLC); expression of
CYRG61 in the NSCLC cell lines resulted in their growth
arrest and up-regulation of p53, p21WAF! and pRB2/p130.
The CYRG61-transfected cells also formed markedly smaller
tumors in nude mice compared with the control cells (22).
Down-regulation of CYR61 expression might contribute to
the progression of cancer by promoting MMP-7 expression
in human gastric carcinomas (23). Moreover, the reduction in

CYRG61 expression correlated significantly with histological
differentiation, depth of invasion, lymphatic invasion,
and clinical stage. Indeed, in this study, the CYR61 mRNA
down-regulation was significantly associated with lymph
node metastasis. Survival of patients with reduced expression
of CYR61 mRNA was lower than in those with normal or
increased expression of CYR61 mRNA, according to Kaplan-
Meier analyses. CYR61 mRNA expression status also
remained an independent prognostic factor in multivariate
analysis. These results suggested that the level of CYRG61
mRNA expression is associated with the malignant potential
of ESCC, as well as the potential for anti-oncogenesis.
CYRG61 expression is also linked to the prognosis of ESCC.

SDC2 can link cellular components with the ECM,
facilitate the formation of higher order complexes at the cell
membrane, and the organization of cortical F-actin. The
syndecan family regulates cell/substrate adhesion in part
by directly binding to ECM molecules such as fibronectin
(24). Recently, SDC2 was considered an upstream switch for
the TGF-8 signaling pathway (5,6). Moreover, CYR61 was
shown to be a transcriptional target of TGF-8 signaling (14).
These data provide evidence for an association between SDC2
and CYRG61 through the TGF-B signaling pathways and
prompted us to examine the correlation between SDC2 and
CYR61 mRNA expression. Based on our analysis of the
relationship between SDC2 and CYR61 mRNA expression,
we report a positive correlation between SDC2 and CYR61
mRNA expression in the 77 ESCC cases included in this study
(r=0.770; P<0.001). The statistical analysis also showed that
down-regulation of SDC2/CYR61 mRNA expression was
significantly associated with regional lymph node metastasis
and advanced TNM stage. Furthermore, low SDC2/CYR61
mRNA expression correlated with shortened life span in
patients with ESCC after surgery. Thus, SDC2 may regulate
and activate the TGF-8 signaling pathway, resulting in CYR61
transcription. In summary, SDC2 and CYR61 are aberrantly
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expressed in ESCC, and are correlated with lymph node meta-
stasis in ESCC. Moreover, low levels of SDC2 and CYR61
mRNA expression in ESCC were closely associated with
poor prognosis. Taken together, SDC2 and CYRG61 are anti-
oncogenes involved in the progression of ESCC. Moreover,
SDC2 and CYR61 mRNA expression can serve as clinical
indicators of poor prognosis of ESCC.
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