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Survivin gene expression increases gastric cancer cell lymphatic
metastasis by upregulating vascular endothelial growth factor-C
expression levels
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Abstract. The aim of this study was to investigate the
correlation between the expression of survivin and vascular
endothelial growth factor-C (VEGF-C) in gastric cancer and
the pathway by which survivin may affect gastric cancer
lymphatic metastasis. The study may provide novel targets for
treating gastric cancer lymphatic metastasis and distal dissemi-
nation. Survivin and VEGF-C expression in gastric carcinoma
and peri-carcinoma (2 cm away from the carcinoma) tissues,
obtained from 195 patients who underwent curative gastrec-
tomy surgery (130 cases presented with lymph node metastasis
and 65 cases presented without metastasis), was examined
immunohistochemically using a tissue microarray. Plasmids
containing survivin and VEGF-C shRNA were constructed
and transfected into SGC-7901 gastric cancer cells. The expres-
sion levels of the two genes were examined using western blot
analysis and qPCR, and the results were statistically analyzed.
The expression levels of survivin and VEGF-C were 51.3
and 55.4%, respectively, in gastric carcinoma. Survivin and
VEGF-C were located mainly in the cytoplasm of the tumor
cells. The expression levels of survivin and VEGF-C were
significantly higher in patients with lymph node metastasis than
in those without metastasis (P=0.008 and 0.001, respectively).
Patients with high expression levels of survivin and VEGF-C
showed significantly less favorable survival rates compared
with patients with low expression levels of those two genes
(P=0.003 and 0.039, respectively). Moreover, patients with
co-expression of the two genes usually had a poorer prognosis
(P=0.003). However, multivariate analysis demonstrated that
neither of the two genes were an independent prognostic deter-
minant. The levels of VEGF-C expression may be regulated
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by survivin expression. Conversely, inhibiting VEGF-C gene
expression by shRNA did not reduce survivin expression at the
mRNA or protein levels. Survivin and VEGF-C were expressed
in gastric cancer cells and were significantly associated with
lymphatic metastasis. Survivin may be a regulator of VEGF-C
expression in gastric cancer cells, and is essential in invasion
and lymphatic metastasis. Moreover, survivin may be able to
serve as a chemotherapy target for gastric cancer.

Introduction

Despite the overall decreasing incidence and mortality rates
observed over the last 50 years, gastric cancer ranks as the
fourth most common malignancy and the second leading cause
of cancer-related mortality worldwide (1). Approximately one
million novel cases of gastric cancer and >700,000 deaths
resulting from it were reported in 2008, with an overall
five-year survival rate of <20% (1). Lymphatic metastasis
and distal dissemination are the main causes of mortality.
Metastasis and recurrence following surgery are the main
factors affecting the therapeutic efficacy of gastric cancer.
Regional lymph nodes are the most common site of metastasis
and lymph node metastasis is a major prognostic factor in
gastric cancer. Understanding the mechanisms of lymphatic
metastasis represents a crucial step and may result in a novel
therapeutic target in the treatment of human gastric cancer.
Numerous pathways have been proposed to be involved
in the process of gastric cancer lymphatic metastasis. A
number of markers, such as epidermal growth factor receptor
(EGFR) (2) and cyclooxygenase 2 (COX-2) (3), have been
detected as predicted targets of gastric cancer lymphatic
metastasis. Certain studies have indicated that survivin and
vascular endothelial growth factor-C (VEGF-C) may be
involved in lymphatic metastasis of gastric cancer (4,5).
Survivin is a protein of 142 amino acids and is the smallest
mammalian member of the inhibitor of apoptosis protein
family (6). It regulates two essential cellular processes by
inhibiting apoptosis and promoting cell proliferation. Survivin
is expressed at high levels during fetal development, while it is
rarely expressed in normal healthy adult tissues. Overexpression
of survivin has been observed in a number of malignant tumors,
including carcinomas of the lung, breast, stomach, colon and
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ovary, as well as melanomas and lymphomas (7). Expression
of survivin is also associated with worse therapy results, higher
risk of recurrences and resistance to chemotherapy (8,9).
Several studies have indicated that the expression of survivin
is significantly associated with the occurrence of lymphatic
metastasis, but the mechanism by which survivin controls
lymphatic metastasis remains unknown (10,11).

VEGF-C is a member of the VEGF family. Studies have
demonstrated that VEGF-C is critical in facilitating tumor
metastasis (12,13). VEGF-C induces lymphangiogenesis and
lymph node metastasis of tumors by activating VEGFR-3 in
lymphatic endothelial cells. It has been demonstrated that
VEGF-C is strongly expressed and is an important predictor
of lymphangiogenesis and prognosis in numerous types of
cancer, including gastric carcinoma (14,15).

There are few studies concerned with the functions of
survivin and VEGF-C and their clinical characteristics in
gastric cancer. In the present study, the correlation between the
expression of survivin and VEGF-C, and its association with
lymphangiogenesis in gastric cancer tissues was investigated.
The pathway by which survivin may affect gastric cancer
lymphatic metastasis was also predicted.

Material and methods

Patients and specimens. The study enrolled 195 patients
(139 males and 56 females; age range, 30-81 years; average
age, 58 years) who underwent surgery (total or partial gastrec-
tomy) for histologically proven gastric carcinoma between
2006 and 2008 at the Department of Surgical Oncology, First
Hospital of China Medical University (Shenyang, China).
Tumor-node-metastasis staging was conducted according to
the American Joint Committee on Cancer classification, and
histological grading was performed according to World Health
Organisation criteria (16). The clinical information obtained
from the records and the histopathology reports included
patient age, first diagnosis, tumor size and grade, and lymph
node involvement. Follow-up data were available from all
patients, whom were assessed every six months for five years
or until they succumbed to the disease during those five years.
The study was approved by the Ethics Committee of China
Medical University (Shenyang, China) and written informed
consent was obtained from the patients family.

Tissue microarray construction. The paraffin tissue micro-
array (TMA; Outdo Biotech, Co., Ltd., Shanghai, China) was
constructed according to the guidelines previously used by the
National Cancer Institute's Tissue Array Research Programme.
Each individual case was represented by one tumor core (1 mm)
and one peri-carcinoma core (I mm) that was obtained from
the original paraffin block (from the archive of the Institute
of Pathology, First Hospital of China Medical University)
according to its hematoxylin and eosin (H&E) slides. These
core needle biopsies were placed in recipient paraffin array
blocks at defined coordinates. The cores were incubated in the
paraffin block for 30 min at 37°C to improve adhesion between
the cores and the paraffin of the recipient block. The paraffin
tissue microarray blocks were then cut into 5-um sections
by an ultra-thin semi-automatic microtome (RM2235; Leica
Biosystems, Wetzlar, Germany).
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Immunohistochemical staining. Specimens were immunos-
tained with the standard labeled streptavidin-biotin (LsAB)
protocol. The 5-ym sections from each paraffin block were
deparaffinized and rehydrated. TMA slides were heated in
sodium citrate buffer (0.01 mol/I, pH 6.0) for 15 min in a
microwave oven. Following cooling for 20 min and washing
in phosphate-buffered saline (PBS), endogenous peroxidase
was detected by incubating samples with PBS containing
10% normal goat serum (Envision™+ kit; Dako , Glostrup,
Denmark) for 30 min. The sections were then incubated with
each primary antibody overnight at 4°C. The primary anti-
bodies were anti-survivin (mouse monoclonal; 1:10; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA) and anti-VEGF-C
(rabbit polyclonal; 1:200; Abcam, Cambridge, MA, USA).
A further wash in PBS was followed by treatment with a
peroxidase-labeled polymer conjugated to goat anti-mouse
or anti-rabbit immunoglobulins (Envison™ + kit; Dako) as
the secondary antibody for 10 min at room temperature. The
staining was visualized with diaminobenzidine, followed by
counterstaining with hematoxylin. As a negative control, PBS
was substituted for the primary antibody.

Evaluation of immunohistochemical staining. The immuno-
histochemical score, based on the German immunoreactive
score, was used for survivin and VEGF-C immunohisto-
chemical evaluation. Two pathologists, who were blinded to
the outcome data, independently evaluated the sections three
times. The staining of survivin and VEGF-C was then scored
from O to 3, considering only the cytoplasmic reaction: A score
of 0 required <10% of the cells to be stained, 1 required 11-20%
of cells to be stained, 2 required 21-50% of cells to have been
stained and 3 required 51-100% of cells to be stained.

Cell culture. The gastric cancer cell line, SGC-7901, was
purchased from the Cell Bank of Type Culture Collection
of the Chinese Academy of Sciences (Shanghai, China) and
cultured in RPMI-1640 medium (Hyclone, Logan, UT, USA)
supplemented with 10% fetal bovine serum (FBS) in a 5% CO,
humidified atmosphere at 37°C. Log phase cells were collected
following trypsin digestion by centrifugation for 5 min at
33.3 x g, re-suspended in PBS and counted using a hemocy-
tometer (Hausser Scientific, Horsham, PA, USA).

Construction and transfection of plasmid-shRNA. Plasmids
containing survivin-shRNA and VEGF-C-shRNA were
constructed by Shanghai GenePharma Co., Ltd. (Shanghai,
China).First, 10 ugplasmid-survivin-shRNA and 10 ug plasmid-
VEGF-C-shRNA, respectively and 25 ul Lipofectamine 2000
(Invitrogen Life Technologies, Carlsbad, CA,USA) were mixed
together with 1350 I RPMI-1640 medium (without FBS),
and then the mixture was transfected into SGC-7901 gastric
cancer cells. The mixture was added into a 25-cm? culture
flask that was previously plated with 1x10® SGC-7901 gastric
cancer cells. The culture medium was replaced with complete
RPMI-1640 medium 6 h following inoculation and the cells
were collected after a further 28 h. Protein and RNA were
extracted for western blot and qPCR analyses, respectively.

Western blot analysis. Proteins were separated by SDS-PAGE,
transferred onto nitrocellulose membranes and detected using
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the relevant primary and secondary antibodies. Primary
antibodies included: Anti-survivin (mouse monoclonal, Santa
Cruz Biotechnology, Inc.), anti-VEGF-C (rabbit polyclonal,
Abgent, San Diego, CA, USA) and anti--actin (mouse mono-
clonal, Santa Cruz Biotechnology, Inc.).

RNA isolation and gPCR. Total RNA was extracted using the
guanidinium thiocyanate-phenol-chloroform method (17).
RNA yield and purity were determined photometrically
(BioPhotometer, Eppendorf, Hamburg, Germany), and reverse
transcription was performed. Survivin and VEGF-C were
amplified using qPCR. Primer subsequences were as follows:
Forward: 5-ACAGTCCATGCCATCACTGCC-3' and reverse:
5'- GCCTGCTTCACCACCTTCTTG-3' for B-actin; forward:
5'"TCATAGAGCTGCAGGGTGGATTGT-3' and reverse:
5'-AGTAGGGTCCACAGCAGTGTTTGA-3' for survivin; and
forward: 5'-AACCTCCATGTGTGTCCGTC-3' and reverse:
5"TGGCAAAACTGATTGTTACTGG-3' for VEGF-C. A
total of 10 ng of reverse-transcribed total RNA was used as the
template, and the PCR reaction contained 20 pmol/ml of each
forward and reverse primer and SYBR Premix Ex Taq II
(Takara Bio, Inc., Dalian, China) in a final volume of 20 xl. An
ABI PRISM 7700 Sequence Detection system (Applied
Biosystems, Inc., Foster City, CA, USA) was used for the
amplification. Cycling conditions consisted of an initial
denaturation step at 95°C for 10 min as a 'hot start', followed by
40 cycles of 95°C for 15 sec, annealing temperature (72°C) for
30 sec, and a final extension at 72°C for 10 min. GAPDH was
used in each experiment as an endogenous control. The rela-
tive quantification for a gene was expressed as fold changes
over the control group. Fold changes were calculated using the
247 method.

Statistical analysis. Kaplan-Meier analysis was applied to
estimate cancer-specific survival. Different groups were
compared using the log-rank test. Univariate analysis used
the %* test or a two-tailed t-test for statistical comparisons.
Multivariate analysis was conducted with the Cox regression
model. Statistical procedures were analyzed with SPSS soft-
ware, version 16.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Expression of survivin and VEGF-C proteins. Cancer tissue
exhibited positive cytoplasmic staining for survivin (100 cells,
51.3%) and VEGE-C (108 cells, 55.4%). Gastric carcinoma and
peri-carcinoma tissues positively expressed the two proteins.
The proteins showed as a yellow or brown-yellow stain in
the cytoplasm of the carcinoma cells (Fig. 1). Survivin and
VEGF-C were expressed at significantly higher levels in patients
with lymphatic metastasis (P=0.008 and 0.001, respectively).
Survivin and VEGF-C were expressed at significantly higher
levels in patients with lymphatic metastasis (P=0.008 and
0.001, respectively). The survivin expression levels were also
significantly different in tumors of different histological types
(P=0.013), and the VEGF-C expression levels were significantly
different in patients with different ages. However, there were no
significant differences in the expression levels of the two genes
in Lauren's classifications, tumor locations and sizes (Table I).
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Survival analysis

Univariate prognostic analyses. According to the follow-up
data, 78 of the 195 assessable cases did not survive. The
overall survival (OS) rate for patients was 60.0%. Analysis of
the impact of survivin status is shown in Fig. 2A. Among the
patients with low survivin expression levels, 27 cases had died
and the OS rate was 71.6%, whereas 51 cases had died in the
group of patients with high expression levels of survivin and
the OS rate was 49.0%. Patients with high survivin expression
levels tended to have a poorer prognosis than the patients with
low survivin expression levels (P=0.003, log-rank test). The
OS rates of patients with low and high VEGF-C expression
levels were 66.7 and 54.6%, respectively. Kaplan-Meier curves
of overall survival stratified by VEGF-C status are shown in
Fig. 2B. Patients with high VEGF-C expression tended to have
a poorer prognosis than patients with low VEGF-C expression
(P=0.039, log-rank test).

In the patients with co-expression of survivin and VEGF-C,
the OS rate was lower than that in the patients with single or no
expression of survivin and VEGF-C (P=0.003) (Fig. 2C). This
result indicated that patients with co-expression of survivin
and VEGF-C tended to have the poorest prognosis compared
with patients with single or no expression.

Multivariate analysis and Cox proportional hazard
regression model. In Cox regression for OS rate, including
patient age, lymph node metastasis, histological differentiation,
T stage, and survivin and VEGF-C expression, only lymph
node metastasis (P<0.001; hazard ratio, 1.425; 95% confi-
dence interval, 1.328-1.529) and T stage (P<0.001; hazard
ratio, 1.340; 95% confidence interval, 1.181-1.522) remained
as independent prognostic factors. Neither of the two genes
was an independent prognostic factor (survivin: P=0.684;
hazard ratio, 1.181; confidence interval, 0.894-1.076; VEGF-C:
P=0.116; hazard ratio, 1.215; confidence interval, 0.935-1.650).

Expression levels of survivin and VEGF-C. According to the
immunohistochemical staining results, there was a signifi-
cant difference between the levels of survivin and VEGF-C
expression (P<0.05) (Table II). When the levels of survivin
expression increased from degree zero to three, the levels of
VEGF-C expression increased correspondingly. The Pearson
coefficient of contingency was C=0.514, which implies there is
a true correlation between survivin and VEGF-C expression.

In the SGC-7901 gastric cancer cells, when survivin was
downregulated, VEGF-C was downregulated, as shown by
the western blot analysis, and when survivin was upregulated,
VEGF-C was upregulated correspondingly. gPCR demon-
strated that the levels of VEGF-C mRNA positively correlated
with the levels of survivin mRNA. However, the results did
not reveal whether the levels of survivin expression may be
regulated by VEGF-C expression using western blot and
gPCR analysis (Fig. 3).

Discussion

Survivin is expressed in nearly all human malignancies as
well as embryonic and fetal tissues, but is almost undetect-
able in normal adult tissues (17). Overexpression of survivin
in cancer invariably provides a survival advantage in tumor
cells. As a result, survivin has been considered as a potential
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Table I. Correlation between VEGF-C and survivin expression and clinicopathological factors of gastric cancer.
VEGF-C protein expression (n) Survivin protein expression (n)
Variables Negative Positive P-value Negative Positive P-value
Patients (n) 87 108 95 100
Gender
Male 59 80 0.337 70 69 0.470
Female 28 28 25 31
Age (years)
<60 59 57 0.033 62 54 0.109
>60 28 51 33 46
Tumor location
Cardia 12 12 0.492 9 15 0.443
Body 9 7 9 7
Antrum 66 89 77 78
Tumor size (cm)
<4 46 50 0.361 52 44 0.134
>4 41 58 43 56
Lauren's classification
Intestinal type 38 53 0453 49 42 0.180
Diffuse type 49 55 46 58
Histological type
Well-differentiated 38 47 0.982 50 35 0013
Poorly differentiated 49 61 45 65
Lymphovascular invasion
Yes 20 29 0.536 24 25 0.966
No 67 79 71 75
T stage
T1 8 10 0.653 10 8 0.050
T2 18 15 22 11
T3 57 78 61 74
T4 4 5 2 7
N stage
NO 39 26 0.001 42 23 0.008
N1 20 18 19 19
N2 12 19 12 19
N3 16 45 22 39
Table II. Correlation between survivin and VEGF-C expression in study patients (n=95).
VEGF-C (0) (n) VEGF-C (1+) (n) VEGF-C (2+) (n) VEGF-C (3+) (n) P-value
Survivin (0) 29 14 21 17 0.038
Survivin (1+) 16 17 9 3
Survivin (2+) 13 12 16 9
Survivin (3+) 3 2 8 6

0, <10% of cells; 1, 11-20% of cells stained: 2, 21-50% of cells stained; 3, required 51-100% of cells stained. VEGF-C, vascular endothelial

growth factor-C.

tumor marker and an important therapeutic target (18). Studies
on different types of tumors have indicated that the expres-
sion of survivin correlates with lymphatic metastasis (19-21).
However, few studies have focused on the mechanisms by
which survivin protein expression is regulated in gastric
cancer. The results of the present study suggest that survivin

may influence gastric cancer lymphatic metastasis and distal
invasion through VEGF-C.

VEGF-C, a key factor for angiogenesis, interacts with
the VEGF-3 receptor to promote hyperplasia of lymphatic
vessels. A number of studies have indicated that the upregula-
tion of VEGF-C promotes tumor lymphatic vessel formation
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Figure 1. Immunohistochemical staining of survivin and VEGF-C in gastric carcinoma. (A) The positive expression of (A) survivin protein and (B) VEGF-C
stained as yellow or brown-yellow in the cytoplasm of the carcinoma cells. (LsAB; magnification, x200). VEGF-C, vascular endothelial growth factor-C;
LsAB, labeled streptavidin-biotin.

A 104 fvm_‘m B T VEGF-C
»-.'_‘\‘ fomd _11‘1‘— o evasion
|
oe H"'._.._\_ . a8 k""-«
Y Yo . W W

0.2 02
oo oo
000 200 4000 000 2000 odo 2000 4000 e 000
Survival ime (months) Survival ime (months)
o )ﬁi sunvivin & VEGF-C
b —rsingle expression
~doubla negathe expression
‘double positve expresson

Overall survival

&
T

024

o

ot 000 «m0 a0 )
Survival time (months)

Figure 2. Kaplan-Meier OS curves for 195 patients with gastric carcinoma. (A) Patients with positive survivin expression had a significantly worse OS rate
compared with those who were survivin-negative (P=0.003, log-rank test). (B) Patients with positive VEGF-C expression had a significantly worse OS rate
compared with those who were VEGF-C-negative (P=0.039, log-rank test). (C) Patients with co-expression of survivin and VEGF-C had a significantly
worse OS rate compared with those with single or no expression of survivin and VEGF-C (P=0.003, log-rank test). OS, overall survival; VEGF-C, vascular
endothelial growth factor-C.
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sion. (C and D) qPCR for mRNA expression. VEGF-C, vascular endothelial growth factor-C.
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and increases lymph node metastasis. VEGF-C is vital for
the lymphangiogenic process, supported by evidence from
transgenic and gene deletion animal models through the
VEGF-C/VEGFR-3 axis (23,24). 'VEGF-C has been demon-
strated to be highly expressed in gastric carcinoma, and has a
negative influence on prognosis and a positive correlation with
lymph node metastasis (15,24). The results of the present study
demonstrated that primary gastric carcinoma tissue exhibited
elevated expression levels of VEGF-C, and there was a signifi-
cant association between VEGF-C expression and lymphatic
metastasis.

In the present study, survivin and VEGF-C were expressed
at higher levels in patients with lymphatic metastasis. The
survivin expression levels were also statistically different in
tumors of differing histological type and T stage. Patients with
high survivin or VEGF-C expression levels tended to have a
poorer prognosis. Moreover, in comparison with patients that
had low expression levels of survivin and VEGF-C (S-C-), the
patients with high expression levels of survivin and VEGF-C
(S+C+) had a poorer OS rate. These results suggest that gastric
cancer co-expressing survivin and VEGF-C has higher levels
of angiogenesis and lymphangiogenesis, and higher risk of
invasion and metastasis. Therefore, the clinical significance
of one factor (survivin or VEGF-C alone) may be affected
by the expression of the other factor in the same patient. The
combined analysis of associated factors may be of clinical
significance for patients with gastric cancer.

To further investigate the biological co-effects of survivin
and VEGF-C in gastric cancer, the mRNA and protein
expression levels of survivin and VEGF-C were analyzed in
the SGC7901 human gastric cancer cell line. Survivin and
VEGF-C were highly expressed at the mRNA and protein
levels. The proliferation and invasion of gastric cancer cells
in vitro were significantly suppressed following silencing of
survivin and VEGF-C by plasmids with survivin-shRNA and
VEGF-C-shRNA. Moreover, the levels of VEGF-C expression
were controlled by survivin, whereby the levels of survivin
expression were not regulated by VEGF-C. Thus, there must
be a hypothetical mechanism for how survivin controls the
expression of VEGF-C.

Studies have demonstrated that phosphoinositide
3-kinase (PI3K)/Akt activation is involved in the upregula-
tion of survivin (25,26). The survivin mRNA expression
levels are correlated with Akt activation, suggesting that
Akt may be a downstream target (27). It has been demon-
strated that the levels of survivin expression are regulated
by the direct effect of PI3K alone via the PI3K/Akt signaling
pathway in breast cancer cells (28). By contrast, VEGF-C
expression is also correlated with the PI3K/Akt pathway in
numerous types of cancer cells (29,30). It is possible that
survivin may regulate VEGF-C expression through the
PI3K/Akt pathway.

COX-2 activation is highly correlated with survivin
expression in certain types of tumor cells (31,32) and, as an
important regulator of apoptosis, COX-2 is able to upregulate
the expression levels of survivin in cancer cells. VEGF-C
expression is also regulated by COX-2. The COX-2 inhibitor
mediates VEGF-C to block lymphangiogenesis and lymph
node metastasis (33). It has also been proven that COX-2 is
usually overexpressed with VEGF-C in breast, prostate and
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gastric cancer (34-36). Thus, COX-2 may be important in
linking survivin and VEGF-C expression.

In the present study, following incubation in vitro with
VEGF-C, SGC-7901 cells showed a significantly increased
invasive ability. Moreover, the invasiveness of the gastric cancer
cells significantly decreased when the survivin expression
levels were downregulated. Thus, survivin may be important
in enhancing the invasiveness of tumor cells initially caused
by VEGF-C. The results demonstrate that VEGF-C protein is
able to promote gastric cancer cell invasion and proliferation
and suggest that the expression of VEGF-C in human gastric
cancer cells may be regulated by survivin. They also indicate
that VEGF-C-mediated tumor proliferation and metastases
may be used in therapeutics by targeting survivin.

In conclusion, this study showed that survivin and
VEGF-C were expressed in human gastric cancer cells, and
that they were significantly associated with lymphatic metas-
tasis. Patients with high expression levels of survivin and
VEGF-C exhibited significantly less favorable survival rates
compared with patients with low expression levels of those
two genes. However, multivariate analysis demonstrated that
neither of the two genes was an independent prognostic deter-
minant. Survivin may promote VEGF-C expression through
the PI3K/Akt pathway or COX-2 gene expression. Survivin
may be a regulator of VEGF-C expression in gastric cancer
cells. Moreover, the study also provides a possible thera-
peutic method for the inhibition of VEGF-C-mediated tumor
growth and lymphatic metastases by using a survivin-specific
inhibitor.
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