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Abstract

Purpose Altered expression of serine protease inhibitor
peptidase inhibitor clade E member 2 (SERPINE2) associ-
ates with human cancer development and progression; thus,
this study investigated SERPINE2 expression in gastric
cancer tissues for association with clinicopathological and
survival data from the patients and then investigated the
role of SERPINE?2 in gastric cancer cells in vitro.

Methods The levels of SERPINE2 mRNA in 243 gas-
tric cancer tissues and paired non-cancerous mucosa were
determined using quantitative PCR. Inhibition of SER-
PINE2 expression by small interfering RNA (siRNA) was
detected by Western blotting. tetrazolium, soft agar, and
transwell assays were performed to evaluate the prolifera-
tion, anchorage-independent growth, and motility of gastric
cancer SGC7901 cells transfected with SERPINE2 siRNA.
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Results Compared with the normal mucosa, SERPINE2
mRNA was increased in gastric cancer tissues and cells.
Analysis of the 243 matched specimens showed that high
SERPINE2 levels were associated with lymph node metas-
tasis, distant metastasis, and clinical stage. Patients with high
SERPINE2 mRNA levels had poorer survival compared with
patients with low SERPINE2 mRNA levels. In vitro, SER-
PINE2 inhibited anchorage-independent growth, migration,
and invasion of SGC7901 cells, but not proliferation.
Conclusions Our findings indicate that upregulated SER-
PINE2 may contribute to the aggressive phenotype of gas-
tric cancer and suggest that SERPINE2 can be used as a
novel prognostic factor and anticancer target in patients
with gastric cancer.
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Migration - Invasion - Growth - Tumor aggressiveness

Introduction

In developing countries, gastric cancer is the second most
common cancer in men and the fourth most common can-
cer in women, accounting for over 70 % of new cases and
death following gastric cancer diagnosis worldwide (Jemal
et al. 2011). At present, although surgical resection com-
bined with chemotherapy or radiotherapy is utilized in gas-
tric cancer treatment, the outcomes for patients with metas-
tasis are relatively poor. Therefore, it remains an extremely
urgent matter to identify the novel factors for early diag-
nostic and prognostic assessment.

More and more intracellular signal molecules have been
discovered as biomarkers of gastric cancer at present. It is
worth noting that various proteolytic enzymes, including
matrix metalloproteinases (MMPs, Wieczorek et al. 2014)
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and serine proteases (Dorn et al. 2014), also play crucial
roles in gastric cancer progression due to the degradation of
extracellular matrix components.

Serine protease inhibitor (serpin) peptidase inhibitor
clade E member 2 (SERPINE2, also known as prostate
nexin-1 [PN-1]), a member of the serpin protein fam-
ily, mainly modulates thrombin, urokinase, plasmin, and
trypsin activity. SERPINE2 was first discovered as a sus-
ceptibility factor for chronic obstructive pulmonary disease
and panlobular-type emphysema (DeMeo et al. 2006; Kuk-
konen et al. 2011). Recent studies have shown that SER-
PINE2 is closely associated with tumorigenesis. Altered
SERPINE2 expression has been reported in several types
of tumors, such as breast cancer (Candia et al. 2006), colon
cancer (Selzer-Plon et al. 2009), and oral squamous cell
carcinoma (Gao et al. 2008). SERPINE? is also a tumor
suppressor gene that decreases cell proliferation and ves-
sel formation in prostate cancer (McKee et al. 2013). In
contrast, another report demonstrated that SERPINE2 pro-
moted lymph node metastasis (LNM) in a xenograft model
of testicular cancer, suggesting its function as an oncogene
(Nagahara et al. 2010). However, SERPINE2 expression
and its relationship with gastric cancer, as well as its bio-
logical function on gastric cancer cells, remain unclear.

In the present study, the expression levels of the SER-
PINE? gene in 243 gastric cancer tissues and matched adja-
cent normal mucosa were measured by quantitative PCR.
We aimed to establish whether SERPINE2 expression lev-
els correlate with clinicopathological parameters and prog-
nosis for patients with gastric cancer. Moreover, the biolog-
ical function of SERPINE2 was investigated in the gastric
cancer cell line SGC7901.

Materials and methods
Patient information and data collection

The present study involved 243 patients with gastric can-
cer who underwent surgery at QiLu Hospital and Qian-
foshan Hospital from 2006 to 2008. Gastric cancer and
paired non-cancerous gastric mucosa (>5 cm away from
the tumor) tissue were obtained and frozen immediately
in liquid nitrogen after surgical resection. Pathological and
clinical data were collected from medical records (Table 1).
There were 172 men and 71 women; the median age was
65 years (range 27-89 years). The 5-year follow-up patient
records were available. All patients were added to overall
survival (OS) rate analysis, and 216 cases were included
in disease-free survival (DFS) rate analysis, excluding 27
cases with distant metastasis before surgery. We obtained
written informed consent from all patients involved in this
study. All human studies have been approved by Ethics
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Table 1 Association between SERPINE2 mRNA and clinicopatho-
logical parameters in gastric cancer

Clinicopathological — n SERPINE2 mRNA
variables -
Low (n = 86) High (n=157) P value
Age (years) 0.129
<65 112 34 78
>65 131 52 79
Sex 0.356
Male 172 64 108
Female 71 22 49
Tumor location 0.447
Gastric fundus 27 10 17
Gastric corpus 112 35 77
Pylorus 104 41 63
Tumor size (cm) 0.691
>3 180 65 115
<3 63 21 42
T classification 0.123
1 23 11 12
2 39 18 21
3 124 36 88
4 57 21 36
N classification 0.010
0 87 41 46
1 82 29 53
2 44 10 34
3 30 6 24
M classification 0.018
0 216 82 134
1 27 4 23
UICC stage 0.001
| 39 24 15
I 76 25 51
I 91 30 61
v 37 7 30
Differentiation 0.316
Good 19 8 11
Moderate 46 20 26
Poor 178 58 120
Lauren classification 0.760
Intestinal 136 47 89
Diffuse 107 39 68

Committee of Shandong University and followed the prin-
cipals outlined in the 1964 Declaration of Helsinki.

RNA extraction and real-time quantitative PCR

Total RNA was extracted from tumor and paired normal
gastric mucosa using TRIzol reagent (Invitrogen, USA)
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according to the manufacturer’s instructions. Total RNA
(1 ng) was quantified for reverse transcription, and PCR
was performed using SYBR reagent (Genecopeia, USA) in
a 7900HT Fast PCR System (Applied Biosystems, USA).
The primers for SERPINE2 were 5-AATGAAACCAGG-
GATATGATTGAC-3’ (forward) and 5'-TTGCAAGATAT-
GAGAAACATGGAG-3' (reverse). The primers for the
endogenous control B-actin were 5-CTCCTTAATGT-
CACGCACGAT-3’ (forward) and 5-CATGTACGTTGC-
TATCCAGGC-3’ (reverse). The PCR was carried out at
95 °C for 10 min, then 40 cycles of 95 °C for 10 s, 60 °C
for 20 s, and 72 °C for 20 s. The relative expression of
SERPINE2 was calculated using the formula 2=, Each
reaction was conducted in duplicate.

SERPINE2 small interfering RNA and cell transfection

SERPINE2 small interfering RNA (siRNA) (AGGAAC-
CATGAATTGGCAT, synthesized by Shanghai Shenggong
Biological, China) and negative control were separately
transfected into SGC7901 cells using 2 pL X-tremeGENE
(Roche Applied Science, USA) transfection reagent accord-
ing to the manufacturer’s instructions. After transfection,
cells were cultured in RPMI 1640 medium supplemented
with 10 % fetal bovine serum (FBS; Gibco, USA) at 37 °C
for an additional 24 h.

Western blotting

To test whether SERPINE2 was silenced by siRNA,
sodium dodecyl sulfate—polyacrylamide gel electrophore-
sis and immunoblot analyses were performed. Specimens
were incubated with anti-SERPINE2 (1:1000; Abcam, UK)
and anti-B-actin (1:1000; Santa Cruz Biotechnology, USA)
antibodies at 4 °C overnight. Reactive bands were detected
using ECL Plus™ (Millipore, Germany) and X-ray expo-
sure and then analyzed using Image] (Broken Symmetry
Software, USA). SERPINE2 expression was quantified
against p-actin.

Cell proliferation assay

The proliferation ability of cells transfected with SER-
PINE2 siRNA was measured using CellTiter 96® AQue-
ous One Solution Cell Proliferation Assay (Promega,
USA). After 24-h transfection, 6 x 10° SGC7901 cells
were seeded in 96-well plates. Tetrazolium (MTS) solu-
tion (20 pL) was added to each well and incubated
at 37 °C for 2 h. Then, the absorbance at 490 nm was
detected at 24, 48, and 72 h using a microplate reader
(Bio-Rad, Singapore). Each experiment was performed in
triplicate.

Soft agar formation assay

Agar culture medium (0.5 %, 2 mL; 1:9 5 % agar and warm
RPMI 1640 medium mixed at 40 °C) was used to coat
the bottom of a 60-mm plate. Cells transfected with SER-
PINE2 siRNA (2 x 10%mL) were suspended at 1:1 with
agar culture medium (0.6 %) at 40 °C. Then, 1 mL cell-
agar mixture was immediately seeded on the surface of
the solidified agar layer. After 2-week incubation, colonies
with >50 cells were counted under a microscope (Olympus,
Japan).

Migration and invasion assays

At 24 h after transfection, the migration ability of cells
was assessed by transwell assay in 24-well plates contain-
ing polycarbonate membranes with 8.0-pwm pores (Corn-
ing, USA). SGC7901 cells (1 x 10°) in 100 wL serum-free
medium were added to the top chamber; medium contain-
ing 10 % FBS was placed in the bottom chamber. The cell
invasion assay was performed using membranes coated
with Matrigel matrix (BD Biosciences, USA) and a method
similar to that described above. After 24-h incubation, cells
that had migrated to the lower surface of the membrane
were fixed and stained. Data were obtained from three
independent experiments.

Statistical analysis

Data analysis was performed using Statistical Product and
Service Solution version 13.0 (SPSS, USA). Fisher’s exact
test was used to analyze the association between SER-
PINE2 expression and clinicopathological variables. OS or
DFS curves were plotted using the Kaplan—-Meier method,
and the differences were compared with the log-rank test.
Independent risk factors were determined using a Cox pro-
portional hazard model. Differences between two groups
were evaluated with Student’s ¢ test. The P value was con-
sidered statistically significant at <0.05.

Results

SERPINE2 was overexpressed in gastric cancer tissues
and cells compared with normal gastric mucosa

SERPINE2 mRNA levels in gastric cancer tissues, cells, and
normal mucosa were determined by reverse transcription—
quantitative PCR. According to the presence or absence of
LNM, we divided the gastric cancer specimens into two fur-
ther groups: tumor with LNM (156/243, 64.2 %) and tumor
without LNM (87/243, 35.8 %). The data revealed a stepwise
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upregulation of SERPINE2 mRNA in normal mucosa,
tumor, and tumor with LNM (Fig. 1). SERPINE2 mRNA
was upregulated 5.09-fold in gastric cancer tissues and 4.18-
fold in SGC7901 cells compared with the normal mucosa
(P = 0.0089, 0.0015, respectively). Compared with the nor-
mal mucosa, SERPINE2 mRNA in the tumor with LNM
group was upregulated 6.79-fold (P = 0.004). SERPINE?
mRNA in the tumor without LNM group was 2.24-fold
higher than that in the normal mucosa, although no statistical
difference was found between the two groups (P = 0.0682).
It is worth noting that compared with the tumor without
LNM group, SERPINE2 mRNA was increased 3.02-fold in
the tumor with LNM group (P = 0.023). These results dem-
onstrate that SERPINE2 is overexpressed in gastric cancer
tissues and cells, especially in cases with LNM.

Association between SERPINE2 mRNA level
and clinicopathological parameters in gastric cancer

Of the 243 paired specimens, we considered a >1.25-fold
increase (Fayard et al. 2009) as the cutoff for SERPINE2
overexpression in gastric cancer: 157 cases (64.4 %) had
high SERPINE2 expression; expression was low in the
remaining 86 cases (35.6 %). To determine the poten-
tial clinical implications of SERPINE2, the associa-
tions between clinicopathological factors and SERPINE2
expression level were analyzed. High SERPINE2 mRNA
expression was significantly correlated with LNM (N clas-
sification, P = 0.01), distant metastasis (M classification,
P = 0.018), and clinical stage (International Union Against
Cancer [UICC], P = 0.001). However, no correlations were
found between SERPINE2 mRNA level and age, sex, tumor
size, tumor location, differentiation, or Lauren classifica-
tion (P > 0.05, Table 1).

SERPINE2 may serve as a predictive prognostic biomarker
in patients with gastric cancer

To further explore the prognostic value of high SERPINE2,
the correlation between SERPINE2 expression and OS or
DFS was analyzed using Kaplan—Meier survival curves.
Patients with high SERPINE2 expression had significantly
worse OS and DFS than patients with low SERPINE2
expression (both P < 0.001, Fig. 2). Univariate analysis
(Table 2) revealed that both decreased OS and DFS were
associated with T classification, LNM, distant metastasis,
clinical stage, poor differentiation, and SERPINE2 expres-
sion. Multivariate analysis further demonstrated that high
SERPINE2 expression was an independent prognostic fac-
tor for patients with gastric cancer (Table 2, P = 0.000,
hazard ratio [HR] = 3.05, 95 % confidence interval
[95 % CI] = 1.78-4.96; P = 0.002, HR = 2.30, 95 %
CI = 1.57-3.55).
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Fig. 1 Comparison of SERPINE2 expression in gastric cancer tis-
sues, cancer cells, and normal mucosa. Relative SERPINE2 expres-
sion is higher in human gastric cancer tissues and cells than in the
normal mucosa (P = 0.0089, 0.0015, respectively). SERPINE2
mRNA is significantly increased in tumor with LNM compared
with normal mucosa and tumor without LNM (P = 0.004, 0.0023).
*P < 0.05; **P < 0.01

SERPINE?2 siRNA had no effect on cell proliferation
in vitro

To test the effect of increased SERPINE2 on cell biologi-
cal behavior in vitro, the proliferation ability of SGC7901
cells treated with SERPINE2 siRNA or negative control
was detected by MTS assay. After transfection, the inter-
ference efficiency of SERPINE2 was first confirmed by
Western blotting. Normalized to the negative control, SER-
PINE2 expression was downregulated 56.83 + 11.80 % in
the SERPINE2 siRNA group (P = 0.0039, Fig. 3a). Then,
the cell proliferation ability was monitored at 24, 48, and
72 h. However, as illustrated in Fig. 3b, no difference in
cell proliferation rate was observed between the two groups
(P> 0.05).

SERPINE?2 siRNA decreased cell migration and invasion
and inhibited soft agar colony formation in vitro

As SERPINE?2 expression was associated with LNM and
distant metastasis, we were interested in determining
whether SERPINE2 affected cell migration and invasion
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Fig. 2 Association between SERPINE2 mRNA level and survival. The 5-year OS (a) and DFS (b) rates of patients with high SERPINE2 mRNA
were significantly lower than that of patients with low SERPINE2 mRNA (both P < 0.001)

Table 2 Univariate and

N . Variable Univariate analysis Multivariate analysis
multivariate Cox proportional
hazards regression analysis of HR CI (95 %) P value HR CI (95 %) P value
OS and DFS after surgery
oS
SERPINE2 3.68 2.53-5.27 0.000* 3.05 1.78-4.96 0.000*
UICC stage 4.07 2.70-6.13 0.000* 3.51 2.02-5.78 0.000*
T classification 2.93 1.75-4.89 0.000* 0.63 0.23-1.34 0.107
LNM 345 2.41-4.94 0.000%* 2.89 1.54-4.52 0.013%*
Distant metastasis 3.97 2.55-6.19 0.000* 2.34 1.19-3.73 0.001*
Poor differentiation 2.04 1.30-3.22 0.002* 0.70 0.32-1.45 0.274
DFS
SERPINE2 3.29 1.85-4.85 0.000* 2.30 1.57-3.55 0.002*
UICC stage 4.75 2.72-6.34 0.000* 2.74 1.62-3.97 0.001*
T classification 2.36 1.44-3.87 0.001* 0.98 0.76-1.78 0.062
LNM 3.83 2.65-5.54 0.000* 1.96 1.32-3.77 0.021*
iR ga;ard ratio, C1 confidence Distant metastasis 437 277-690  0.000% 2.79 174411 0001+
Poor differentiation 2.12 1.32-3.40 0.002* 0.87 0.43-1.79 0.126

* Significant difference

ability in vitro. The migration and invasion activity of
SGC7901 cells transfected with SERPINE2 siRNA were
assessed by transwell assay. In contrast to the negative
control group, a significantly lower number of cells in the
SERPINE2 siRNA group migrated to the lower surface
of the membrane in the migration and invasion assays
(Fig. 3c, P = 0.0158, 0.008, respectively). Furthermore,
to verify whether decreased SERPINE?2 expression would
alter colony formation ability, a soft agar assay was per-
formed after SERPINE2 siRNA transfection. As expected,
there was a significant reduction in colony formation by
SERPINE?2 siRNA-transfected cells on soft agar compared

with the negative control group (Fig. 3d, P = 0.001). These
data imply that SERPINE2 controls the migration, inva-
sion, and anchorage-independent growth capability of
SGC7901 cells.

Discussion
Although SERPINE2 has been investigated in several
tumors, its possible role in gastric cancer is poorly under-

stood to date. In the present work, we report for the first
time that upregulated SERPINE?2 gene expression in gastric
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«Fig. 3 Effect of SERPINE2 siRNA on gastric cancer SGC7901 cells.
a SERPINE2 expression was decreased in cells transfected with SER-
PINE2 siRNA compared with the negative control (P = 0.0039). b
MTS assay revealing no significant difference between the cell pro-
liferation ability of SERPINE2 siRNA and negative control groups
(P > 0.05). ¢ Transwell assay revealing markedly decreased cell
migration and invasion ability of the SERPINE2 siRNA group com-
pared with the negative control group (P = 0.0158, 0.008, respec-
tively). d Significant reduction in colonies formed by SERPINE2
siRNA-transfected cells compared with the negative control group
(P =0.001). *P <0.05; **P < 0.01

cancer is associated with cancer progression, such as LNM,
distant metastasis, and clinical stage. The data also support
the premise that SERPINE2 serves as a novel prognostic
indicator of gastric cancer outcomes independent of clini-
cal and tumor—node-metastasis stage. Furthermore, the
effect of SERPINE?2 in inhibiting SGC7901 cell migration,
invasion, and anchorage-independent growth supports the
idea that SERPINE2 may contribute to gastric carcinogen-
esis and progression.

In fact, using Northern blotting, Buchholz and col-
leagues were the first to report that SERPINE2 was over-
expressed in three of four gastric cancers, four of four colo-
rectal carcinoma, and 22 of 27 pancreatic cancer samples
(Buchholz et al. 2003). SERPINE2 expression was also
increased 1.5- to 3.5-fold in 21 of 26 breast cancer speci-
mens compared with normal mammary tissues (Candia
et al. 2006). In concordance with the above results, we
observed a 5.09-fold increase in SERPINE2 mRNA in 243
cases, namely a larger cohort of gastric cancer specimens.
Through oligonucleotide microarray analysis, Bergeron
and others reported that SERPINE2 gene expression is
mainly reduced by mitogen-activated protein kinase/extra-
cellular signal-regulated kinase (MEK) signal activation
(Bergeron et al. 2010). In addition, upregulated SERPINE2
expression is mediated by phosphatase and tensin homolog
(PTEN) deletion in MEF cells (Li et al. 2006). Consider-
ing these findings, we speculate that SERPINE2 may have
oncogenic properties in gastric cancer development.

More importantly, SERPINE2 mRNA was obviously
increased in tumors from patients with LNM: The increase
was 6.79-fold higher than that of the normal mucosa and
3.02-fold higher than that of patients without LNM. This
result also agreed well with the published findings on oral
squamous cell carcinoma. Gao et al. reported a 13-fold
increase of SERPINE2 in oral squamous cell carcinoma
and a 3.27-fold difference between cases with and without
LNM (Gao et al. 2008). Moreover, we observed a signifi-
cant correlation between SERPINE2 expression and both N
classification and distant metastasis (Table 1). Cases with
high SERPINE2 expression tended to involve LNM or dis-
tant metastasis. Using a xenograft model, Buchholz et al.
(2003) presented evidence that the local invasion potential

of pancreatic tumors is enhanced by SERPINE2 overex-
pression, accompanied by abundant extracellular matrix
deposition. Another study on breast cancer reported that
elevated SERPINE2 expression was markedly associated
with the probability of lung metastasis (Fayard et al. 2009).
These data strongly suggest that SERPINE2 upregulation
might promote tumor invasion and metastasis. In the future,
SERPINE2 might be used as a novel biomarker for identi-
fying the aggressive phenotype of malignant tumors.

It is worth noting that due to different outcomes among
patients with the same clinical stage, investigating novel
risk factors for recurrence assessment and individualized
therapy remains urgent. To date, no reports have been pub-
lished on SERPINE2 expression and gastric cancer prog-
nostic analysis. Here, we are the first to demonstrate that
SERPINE2 upregulation is connected with decreased OS
and DFS and that it can be an independent prognostic fac-
tor for patients with gastric cancer.

To assess the effect of SERPINE2 in human gastric can-
cer SGC7901 cells, proliferation, soft agar, and transwell
assays were performed to monitor the growth and motil-
ity of cells transfected with SERPINE2 siRNA. Targeting
SERPINE2 with siRNA decreased anchorage-independent
growth, migration, and invasion, but not proliferation. The
mechanism by which SERPINE2 promotes tumorigenesis
has not been fully described. As an extracellular matrix-
secreted component, SERPINE2 plays an important role
in tumor cell and stroma interaction in pancreatic can-
cer (Neesse et al. 2007). SERPINE2 is a direct target of
MMP-9 in prostate cancer, and MMP-9 promotes cell
invasion by cleaving SERPINE2 and inhibiting urokinase
plasminogen activation (Xu et al. 2010). However, there
appears to be a paradox in that SERPINE2 suppresses
breast cancer metastasis through low-density lipoprotein
receptor-1 (LRPI1)-mediated MMP-9 expression (Fayard
et al. 2009). Researchers also disagree on the suppressive
effect of SERPINE2 on cell growth. For example, McKee
et al. (2012) found that SERPINE2 regulated Hedgehog
(Hh) signaling by decreasing the Hh ligand Sonic pro-
tein expression to inhibit prostate adenocarcinoma tumor
growth in mice. Contradicting this, downregulating SER-
PINE2 expression in murine breast cancer 4T1 cells had
no effect on tumor growth in BALB/c mice (Fayard et al.
2009). Taken together, we presume that the different func-
tions of SERPINE2 in different tumors might be partly
ascribed to its tissue and cell specificity. Further investiga-
tion is also required to define the molecular mechanisms
that govern SERPINE2 expression in gastric cancer devel-
opment and progression.

The present study demonstrated the potential function
of SERPINE?2 in gastric cancer cells and the possibility of
assessing SERPINE2 expression for predicting patients’
prognosis. These data could help clinical evaluation and
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contribute to target therapeutics to patients with a higher
likehood of a poor prognosis. The limitations of this study
include the small number of patients with relatively shorter
follow-up time. As increased SERPINE?2 expression in gas-
tric cancer cells indicates an aggressive phenotypic change,
it would be interesting to detect SERPINE2 expression in
atypical hyperplasia, gastric ulcer, and gastric adenoma
and to clarify whether there is any correlation between the
two factors. And a larger, controlled, and clinical study also
needed to validate our results in the future.

In summary, this work provides new insights into the
biological function of SERPINE?2 in gastric cancer. SER-
PINE2 is overexpressed in gastric cancer tissues and cor-
relates with poor survival. SERPINE2 is involved in gas-
tric carcinogenesis by promoting cell migration, invasion,
and anchorage-independent growth. We propose that SER-
PINE2 is a useful prognostic indicator and a potential tar-
get of gene therapy for gastric cancer.
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