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to 5-fluorouracil in the human gastric cancer SGC-7901
cell line
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Abstract The aim of this study was to examine the effects
of esophageal cancer-related gene 4 (ECRG4) expression
levels on chemotherapeutic sensitivity of gastric cancer
cells. A SGC-7901 cell system with tetracycline-inducible
ECRG4 expression (SGC-7901/ECRG4) was successfully
established. ECRG4 mRNA and protein expression levels
were detected using quantitative reverse transcription poly-
merase chain reaction and Western blotting, respectively.
Chemosensitivity to 5-fluorouracil (5-FU) was examined
by cell proliferation assay and cell apoptosis assay. ECRG4
mRNA and protein expression levels were significantly
upregulated in SGC-7901/ECRG4 cells induced with tetra-
cycline. Compared with control cells, the growth inhibition
rate of cells with ECRG4 overexpression was significantly
increased when treated with 5-FU. Treatment with 5 μmol/l
5-FU resulted in 15.2 % apoptotic cells, whereas such
treatment after overexpression of ECRG4 resulted in
44.5 % apoptotic cells. In conclusion, overexpression of
ECRG4 enhanced the chemosensitivity of gastric cancer
SGC-7901 cells to 5-FU through induction of apoptosis.
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Introduction

Despite its declining incidence, gastric cancer remains the
second most common cause of cancer-related mortality in
Asia and worldwide [1, 2]. Surgery remains the mainstay of

any curative treatment. However, even following radical
surgery, the majority of gastric cancer patients develop local
or distant recurrence [3]. Several meta-analyses of postop-
erative adjuvant trials have demonstrated a significant ben-
efit for chemotherapy-treated patients [4]. However, certain
patients have undergone expensive and potentially harmful
therapy without gaining any benefit. Thus, the identification
of molecular markers in resected tumor tissues that are able
to predict outcomes is essential for the future development
of adjuvant chemotherapy for gastric cancer patients.

Esophageal cancer-related gene 4 (ECRG4), officially
called C2ORF40, was cloned and identified from normal
esophageal epithelium [5]. It is localized in 2q12.2. The
encoded protein (augurin) is a secretory molecule produced
in endocrine tissues such as pituitary gland, adrenal gland,
and choroid plexus [6]. Its actions consist in cerebrospinal
fluid homeostasis, stimulation of neuroprogenitor cells after
brain injury [7], and induction of cell senescence in central
nervous system [8]. Even if its impact on oncogenesis is not
clear, it has been described as a putative tumor suppressor
gene (TSG) in several cancers including esophageal squa-
mous cell carcinoma [9–13], prostate cancer [14], colorectal
cancer, and glioma [12–15]. ECRG4 expression was asso-
ciated with better survival in esophageal [10] and prostate
[14] carcinomas, and with inhibition of cell proliferation and
migration in esophageal cancer [11–13], colorectal cancer,
and glioma [13, 15]. Recently, Wang et al. reported that
aberrant ECRG4 promoter methylation may be used to
monitor early gastric cancer and predict pathological staging
[16]. The objective of this study has been to investigate
whether ECRG4 is involved in cell sensitivity to chemo-
therapeutic agents in gastric cancer. To achieve this, we used
the human gastric cancer cell line, SGC-7901, and
established stable clones in SGC-7901 cells with a
tetracycline-inducible ECRG4 expression system.
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Materials and methods

Cell lines and cultures

The human gastric cancer SGC-7901 cell lines were obtained
from the Shanghai Institute of Cell Biology (Shanghai, China).
All cell lines were propagated in Roswell Park Memorial
Institute-1640 medium (Gibco-BRL; Carlsbad, CA, USA),
supplemented with 10 % bovine serum, penicillin (100 U/ml),
streptomycin (100 mg/ml), pyruvate, glutamine, and insulin at
37 °C in a water-saturated atmosphere with 5 % CO2.

Drugs

5-fluorouracil (5-FU) and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) were procured from Sig-
ma, St. Louis, USA. The dilutions of all reagents were freshly
prepared before each experiment. Annexin V–fluorescein iso-
thiocyanate (FITC) Apoptosis Detection kit was purchased
from Invitrogen Life Technologies (Carlsbad, CA, USA).

Quantitative reverse transcription polymerase chain reaction

Total RNA was isolated from SGC-7901 cell lines using the
acid guanidinium–phenol–chloroform method (Trizol,
Invitrogen, Carlsbad, USA), and cDNAs were synthesized
using the PrimeScriptTM 1st Strand cDNA Synthesis Kit
(Invitrogen, Carlsbad, USA). Primer sequences used for
amplification were designed by TaKaRa (Takara Bio Inc.,
Shiga, Japan) and listed as follows: forward primer 5′-
GCAGCATATTCAGAAAGT TCAGA-3′; reverse primer
5′-CATTTACAGCCTAATGCCTTTACT-3′. β-Actin for-
ward primer 5′- TGGCACCCAGCACAATGAA -3′; reverse
primer 5′- CTAAGTCATAGTCCGCCTAGAAGCA -3′.
Primers were used in regular polymerase chain reaction
(PCR) reactions with cDNA from cells so as to evaluate
their proper design and synthesis. Subsequently, the PCR
products were sequenced, and their similarity to the
desired nucleotide sequences was confirmed. The relative
amount of mRNA was determined using the SYBR
GREEN PCR Master Mix (AB, Applied Biosystems,
Foster City, California, USA) with gene-specific primers
for ECRG4 or β-actin. All steps were carried out
according to the manufacturer’s protocol. Real-time
PCR reactions were carried out on an ABI 7500 thermal
cycler (Applied Biosystems, Foster City, California,
USA) with the BioRad iQ5 and MyiQTM Real-time
PCR Detection System (BioRad Laboratories, Hercules,
California, USA). Three independent PCR tests were
performed from each RT sample. The expression of
ECRG4 mRNA in each sample was normalized against

β-actin, and the expression level was calculated using
the ΔΔCT (delta delta threshold cycle) method.

Western blot analysis

ECRG4 protein expression in cells was detected by Western
blot analysis. Protein was extracted from cultured cells
using lysis buffer. After a 30-min incubation on ice, the
lysates were heated at 100 °C for 15 min and centrifuged
at 12,000×g for 15 min at 4 °C. Lysates containing an equal
amount of protein (25 μg) were dissolved in SDS sample
buffer, separated on 12 % SDS slab gels, and transferred
electrophoretically onto polyvinylidene difluoride mem-
branes. Equal protein loading and transfer were confirmed
by Ponceau S staining. After being blocked with 5 %
nonfat dry milk in TBST, the membrane was incubated
at 4 °C overnight with the appropriate primary antibodies.
Following washing, horseradish peroxidase-conjugated

Fig. 1 ECRG4 mRNA expression levels were significantly
upregulated in SGC-7901/ECRG4 cells induced with tetracycline
(TET)

Fig. 2 ECRG4 protein expression levels were significantly
upregulated in SGC-7901/ECRG4 cells induced with tetracycline
(TET). Column 1: SGC-7901/ECRG4 cells; Column 2: SGC-7901/
ECRG4 induced by 1 μg/ml tetracycline for 24 h; Column 3: SGC-
7901/ECRG4 cells induced by 1 μg/ml tetracycline for 48 h
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secondary antibody was applied to the membrane. Pro-
teins bound by the secondary antibody were visualized
by ECL (Amersham Bioscience) according to the manu-
facturer’s instructions. The expression of GAPDH was
measured as a control, and each experiment was performed
in triplicate.

MTT assay

To determine cell growth, 10,000 cells were seeded in
triplicate on 96-well plates and incubated overnight. 5-FU
was then added so that the final concentrations were 1, 5,
and 10 μmol/l, with dimethyl sulfoxide (DMSO) as a con-
trol. Cells were incubated in a humidified incubator in 5 %
CO 2 at 37 °C for 24 h. After the exposure period, the
medium was removed and the cells were incubated for 1 h
at 37 °C with fresh growth medium containing 0.5 mg/ml
MTT. The supernatant was then carefully removed, and
100 μl of DMSO was added to dissolve the formazan
crystals. The absorption (A) was measured at 570 nm in a

microplate reader. Growth inhibition rate (%)=(1−A of
experimental group/A of control group)×100 %.

Apoptosis assay

The untreated SGC-7901/ECRG4 cells were treated with
5 μmol/l 5-FU or treated with 5 μmol/l 5-FU and 1 μg/ml
tetracycline for 48 h, after which apoptotic cells were detected
using an FITC Annexin VApoptosis Detection kit according
to the manufacturer’s instructions. Briefly, after treatment,
cells were washed twice with cold phosphate buffered saline
and then resuspended in 1× binding buffer at a concentration
of 1×106 cells/ml. Then, 100 μl of the solution (1×105 cells)
was transferred to a 5-ml culture tube, and 5 μl of FITC
Annexin V and 5 μl propidium iodide were added to the
solution. After incubation for 15 min at room temperature in
the dark, 400 μl of 1× binding buffer was added to each tube.
The stained cells were then analyzed using flow cytometry.

Fig. 3 Cell growth inhibition rates of SGC-7901/ECRG4 in the pres-
ence (TET on) or absence (TET off) of 1 μg/ml tetracycline 24 h after
treatment with various concentrations of 5-FU (*P<0.01)

Fig. 4 Apoptosis detected by flow cytometry. SGC-7901/ECRG4 cells were untreated, treated with 5 μmol/l 5-FU, or treated with 5 μmol/l 5-FU
and 1 μg/ml tetracycline (TET) for 48 h, then apoptotic cells were detected by flow cytometry

Fig. 5 SGC-7901/ECRG4 cells treated with nothing (control), 5 μmol/
l 5-FU only, or 1 μg/ml tetracycline (TET) and 5 μmol/l 5-FU. Per-
centages of apoptotic cells are shown as the mean ±SD (error bar) of
three experiments.*P<0.01
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Statistical analysis

All data are presented as the mean±standard deviation. Stu-
dent’s t test was performed for intergroup comparison. A prob-
ability of P<0.05 was considered to be statistically significant.

Results

ECRG4 mRNA and protein expression levels were
significantly upregulated in SGC-7901/ECRG4 cells induced
with tetracycline

ECRG4 mRNA expression levels were significantly up-
regulated after stimulation with tetracycline in SGC-7901/
ECRG4 cells (Fig. 1). When stimulated with 1 μg/ml tetra-
cycline, the ECRG4 mRNA expression levels significantly
increased by about 8.2-fold (P<0.001). These results were
confirmed by Western blot. As shown in Fig. 2, the ECRG4
protein expression levels were elevated markedly when
stimulated with tetracycline for the indicated times. This
suggests that tetracycline could effectively induce ECRG4
gene expression in SGC-7901/ECRG4 cells.

Overexpression of ECRG4 enhances 5-FU-mediated growth
inhibition

To examine whether overexpression of ECRG4 enhances 5-
FU-mediated growth inhibition, cell proliferation assays
were performed. The growth of SGC-7901/ECRG4 cells
was inhibited in a dose-dependent manner when treated with
1, 5, and 10 μmol/l 5-FU for 24 h. The inhibition rates were
12.4, 27.4, and 39.6 %, respectively (Fig. 3). When SGC-
7901/ECRG4 cells expressed ECRG4 by induction with
tetracycline, the growth inhibition rate was increased to
22.1, 47.8, and 77.9 %, respectively, after treatment with
5-FU for 24 h (P<0.01; Fig. 3).

Overexpression of ECRG4 increases apoptosis induced by 5-
FU

Apoptosis is a major antitumor pathway for chemotherapy.
To investigate whether overexpression of ECRG4 increases
apoptosis induced by 5-FU, we measured the apoptotic cell
death in SGC-7901/ECRG4 cells following ECRG4
overexpression and treatment with 5-FU or treatment with
5-FU alone. As shown in Fig. 4, the apoptotic cell fraction
was increased following ECRG4 overexpression and treat-
ment with 5 μmol/l 5-FU, as compared with 5-FU treatment
only. Treatment with 5 μmol/l 5-FU resulted in 15.2 % total
apoptotic cells. Overexpression of ECRG4 by induction
with tetracycline, followed by 5 μmol/l 5-FU resulted in
44.5 % total apoptotic cells (Fig. 5).

Discussion

The ECRG4 gene, officially named C2ORF40, is highly
conserved in vertebrates, not in other eukaryotic species,
suggesting an important role in vertebrate organisms. Al-
though identified many years ago, the function of the protein
encoded by this gene remains unclear, but recent data
revealed a potential TSG role in different cancers. The
tumor suppressor function of ECRG4 [16] and the cellular
consequences of its silencing remain to be investigated in
breast cancer. In cell lines of esophageal [11–13] and colo-
rectal cancer [15] and glioma [12], the overexpression of
ECRG4 inhibits cell proliferation by blocking the G1/S
transition of cell cycle, through increase of p21 and p53
protein expression. The inhibition of proliferation was con-
firmed in vivo after injection of ECRG4-transfected esoph-
ageal cancer cell lines into athymic nude mice, which led to
slower tumor growth [11]. Another in vitro effect of ECRG4
overexpression is the inhibition of cell migration and inva-
sion in cell lines from esophageal carcinoma and glioma
[12]. To our knowledge, our study is the first one analyzing
the effects of ECRG4 expression levels on chemotherapeu-
tic sensitivity of gastric cancer cells.

In our present study, we investigated whether over-
expression of ECRG4 could enhance the chemotherapeutic
sensitivity of gastric cancer cells. 5-FU is the most frequently
used chemotherapy drug for gastric cancer. Inhibition of cell
proliferation has been attributed to the antitumor effects of
chemotherapy. Our study showed that 5-FU could inhibit
SGC-7901 cell growth in a dose-dependent manner, and that
the rate of growth inhibition was markedly increased in cells
with ECRG4 overexpression after treatment with 5-FU, com-
pared with control cells. Our results suggest that overe-
xpression of ECRG4 enhances the inhibitory effect of 5-FU
on SGC-7901 cells.

In conclusion, this study showed that ECRG4 over-
expression could increase the sensitivity of SGC-7901 cells
to 5-FU by induction of apoptosis. These results will further
our understanding of the role of ECRG4 in apoptosis and
provide new strategies for improving chemosensitivity in
human gastric cancer cells.
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