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Abstract: Osteopontin (OPN) involves in tumor formation, and strongly correlated with the tumor progression. It 
was overexpressed in human esophageal squamous cell carcinoma (ESCC). To study the molecular mechanisms of 
OPN in ESCC, we examined its roles in inhibiting proliferation and invasion of ECA-109 (esophageal squamous cell 
carcinoma) cells. The expression of OPN gene was knockdown by RNA interference (RNAi) in the Eca-109 cell. The 
transcription level of OPN was to detect by reverse transcription-quantitative PCR (RT-qPCR). Western blot assay 
was performed to detect the expression of OPN, Caspase-3,Caspase-8, Caspase-9, ERK1/2, phospho-ERK1/2 and 
MMP2 after RNAi. The cell proliferation and apoptosis were detected by MTT and Hoechst33342 assay. Transwell 
inserts was used for detecting ECA-109 cell’s migration ability. The results shown that the level of OPN mRNA and 
protein was significantly reduced after RNAi. Proliferation and migration of cell line (ECA-109) was significantly in-
hibited in vitro. The protein phosphorylation and activation of ERK1/2 in the OPN RNAi group reduced significantly 
than the negative control groups. In Conclusion, the proliferation and migration of human ESCC can be inhibited 
by RNAi-targeting OPN. OPN can promote the expression of MMP2 through the ERK signaling pathways. OPN could 
serve as a potential therapeutic target for human ESCC.

Keywords: ECA-109, proliferation, migration, OPN, esophageal squamous cell carcinoma, transwell

Introduction

ESCC is one of the world’s most common can-
cers, which accounts for about 10% of gastroin-
testinal cancers. Now it is a serious threat to 
human health [1]. It ranks six in the cause of 
cancer death in China [2]. There are two main 
histological types of ESCCs. One is adenocarci-
noma, the other is squamous cell carcinoma. In 
China, More than 90% of esophageal is squa-
mous cell carcinoma [3]. Smoking and alcohol 
are the main causes of this disease [4, 5]. In 
spite of the great progress in the diagnosis and 
treatment of esophageal cancer, the esopha-
geal cancer incidence rate is still rising gradu-
ally, and the 5-year survival rate is less than 
15% in Europe [6, 7]. Surgery is the only cura-
tive way for esophageal cancer. But many 
patients are diagnosed with this kind of dis-
ease at its later period. They lose the opportu-

nity to receive radical surgery, so they need 
other treatments, such as radiation therapy, 
chemotherapy, gene therapy.

OPN molecular is 41.5KD, which is acid secret-
ed glycoprotein [8, 9]. OPN promotes cell che-
motaxis, invasion and metastasis. It also par-
ticipates in the immune response as well as 
promotes the growth of blood vessel and inhib-
its cell apoptosis [10-15].

Previous researches demonstrate that OPN is 
overexpression in a variety of tumor tissues, 
High cytoplasm OPN staining was observed in 
gastric carcinomas, colorectal carcinomas, 
transitional cell carcinomas of the renal pelvis, 
pancreatic carcinomas, renal cell carcinomas, 
lung and endometrial carcinomas, esophageal 
carcinomas, squamous cell carcinomas of the 
head and neck, and ovarian carcinomas [16-
18]. It suggests that the protein involves in 

http://www.ijcem.com


Downregulation of OPN inhibits proliferation and migration

5362 Int J Clin Exp Med 2015;8(4):5361-5369

tumor formation, and it is strongly correlated 
with the tumor progression [16]. High OPN level 
was associated with lymph node metastasis. 
The overall survival of the patients with high 
OPN levels was smaller than those with low 
OPN levels [19, 20].

Furthermore, studies have shown that the OPN 
gene is highly expressed in esophageal cancer. 
OPN mRNA expression was detectable in tumor 
specimens and nonmalignant esophageal 
specimens. The overall median mRNA expres-
sion level of OPN was approximately 8.8- 
fold higher in tumor tissues, compared with 
matched normal esophageal tissues [21]. 
Zhang MX also did similar research. Immuno- 
histochemistry and RT-qPCR showed that OPN 
was overexpressed in ESCC [22]. But they did 
not further study on ESCC biological behavior 
after OPN expression was knocked down. 
Different from previous studies, we used RNAi 
approach to knock down OPN expression, and 
studied on its impact on the ability of prolifera-
tion and invasion in Eca-109 cells. OPN may 
become a promising target for gene therapy of 
human ESCC.

Materials and methods

SiRNA for OPN

Four siRNA sequences were designed by 
Shanghai GeneChem Co, Ltd, Shanghai, China.
The sequences were as follows: pSC-1: 
5’-GACCATTCTGATGAATCTGAT-3’ pSC-2: 5’-GA- 
GCATTCCGATGTGATTGAT-3’; pSC-3: 5’-GAGGA- 
GTTGAATGGTGCATA-3’; pSC-4: 5’-CACAAGCAG- 
TCCAGATTATA-3’, The sequence (pSC-2, 5’-TT- 
ATCGACGTATTGGTAGACG-3’) was designed as 
negative control RNAi sequence. The OPN 
eukaryotic expression plasmid was construct-
ed and co-transfected with 293T cells. In accor-
dance with the inhibition efficiency of the OPN 
gene, 5’-GAGCATTCCGATGTGATTGAT-3’ (pSC-2) 
was used to down-regulate the OPN expres-
sion. The synthesis of siRNA was conducted by 
the Shanghai GeneChem company in Shanghai, 
China. Lentivirus plasmid construction. pGC-
SIL-GFP vector (Shanghai GeneChem Co, Ltd, 
Shanghai, China) was digested by Age I and 
EcoR I to make it linear. Target gene and the 
digested linearized vector were directional con-
nected; its products were transformed into 
competent E. coli DH5a bacteria. Positive 
clones were sequenced and comparatively ana-
lyzed. Viral vectors that contained the different 

shRNA were used to transfect 293T (American 
Type Culture Collection, Manassas, VA, 
America) cells by lipofectamine 2000 following 
up protocol from Invitrogen. The infection effi-
ciency of cells was observed by fluorescence 
under microscopy (Olympus micropublisher 
3.3RTV, Japan). After 48 h of transfection, 
western blot assay was used to analyze target 
protein expression, which determined the inter-
ference effects of different targets. The suc-
cessful design of siRNA sequences (pSC-2) 
against the OPN gene and RNAi expression vec-
tor were finally constructed.

Cell culture and transfection 

Human ECA-109 cells were obtained from 
American Type Culture Collection (Manassas, 
VA, USA), and cultured in RPMI-1640 (Gibco, 
Rockville, MD, USA) with 10% FBS (Gibco, 
Rockville, MD, USA), 1% (v/v) penicillin-strepto-
mycin solution and maintained at 37°C in 5% 
CO2 humidified air. Medium was refreshed 
every 3 days. One day before transfection, ECA-
109 cells (5×104) were seeded into 6-well dish-
es and cultured at 37°C in 5% CO2 humidified 
air. When the cell confluence reached 30%, the 
medium was refreshed .The lentivirus was 
added according to the MOI=10. There were 
three groups. Blank control group was not any 
treatment; Negative control group was added 
lentivirus (transfected with a negative control 
RNAi sequence) and sequence (5’-TTATCGAC- 
GTATTGGTAGACG-3’) was designed as negative 
control RNAi sequence; OPN RANi group was 
edded lentivirus (transfected with OPN RNAi 
sequences). There were followed by infection 
for 12 h, if they were not obvious cytotoxic 
effect, followed by further incubation for 24 at 
37°C in 5% CO2. Then, the medium were 
refreshed. If there was a significant cytotoxic 
effect, refreshed the culture medium imme- 
diately.

RT-qPCR assay for OPN mRNA

RT-qPCR was used to detect infection efficien-
cy. Cells were collected. Then total RNA was 
isolated using Trizol reagent (from Invitrogen, 
Grand Island, NY, USA) and quantified by spec-
trophotometry (eppendorf biospectrometer 
basic, Eppendorf, Hamburg, Germany). 2 μg 
total RNA from each sample was reverse tran-
scribed (RT) utilizing the HiFi-MMLV cDNA Kit 
(from Beijing CoWin Biotech Co. Ltd., Beijing, 
China) following up the manufacturer’s proto-
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col. The primer sequences in RT-qPCR were  
as follows: OPN, 5’-GTTGGTGGAGGATGTCTG-3’ 
(sense) and antisense were 5’-TACTTGGAA- 
GGGTCTGTG-3’ (antisense); GAPDH, 5’-AACGG- 
ATTTGGTCGTATTG-3’ (sense) and 5’-GGAAGAT- 
GGTGATGGGATT-3’ (antisense). RT-qPCR was 
performed with a SYBR® Premix Ex Taq™ 
(Takara, Dalian, China) following up the manu-
facturer’s protocol. All RT-qPCR reactions were 
performed with the ABI PRISM 7700 sequence 
detection system (from Applied Biosystems, 
Grand Island, NY, USA). In each reaction, 1 μl 
cDNA, 10 μl SYBR® Premix Ex Taq (Takara), and 
0.4 μM forward and reverse primer (20 μl) were 
used. The reaction condition was as follows: 1 
cycle of 95°C for 15 sec, then followed by 25 
cycles of 95°C for 5 sec, and 60°C for 30 sec. 
Each experiment was repeated for three times. 
GAPDH was used as internal control, then all 
results were analyzed using the standard 2-ΔΔCT 
method described previously [23].

Western blot assay

The total protein of the collected cells was 
extracted 5 days later after infection. Cell cul-
ture medium was discarded and cells were 
scrapped in PBS. Detached cells were centri-
fuged at 21000 rpm at 4°C for 15 min. Cell pel-
lets were lysed in 300 μl RIPA lysis buffers 
(P0013, BiYunTian technology, China) with 1 
mM Na3VO4, 25 mM NaF and 1× protease inhib-
itor cocktail Protease inhibitor cocktail (Roche 
Molecular Biochemicals, Indianapolis, IN, USA). 
Protein concentrations were determined by 
spectrophotometry (from Eppendorf 
BioSpectrometer). 40 μl protein from each 
sample was electrophoresed by 12% SDS-
PAGE gel, and followed by transferred to PVDF 
membranes (Millipore, Bedford, MA, USA) using 
a wet transblot system. These membranes 
were then blocked with 5% nonfat dry milk for  
1 h at room temperature, and incubated with  
primary antibodies. Rabbit monoclonal anti-
human antibodies (OPN, Caspase-3, Caspase- 
8, Caspase-9, ERK1/2, phospho-ERK1/2, 
MMP2 and β-actin were purchased from 
Beverly, MA, USA; 1:1000) overnight at 4°C. 
Secondary antibody, goat monoclonal anti-rab-
bit, was incubated at room temperature for 1 h 
(1:8000; Santa Cruz Biotechnology, CA, USA). 
The membrane was then developed using an 
enhanced chemiluminescence system (Beyo- 
time Institute of Biotechnology, Shanghai, 
China) and exposed to X-ray film. The protein 

bands were analysised by the Image J software 
(National Institutes of Health Image, USA). The 
band densities of western blots were deter-
mined relative to β-actin.

MTT assay

Cells were seeded in 96-well culture plates. 
The MTT assay was performed after 24 h, 48 h, 
72 h, 96 h, respectively. Twenty microliters of 
MTT solution (20 mg/ml, from Amresco enter-
prise) was added into each well and incubated 
for 4 h at 37°C, then added 150 μl DMSO (from 
Sigma, USA). After shaken for 10 minutes, the 
optical density (OD) at 570 nm was recorded by 
a microplate reader (Thermo multiskan MK3, 
Thermoelectric Electronics Co., Ltd. Shanghai 
China)

Hoechst33342 assay

ECA-109 cells (4×l04 cells/ml) were seeded in 
growth medium on the cover glass slides of 
6-well plates for 24 h incubation. They were 
treated with OPN RNAi for 72 h. Control wells 
consisted of cells incubated with medium only. 
After that, cells were examined for apoptosis by 
Hoechst33342, performed according to the 
manufacturer’s instructions. The supernatant 
was discarded, and dyed with10μl Hoechst 
33342 (Sigma, USA) for 10 min at 4°C in the 
dark. Then, the cell-culture medium was dis-
carded, and washed three times with cold PBS. 
The percentage of cells undergoing apoptosis 
was determined.

Cell invasion assay

Transwell inserts (Corning, 24-well plates, USA) 
were coated with Matrigel basement mem-
brane (BD Biosciences). 2×105/ml cells were 
plated in 200 µl completed serum-free RPMI-
1640 in the upper chamber of the transwell 
and the lower chamber were filled with RPMI-
1640 containing 20% FBS 500 µl. The cells 
were allowed to migrate for 24 h, at 37°C and 
5% CO2, the cells from the upper surface of the 
filter were removed with a cotton swab. Then 
those underneath were fixed with 4% parafor-
maldehyde. After 10 min, 0.1% crystal violet 
was used to dye cells for 30 min.

Statistical analysis

All experiments were repeated at least three 
times. SPASS 16.0 was used for statistical 
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analysis. Western blots were quantified by 
measuring the relative density of protein bands 
recognized by a particular antibody using Image 
J software (NIH, USA). All data were expressed 
as mean ± standard error of the mean (S.E.M). 
Statistical analysis was done with Student’s 
t-test for comparison of two groups, and differ-
ences were considered statistically significant 
when P<0.05.

Results

Expression of OPN inhibited by RNAi

ECA-109 cells were cultured in vitro for 24 h. 
Positive expression rate of GFP was detected 
by fluorescence microscopy. The infection effi-
ciency is more than 90%. RT-qPCR was used to 
detect the relative level of OPN mRNA after 
ECA-109 cells infected 4 days, and western blot 
was used to detect the relative level of OPN 
protein after ECA-109 cells infected 5 days. The 
results show that the OPN expression level in 

the negative control group and the blank con-
trol group was significantly higher than the OPN 
RNAi group (P<0.05). There was no significant 
difference between the negative control group 
and the blank control group (P>0.05) (Figure 
1A, 1B).

Effect of OPN-RNAi on the growth of ECA-109 
cell

The rate of cell proliferation was gradually 
decreased in the interfered group after 72 h, 
and the cell proliferation is decreased signifi-
cantly compared to the other groups (P<0.05). 
There was no significant difference between 
the negative control group and the blank con-
trol group (P>0.05), as is shown in (Figure 1C).

Effect of OPN-RNAi on the apoptosis of ECA-
109 cells

ECA-109 cells apoptosis was significantly 
increased in the OPN RNAi group compared to 
the other groups (P<0.05). There was no signifi-

Figure 1. Effect of OPN RNAi on the expression of OPN in ECA-109 cells. RT-qPCR was used for detecting the effect 
of OPN RNAi on the mRNA expression of OPN (A). The protein level of OPN in ECA-109 cells was detected by western 
blot (B). Cell proliferation was monitored with MTT assay (C). Statistical analysis was performed using the t-test and 
one-way ANOVA. *(P<0.05) indicates a significant difference compared with the control group.
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cant difference between the negative control 
group and the blank control group (P>0.05), as 
is shown in Figure 2. Western blot was used to 
detect the expression of apoptosis proteins 
(Figure 3). Results show that the expression  
of Caspase-3, Caspase-8 and Caspase-9, in- 
crease significantly due to the OPN-RNAi 
treatment.

MEK/ERK pathways activity in ECA-109 cell 
after OPN RNAi

We also detect the concentration of ERK1/2 
and phospho-ERK1/2 by western blot in ECA-
109 cells. Results show that the protein phos-
phorylation and activation of ERK1/2 in the 
interfered group reduce significantly than the 
negative control group and the blank control 
group (P<0.05). However, there were none obvi-
ous differences in the protein levels of non-

phosphorylated ERK1/2, as is shown in Figure 
3.

Impact on invasion of ECA-109 cells by OPN-
RNAi

The results of transwell assay show that the 
migration capabilities of ECA-109 cell were 
reduced evidently by OPN-RNAi compared to 
the control group (P<0.5). There was no signifi-
cant difference between the negative control 
group and the blank control group (P>0.05), as 
is shown in Figure 4. In addition , We also detect 
the expression of MMP2 (invasion associated 
with proteins), which the protein in the OPN 
RNAi group reduced significantly than the  
negative control group (P<0.05), as is shown in 
Figure 3. It indicated that the invasion capabili-
ties of ECA-109 cell were reduced evidently by 
OPN-RNAi.

Figure 2. Effect of OPN RNAi on the apoptosis of ECA-109 cells. After transfection with OPN RNAi for 72 h, we first 
used Hoechst 33342 staining to detect the morphological change of apoptosis cells. Data were expressed as mean 
± S.E.M from three separate experiments. *(P<0.05) indicates a significant difference compared with the control 
group.
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Discussion

RNAi is a process of post-transcriptional regula-
tion of gene expression and has been widely 
used in experimental study [24-26]. In our pres-
ent research, we have managed to design the 
interference sequence Of OPN. In addition, we 
have successfully screened out and lentiviral 
vector packaged an effective target. After 
transfecting Eca-109 cell line 4 days later, the 
expression of OPN mRNA significantly de- 
creased (P<0.05) in the interfered group com-
pared with others group. The expression of OPN 
protein significantly decreased in the interfered 
group，after 5 days later (P<0.05). MTT assay 
shows that the proliferation of Eca-109 cell was 
decreased due to RNA interference. It indicated 
that down-regulated OPN could inhabit prolifer-
ation of Eca-109 cell. Apoptosis studies that 
(Hoechst33342 Assay) also show that Eca-109 
cell lose its anti-apoptotic effects due to RNAI.

The expression of apoptosis proteins (Caspase- 
3, Caspase-8 and Caspase-9) increased signifi-

cantly due to the OPN RNAi treatment. It indi-
cated that down-regulated OPN could induce 
the apoptosis of Eca-109 cells through the cas-
pase signaling pathway.

There are three most widely known members of 
the mitogen-activated kinase (MAPK) family 
proteins including Erk1/2, MEK and MAPK. 
Erk1/2 activation regulates differentiation, pro-
liferation, migration, angiogenesis, through the 
phosphorylation of phosphatases, cytoskeletal 
protein and transcriptional factors [27].

MAPK is the upstream regulators of MEK, while 
MEK is the upstream regulators of Erk1/2 [27, 
28]. Brian W Robertson found that OPN had a 
very negligible effect on the phosphorylation of 
MAPK. Furthermore, OPN induced Erk1/2 acti-
vation through MEK1/2 [28].

Mendes 0 research shows that, Erk1/2 has 
regulating function on MMP2, which can pro-
mote the expression of MMP2 [29]. Our current 
research shows that after RNAI, the level of 

Figure 3. Effect of Skp2 RNAi on the proteins of ECA-109 cells. The apoptosis proteins (Caspase-3, Caspase-8, 
Caspase-9, ERK1/2 and phospho-ERK1/2) and migration protein (MMP2) were detected by western blot. Data 
were expressed as mean ± S.E.M from three separate experiments. *(P<0.05) indicates a significant difference 
compared with the control group.
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phosphorylated ERK decreased significantly as 
well as the level of MMP2. We suppose that 
OPN can promote the expression of MMP2 
through the ERK signaling pathways, thus 
increasing the invasion and metastasis of 
tumors.

OPN RANi has not been widely used in clinical 
application, because of the problems, such as 
the delivery of the drug, the safety of the carrier 
and the poor targets. It is not clear whether the 
participation of OPN is related to the tumori-
genesis mechanism. It is necessary for us to 
learn more about OPN changes in the course of 
tumor cells invasion and the metastasis of 
molecular to create a new stage of cancer diag-
nosis and treatment. It is possible that OPN can 
be used as an important indicator of clinical 
cancer screening, monitoring recurrence and 
prognosis.

In conclusion, we are convinced that recombi-
nant lentiviral vector which carries the OPN-
RNAi sequence significantly inhibit the prolifer-

ation and invasion of esophageal cancer cells 
in vitro. So we suppose that OPN is expected to 
become a new target for gene therapy of esoph-
ageal cancer.
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