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Abstract 

Purpose:  Gastric cancer (GC) remains a leading cause of death worldwide, and an elevated 
expression of osteopontin (OPN) may correlate with its poor survival. Alternative splicing of 
OPN can result in three isoforms, OPN-a, OPN-b and OPN-c. The aim of our current study 
is to examine the expression pattern and biological functions of OPN splice variants in GC.  
Methods:  Firstly, we evaluated the expression of OPN splice variants in 7 gastric cell lines, 
101 pairs of GC tissues and their adjacent non-tumor tissues by Quantative real-time PCR 
(QT-PCR). Gain-of-function experiments were subsequently performed to determine their 
diverse roles in malignant behaviors of GC. Besides, their differential effects on the regulation 
of crucial downstream molecules were further explored in the anti-apoptotic and 
pro-metastatic process.  
Results: We found that OPN-b is the dominant kind of OPN isoform in GC cell lines. 
Although the expression levels of three variants were all elevated in GC tissues, increased 
OPN-b or OPN-c expression could correlate with clinicopathological features. Functional 
analyses further showed that OPN-b most strongly promoted GC cell survival possibly by 
regulation of Bcl-2 family proteins and CD44v expressions. Moreover, OPN-c most effectively 
stimulated GC metastatic activity by increasing secretion of MMP-2, uPa, and IL-8.  
Conclusions: Our results suggest that OPN splice variants differentially exert clinico-
pathological features and biological functions in GC. Therefore, focusing on specific OPN 
isoform could be a novel direction for developing diagnostic and therapeutic approaches in 
GC. 

Key words: OPN splice variants; gastric cancer; clinicopathological feature; biological function; 
apoptosis; metastasis. 

Introduction 
Gastric cancer (GC) is one of the most common 

malignancies and the leading causes of death world-
wide, due to late detection and high recurrence rates 
[1]. Therefore, understanding the molecular events 

involved in gastric carcinogenesis will be crucial for 
the improvement of its diagnosis and therapy. 

Osteopontin (OPN) is initially characterized as a 
glycophosphoprotein secreted by transformed, ma-
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lignant epithelial cells [2]. Previous studies have 
shown that the elevated expression of OPN is corre-
lated with poor survival in various types of cancers, 
including GC [3, 4]. In regards to its biological func-
tions, OPN enhances the survival of cancer cells 
through its interaction with CD44 variant isoforms 
(CD44v) on the cell surface [1, 5], and it can also 
promote tumor metastasis by increasing expression of 
matrix metalloproteinase 2 (MMP-2) and urokinase 
plasminogen activator (uPa) [6, 7]. Due to the im-
portance of OPN in malignant tumors, further under-
standing of its role in GC may facilitate the develop-
ment of prognostic indicators and therapeutic strate-
gies in such patients [1]. 

OPN precusor-mRNA (pre-mRNA) could be 
subjected to alternative splicing, leading to full-length 
OPN-a (i.e., consists of all exons) as well as OPN-b 
(lacks exon 5) and OPN-c (lacks exon 4) [8]. Recent 
studies have shown that OPN splice variants are dif-
ferentially expressed and may have functional heter-
ogeneity in a tumor-specific manner [9]. For example, 
OPN-b expression dominates in gliomas but is hardly 
detected in breast cancer tissues [10, 11]. Overexpres-
sion of OPN-c promotes tumor metastasis in ovarian 
cancer but prevents both cell migration and invasion 
in hepatocellular carcinoma [12, 13]. Based on these 
findings, we postulate that specific OPN isoform 
might become more valuable as cancer target than 
OPN itself since its diverse roles are dependent on 
cancer type. However, up to date, no studies have 
ever focused on three OPN splice variants in GC.  

In this study, we aimed to investigate the ex-
pression profile and the biological functions of OPN 
splice variants in GC. Our results demonstrated that 
only OPN-b and OPN-c are associated with clinico-
pathological parameters in GC patients, and that OPN 
isoforms play diverse roles in both anti-apoptotic and 
pro-metastatic processes. 

Materials and methods 
Tissues and Cell Lines 

Our study was approved by the affiliated Ruijin 
Hospital of Jiaotong University School of Medicine. 
After written informed consents were obtained from 
101 patients diagnosed with GC, the tumor tissues 
and the adjacent non-tumor tissues were collected 
during surgery with their clinicopathological data. 
Human GC cell lines (MKN28, NCL-N87, KATO III, 
BGC823, SGC7901 and MKN45) and an immortalized 
gastric epithelium cell line (GES-1) were all grown in 
RPMI-1640 with 10% fetal bovine serum (FBS) in a 
humidified atmosphere of 5% CO2 at 37°C. 

Plasmid Vector Construction and Transfection 
of Gastric Cancer Cell Lines 

The full-length cDNA of each OPN isoform was 
amplified by the same following primers: 5’-CCG 
CTC GAG ACC ATG AGA ATT GCA GTG ATT TGC 
T-3’(F) and 5’-CGC GGA TCC TCC TTT TAA TTG 
ACC TCA GAA GAT GCA C-3’(R). The obtained 
products were subsequently subcloned into the vector 
pIRES2-EGFP (BD Biosciences Clontech, Palo Alto, 
CA, USA). Sequence fidelity and reading frame accu-
racy of each isoform-overexpressing plasmid were 
achieved by DNA sequencing analysis. After vector 
construction, we chose gastric cell lines MKN45 and 
SGC7901 to respectively transfect with pIRES2-EGFP, 
pIRES2-OPN-a-EGFP, pIRES2-OPN-b-EGFP and 
pIRES2-OPN-c-EGFP plasmid, and then cultured 
them in the medium supplemented with G418 
(Promega, Madison, WI, USA) for the establishment 
of stably transfected cell clones. 

Quantitative reverse transcription–PCR 
(QRT-PCR) 

Total RNA was isolated from the tissues and the 
cells by using Trizol reagent (Invitrogen, Carlsbad, 
CA, USA) and then was converted into cDNA by us-
ing the Reverse Transcription System (Promega, 
Madison, WI, USA) with oligo dT. QRT-PCR was car-
ried out with the following sets of primers by using 
SYBR green PCR master mix (Applied Biosystems, 
Foster City, CA,USA): OPN-a, 5’-ATC TCC TAG CCC 
CAC AGA AT-3’(F) and 5’-CAT CAG ACT GGT GAG 
AAT CAT C-3’(R); OPN-b, 5’-ATC TCC TAG CCC 
CAG AGA C-3’(F) and 5’-AAA ATC AGT GAC CAG 
TTC ATC AG-3’(R); OPN-c, 5’-TGA GGA AAA GCA 
GAA TGC TG-3’(F) and 5’-GTC AAT GGA GTC CTG 
GCT GT-3’(R); CD44v6, 5’-ACG GAA GAA ACA GCT 
ACC CAG AAG G-3’(F) and 5’-GCT CTC CCT GTT 
GTC GAA TGG A-3’(R); CD44v7, 5’-CAG CCT CAG 
CTC ATA CCA GCC A-3’(F) and 5’-ACC TCG TCC 
CAT GGG GTG TGA-3’(R); GAPDH, 5’-GGA CCT 
GAC CTG CCG TCT AG-3’(F) and 5’-GTA GCC CAG 
GAT GCC CTT GA-3’(R). Data were further analyzed 
by using the comparative Ct method. 

Score of OPN isoform expression 
We first calculated the relative mRNA amounts 

both in the GC tissues and the adjacent non-tumor 
tissues. Then we defined the score of OPN isoform 
expression as previously described [14, 15]: log e (the 
relative mRNA amount of the GC tissue / the relative 
mRNA amount of the adjacent non-tumor tissue). 

Immunofluorescence studies 
As previously described [16], cells were first 
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stained with monoclonal anti-OPN antibody (IBL, 
Japan), and then followed by Cy2- or Cy3-conjugated 
secondary antibody (Molecular Probes; 1:500 dilution) 
before examination under fluorescence microscopy. 
Nuclei were simultaneouly stained by DAPI.  

Cell proliferation assays 
Cell proliferation was assessed by water-soluble 

tetrazolium salt (WST) assays with the Cell Counting 
Kit-8 (Dojindo, Kumamoto, Japan). And the results 
were measured as previously described [17]. All ex-
periments were performed in triplicate. 

Apoptosis analyses 
The classic oxidative injury model with H2O2 

was established [18]. Cells were treated with H2O2 

(600µM for MKN45 groups and 300µM for SGC7901 
groups) within 30 min at room temperature. Fifteen 
hours after withdraw of H2O2, cells were harvested 
and assessed for apoptosis by flow cytometry 
(FACSCalibur, Becton Dickinson,USA). An-
nexinV-APC apoptosis kit with propidium iodide (PI) 
(BD Pharmingen) was used according to the manu-
facturer’s instructions and results were analyzed by 
CellQuest software (Becton Dickinson). Early and late 
apoptosis were judged as previously described [19]. 
All experiments were performed in triplicate. 

Western blot analyses 
Cell lysates were separated by SDS-PAGE, then 

transferred to polyvinylidene difluoridemembranes 
and probed with the corresponding antibodies: mon-
oclonal anti-OPN which recognized the common 
epitope of all OPN isoforms (1:500, IBL, Japan); mon-
oclonal anti–phospho-Bcl-2, anti-Bcl-2, anti-Bcl-xl, 
anti-phospho-Bad, and anti-Bad (1:1000, Cell Signal-
ing Technology, Danvers, MA, USA); monoclonal 
anti-procaspase-3, and anti–actived-caspase-3 (1:1000, 
Bioworld Technology, Louis Park, MN, USA). Mono-
clonal anti-GAPDH (1:5000, Santa Cruz Biotechnolo-
gy, Santa Cruz, CA, USA) and anti-β-actin (1:5000, 
Kangchen, Shanghai, China) were also used as load-
ing controls. 

Cell migration and invasion assays 
Cell migration assays were performed by using 

transwell chambers (8 μm, 24-well insert; Corning, 
Lowell, MA, USA). Cells were added to the upper 
chamber and incubated with serum-free medium. 
Medium containing 10% FBS was added to the lower 
chamber. After incubation of 48 h, cells which have 
migrated from the upper chamber to the lower one 
were stained with crystal violet (0.1% in methanol). 
We then counted the stained cells under inverted mi-

croscope and photographed them with 100× magni-
fication. At least three randomly selected fields were 
counted, and the average number of cells was calcu-
lated per field. Invasion assays were completed under 
the same conditions by using Transwell membranes 
coated with Matrigel (BD Biosciences). 

ELISA Assays 
To analyze the secretion of protein level, culture 

supernatant of each group was measured with the 
commercial ELISA kit according to the manufactur-
er’s instructions (Quantikine R&D Systems, Minne-
apolis, MD, USA). Briefly, MKN45 cells stably infect-
ed with individual OPN isoform or vector control 
were plated at 5×105 cells per well with 1 mL medium 
containing 10% FBS. After incubation of 72 hours, 
culture supernatant was collected and subjected to 
ELISA analysis for the measurement of absorbance at 
450 nm. 

In vivo metastasis assays 
Our animal study was approved by the ethics 

committee of affiliated Ruijin Hospital of Jiaotong 
University School of Medicine. For experimental me-
tastasis assays, 4-week-old male nude mice (Shanghai 
Experimental Animal Center of the Chinese Academy 
of Sciences, China) were quarantined for a week be-
fore tumor implantation. The mice were injected in-
travenously with 2 × 106 cells of each stably trans-
fected MKN45 group. Livers were collected 8 weeks 
post injection and photographed for gross morpho-
logic examination as previously described [20].  

Statistical analyses 
The Mann-Whitney U-test was used to analyze 

the expression levels of OPN splice variants in the GC 
tissues and the adjacent non-tumor tissues. The con-
tinuous data were all expressed as mean ± SE. The 
Student’s t tests were applied when comparisons 
between two different groups. A p-value <0.05 was 
considered to be statistically significant. 

Results 
OPN splice variants presented different ex-
pression profiles in gastric cell lines and dif-
ferentially correlated with clinicopathological 
features in GC tissues 

To investigate the expression pattern of OPN 
isoforms in GC, we first analyzed their mRNA levels 
in gastric cell lines, human GC tissues and the adja-
cent non-tumor tissues. We found that OPN-b was the 
dominant isoform in six GC cell lines while OPN-a 
represented the major one in normal gastric cell 
GES-1. OPN-c was also upregulated in most of GC cell 
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lines but barely detected in GES-1 (Fig.1A). However, 
in human GC tissues, the expression levels of OPN 
isoforms were all markedly increased than in the ad-
jacent non-tumor tissues (P<0.001; Fig.1B).  

To further determine whether the elevated levels 
of OPN splice variants are correlated with GC clini-
copathological features, 101 GC patients were ana-
lyzed. As shown in Table 1, no significant relationship 
was found between elevated OPN-a expression and 

any clinicopathological element such as age, gender, 
tumor site, histological type, lymph node metastasis 
or TNM stage. However, elevated OPN-b expression 
in human GC tissues was correlated with larger tumor 
size (P=0.032), deeper local invasion (P=0.001) and 
advanced TNM stage (P=0.044). Meanwhile, higher 
OPN-c level is also related to more lymph node me-
tastasis (P=0.001), deeper local invasion (P=0.012) and 
advanced TNM stage (P=0.003). 

 

 
Fig.1 Expression pattern of OPN splice variants in GC cell lines and tissues. (A) Relative expression of OPN-a, OPN-b or OPN-c in six GC cell 
lines and one gastric epithelial cell line (GES-1) as assessed by QRT-PCR assays. (B) Relative expression of OPN-a, OPN-b or OPN-c in 101 pairs 
of GC tissues and their adjacent non-tumor tissues as assessed by QRT-PCR. Data are shown by box and whisker plot 

 

Table 1.  Relationship between expression score of OPN transcripts and clinicopathological variables in 101 GC patients. 

Clinicopathological 
feature 

Variable No. 
case 

Score of OPN – a 
Expression 
(mean±SE) 

P-Value for 
OPN-a 

Score of OPN – b 
Expression 
(mean±SE) 

P-Value for 
OPN-b 

Score of OPN – c 
Expression 
(mean±SE) 

  P-Value 
for OPN-c 

Gender Male 76 1.23±0.25 0.935 1.19±0.26 0.680 0.87±0.21 0.255 
Female 25 1.18±0.51 1.41±0.52 0.34±0.48 

Age (years)  <60 41 1.7±0.32 0.075 1.57±0.35 0.256 1.18±0.33 0.065 
≥60 60 0.89±0.31 1.03±0.30 0.43±0.24 

Location Upper 9 0.64±0.90 0.422 0.68±0.92 0.444 0.43±0.68 0.637 
Lower 92 1.27±0.23 1.30±0.24 0.77±0.21 

Gross type Localized 84 1.30±0.24 0.418 1.31±0.25 0.540 0.64±0.22 0.285 
Infiltrative 17 0.81±0.64 0.93±0.64 1.21±0.48 

Size (maximal diameter)  ≤3cm 26 0.61±0.35 0.113 0.41±0.36 
0.032 * 

0.18±0.39 0.103 
>3cm 75 1.43±0.27 1.54±0.28 0.93±0.23 

T stage (local invasion) pT1-T3 33 0.85±0.30 0.204 0.28±0.30 
0.001** 

0.12±0.25 
0.012 * 

pT4 68 1.39±0.30 1.72±0.29 1.04±0.26 
Lymph node metastasis N0, N1 38 1.04±0.38 0.556 1.12±0.39 0.668 -0.10±0.36 

0.001** 
N2, N3 63 1.32±0.28 1.33±0.29 1.24±0.21 

Distant metastasis Negative 97 1.19±0.23 0.499 1.21±0.23 0.363 0.70±0.20 0.398 
Positive 4 1.97±1.15 2.28±1.22 1.57±1.18 

pTNM stage I, IIA 14 0.85±0.43 0.517 0.32±0.44 
0.044 * 

-0.29±0.29 
0.003** 

IIB, III, IV 87 1.28±0.25 1.40±0.26 0.90±0.22 
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Differentiation Well-Mod 35 1.57±0.35 0.250 1.68±0.35 0.175 0.86±0.34 0.655 
Poor 66 1.03±0.29 1.02±0.30 0.67±0.25 

Lymphaticvessel inva-
sion 

Absence 72 1.04±0.27 0.220 1.09±0.27 0.288 0.58±0.25 0.215 
Present 29 1.65±0.42 1.64±0.43 1.13±0.31 

Perineural invasion Absence 69 1.20±0.25 0.939 1.28±0.26 0.858 0.65±0.21 0.549 
Present 32 1.24±0.47 1.19±0.48 0.91±0.43 

(*P<0.05, **P<0.01). 

 
Overexpression of each OPN splice variant 
promoted cell proliferation of GC  

To elucidate the contribution of each OPN splice 
variant in gastric carcinogenesis, each OPN iso-
form-overexpressing plasmid is constructed and then 
transfected into both SGC7901 and MKN45 cell lines, 
in which there were originally low endogenous OPN 
expression. Stably transfected cell lines were further 
successfully established with verification of QRT-PCR 
(Fig.2A and 2B), western blot (Fig.2C) and immuno-
fluorescence (Fig.2D). Also as shown in Fig.2D, pre-
dominantly either cytoplasmic or nuclear distribution 
of OPN protein could be observed in the cells which 
overexpressed different OPN variants.  

We then investigated whether elevated expres-
sion of OPN splice variants promoted GC cell growth. 
In WST assays (Fig. 2E and 2F), SGC7901 and MKN45 
cells which overexpressed individual OPN splice 
variant all enhanced cell proliferation as compared 
with the corresponding vector control. However, no 
significant difference of the elevated growth rate was 
further observed among OPN isoform-overexpressing 
groups.  

Overexpression of OPN-b most strongly 
promoted GC cell survival by regulation of 
Bcl-2 family proteins and CD44v expressions 

To further clarify the biological functions of OPN 
splice variants, we investigated their effects on GC cell 
survival. After exposure to H2O2, we found significant 
decrease of apoptotic rate in GC cells which overex-
pressed OPN-b or OPN-c as compared with the vector 
control. However, no such anti-apoptotic effect was 
observed for OPN-a overexpression (Fig3A). Moreo-
ver, OPN-b showed stronger protection from cell 
apoptosis than that as OPN-c did (Fig. 3B and 3C).  

To explore the regulation of essential 
pro-survival molecules activated by overexpression of 
individual OPN splice variant, we next focused on 
Bcl-2 family members which have been demonstrated 
to play important role in regulating oxidative 
stress-initiated apoptosis [21]. These proteins can be 
separated into two groups: pro-survival members 
such as Bcl-2 and Bcl-xl, and pro-apoptotic members 

such as Bax and Bad. Besides, phosphorylation of ei-
ther Bad (p-Bad) or Bcl-2 (p-Bcl-2) can also promote 
cell survival, thus belonging to pro-survival members 
[22, 23]. As we have found in our study (Fig. 3D), 
among three isoforms, OPN-b could most strongly 
decrease Bax level, increase p-Bcl-2 expression, reduce 
degradation of procaspase-3 and prevent generation 
of caspase-3 as compared with the vector control. 
OPN-c could also strongly upregulate p-Bad expres-
sion, moderately decrease Bax level and slightly pre-
vent cleavage of procaspase-3. However, no evident 
effect was exerted by OPN-a overexpression on the 
regulation of Bcl-2 family members and consequent 
caspase-3 expression.  

In gastrointestinal cancer cells, OPN-elicited cell 
survival can also be facilitated by engagement of its 
binding receptors CD44v (especially CD44v6 and 
CD44v7) [5]. To further find out the downstream 
molecules involved in anti-apoptotic effects, we then 
focused on the regulation of CD44v6 and CD44v7 
expressions triggered by overexpression of individual 
OPN splice variant. Our investigation found that up-
regulation of OPN-b or OPN-c, but not OPN-a, could 
significantly increase both levels of CD44v6 and 
CD44v7 in MKN45 cells. Furthermore, OPN-b more 
strongly enhanced CD44v7 expression than that as 
OPN-c did. (Fig. 3E and 3F) 

Overexpression of OPN-c most significantly 
promoted GC cell migration and invasion by 
increasing secretion of MMP-2, uPa and IL-8 

We further assessed the effects of OPN splice 
variants on GC cell migration and invasion. Com-
pared with the vector control (Fig. 4A and 4B), 
OPN-a-overexpressing MKN45 cells had 1.61 to 
1.79-fold greater migratory capacity (P<0.01). The 
similar greater capacity was found by 1.73 to 1.89-fold 
for OPN-b-overexpressing MKN45 cells (P<0.01), and 
by 2.14 to 2.46-fold for OPN-c–overexpressing 
MKN45 cells (P<0.01). Similarly in SGC7901 cells, 
overexpression of OPN-a, OPN-b and OPN-c could all 
increase the amount of migrated cells by 1.91 to 
2.15-fold, 2.30 to 2.42-fold, and 2.63 to 2.85-fold re-
spectively (P<0.01).  
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Fig.2 Overexpression of each OPN splice variant promotes GC cell proliferation. (A and B) The ectopic mRNA levels of OPN-a, OPN-b or 
OPN-c in both MKN45 and SGC 7901 transfectants were detected by QRT-PCR. (C) Overexpressions of OPN-a (around 72kDa), OPN-b 
(around 60kDa) or OPN-c (around 55kDa) in two stably transfected cell lines were further confirmed by western blot analyses. GAPDH protein 
is shown as the loading control. (D) Cells overexpressing individual OPN variant were respectively stained with DAPI (blue) or OPN (red), and 
two images were further merged. Predominantly either cytoplasmic (yellow arrow) or nuclear (white arrow) fluorescence of OPN protein is 
presented in both stably transfected cell lines. Scale bar, 10 µm; OPNv represents OPN splice variant. (E and F) Effects of OPN splice variants on 
cell proliferation were evaluated by performing WST assays in transfected MKN45 and SGC7901 groups. Values represent the mean ± SE. 
(*P<0.05, **P<0.01 compared with empty vector transfectants) 
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Fig.3 Overexpression of OPN-b most strongly promotes GC cell survival by regulation of Bcl-2 family proteins and CD44v expressions. (A) 
Representative histograms depict cell apoptosis after stimulus of H2O2. (B and C) Statistically apoptotic rate in each transfected MKN45 and 
SGC7901 group is shown by mean ± SE and P value. (D) Expressions of Bcl-2 family proteins were further assessed by western blot analyses in 
transfected MKN45 groups. Compared with the vector control, OPN-b most strongly decreased Bax level, increased p-Bcl-2 expression, reduced 
degradation of procaspase-3 (procas-3) and prevented generation of caspase-3 (cas-3) among three isoforms. OPN-c also strongly upregulated 
p-Bad expression, moderately decreased Bax level and slightly prevented cleavage of procas-3. (E and F) CD44v6 and CD44v7 levels were 
additionally analyzed by QRT-PCR in transfected MKN45 groups. Overexpression of OPN-b or OPN-c significantly increased both CD44v6 and 
CD44v7 levels. Furthermore, OPN-b more strongly upregulated CD44v7 expression than that as OPN-c did. The results are shown as means ± 
SE and P values. 
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Fig.4 Overexpression of OPN-c most significantly promotes GC cell migration and invasion by increasing secretions of MMP-2, uPa and IL-8. (A 
and C) Representative photographs of migrated or invasive cells in each transfected MKN45 and SGC7901 group. (magnification, 100×) (B and D) 
Fold-changes of migrated and invasive cells were statistically adjusted to the vector control (*P<0.01). (E F and G) Further detections of MMP2, 
uPa and IL-8 level in the supernatants of transfected MKN45 groups by ELISA assays. As compared with the vector control, three OPN splice 
variants increased the secretion of MMP-2 with no difference (Fig 4E, *P<0.001), while only OPN-c significantly promoted uPa expression (Fig 4F, 
*P<0.001). Moreover, all variants significantly upregulated IL-8 secretion as compared with the vector control, and OPN-c most strongly exerted 
this stimulative effect among the three (Fig 4G, *P<0.05, **P<0.01). The results are shown as means ± SE. 



Int. J. Biol. Sci. 2013, Vol. 9 
 

 
http://www.biolsci.org 

63 

In the invasion assay, ectopic expression of OPN 
splice variants accordingly promoted cell invasion 
both in MKN45 cell groups (OPN-a, 1.32 to 1.42-fold 
increase; OPN-b, 1.43 to 1.55-fold increase; OPN-c, 
1.58 to 1.72-fold increase; P<0.01) and in SGC7901 cell 
groups (OPN-a, 1.79 to 2.07-fold increase; OPN-b, 2.29 
to 2.67-fold increase; OPN-c, 2.87 to 3.29-fold increase; 
P<0.01) as compared with corresponding vector con-
trol. As shown above, OPN-c most significantly pro-
moted both GC cell migration and invasion among 
three splice variants. (Fig. 4C and 4D) 

MMP-2 and uPa are two key players in the pro-
cess of degrading extracellular matrix during GC cell 
migration and invasion [24, 25]. We next analyzed the 
secretion of MMP-2 and uPa by ELISA assays to in-
vestigate their alteration triggered by overexpression 
of individual OPN splice variant in MKN45 cells. Our 
data showed that three splice variants all promoted 
MMP-2 expression (P<0.001, Fig.4E). However, only 
OPN-c significantly augmented uPa secretion as 
compared with the vector control (P<0.001, Fig. 4F). 
IL-8 (CXCL8) is another chemotactic cytokine de-
scribed to increase invasive behavior of malignant 
tumor cells [26]. Here, we also focused on the altered 
secretion level of IL-8 after overexpression of indi-
vidual OPN isoform. Our results found that all OPN 

splice variants could increase IL-8 secretion as com-
pared with the vector control, and that OPN-c showed 
the strongest stimulative effect on IL-8 expression 
among three isoforms (Fig. 4G).  

Overexpression of OPN-b or OPN-c increased 
in vivo metastatic potential of GC and OPN-c 
showed the stronger effect 

We further investigated whether ectopic expres-
sion of individual OPN splice variant could affect GC 
metastasis in vivo. Our study in nude mice found that 
injection of MKN45 cells which overexpressed either 
OPN-b or OPN-c could significantly develop more 
liver metastatic nodules as compared with vector 
control (Fig. 5A). However, no more visible nodules 
could be observed in mice livers by injection of 
MKN45 cells which overexpressed OPN-a (Fig. 5A). 
As statistically shown in Fig. 5B, the average number 
of liver metastatic nodules was significantly increased 
in mice injected with GC cells overexpressing OPN-b 
or OPN-c (OPN-b vs. vector, 72.60 ± 7.83 vs. 31.71 ± 
3.13, P < 0.001; OPN-c vs. vector, 145.83±10.34 vs. 
31.71±3.13, P<0.001). Moreover, ectopic OPN-c ex-
pression in GC cells could more strongly promote in 
vivo liver metastasis than overexpression of OPN-b 
did (P<0.001, Fig. 5B). 

 
Fig.5 Overexpression of OPN-b or OPN-c increases in vivo metastatic potential of GC and OPN-c shows the stronger effect. (A) Nude mice were 
injected intravenously with tumor cells of each stably transfected MKN45 group via the lateral tail vein. Livers of nude mice were collected and 
then photographed to show gross morphologic characteristics 8 weeks post injection. (B) Average numbers of metastatic nodules are statistically 
analyzed and listed as means ± SE (*P<0.001) 
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Discussion 
In the present study, we have shown the expres-

sion pattern of OPN splice variants in GC. OPN-b was 
demonstrated as the dominant isoform in GC cell 
lines, and OPN-c was also elevated in most GC cell 
lines while barely detected in normal gastric cell line. 
In GC tissues, increased expression of OPN-b or 
OPN-c, but not of OPN-a, was associated with diverse 
clinicopathological features. In according with our 
observation, it has been reported that high OPN-b or 
OPN-c expression is correlated with adverse clinico-
pathological outcomes in both breast cancer and soft 
tissue sarcoma [27, 28]. Together with these findings 
in GC cells and tissues, we therefore postulate that the 
abnormal alternative splicing which results in ele-
vated OPN-b or OPN-c expression may intensively 
occur during the progression of GC and then afford it 
more aggressive potentials.  

We next clarified the diverse biological functions 
of three OPN splice variants through gain-of-function 
model in which GC cells stably overexpressed indi-
vidual OPN isoform. We demonstrated that OPN 
variants presented the same subcellular distribution 
pattern in predominantly either cytoplasmic or nu-
clear compartment, which is consistent with the pre-
vious report[16]. Besides, we found that three OPN 
splice variants all increased GC cell proliferation with 
no significant difference among them, which appar-
ently indicates their similar proliferative competence 
in GC. After the functional heterogeneity of three 
OPN isoforms was further observed in both GC an-
ti-apoptosis and metastasis, we also explored their 
different regulative effect on related downstream 
targets by overexpressing individual OPN isoform in 
MKN45 cell line since it presents the lowest endoge-
nous level of each variant among our seven gastric 
cell lines. 

It has been reported that OPN plays important 
role in preventing programmed cell death in response 
to pro-apoptotic signals such as oxidative stress stim-
uli [29]. In agreement with this, our study also 
demonstrated that both OPN-b and OPN-c could ef-
fectively protect GC against cells apoptosis which is 
induced by H2O2. Moreover, OPN-b had stronger 
anti-apoptotic effect than OPN-c did, which is con-
sistent with a previous report of three OPN isoforms 
in glioma [11]. However, no cell protection was ob-
served in our study by OPN-a overexpression which 
has also been reported to prevent glioma cell from 
apoptosis [11]. Therefore, we indicate that the an-
ti-apoptotic abilities of OPN splice variants are di-
verse in GC. Bcl-2 family members are known as cru-
cial players involved in cell apoptotic process as they 

are able to regulate the assembly of apoptosome and 
result in subsequent caspase activation [30]. Our 
study further showed that OPN-b and OPN-c could 
both alter the balance between these pro- and anti- 
apoptotic proteins, thus leading to decreased pro-
caspase cleavage and increased cell survival. Notably, 
OPN-b had an overall stronger pro-survival effect on 
the modification of this balance than OPN-c did. 
However, no altered levels of these apoptosis-related 
proteins could be found by OPN-a overexpression. 
Our study thus suggests that OPN splice variants ex-
ert diverse anti-apoptotic abilities by differently reg-
ulating Bcl-2 family proteins. Besides, it has been re-
ported that both CD44v6 and CD44v7 which serve as 
OPN receptors on cell surfaces can coordinate the 
activation of downstream anti-apoptotic molecules 
and protect cancer cell against apoptosis [5, 31, 32]. 
Accordingly, our results demonstrated that overex-
pression of either OPN-b or OPN-c could lead to both 
elevated levels of CD44v6 and CD44v7, thus pro-
moting consequent GC cell survival. Moreover, the 
most significant upregulation of CD44v7 which re-
sulted from OPN-b overexpression might further ex-
plain the strongest anti-apoptotic effect of this isoform 
since CD44v7 plays a pivotal role in cell survival as 
previously reported [32].  

OPN has been implicated as an important medi-
ator of tumor metastasis [33]. In our study, overex-
pression of each OPN protein isoform also promoted 
GC cell migration and invasion, which are two crucial 
processes in metastasis. It is worth mentioning that 
OPN-c elicited the strongest pro-metastatic potential 
among the three variants, thus highlighting its role in 
GC progression. To further understand the molecular 
basis involved in the pro-metastasis properties of 
OPN isoforms, we next detected the secretion of 
MMP-2 and uPa, both of which are closely related to 
the metastatic potential of GC [24, 25]. Meanwhile, 
secretion of IL-8 was explored because it can also act 
as pro-metastatic chemokine [26]. In our study, ec-
topic expression of each OPN isoform increased se-
cretion of both MMP-2 and IL-8, with the strongest 
IL-8 upregulation induced by OPN-c overexpression. 
However, elevated secretion of uPa could only result 
from ectopic expression of OPN-c. Overall, our in vitro 
assays suggest that OPN splice variants all promote 
GC metastasis through increased MMP-2 and IL-8 
secretion, and that OPN-c exerts its most potential 
pro-metastatic effect among three variants via both 
elevation of uPa and strongest upregulation of IL-8. 
For further in vivo metastasis assays, we demonstrated 
that both OPN-b and OPN-c, but not OPN-a, pro-
moted hepatic metastasis in nude mice, and that 
OPN-c also represented the strongest pro-metastatic 
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isoform. Those in vivo observations of three OPN 
splice variants may attribute to the combination of 
their diverse anti-apoptotic and in vitro pro-metastatic 
abilities. To our knowledge, this is the first study 
which has discussed the in vivo metastatic potentials 
of three OPN isoforms. 

Further loss-of-function experiment of three 
OPN variants would be a valuable complement to the 
study. However, it’s technically difficult for us to 
downregulate each OPN splice variant both specifi-
cally and efficiently by RNA interference method, as 
the target sequences of each isoform which distin-
guish the one exclusively from the others were only 
limited at the specific junction of exons according to 
the difference among their mRNA structures [8]. 
Hence, to successfully design loss-of-function study 
and to possibly attain further therapeutic objective, 
OPN isoform-specific blocking antibodies need to be 
established in the future investigation.  

As portrayed earlier in this study, there is an 
aberrant alternative splicing of OPN in the develop-
ment of gastric neoplasm, which contributes to an 
aggressive profile of this cancer. Alternative splicing, 
i.e. the process of pre-mRNA splicing including the 
excision of introns and ligation of exons, can be acti-
vated by the proteins containing serine-arginine-rich 
sequences (SR proteins) [34]. In gastric tissues, it has 
been reported that the SR proteins exhibit upregula-
tion and stimulation in response to Helicobacter py-
lori infection which induces approximately 75% of 
gastric cancer cases [35]. Although little is known 
about the exact mechanisms underlying the alteration 
in the splice site of OPN pre-mRNA, we suppose that 
H. pylori infection is involved as original stimulus. 
Further studies are necessary for the possible correla-
tion between this bacterium contagion and aberrant 
expression profile of OPN splice variants in GC de-
velopment. 

Furthermore, it is worth exploring the possible 
mechanism for three OPN splice variants about their 
distinct functional activity in GC context. As com-
pared with full length OPN (OPN-a), loss of exon 4 
(OPN-c) or exon 5 (OPN-b) may result in altered pro-
tein structure and thus damage OPN physiological 
functions in normal gastric tissue. Concretely, two 
glutamine residues essential for transglutaminase 
cross-linking are present in sequences corresponding 
to exon 4. Therefore, OPN-a and OPN-b, but not 
OPN-c, can form polymeric OPN complexes which 
increase the stability of protein [36]. However, exci-
sion of exon 4 may make OPN-c more soluble and 
available for integrin receptors, thus resulting in its 
strong pro-metastatic activity through downstream 
enhanced signaling [37]. Accordingly, there is one 

cluster of phosphorylated serine/threonine residues in 
sequences corresponding to exon 5 which is absent in 
OPN-b. As previously studied, tumors appear to ex-
press hypophosphorylated OPN which may contrib-
ute to aggressive cell behaviors [9]. Moreover, total 
protein phosphorylation status may be not as im-
portant as phosphorylation at specific site. Overall, 
we hypothesize that the phosphorylated residues in 
exon 5 may be essential to maintain OPN physiologi-
cal activities, and that the deletion of exon 5 in OPN-b 
may therefore lead to its strong anti-apoptotic activi-
ty. However, further investigation will help elucidate 
the exact mechanism of altered OPN isoforms’ profile 
and their functional diversity in GC context. 

In conclusion, OPN-b is the dominant isoform in 
GC cell lines and the elevated expression of either 
OPN-b or OPN-c in GC tissues has their clinico-
pathological significance. Moreover, OPN-b exerts the 
strongest anti-apoptotic effect and OPN-c most po-
tentially promotes GC metastasis. Overall, our study 
suggests that OPN splice variants have different clin-
ical and biological features in GC. Thus, exploring the 
roles of OPN splice variants in GC will be a novel 
direction to develop both diagnostic and therapeutic 
approaches. 
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