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A B S T R A C T   

Aims: HER2 and osteopontin (OPN) are both important biomarkers in gastric cancer (GC). The relationships 
between them remain to be revealed. The purpose of this study is to explore the role of OPN in epithelial- 
mesenchymal transition (EMT) in HER2 positive GCs. 
Methods: Nanostring analysis was used to compare the mRNA levels of 730 cancer related genes between paired 
HER2 3+ and non-3+ areas in GC patients. Immunohistochemistry (IHC) staining was performed to analyze the 
expression levels of OPN, as well as EMT markers including E-cad, N-cad, twist and vimentin in both areas. To 
further verify the role of OPN in EMT, the expression levels of OPN and EMT markers, tumor invasion/migration 
were analyzed after down-regulating HER2 and OPN in GC cell lines MKN-45 and N-87. 
Results: Nanostring analysis identified 8 differential expression genes between HER2 3+ and non-3+ areas. 
Among them, the expression level of OPN was positively correlated with that of HER2. In GC specimens, OPN 
showed higher expression level in HER2 3+ areas where higher E-cad expression levels and lower N-cad and 
twist levels were also found. After knocking down OPN and HER2 by siRNA, both cell lines show decreased 
invasion/migration abilities, along with the down-regulation of the EMT phenotype, supporting by the decrease 
of E-cad, and the increase of N-cad and twist at both mRNA and protein levels. In addition, HER2 knock-down 
lead to a dramatic decrease of OPN expression. 
Conclusions: These findings indicate that HER2 may promote EMT via the regulation of OPN in GCs.   

1. Introduction 

Gastric cancer (GC) is the fifth most common cancer and the third 
most common cause of cancer-related death in the world [1,2]. In China, 
it remains the second and third most common malignancy in male and 
female respectively, and the second leading cause of cancer death in 
both genders [3]. Human epidermal growth receptor 2 (HER2) is an 
important biomarker in GCs as a vital predictive biomarker to select 
eligible candidates for the anti-HER2 molecular targeted therapy [4]. 

HER2 is overexpressed in 10–20% of GCs. Heterogeneity is an 
important characteristic of HER2 expression in GCs. Studies show that 
the heterogeneity can be found in 30.0–79.3% of HER2 positive GCs 
[5–7]. Currently, little is known about cause of HER2 heterogeneity, as 
well as its roles in tumor genesis and development in GCs [8]. To better 
understand the heterogeneity, in this study, 730 tumor-related genes 
were compared between paired HER2 positive areas and negative areas 

in HER2 positive GCs. Several genes were identified to show differential 
expression between the two areas, and among them, SPP1 expression 
exhibited a positive correlation with HER2. 

Osteopontin (OPN), encoding by SPP1, is a secretory extracellular 
matrix (ECM) protein involving in various physiological and patho-
physiological processes including cell attachment, migration, invasion, 
proliferation, tissue remodeling, bone formation and inflammation 
[9–12]. OPN is expressed in many malignancies including GCs, partici-
pates and promotes tumor genesis, development, metastasis and im-
mune response [13–15]. Inhibition of OPN expression levels could 
inhibit the growth and metastasis of GC cell lines [16]. Since OPN play 
such pivotal roles in various kinds of tumors, it is also regarded as a 
potential target for molecular targeted therapy and immune therapy 
[15,17]. 

Despite of all these findings, the relationships between HER2 and 
OPN remain largely unrevealed. Both of them indicate progressive 
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behaviors. Furthermore, HER2 amplification promotes epithelial- 
mesenchymal transition (EMT) through the inhibition of GSK3β in GCs 
[18]. The correlation between OPN and HER2 indicated the possibility 
that OPN may involve in the HER2 mediated EMT process. 

Therefore, in this study, the expression levels of OPN and EMT 
related markers were compared between the HER2 3+ areas and non-3+
areas. SPP1 and HER2 were knocked down respectively in GC cell lines 
to explore their roles in the EMT process. We hope the function of OPN in 
EMT in HER2 positive cancers could be revealed. 

2. Materials and methods 

2.1. Patients 

From January 2015 to June 2015, a total of 549 cases of GC resected 
specimens were obtained in the Department of Pathology, Zhongshan 
Hospital, Fudan University. Evaluation of HER2 immunohistochemistry 
(IHC) status identified 68 HER2 3+ cases. Among them, 35 cases showed 
heterogeneous HER2 staining. These cases were subjected to the 
following tissue microarray analysis. Within the 35 cases, 6 cases with 
both HER2 3+ area and 0 area were further selected for the Nanostring 
analysis. 

Patient characteristics including age, gender, Lauren classification, 
differentiation, pTNM stage (according to eighth edition of the Union for 
International Cancer Control (UICC) guidelines), etc. were collected. The 
research protocol was approved by the ethics board of Zhongshan 
Hospital, Fudan University. 

2.2. Tissue microarray construction 

Tissue microarrays (TMA) were constructed following previously 
described procedures [19]. Briefly, all the IHC sections of HER2 were 
reviewed and the HER2 3+ and non-3+ areas of each case were selected 
and marked. The corresponding regions were then marked on the 
formalin-fixed, paraffin-embedded (FFPE) blocks. The 3+ and non-3+
areas (3 mm in diameter and 6 mm long) were extracted from the blocks 
and planted vertically into the recipient block. The planting surface was 
aggregated on the aggregated machine. 

2.3. Immunohistochemistry (IHC) analysis 

IHC staining was performed on a BenchMark XT automated stainer 
(Ventana Medical Systems, Inc., Tucson, AZ) with the iView DAB 
Detection Kit (Ventana, Tucson, AZ) following the manufacturer`s in-
structions. The first antibodies were as follows: HER2 (4B5) rabbit 
monoclonal antibody (Ventana Medical Systems, Inc., Tucson, AZ), OPN 
(Santa Cruz, 1:500), E-cad (Abcam, 1:300), N-cad (Abcam, 1:200), twist 
(Abcam, 1:200), and Vimentin (Abcam, 1:500). 

HER2 was scored based on the established criteria for resected 
specimens of GC [20–22]. Briefly, sections with no staining or positive 
staining on < 10% tumor cells were considered a score of 0; those with 
faintly perceptible staining in only part of the tumor cell membrane in ≥
10% tumor cells were scored 1+; samples with weak to moderate 
complete, basolateral or lateral membranous staining in ≥ 10% tumor 
cells were scored 2+; and those with strong complete, basolateral or 
lateral membranous staining were scored 3+. 

Immunohistochemical scores (IHS) were applied to the evaluation of 
OPN, E-cad, N-cad, twist, and Vimentin [23]. The IHS was calculated by 
combining an estimate of the percentage of immunoreactive cells 
(quantity score) with an estimate of the staining intensity (intensity 
score). The quantity score was assessed as follows: no staining was 
scored as 0, 1–10% as 1, 11–50% as 2, 51–80% as 3, 81%–100% as 4. 
Staining intensity was rated on a scale of 0–3, with 0 = negative, 1 =
weak, 2 = moderate, 3 = strong. The raw data were converted to the HIS 
by multiplying the quantity and intensity scores. 

2.4. Nanostring analysis 

Six HER2 positive GC cases with paired HER2 IHC 3+ and 0 areas 
were obtained. Both areas were marked on the paraffin blocks and ob-
tained for the RNA extraction afterward. Total RNA was prepared with a 
FFPE DNA, RNA and DNA/RNA Kit (AmoyDx, China) after deparaffi-
nization following the manufacturer`s manual. A Cancerpath panel 
including 730 genes was used in the analysis (Supplementary 1). The 
Nanostring analysis was performed in the Laboratory Testing Division 
(LTD) of Wuxi AppTec (Shanghai, China) following the protocols of 
nCounter XT CodeSet Gene Expression Assays (Wuxi AppTec, China). 
Briefly, firstly, a total of 100 ng RNA was subjected to hybridization at 
65 ◦C for 18 h. Then the samples were processed on the nCounter Prep 
Station (Nanostring Tec.) following standard protocols. Once the pro-
cessing was completed, the cartridge was removed for imaging on the 
nCounter Digital Analyzer (Nanostring Tec.). A detailed protocol of the 
Nanostring analysis was shown in the Supplementary 2. The data were 
analyzed with nSolve Analysis Software 3.0 (Nanostring Tec.) and were 
adjusted based on the internal control within the panel. Genes with the 
values twice as large or higher than negative controls were considered 
showing expression at the mRNA level. Genes were considered signifi-
cant different when the expression levels varied by twofold or greater. 

2.5. Cell culture 

The GC cell lines NCI-N87 (ATCC CRL-5822TM) and MKN45 
(JCRB0254) were obtained from American Type Culture Collection 
(Manassas, VA) and JCRB cell bank (Osaka, Japan), respectively, and 
were cultured in a 5% CO2 incubator as recommended. 

2.6. RNA interference 

For small interfering RNA (siRNA)-mediated knockdown of SPP1 and 
HER2, cells were transfected with 100 nM of either the targeting or 
control siRNA using Lipofectamine 2000 (Invitrogen) for 24 or 36 h. The 
functional assays were subsequently done after validation of SPP1 and 
HER2 knockdown. Several independent duplexes of FAM labeled siRNAs 
(synthesized by Genepharma) were used to target each gene. The se-
quences of siRNA targeting human SPP1 were as follows: (1) Sense (5′- 
3′): CCUGUGCCAUACCAGUUAATT, Antisense (5′-3′): UUAA-
CUGGUAUGGCACAGGTT; (2) Sense (5′-3′): GUCUCACCAUUCUGAU-
GAATT, Antisense (5′-3′): UUCAUCAGAAUGGUGAGACTT, (3) Sense 
(5′-3′): GGGAAGGACAGUUAUGAAATT, Antisense (5′-3′): UUU-
CAUAACUGUCCUUCCCTT. The sequences of siRNA that targeted HER2 
were as follows: (1) Sense (5′-3′): GGGACGAAUUCUGCACAAUTT, 
Antisense (5′-3′): AUUGUGCAGAAUUCGUCCCTT; (2) Sense (5′-3′): 
GCAGUUACCAGUGCCAAUATT, Antisense (5′-3′): UAUUGGCA-
CUGGUAACUGCTT; (3) Sense (5′-3′): CUGGCUCCGAUGUAUUUGATT, 
Antisense (5′-3′): UCAAAUACAUCGGAGCCAGTT. The sequences for 
negative control SiRNA were: Sense (5′-3′): UUCUCCGAACGUGU-
CACGUTT, Antisense (5′-3′): ACGUGACACGUUCGGAGAATT. 

2.7. RNA extraction, complementary DNA preparation and real-time 
quantitative PT-PCR 

Total RNA was extracted with TRIzol reagent (Invitrogen, USA) 
following the manufacturer`s instructions. The purity and integrity of 
RNA were assessed spectroscopically before use. Single-strand comple-
mentary DNA was prepared with 1 μg total RNA using the ReverTra Ace 
qPCR RT Kit (Toyobo, Japan) according to protocols as recommended. 

The messenger RNA (mRNA) levels of HER2, SPN1, CDH1, CDH2, 
and twist were detected by real-time PCR (MX300P QPCR Systems, 
Agilent, USA). Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an internal standard. The primers used were designed with 
Primer 3.0. PCR reactions were performed in a volume of 10 μl with 
SYBR Green Realtime PCR Master Mix (Toyobo, Japan). The data was 
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analyzed as previously described [24]. 
The sequences of the primers are as follows: SPP1: forward (5′-3′): 

ACTGATTTTCCCACGGACCT, reverse (5′-3′): CTCGCTTTCCATGTGT-
GAGG; HER2: forward (5′-3′): GGTGGTCTTTGGGATCCTCA, reverse (5′- 
3′): ACCTTCACCTTCCTCAGCTC; CDH1: forward (5′-3′): 
GTGGGCCAGGAAATCACATC, reverse (5′-3′): AGTGTCCCTGTTCCAG-
TAGC; CDH2: forward (5′-3′): CGGTTTCATTTGAGGGCACA, reverse (5′- 
3′): TTGGAGCCTGAGACACGATT; twist: forward (5′-3′): TCTTACGAG-
GAGCTGCAGAC, reverse (5′-3′): AGGAAGTCGATGTACCTGGC; 
GAPDH: forward (5′-3′): ATCATCCCTGCCTCTACTGG, reverse (5′-3′): 
CCTGCTTCACCACCTTCTTG. 

2.8. Western blot 

Cells were lysed and denatured at 95 ◦C for 5 min in sample buffer. 
Total protein was separated using sodium dodecyl sulfate (SDS)-poly-
acrylamide gel electrophoresis and transferred to polyvinylidene fluo-
ride membranes. Membranes were blocked in phosphate buffered saline 
with 5% non-fat milk and 0.05% Tween-20 (Sigma-Aldrich, USA) for 1 h 
and then incubated in the primary antibodies at 4 ◦C overnight. After 
washing in phosphate-buffered saline, the membranes were incubated 
with peroxidase-conjugated secondary antibodies at room temperature 
for 1 h. The bands of targeted protein were detected by enhanced 
chemiluminescence (Pierce, USA). 

The first antibodies for HER2 (Dako, A0485), Osteopontin (Abcam, 
ab69498), E-cadherin (Santa-cruz，sc7870), N-cadherin (Abcam, 
ab76011), twist (Abcam, ab49254) and Tublin (CWBIO, CW0098A) 
were diluted to 1:3000, 1:400, 1:250, 1:5000, 1:400 and 1:2000, 
respectively. 

2.9. Cell invasion/migration assays 

The invasion assays were performed with 24 well transwell chambers 
(Corning, NY). The 8 µm pore inserts were coated with 20 μl Matrigel 
(Becton Dickinson). The tumor cells were prepared in the serum free 
medium, and 5 × 104 cells/filter in 200 μl medium were added to the 
coated filters in triplicate. Next 500 μl of 10% fetal bovine serum (FBS) 
media was added to the lower compartments. The upper surface of the 
filters was wiped off with cotton swabs after 36 h incubation at 37 ◦C. 
Tumor cells that migrated through the filters were fixed and stained with 
0.5% crystal violet, photographed, and counted. Five random images of 
the cells were selected, and cells in each image were counted and mean 
standard deviation values were calculated. The migration assays were 
conducted similarly, except that the inserts were not coated with 
Matrigel and the incubation time was 24 h. 

2.10. Statistical analysis 

Mean values were calculated and presented as mean ± SD. The 
means were compared with Student t-test and Mann-Whitney U between 
different groups. Spearman`s rank correlation was performed to assess 
the linear relationships between two parameters. The statistical package 
SPSS version 22.0 (SPSS, Chicago, IL, USA) was used for all the analyses. 
A P value of < 0.05 was defined as statistically significant. 

3. Results 

3.1. Patient characteristics 

A total of 68 HER2 IHC 3+ cases were obtained from 549 GC cases. 
Among them, 35 cases were identified to show heterogeneous HER2 
expression. There were 28 males and 7 females. The age span was 39–74 
years old with a median of 60 and an average of 60.9. With regard to the 
Lauren classification, there were 26 intestinal type tumors, 4 diffuse type 
tumors and 5 mixed type tumors. Twenty-one cases located in the 
proximal part of stomach, and the other 14 cases located in the distal 

part. The maximum diameter of the tumors ranged from 1.2 to 16.0 cm 
with an average of 4.7 cm. The main clinicopathological characteristics 
were shown in Table 1. 

Thirty-five pairs of tissue from the paired HER2 3+ and non-3+ areas 
were obtained, and subjected to tissue microarray construction that 
were used in subsequent IHC analysis. The HER2 status of the non-3+
areas were as follows: 0 in 24 cases, 1+ in 2 cases, and 2+ in 9 cases. 

3.2. Nanostring analysis identified differential expression genes between 
HER2 3+ areas and HER2 0 areas 

The mRNA levels of a total of 730 genes were analyzed and compared 
between the HER2 3+ areas and HER2 0 areas in 6 cases (Fig. 1A). Eight 
genes with significant differential expression (the levels varied by two 
folds or greater) between the two areas were identified and these genes 
were shared by ≥ 3/6 cases. Within them, 3 genes showed elevated 
expression levels in the HER2 3+ areas, including HER2, SPP1, and 
MMP9 (Fig. 2B). The other 5 genes showed decreased expression levels 
in the 3+ areas, including CARD1, DLL1, LAT, PDGFRA, and PLA2G10 
(Fig. 2B). The correlation of the mRNA levels between HER2 and SPP1 
was further analyzed, and a positive linear correlation was identified 
between the two genes (r = 0.707, P = 0.01) (Fig. 1C). 

3.3. The expression of OPN and EMT related proteins in the HER2 3+
and non-3+ areas 

The expression levels of OPN and 4 EMT related proteins (E-cad, N- 
cad, twist and vimentin) were analyzed and compared between the 
HER2 3+ and non-3+ areas by IHC in the 35 cases (Fig. 2). At the protein 
level, OPN demonstrated elevated expression in the 3+ areas comparing 
to the non-3+ areas, and this was consistent with findings at the mRNA 
levels from the Nanostring analysis. With regard to the EMT related 
proteins, both N-cad and twist exhibited higher expression in the 3+
areas, while E-cad showed lower expression in the same areas. No 
vimentin expression was identified in both HER2 3+ and non-3+ areas 

Table 1 
Patient characteristics.   

Patient number (%) 

Total 35 (100) 
Gender  

Male 28 (80.0) 
Female 7 (20.0) 

Differentiation 
Moderate 17 (48.6) 
Poorly 18 (51.4) 

Lauren  
Intestinal 26 (74.3) 
Diffuse 4 (11.4) 
Mixed 5 (14.3) 

Location  
Proximal 21 (60.0) 
Distal 14 (40.0) 

Lymphatic metastasis  
Yes 25 (71.4) 
No 10 (28.6) 

Vessel invasion  
Yes 22 (62.9) 
No 13 (37.1) 

Nerve invasion  
Yes 19 (54.3) 
No 16 (45.7) 

Stage  
IA 4 (11.4) 
IB 1 (2.9) 
IIA 5 (14.3) 
IIB 8 (22.9) 
IIIA 5 (14.3) 
IIIB 7 (20) 
IIIC 5 (14.3)  
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Fig. 1. Nanostring analysis. A Heat maps. a. Heat 
map of mRNA expression level of each gene. b. Heat 
map of the ratio of mRNA expression level between 
HER2 3+ area and 0 area. c. Heat map of mRNA 
expression levels of the differential expression 
genes. d. Heat map of the ratio of mRNA expression 
between HER2 3+ area and 0 area of the differen-
tial expression genes. B. Relative expression levels 
of the differential expression genes (3+ area/ 
0 area). C. Linear correlation between HER2 and 
SPP1 mRNA expression (P = 0.01).   
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in all cases. 

3.4. SiRNA interference down-regulated SPP1 and HER2 at mRNA levels 

Human GC cell lines MKN45 and N87 were transiently transfected 
with FAM labeled siRNAs targeting SPP1 and HER2. Under fluorescence 
microscope, the fluorescence could be found in over 70% of the tumor 
cells, indicating that the siRNA had been successfully transfected 
(Fig. 3A, B). Real-time PCR analysis showed that the mRNA levels of 
SPP1 and HER2 were significantly down-regulated by all the 3 siRNAs. 
Two siRNA (siRNA1 and siRNA2) were chosen in the subsequent studies 
for their better performance in knocking down the targeted genes 
(Fig. 3C, D). 

3.5. The effects of SPP1 knockdown on the expression of HER2 and EMT 
related genes 

After knocking down SPP1 with siRNA transfection, SPP1, HER2 and 
the EMT related genes (CDH1, CDH2, and twist) were analyzed at the 
mRNA and protein levels (Fig. 4A, B). 

In both MKN45 and N87 cell lines, SPP1 expression was significantly 
down-regulated at the mRNA level (P < 0.001) (Fig. 4A). HER2 
expression did not show significant changes (P > 0.05) (Fig. 4A). With 
regard to the EMT related genes, the expression levels of CDH1 
increased, while the levels of CDH2 and twist decreased significantly 
(P < 0.001) (Fig. 4A). 

Those genes exhibited similar changes at the protein levels in both 

Fig. 2. IHC analysis of OPN and EMT related genes in the HER2 IHC 3+ and non-3+ area. A. IHC images of these genes in the 3+ and non-3+ areas in a repre-
sentative case. The 3+ areas (left panel) showed higher OPN, N-cad twist levels and lower E-cad level than the non-3+ areas (right panel). Vimentin was negative in 
both areas. B. Comparison of immunohistochemical scores (IHS) of OPN, E-cad, N-cad, and twist between the two areas. *P < 0.001, #P = 0.004, ^P = 0.049. C. 
Correlations between OPN and E-cad, N-cad, or twist. There were a negative correlation between OPN and E-cad (n = 70, r = 0.317, P = 0.008), a positive cor-
relation between OPN and N-cad (n = 70, r = 0.234, P = 0.051) and a positive correlation between OPN and twist (n = 70, r = 0.283, P = 0.018). 
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cell lines (Fig. 4B). After SPP1 knockdown, HER2 expression was not 
affected. As to the EMT related genes, E-cad expression increased at the 
protein level, meanwhile N-cad and twist expression decreased. 

3.6. The effects of HER2 knockdown on the expression of SPP1 and EMT 
related genes 

We next analyzed the expression of SPP1 and the above-mentioned 
EMT related genes after knocking down HER2 by siRNA transfection 
(Fig. 4C, D). 

At the mRNA level, HER2 knockdown led to the decrease of HER2 
and SPP1 expression in both cell lines (P < 0.05). With regard to the 
EMT genes, CDH1 expression level was up-regulated after HER2 
knockdown, while CDH2 and twist expression was down-regulated 
significantly (P < 0.05). 

The changes of these genes at protein level were consistent to those 
at the mRNA level after siRNA transfection in both cell lines. 

3.7. Knockdown of SPP1 and HER2 inhibited the migration and invasion 
of GC cell lines 

As shown in Fig. 5, SPP1 and HER2 knockdown significantly sup-
pressed the migratory and invasive abilities in both MKN45 and N87 cell 
lines (P < 0.05). 

4. Discussion 

Among the 7 differential expression genes (except HER2) between 
HER2 3+ and non-3+ areas, 2 of them showed higher expression levels 
in the 3+ areas, including SPP1 and MMP-9. The relationships between 
MMP-9 and HER2 have been discussed previously. One study showed 

that HER2 knockdown resulted in the down-regulation of the expression 
of MMP-9 and whereas HER2 overexpression of improved the tran-
scription of MMP-9 through the activation of its promoter [25]. 

The relationships between SPP1 and HER2 are still to be elucidated. 
OPN, encoded by SPP1, often shows high expression levels in GCs. The 
expression level of OPN was associated with various clinicopathological 
parameters. Overexpression of OPN was considered to be related to 
lower apoptosis, high proliferation, low grade, advanced stage, 
lymphatic metastasis, vessel invasion and distant metastasis [17,26–29]. 
Similarly, overexpression of HER2 in GCs is also more frequently seen in 
intestinal type, low grade, and advanced stage tumors [30]. Therefore, 
the expression of OPN and HER2 share some clinicopathologic charac-
teristics in GCs. The overlapping of the expression profiles between 
HER2 and OPN, along with the positive correlation between the two 
genes at mRNA level, indicated the necessity to further explore the re-
lationships between HER2 and OPN and their roles in HER2 positive 
GCs. 

Our IHC analysis showed that OPN expression was higher in the 
HER2 3+ areas than in the non-3+ areas. This finding is consistent to the 
results of Nanostring analysis. The evaluation of expression profiles of 
EMT related genes indicated that neoplastic cells in the HER2 3+ areas 
showed the acquisition of EMT phenotype. These findings supported 
that HER2 amplification induced EMT in GCs. Previous studies indicated 
that HER2 participates in the process of EMT, and HER2 amplification 
can induce EMT through GSK3β pathway [18,31]. The consistency of 
OPN and HER2 expression, as well as the correlation between OPN and 
EMT markers indicated that OPN might be an important participant in 
the HER2 induced EMT process in GCs. 

To confirm our hypothesis, we next knocked down SPP1 and HER2 
respectively in MKN45 and N87 cell lines. After SPP1 knockdown, the 
EMT in both cell line was inhibited, showing loss of the EMT phenotype 

Fig. 3. Transient transfection and evaluation of transfection effect. A. N87 cells under light microscope after transfection (×100). B. Fluorescence image (×100). C. 
SPP1-siRNA. D. HER2-siRNA. All P < 0.05. 
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as well as the down-regulated migratory and invasive potential. 
Knocking down HER2 led to similar changes in tumor invasion/migra-
tion and EMT markers. Meanwhile, the expression of OPN was down 
regulated after HER2 knockdown. These in vitro findings as well as re-
sults from the GC specimens indicated that OPN induced the acquisition 
of EMT in GCs, and it may be regulated by HER2 as a downstream 
molecule in the HER2 induced EMT process. 

OPN plays important roles in various aspects to influence the bio-
logical behaviors of malignancies including the pathogenic develop-
ment, progression and metastasis, etc. Kiss T et al. discovered that 
silencing OPN expression by siRNA decreased cell proliferation and in-
vasion in melanoma [32]. Cao, D et al. indicated that OPN mediates 
multifaceted roles in the interaction between cancer cells and the tumor 
microenvironment, and OPN signaling results in various functions, 
including prevention of apoptosis, modulation of angiogenesis, mal-
function of tumor-associated macrophages, activation of phosphoinosi-
tide 3-kinase-Akt (PI3K/AKT) pathways and NF-κB pathways, which 
lead to tumor formation and progression, particularly in gastric and liver 
cancers [17]. Lee J et al. found that OPN-CD44 interaction promotes 
extracellular matrix (ECM)-derived survival signal through integrin 
activation [13]. Down-regulation of OPN suppressed the growth, 
migration and invasion of GC cell line BGC-823 through the reduction of 

MMP-2 and uPA expression, inhibition of NF-κB DNA binding activities, 
and down-regulation of Akt phosphorylation [33]. OPN has been shown 
to promote invasion previously, but its role in EMT has not been eluci-
dated in GCs. Dong Q etc. found that OPN can promote EMT in liver 
cancer by increasing the stability of vimentin [34]. However, in the 
current study, IHC analysis showed that vimentin was not expressed in 
GCs, indicating that OPN does not regulate EMT through vimentin in 
GCs. The findings in this study that OPN promotes the acquisition of 
EMT can provide a new aspect to elucidate the role and mechanisms of 
this marker in GCs. 

The upstream regulation of OPN has not been clearly understood. 
Several studies showed that OPN was under the regulation of Wnt/ 
β-catenin signal pathway [35–37]. Other factors including late SV40 
factor (LSF) and NO has also been shown to participate in the regulation 
in hepatocellular carcinoma cell lines [38,39]. Nevertheless, little was 
known about the regulation of OPN in GCs. Our in vitro studies in GC cell 
lines, together with the histological findings in the GC specimen, proved 
the participation of OPN in HER2 mediated EMT process. To our 
knowledge, this study for the first time shows that HER2 participates in 
the upstream regulation of OPN. Since OPN has been proposed as a 
possible target for tumor treatments [15,33], the association between 
OPN and HER2 may suggested it would be a possible target option for 

Fig. 4. The expression of OPN and EMT markers after the knockdown of OPN and HER2. A. After SPP1-siRNA transfection, the mRNA levels of SPP1, CDH2 and twist 
decreased, while CDH1 level increased in both cell lines. HER2 mRNA level did not show obvious changes after the transfection. #P < 0.001vs Blank control, 
##P < 0.05 vs Blank control, &P > 0.05 vs Blank control, *P < 0.001vs Negative control, **P < 0.05 vs Negative control, ^P > 0.05 vs Negative control B. Western 
blot analyses of OPN, HER2, and EMT markers in GC cell line MKN45 and N87 after SPP1-siRNA transfection. The changes of these genes at protein level were 
consistent with the mRNA level. C. After HER2-siRNA transfection, the mRNA level of HER2, SPP1, CDH2 decreased, meanwhile CDH1 level increased significantly in 
both cell lines. #P < 0.001vs Blank control, ##P < 0.05 vs Blank control, *P < 0.001vs Negative control, **P < 0.05 vs Negative control. D. Western blot analyses of 
HER2, OPN, and EMT markers in GC cell line MKN45 and N87 after HER2-siRNA transfection. The protein level changes of these genes were consistent with the 
mRNA level changes. 
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the treatment of HER2 positive GCs. 
In conclusion, we found that OPN promotes the acquisition of EMT 

phenotype and the progressive behaviors, and this process is under the 
regulation of HER2 in GCs. These findings provide new insights on better 
understanding the roles, mechanisms and regulation of OPN and HER2 

in tumor genesis, progression and metastasis in GCs. The underlying 
mechanism will be further explored in future studies. 

Fig. 5. Effects of SPP1 and HER2 knockdown on tumor migration and invasion in MKN45 and N87 cells. A. Representative images of transmembrane cells after SPP1 
and HER2 siRNA transfection. The cells were stained with Giemsa. Magnification× 100. B. Comparison of migration and invasion after SPP1 and HER2 siRNA 
transfection. Inhibition of SPP1 and HER2 suppressed the migratory and invasive abilities in both cell lines. *P < 0.001, #P = 0.001, ^P = 0.002, &P = 0.003 vs 
Negative control. 
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