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Introduction

Gastric cancer (GC) is one of the most common malignancies 
worldwide, with particular prevalence in China and other East 
Asian countries. In spite of substantial progress in diagnostic and 
therapeutic strategies, the average 5-y survival rate of GC patients 
remains poor.1 A main reason for this phenomenon is the fre-
quent occurrence of GC metastasis, which is the primary cause 
of treatment failure and strongly contributes to the poor prog-
nosis of GC patients.2 Therefore, targeting metastasis-associated 
molecules is essential for improving therapeutic efficacy in GC 
patients.

Increased cell motility and decreased cell–cell adhesion are 
the main characteristics of cancer cells with metastatic potential.3 
In most cases, the dynamic remodeling of the actin cytoskeleton 
is involved in these changes.4 Filament nucleation is a key step 
during actin network formation and is catalyzed by the Arp2/3 
complex, a highly conserved ðlament nucleator.5 The Arp2/3 
complex has 2 activities: actin nucleation and actin filament 
branching.6 The Arp2/3 complex nucleates the actin ðlaments 
that branch from the sides of existing ðlaments and remains 
localized at branch junctions to maintain the dendritic structure 
of the network.6,7 Activation of the Arp2/3 complex depends on 
its interactions with nucleation-promoting factors (NPFs). These 

proteins, including SCAR/WASP, myosin I, Abp1, cortactin, 
and Pan1, regulate the assembly of actin filaments synergistically 
with the Arp2/3 complex.4,8

Coronins are a family of conserved actin-binding proteins 
that regulate cell motility in various contexts.9 In particular, 
Coronin3 (Coronin1C) has been associated with metastasis in 
several cancer types.10-12 In a previous study, we revealed that 
Coronin3 overexpression promotes GC metastasis both in vitro 
and in vivo.13 Metastasis-associated gene analysis indicated that 
MMP-9 and cathepsin K might play certain roles in the down-
stream pathways regulated by Coronin3.13 However, it remains 
unclear whether actin-related proteins are involved in the regula-
tion of GC metastasis by Coronin3.

To address the issues above, we employed mass spectrome-
try and co-immunoprecipitation (co-IP) assays to confirm the 
interaction between Coronin3 and Arp2 in GC cells. We also 
found that alterations in Arp2 expression affected GC cell migra-
tion and invasion. Furthermore, Arp2 knockdown antagonized 
the increased cell motility induced by Coronin3 overexpres-
sion. Interestingly, we also revealed the clinical significance of 
Coronin3 and Arp2 in GC tissues and corresponding lymph 
nodes. These findings suggested that the interaction between 
Coronin3 and Arp2 potentially plays a key role in the regulation 
of GC cell motility.
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coronin3 expression is increased in gastric cancer (Gc) tissues and can promote Gc invasion and metastasis. however, 
the mechanisms underlying coronin3 function in Gc remain unclear. In this study, we aimed to explore the interact-
ing molecules essential for the tumor-promoting effects of coronin3 in Gc. Using mass spectrometric analysis, func-
tional studies, and immunohistochemistry, we found that arp2 interacted with coronin3, and ectopic expression of arp2 
promoted Gc cell migration and invasion, while arp2 knockdown suppressed whole-cell motility and attenuated the 
coronin3-mediated upregulation of cell migration and invasion. In addition, both proteins correlated with the metastatic 
status of Gc patients. Furthermore, survival analyses demonstrated that both coronin3 and arp2 correlated with overall 
Gc patient survival, and the combination of coronin3 and arp2 most accurately predicted Gc patient prognosis. com-
bined, these data demonstrate that coronin3 can regulate Gc invasion and metastasis through arp2, and the combina-
tion of coronin3 and arp2 provides a potential marker for predicting Gc prognosis.
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Results

Expression levels of Coronin3 in normal and gastric cancer 
tissues

We demonstrated before that Coronin3 was associated with 
the metastatic status of GC, but its clinical significance in the 
survival analysis remained unknown.13 To address this issue, we 
re-evaluated the expression of Coronin3 in a microarray con-
taining 75 GC cases with at least 5-y follow-up information. 
We found that Coronin3 expression levels differed significantly 
between normal and GC tissues. Although abundantly expressed 
in GC tissues, Coronin3 was present at substantially lower lev-
els in normal gastric tissues (Fig. 1A; Table 1). Coronin3 was 
focally localized to the cytoplasm, and little positive staining 
for Coronin3 was observed in stromal cells (Fig. 1A). In addi-
tion, we found that a relatively low level of Coronin3 expression 
was observed in highly differentiated cancers, whereas stronger 
Coronin3 staining was detected in moderately and poorly differ-
entiated gastric cancers (Fig. 1A; Table 1). We also analyzed the 
expression of Coronin3 in stage I–IV gastric cancers, as classified 

according the standard TNM system. This analysis revealed that 
stage III and IV gastric tumors exhibited stronger Coronin3 
expression than did gastric tumors of stage I and II (Table 1). 
Meanwhile, Coronin3 was significantly increased in cases with 
distant metastases, indicating its association with GC metastases 
(Table 1).

To better elucidate the clinical significance of Coronin3, we 
performed further analysis of its correlation with overall sur-
vival periods of GC patients. It showed that the overall survival 
periods of patients with higher expression level of Coronin3 was 
significantly reduced than that of patients with low Coronin3 
expression (Fig. 1B). This phenomenon indicated that Coronin3 
might serve as a potential marker in predicting prognosis of GC 
patients.

Coronin3 interacts with Arp2
In a previous study, we demonstrated that Coronin3 pro-

motes GC invasion and metastasis; however, precisely how 
Coronin3 regulated these malignant behaviors remained 
unclear.13 To clarify the mechanism underlying these functions 
of Coronin3, we employed MALDI-TOF/TOF analysis to search 

 Figure 1. The expression of coronin3 in gastric cancer. (A) coronin3 expression in normal gastric mucosa and cancers with different grades of differen-
tiation. Little immunoreactivity for coronin3 was showed in normal gastric tissues (a). an increased intensity of coronin3 staining was found in gastric 
cancer cases with high, moderate, and poor differentiation ([b, c, and d] respectively). (a–d) 200×; (e–h), 400×. (B) Kaplan–Meier curve for the correla-
tion between coronin3 expression and overall survival.
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for its interacting proteins. Co-IP assays were conducted using 
an anti-Coronin3 antibody in MKN28-M cells with normal 
mouse IgG as a control. Immunoblotting assays confirmed that 
Coronin3 was successfully enriched in the immunoprecipitates 
(Fig. 2A), which were subsequently stained with silver (Fig. 2B) 
and Coomassie blue G250 (Fig. 2C). We detected 3 bands at 
approximately 25–35 kDa, 50–60 kDa, and 95–105 kDa in the 
co-immunoprecipitates of the MKN28-M cells compared with 
the control (Fig. 2C). The corresponding protein bands were 
excised from the Coomassie-blue-stained gel and subjected to 
in-gel tryptic digestion and MALDI-TOF/TOF™ 5800 analy-
sis. The obtained mass spectra were then analyzed using Protein 
Pilot™ 4.0 software. As depicted in Figure 2D, 10 proteins were 
identified as Coronin3-interacting proteins. We were particularly 
interested in actin-related protein 2 (Arp2) because it has been 
reported to interact with other members of the Coronin fam-
ily.8 To confirm the results of the MALDI-TOF analysis, we con-
ducted co-IPs of endogenous Coronin3 and Arp2 in MKN28-M 
cells. In these assays, mutual interactions were observed between 
Coronin3 and Arp2, revealing that Arp2 was a Coronin3-binding 
protein (Fig. 2E).

Arp2 regulates the migration and invasion of GC cells
We examined Arp2 expression in multiple cell lines and 

observed that Arp2 was upregulated in GC cell lines compared 
with immortalized gastric epithelial cells (GES). In particular, 
Arp2 expression levels were significantly elevated in MKN28-M 
cells, a subline of MKN-28 cells with high metastatic potential, 
compared with that of MKN28-NM cells, which have reduced 
metastatic potential (Fig. S1). Therefore, the MKN28-M and 
MKN28-NM lines were employed as cell models to study the 
regulation of cell motility by Arp2.

Three pairs of siRNAs against Arp2 were synthesized, and 
their inhibitory effects on Arp2 were confirmed by western 
blot analysis (Fig. 3A). Based on their individual inhibitory 
effects, siRNA1 was used to knockdown Arp2 in subsequent 
experiments. Remarkably, Arp2 silencing prevented cells from 
migrating into the “empty” zone, leading to reduced scratch clo-
sure (Fig. 3B). Boyden chamber assays also demonstrated that 
Arp2 inhibition suppressed cancer cell invasion and migration 
(Fig. 3C). In contrast, we transfected Arp2 and control plasmids 
into MKN28-NM cells, and Arp2 was significantly upregulated 
in cells with this transfection. The following functional studies 
showed that ectopic expression of Arp2 promoted the migra-
tion and invasion of MKN28-NM cells in vitro (Fig. 3D–F). 
These data indicated that Arp2 was an essential modulator of cell 
migration and invasion in GC.

Knockdown of Arp2 attenuated the metastatic potential of 
GC cells with ectopic Coronin3 expression

We confirmed that Coronin3 interacted with Arp2 in GC 
cells with high metastatic potential, but whether this interaction 
was crucial in regulating cell motility remained unknown. To 
clarify this aspect, we first developed a subline of MKN-28NM 
cells that were stably transfected with Coronin3 (Fig. 4A), and 
then we compared the cell motility by the cellomics and boyden 
chamber assays. We found that ectopic Arp2 expression increased 
the total migration length of cells documented by the cellomics 
instrument (Fig. 4B), and more cells moved to the bottom side of 
the basal membrane in the boyden chamber (Fig. 4C and D). On 
this basis, we transfected siRNAs against Arp2 into these cells to 
disrupt the interaction between Coronin3 and Arp2 (Fig. 4E). 
The subsequent in vitro cell motility assay showed that Arp2 
knockdown antagonized the increased migratory and invasive 

Table 1. The expression of coronin3 and arp2 in Gc tissues

Variable No.
H-score of Coronin3

P
H-score of Arp2

P
− + ++ +++ − + ++ +++

cancer 75 1 23 21 30 <0.001* 7 21 25 22 <0.001*

Normal 75 2 35 31 7 36 23 11 5

Gender 0.556 0.141

Male 41 1 13 13 14 4 7 16 14

Female 34 0 10 8 16 3 14 9 8

Age 0.602 0.320

≤60 47 0 14 14 19 5 15 12 15

>60 28 1 9 7 11 2 6 13 7

Differentiation 0.028* 0.001*

Poor 40 0 6 13 21 2 8 11 19

Moderate 28 1 14 5 8 2 10 13 3

high 7 0 3 3 1 3 3 1 0

TNM stages 0.014* <0.001*

I or II 23 1 12 3 7 6 5 11 1

III or IV 52 0 11 18 23 1 16 14 21

Metastases <0.001* 0.002*

0 17 1 11 5 0 4 9 3 1

≥1 58 0 12 16 30 3 12 22 21
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Figure 2. Identification of molecules interacting with coronin3. (A) The coronin3 antigen was successfully enriched by IP. The bands for coronin3 are 
indicated with red arrows. (B) The immunoprecipitates were subjected to sDs-PaGe and silver staining to confirm the enrichment of the coronin3 anti-
gen. The target bands for coronin3 are indicated with red arrows. (C) The immunoprecipitates were subjected to sDs-PaGe and coomassie blue G250 
staining. The bands that were further subjected to MaLDI-TOF analysis are marked with red squares. (D) The candidate coronin3-interacting molecules. 
(E) Mutual interactions between endogenous coronin3 and arp2. The interaction of coronin3 and arp2 was validated by co-IP. coronin3 and arp2 were 
immunoprecipitated separately with their corresponding primary antibodies, and arp2 and coronin3 were detected through immunoblotting.
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Figure 3. For figure legend, see page 1168.
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abilities of cells caused by Coronin3 upregulation (Fig. 4F–H). 
These data indicated that interaction with Arp2 was essential for 
the function of Coronin3.

Expression levels of Arp2 in normal and GC tissues
Having identified Arp2 as a protein that can interact with 

Coronin3, we next performed a tissue-array study to demon-
strate the characteristics of Arp2 expression in normal and gastric 
cancer tissues. Compared with adjacent normal gastric tissues, 
Arp2 was markedly increased in cancer tissues, and the expres-
sion intensity of Arp2 was stronger in tumors with moderate and 
poor differentiation than in well-differentiated tumors (Fig. 5A; 
Table 1). Most cases of stage I and II cancers exhibited weak 
(5/23, 21.7%) or moderate (11/23, 47.8%) Arp2 expression, and 
the majority of tumors at stage III and IV exhibited moderate 
(14/52, 26.9%) and strong (21/52, 40.4%) staining (Table 1). 
Arp2 was not associated with age or gender but was upregulated 
in cases with metastases (Table 1). We also compared the expres-
sion intensity of Arp2 in an additional 40 GC tissues and their 
related metastatic lymph lodes (Fig. 5B; Table 2). Among the 40 
GC cases, 5 primary GC tissue samples (12.5%) showed negative 
staining, whereas the staining in 14 (35.0%), 17 (42.5%), and 4 
(10.0%) samples was scored as weakly, moderately, and strongly 
positive, respectively. For the related metastatic lymph lode tis-
sues, the staining from 3 (7.5%), 4 (10.0%), 16 (40.0%), and 17 
(42.5%) samples was scored as negative, weakly positive, moder-
ately positive, and strongly positive, respectively. The statistical 
analysis showed that Arp2 was upregulated in the lymph nodes 
than primary GC tissues.

Additionally, we compared the localization of Coronin3 and 
Arp2 in serial sections of GC tissues. The subcellular localiza-
tion of Coronin3 and Arp2 was similar in GC tissues (Fig. S2), 
and this phenomenon further supported that Coronin3 and Arp2 
were proteins with mutual interactions.

To better elucidate the clinical significance of Arp2, we per-
formed additional analysis of its correlations with overall survival 
of GC patients. The result demonstrated that the overall survival 
of patients with higher expression levels of Arp2 was significantly 
reduced compared with that of patients with low Arp2 expression 
levels (Fig. 5C).

Clinical significance of Coronin3 and Arp3 in survival anal-
yses of GC patients

Coronin3 and Arp2 were demonstrated to be associated 
with over survival periods of GC patients by separate analyses. 

We next examined their combined value in distinguishing GC 
patients with different survival periods. In general, the patients 
were divided into 4 groups: Group 1, low expression of Coronin3 
and Arp2; Group 2, low expression of Coronin3 and high expres-
sion of Arp2; Group 3, high expression of Coronin3 and low 
expression of Arp2; Group 4, high expression of Coronin3 and 
Arp2. Kaplan–Meier analyses depicted distinct survival patterns 
among the 4 subgroups (Fig. 6A). GC patients with high levels 
of both Coronin3 and Arp2 had the poorest prognoses (Fig. 6A). 
In both high-Coronin3 and low-Coronin3 tumors, the patients 
with tumors with low Arp2 expression achieved longer survival 
compared with patients with tumors with high Arp2 expression 
(Fig. 6B and C). Meanwhile, the survival periods of patients with 
low Coronin3/high Arp2 and high Coronin3/low Arp2 were not 
significantly different (Fig. 6D).

Discussion

Coronins are highly conserved F-actin binding proteins. 
Functional studies have suggested that Coronins play impor-
tant roles in lamellipodial protrusion, cell motility, and chemo-
taxis.8,13-15 For example, genetic deletion of Coronin1A in mice 
results in severe immune system defects, including the failure 
of T cells to respond to chemokine-induced cell migration.14 
Coronin1B, an isoform with ubiquitous expression throughout 
the body, has been shown to influence both lamellipodial pro-
trusion and whole-cell motility.8,15 Notably, to date, Coronin3 
is the only member of the Coronin family to be associated with 
cancer metastasis. Coronin3 overexpression has been observed 
in hepatocellular carcinoma (HCC) cell lines with metastatic 
potential, indicating its use as a novel biomarker for HCC inva-
sion and progression in vivo.11 Ren and colleagues reported for 
the first time that Coronin3 is highly expressed in GC tissues 
and metastatic lymph nodes and can regulate the migratory 
and invasive abilities of GC cells both in vitro and in vivo.13 
Based on this study, we explored the connection between 
Coronin3 expression and overall survival in GC patients. We 
determined that GC patients with different prognoses could 
be distinguished by their Coronin3 expression levels and that 
an increased Coronin3 expression level might indicate a rela-
tively shorter overall survival. Taken together, these findings 
further validate the clinical significance of Coronin3 in GC 

Figure 3 (See previous page). The regulation of cell motility by arp2 in gastric cancer cells. (A) Three siRNa pairs targeting arp2 were synthesized, and 
their inhibitory effects were examined by western blotting. (B) Wound-healing assays showed that arp2 knockdown decreased the wound closure rate. 
(C) arp2 suppression inhibited the migration and invasion of MKN28-M cells. (1) Representative images of the migration and invasion assays; (2) The 
relative cell motility activities of cells. (D) Western blot analysis for arp2 following transfection with the arp2 expression plasmid or empty vector into 
MKN28-NM cells. (E) Wound-healing assay showed that arp2 upregulation increased the wound closure rate. (F) ectopic expression of apr2 promoted 
the migration and invasion of MKN28-NM cells. (1) Representative images of the migration and invasion assays; (2) The relative cell motility activities of 
cells.

Figure 4 (See opposite page). attenuation of coronin3-mediated cell migration and invasion by arp2 inhibition. (A) The establishment of MKN28-NM 
cells stably transfected with coronin3. (B) ectopic expression of coronin3 increased the total migration of MKN28-NM cells. (C) Representative images of 
the migration and invasion assays in MKN28-NM cells before and after coronin3 transfection. (D) ectopic expression of coronin3 increased cell motility. 
(E) arp2 was knocked down by siRNa in MKN28-NM cells with stable coronin3 expression. (F) arp2 knockdown abolished the increased cell migration 
caused by coronin3. (G) Representative images of the migration and invasion assays in MKN28-NM-coronin3 cells before and after arp2 inhibition. 
(H) Downregulation of arp2 suppressed coronin3-mediated cell motility activities.
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and indicate Coronin3 as a potential therapeutic target for GC 
treatment.

The dynamic branched network comprised of the F-actin 
cytoskeleton is crucial in protrusion formation during cell migra-
tion. Arp2/3, a highly conserved complex with 7 subunits, is the 
key nucleator for this cytoskeleton network.4-6 Extensive studies 
have shown that the Arp2/3 complex binds existing actin fila-
ments and initiates the formation of new filaments that branch 
off the original filaments.16 Recently, an abnormal expression 
level of Arp2/3 was found in several types of cancer; however, the 

conclusions of the different studies were not consistent.17-20 The 
association between Arp2/3 and GC has been reported in at least 
3 studies.18-20 All 7 subunits of the Arp2/3 complex were decreased 
in a qRT-PCR study containing 32 primary cancer tissues.18 In 
another qRT-PCR analysis, a reduced expression of p41-Arc, a 
subunit of the Arp2/3 complex, was found in 22 GC tissues and 
several cell lines.19 In contrast, Zheng et al. conducted an immu-
nohistochemical study demonstrating that both Arp2 and Arp3 
are increased in GC tissues.20 In our study, we employed immu-
nohistochemistry to detect Arp2 in GC tissues and observed a 
remarkable increase in the Arp2 signal. Combined with the 
reports mentioned above, the expression intensity of Arp2/3 in 
GC appears to be contrasting at the mRNA and protein levels, 
perhaps indicating a role for post-transcriptional modulation in 
the regulation of Arp2/3. As a core subunit of the Arp2/3 com-
plex, the quantity of Arp2 should affect the formation and activ-
ity of the Arp2/3 complex, which would ultimately influence the 

Figure 5. arp2 expression in gastric cancer. (A) arp2 expression levels in normal and cancerous gastric tissues. extremely weak positive signals were 
detected in normal gastric mucosa (a). Moderate arp2 staining intensity was observed in cancers with high differentiation (c), while substantially stron-
ger signals were detected in moderately and poorly differentiated gastric cancers (e and g). (a, c, e, and g) 200×; (b, d, f, and h) 400×. (B) arp2 expres-
sion levels in primary cancer tissues and corresponding metastatic lymph nodes. The average intensity of arp2 was detected in a cancerous case with 
moderate differentiation (a), and an extremely strong signal was observed in the lymph node (c). (a and c) 200×; (b and d) 400×. (C) Kaplan–Meier curve 
for the correlation between arp2 expression and overall survival.

Table 2. expression of arp2 in gastric cancer and related lymph node 
metastases

Histological type No.
H-score of Arp2

P
− + ++ +++

Primary cancer tissues 40 5 14 17 4 0.003*

Lymph node metastasis 40 3 4 16 17
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remodeling of the F-actin network and cell motility. To test our 
hypothesis, we conducted a series of in vitro functional studies 
and found that Arp2 upregulation promoted the migration and 
invasion of MKN-28NM cells, while its knockdown suppressed 
the motility of MKN28-M cells. These findings were in accor-
dance with our hypothesis and suggested a vital role for Arp2 in 
regulating GC cell motility.

It has been reported that Coronins are Arp2/3-binding pro-
teins.8,15,21,22 Yeast Coronins physically associate with the Arp2/3 
complex through binding to the p35 subunit and inhibit the 
branching of actin filaments.21 Cai et al. performed a series of stud-
ies on the function of Coronin1B and its regulation of the F-actin 
network.8,15 Their findings indicated that Coronin1B coordi-
nates Arp2/3-dependent actin filament nucleation and cofilin-
mediated filament “turnover” at the leading edge of migrating 
fibroblasts.15 In lamellipodia, Coronin1B antagonizes cortactin 
and remodels Arp2/3-containing actin branches.8 In addition, 
the authors revealed that the interaction between Coronin1B and 
the Arp2/3 complex is mediated by phosphorylation of Ser-2 on 
Coronin1B; PKC was the major kinase in this process.15,23 In our 
study, Coronin3 was shown to associate with Arp2, and this phe-
nomenon was consistent with previous studies.24 To further dem-
onstrate the role of this interaction in cell motility regulation, 
we silenced Arp2 in MKN-28NM cells stably transfected with 
Coronin3. Our results demonstrated that ectopic expression of 
Coronin3 promoted cancer cell migration and invasion, and this 
effect was attenuated by Arp2 knockdown. In particular, ectopic 
expression of Coronin3 did not influence Arp2 expression levels, 
and neither upregulation nor downregulation of Arp2 affected 
Coronin3 (data not shown). This fact excluded the possibility 

that Coronin3 or Arp2 functioned directly through the regula-
tion of their mutual expression. Therefore, these results indicated 
that Coronin3 function depends on its co-existence with Arp2. 
Furthermore, these are the first studies to describe that Coronin3 
functions in cancer metastasis through coordination with the 
Arp2/3 complex.

According to previous studies, Coronin1B serves to temper 
filament nucleation by inhibiting the activity of the Arp2/3 com-
plex in lamellipodia.8,15 In yeast, high concentrations of Coronins 
inhibit Arp2/3 activity, while low concentrations enhance the 
binding of filaments to Arp2/3.25 We found that Coronin3 inter-
acts with Arp2 in GC cells; however, its effects on the activity of 
the Arp2/3 complex remain unclear. Due to the conservation of 
the Coronins, we propose that Coronin3 might function through 
Arp2/3 in a similar manner, and this speculation requires further 
exploration.

Thus far, our series of studies have shown that Coronin3 reg-
ulates GC cell migration and invasion via at least 2 pathways. 
Coronin3 modulates the F-actin network through interacting 
with Arp2 and also directly affects the expression of MMP-9 and 
cathepsin K. Therefore, targeting Coronin3 and Arp2 could be 
a novel therapeutic strategy in the treatment of GC metastases.

Materials and Methods

Cell lines and gastric cancer tissues
The SGC7901, AGS, KATOIII, BGC823, MKN-45, and 

MKN-28 human gastric cancer cell lines were maintained in 
our laboratory. Sublines with low (MKN28-NM) and high 

Figure  6. Kaplan–Meier analyses with a log-rank test of survival. (A) correlation of the combination of coronin3 and arp2 expression with overall 
survival. (B) correlation of arp2 expression with overall survival among patients bearing tumors with low coronin3 expression. (C) correlation of arp2 
expression with overall survival among patients bearing tumors with high coronin3 expression. (D) survival curves for patients with low coronin3/high 
arp2 and high coronin3/low arp2.



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

1172 cancer Biology & Therapy Volume 15 Issue 9

(MKN28-M) metastatic potential were derived from the 
MKN28 parental cell line by our laboratory.26 BGC823 cells 
were maintained in DMEM, and the remaining cell lines were 
grown in RPMI-1640 supplemented with 10% fetal calf serum 
(FBS, Gibco). All cells were incubated at 37 °C with 5% CO

2
 in 

a humidified incubator. Five gastric cancer tissues were obtained 
from the Department of Pathology of Xijing Hospital, and serial 
sections were subsequently generated. Human ethics approval 
was obtained from Xijing Hospital.

Tissue microarrays
Gastric cancer tissue microarrays (Aomei) included 75 cases of 

malignant gastric tissues and the corresponding normal tissues. 
Detailed clinicopathological and follow-up information were 
provided for all cases. An additional tissue microarray (Aomei) 
including 40 gastric adenocarcinoma spots and 40 matched 
lymph lode metastases was also obtained.

Immunohistochemistry
Immunohistochemical staining of Coronin3 and Arp2 was 

performed as previously described.13 Target protein expression 
was evaluated according to the ratio of positive cells per speci-
men, and staining intensity was determined according to a 
defined histological scoring method. The proportion of positive 
cells in each specimen was quantitatively evaluated as follows: 0, 
for 0% staining; 1 for 0.01–25%; 2 for 25.01–50%; 3 for 50.01–
75%; and 4 for >75% of the cells examined. Staining intensity 
was graded as follows: 0, no signal; 1, weak; 2, moderate; and 
3, strong. The histological score of Coronin3 or Arp2 expres-
sion for each section was computed by the following formula: 
histological score (H score) = ratio score × intensity score. A total 
score of 0–12 was calculated and graded as negative (−, score: 0), 
weak (+, score: 1–4), moderate (++, score: 5–8), or strong (+++, 
score: 9–12). Scoring with “−” and “+” scoring was regarded as 
lower expression of the target proteins, while “++” and “+++” rep-
resented higher expression of target proteins.

MALDI-TOF/TOF analysis and peptide sequencing
The excised protein bands of interest were destained with 

25 mM ammonium bicarbonate/30% acetonitrile followed by 
incubation with 100% acetonitrile for 15 min. Disulfide bond 
cleavage was performed with 20 mM dithiothreitol, and carbami-
domethylation was obtained with 50 mM iodine acetamide. Gel 
sections were dehydrated with 100% acetonitrile and dried for 
~25 min in a vacuum centrifuge. The dried gel pieces were soaked 
in 10 ng/μL trypsin/10 mM ammonium bicarbonate and then 
covered with 10 mM ammonium bicarbonate and incubated at 
37 °C overnight. The following day, the samples were sonicated 
3 times for 15 min each in 60% acetonitrile/0.1% trifluoroacetic 
acid, then centrifuged and dried in a SpeedVac. The samples were 
diluted with 2% acetonitrile/98% H

2
O/0.1% TFA for MS and 

MS/MS analyses, which were performed using the AB SCIEX 
TOF/TOF™ 5800 system (USA). ProteinPilot 4.0™ software 
was used for protein identification and quantitation as previously 
described.27

Immunoprecipitation
All immunoprecipitation (IP) experiments were performed as 

previously described using an IP kit (Pierce).28 Briefly, cells at 

approximately 80% confluence were washed with ice-cold PBS 
and then scraped off. Cells were harvested by centrifugation and 
lysed in RIPA lysis buffer for 30 min. After centrifugation at 
12 000 rpm, the supernatant was collected for IP. Lysates were 
spun, and the supernatants were transferred to another tube and 
incubated with primary antibody and 40 mL 25% protein A/G 
agarose slurry. The protein A/G agarose was recovered by cen-
trifugation at 5000 rpm and washed 4 times with ice-cold lysis 
buffer. Proteins were eluted with loading buffer by boiling for 
10 min and subjected to immunoblot analysis.

Western blot analysis
Cells or tissues were solubilized in RIPA buffer (Beyotime) 

containing protease inhibitors (Roche), and western blot analy-
sis was performed as previously described.13 Primary antibodies 
against Coronin3, Arp2 (Abcam), and β-actin (Sigma) were 
used.

Production and transfection of oligonucleotides, plasmids, 
and lentivirus

Three pairs of siRNAs targeting Arp2 were purchased from 
RiboBio Co., Ltd. Arp2 expression plasmids were constructed 
and produced by GeneChem Co., Ltd. Target cells were trans-
fected with the oligonucleotides or plasmids using Lipofectamine 
2000 (Invitrogen) according to the manufacturer’s instructions. 
Stable transfectants overexpressing Coronin3 were generated by 
lentiviral transduction using a pGCsil-GFP vector (GeneChem 
Co., Ltd.). A lentiviral vector that expressed green fluorescent 
protein alone (LV-GFP) was used as a control.

Wound-healing assay
For wound-healing assays, 3 × 105 cells were seeded into 6-well 

plates. Following a 48 h incubation, a scratch was drawn across 
the center of the well using a plastic pipette tip to produce a 
sharp, 1-mm-wide wound area. The cells were washed with fresh, 
FBS-free medium 3 times and incubated in medium containing 
1% FBS for 48 h. Cell movement into the wound area was exam-
ined using a phase-contrast microscope.

Cell migration and invasion assay
Cell migration and invasion assays were performed as previ-

ously described using transwell plates (8-μm pore size, Corning 
Costar Corp.) and Matrigel (BD).13 Cells that migrated to the 
bottom side of the membrane were counted using a microscope, 
and relative cell motility activity was calculated using the follow-
ing formula: relative cell motility activity = number of migrated 
or invaded cells from different treatment groups ÷ number of 
migrated or invaded cells from the control group.

Total migration length assay
To analyze total migration length, 1 × 104 lentiviral-infected 

cells were seeded into 96-well plates and incubated in medium 
containing 10% FBS for 24 h. The cells were then placed into 
a cellomics instrument (Thermo Fisher). The migrating paths 
of the cells were automatically recorded, and the total migration 
length was calculated.

Statistical analyses
Statistical analyses were performed using SPSS 17.0 software. 

χ2 tests were used to evaluate the significance of the differences 
in Coronin3 or Arp2 expression frequency between gastric 
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cancer tissues and lymph node metastases. The Kruskal–Wallis 
H-test and the Mann–Whitney U test were used to analyze the 
relationship between Coronin3 or Arp2 expression and clinico-
pathological factors. The association of Coronin3 or Arp2 with 
overall survival was analyzed by Kaplan–Meier curves. A one-
way ANOVA was used for analyzing the results of the migra-
tion and invasion assays. Differences were considered significant 
when P values were less than 0.05.
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