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Introduction

Gastric cancer (GC) is the fifth most common cancer 
in the world after lung, breast, prostate, and colorectal 
cancers (1). Over the past decades, various therapeutic 
options have been improving, including surgical resection, 

chemotherapy and radiotherapy (2). Nevertheless, about 
5% to 30% of GC patients develop recurrent disease at 
stage I, and 60% of patients have locally advanced disease, 
finally dying of metastatic disease (3). Therefore, more 
therapeutic strategies and molecular mechanisms against 
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GC development and progression are needed, especially 
against invasion and metastasis. 

The disabled-2 (DAB2) gene expressed in many 
types of epithelial cells has an important impact on 
various functions, such as endocytosis, cytoskeletal 
reorganization and cell adhesion, and so on (4-6). It is 
also shown to play crucial roles in cancer development 
and cellular differentiation. Moreover, in the metastases 
of colorectal cancer, prostate and bladder cancers, 
the expression of DAB2 is down-regulated (6-8). As a 
potential tumor suppressor, DAB2 is involved in multiple 
signaling pathways. In pancreatic ductal adenocarcinoma, 
DAB2 expression promotes EMT by modulating TGF-β 
responses (9). DAB2 suppresses the Wnt signal pathway 
by preventing PP1 (protein phosphatase) (10). In addition, 
by regulating the endocytic fate of the lipoprotein 
receptor-related protein 6 receptor, DAB2 participates in 
the regulation of the Wnt signal pathway (11). In spite of 
these findings, further studies are essential for gaining 
new insights into the relationship between DAB2 and 
cancer. 

Thus, our goal was to delineate the expression and 
functional aspects of DAB2 in GC. This study disclosed 
that DAB2 expression was decreased whether in GC tissues 
or human GC cell lines. Further functional studies showed 
that DAB2 was closely related to cell migration in vitro. 
Moreover, knockdown of DAB2 increased the Wnt/
β-catenin signaling and affected the Hippo-YAP pathway. 
Nuclear translocation of Yap and β-catenin in DAB2-
silenced cells was also observed. These findings suggested 
that DAB2, acting as a tumor suppressor, played a critical 
role in the migration of GC. 

Methods

Tissue specimens and patient clinical information

In this study, 37 clinical specimens of GC tissues and 
adjacent non-tumor tissues collected from the China-
Japan union hospital of Jilin University, Jilin, China, were 
embedded in paraffin for immunohistochemistry. All the 
patients had not received treatment before undergoing 
surgery, and were confirmed by histology to have had GC. 
Also, proteins were extracted from two of them to perform 
Western blot analysis. Informed consents were obtained 
from all the participants enrolled, and the study was 
approved by institutional ethics committee board of Jiangsu 
University (No. UJS-IACUC-AP-20190307087).

Cell lines and cultures

The human GC cell lines (AGS, SGC-7901, MKN-45, 
BGC-823, MGC-803, HGC) were obtained from our 
laboratory, whereas the human normal gastric epithelial 
cell line GES-1 was purchased from the Institute of 
Biochemistry and Cell Biology, SIBS, CAS (Shanghai, 
China). The human GC cell line, AGS, was cultured in F12 
(Gibco, Grand Island, NY, USA) and the other cell lines 
were propagated in RPMI 1640 (Gibco, Grand Island, NY, 
USA). All the media were supplemented with 10% fetal 
bovine serum (FBS; Wisent Inc., Quebec, Canada) and 
cells were cultivated at 37℃ in a humidified incubator with 
5% CO2.

Plasmid construction, small interference RNA and cell 
transfection

A full-length human c-DNA of DAB2 was synthesized and 
integrated into CMV-MCS-3FLAG-SV40 by Genechem 
(Shanghai, China), and then transfected into MGC cell 
line using Lipofectamine 2000 (Invitrogen, Shanghai, 
China). Moreover, two pairs of oligonucleotides against 
mRNA areas of DAB2 gene were designed as DAB2 siRNA 
(forward: CCAGCAGUGAGAACUCAAATT, reverse: 
UUUGAGUUCUCACUGCUGGTT; GenePharma 
Corporation, Shanghai, China). Either si-DAB2 or 
control siRNA used for the downregulation of DAB2, 
were transfected into the SGC cell line. After culturing 
for 48 h, the transfected cells were extracted and examined 
by Western blot to analyze the over-expressed or 
downregulated efficiency. Then the cells were harvested for 
further study.  

Western blot

The cells were rinsed with cold PBS and then lysed in RIPA 
(Radio-Immunoprecipitation Assay) lysis buffer (Beyotime 
Biotechnology, Shanghai, China) supplemented with 
PMSF (Phenylmethanesufonyl fluoride) and phosphatase 
inhibitors. Samples (about 100 μg) were separated 
via 10% SDS-PAGE (sodium salt-polyacrylamide gel 
electrophoresis) and transferred to PVDF (polyvinylidene 
fluoride member), then blocked in 5% non-fat milk 
powder for 1 h at room temperature and probed at  
4 ℃ overnight with the following antibodies: anti-DAB2 
(1:500, Abcam, UK), anti-GAPDH (glyceraldehyde-3-
phosphate dehydrogenase), anti-Flag, anti-β-catenin, anti-
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LATS1 (Large tumor suppressor), anti-p-LATS1, anti-E-
cadherin, anti-PCNA (Proliferating cell nuclear antigen), 
anti-p-GSKβ (Phosphorylated glycogen synthase kinase 3β, 
1:1,000, Cell Signaling, Danvers, MA, USA), anti-MMP2 
(matrix metalloprotein), anti-MMP9, anti-c-Myc (Cellular 
myelocytomatosis oncogene), anti-CyclinD1, anti-Yap (Yes 
associated protein, 1:200, Wanlei, Wanleibio, Liaoning, 
China), and anti-p-Yap (Phosphorylated Yes associated 
protein, Ruiying, Ruiyingbio, Suzhou, China). Next, the 
membranes were incubated with appropriate secondary 
antibodies (goat anti-rabbit and horse anti-mouse, 1:2,000, 
Fcmacs, China) for 1 h at room temperature. The bands 
were detected using enhanced chemiluminescence (ECL) 
(Merck Millipore, Darmstadt, Germany) for Western blot 
analysis. Finally, ImageJ software was used to quantify the 
relative density of bands.

Immunohistochemistry

Tissues were fixed with 4% paraformaldehyde solution, 
embedded in paraffin and prepared into 4 μm-thick sections. 
Then, antigen retrieval was performed by antigen retrieval 
solution and blocked with 5% BSA (bovine serum albumin, 
Boster Bioengineering, Wuhan, China). The tissue sections 
were incubated with primary antibody against DAB2 (1:100) 
overnight at 4 ℃, then washed and treated with biotinylated 
secondary antibody. Finally, the sections were visualized 
with DAB and counterstained with hematoxylin.

Cell migration assay

Transfected cells (1×105 cell/well) were seeded in the upper 
chamber of the transwell (Merck Millipore, Darmstadt, 
Germany) in 200 μL serum-free medium, and 600 μL 
medium containing 10% FBS was added into the lower 
compartment of the chamber. Following incubation at 
37 ℃ in 5% CO2 for 24 h, the cells in the upper surface 
migrated to the lower surface of the filter. After fixing with 
4% paraformaldehyde, the migrated cells were stained with 
crystal violet. The images were captured and the invaded 
cells were counted under a microscope. 

Immunofluorescence

Transfected cells (2.5×104 cell/well) were cultured on 
coverslips in 24-well plates for 24 h. After fixing with 4% 
paraformaldehyde, the cells were penetrated with 0.5% 
tritonX-100 for 20 min and blocked in BSA for 30 min at 

room temperature, and then incubated with the following 
antibodies at 4 ℃ overnight: anti-β-catenin (1:75), anti-Yap 
(1:75), and anti-p-Yap (1:50). After washing with PBS three 
times, cells were incubated with secondary antibody at 37 ℃ 
for 30 min and the nuclei were counterstained with Hoechst 
33258 (Cell Signaling, Danvers, MA, USA). Images were 
captured with a confocal microscope (Olympus, USA).

Statistical analysis

Every experiment was performed at least 3 times and the 
data were reported as mean ± SD. Then, the differences 
between groups were analyzed using one-way ANOVA. All 
statistical analyses were performed using SPSS19 (SPSS, 
Chicago, IL, USA) and P<0.05 was considered statistically 
significant.

Results

DAB2 expression is decreased in GC tissues and human 
GC cell lines 

Previous studies have shown that DAB2 expression was 
decreased in malignant tumors, including breast cancer (12), 
prostate carcinoma (13), esophageal squamous tumors 
and so on (7). To explore the role of DAB2 in GC, we 
first detected the expression of DAB2 in 37 cases of 
GC patients with paired adjacent non-tumor tissue by 
immunohistochemical staining. The results indicated that 
different protein expression levels of DAB2 were detected 
in GC tissues and the adjacent normal tissues (Figure 1A), 
and 86% of patients DAB2 staining was reduced in GC 
tissues compared to adjacent normal tissues. In order to get 
an insight into the difference, the DAB2 expression in GC 
patients with paired adjacent non-tumor tissues and in GC 
cell lines was investigated using Western blot. As shown 
(Figure 1B,C), the expression of DAB2 was diminished in 
two GC tissues. Furthermore, levels of DAB2 expression in 
all six GC cell lines were decreased obviously in comparison 
with normal gastric epithelial cells (GES-1), especially in 
MGC and HGC-27 ones (Figure 1D,E). Therefore, our 
results indicated that DAB2 expression was decreased in 
GC at the protein level.

The aberrant expression of DAB2 influences cell migration 
in vitro

To gain further insight into the role of DAB2 in GC, 
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SGC cells were transfected with si-DAB2 or si-control, 
and DAB2-overexpressed vector or control-vector was 
transfected into MGC. The expression of DAB2 in SGC and 
MGC was confirmed by Western blot (Figure 2A,B,C,D). 
Then, transwell migration assays were performed. A higher 

absorbance of si-DAB2 cells compared with si-control cells 
was observed (Figure 3A,B), and DAB2 overexpression in 
MGC significantly decreased the number of migratory cells 
(Figure 3C,D). Meanwhile, Western blot was adopted to 
detect the expression of a series of molecular markers, such 
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Figure 1 DAB2 expression level was detected in GC and paired adjacent non-tumor tissues, in normal gastric epithelial cells and six GC 
cell lines by immunohistochemistry and Western blot. (A) Representative immunohistochemical staining of DAB2 was shown in an adjacent 
normal tissue (left) and GC tissue (right) (×100). (B,C) In two pairs of GC patients and adjacent non-tumor tissues, the expression of DAB2 
was diminished in GC tissues as detected by Western blot. (D,E) DAB2 protein expression was lower in all six GC cell lines than in GES-1. 
GC, gastric cancer; DAB2, disabled-2.
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as E-cadherin, MMP-2 and MMP-9. As shown in si-DAB2 
cells (Figure 3E,F), E-cadherin was lower and the other two 
(MMP9 and MMP2) were higher than in si-control cells. 
In contrast, E-cadherin was increased, while MMP-9 and 
MMP-2 were decreased, in the MGC overexpression group 
(Figure 3G,H), when compared with control. 

DAB2 knockdown results in increased Wnt/β-catenin 
signaling

The Wnt/β-catenin pathway plays an important role in 
tumor cell migration and invasion. Thus, the consequences 
of DAB2 knockdown and overexpression on the influence of 
the Wnt/β-catenin pathway was explored. The expression 
of PCNA, Myc, CyclinD1, β-catenin, and phosphorylation 
of GSK-3β (p-GSK3β), which are Wnt canonical gene 
targets, were detected by Western blot (Figure 4). As 
shown in Figure 4A,B, DAB2 silencing increased the total 
levels of all five markers compared with the control group. 
Additionally, to investigate further the inhibitory effects of 
DAB2 on Wnt/β-catenin signaling, immunofluorescence 
for β-catenin was conducted. Just as in Figure 4E, in 
DAB2-si cells, β-catenin translocated to the nucleus, and 
expressed ubiquitous amounts in both the nucleus and 

cytoplasm. These data revealed the same results as those 
of the Western blot analysis. Moreover, β-catenin in the 
control cells was predominantly restricted to the cytoplasm, 
in contrast to its expression in DAB2-si cells. Otherwise, 
DAB2 overexpression in MGC cells had not largely 
changed in comparison with the control cells as detected 
by immunofluorescence or by Western blot, except for p- 
GSK3β, which was dramatically decreased (Figure 4C,D,F). 
Thus, these results demonstrated that DAB2 silencing up-
regulated Wnt/β-catenin signaling.

DAB2 affects the Hippo-YAP pathway

The Hippo pathway plays an important role in cancer 
development (14). To explore whether DAB2 activated 
the Hippo-YAP pathway, the expression level of Yap, 
phosphorylated Yap (p-Yap), LATS and phosphorylated 
LATS (p-LATS) were examined by Western blot. The 
results showed that the level of p-Yap was obviously 
decreased in si-DAB2 cells than in control DAB2 cells 
(Figure 5A). Consequently, there was an increased in DAB2 
over expressed cells (Figure 5B). Moreover, analysis of 
the ratios of p-Yap/Yap in DAB2 knockdown SGC cells 
identified a decrease in these phosphorylated proteins 

Figure 2 The expression of DAB2 was detected in SGC cells transfected by si-DAB2 and in MGC cells transfected by CMV-MCS-3FLAG-
SV40-DAB2. (A,B) DAB2 protein expression was obviously decreased in si-DAB2 cells compared with that of the control. (C,D) CMV-
MCS-3FLAG-SV40-DAB2 could be up-regulated the expression of DAB2 in MGC cells (**, P<0.01). DAB2, disabled-2.
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Figure 3 Aberrant DAB2 expression influences cell migration. (A,B) In DAB2-silenced SGC cells, the migratory ability of cell was enhanced 
as compared with the control SGC cells (HE, ×200). (C,D) DAB2 overexpression reduced the migratory ability of MGC cells as compared 
with the control MGC cells (HE, ×200). (E-H) Western blot demonstrated MMP-9, as well as MMP-2 and E-cadherin expression levels in 
si-DAB2 cells and in DAB2-overexpressed DAB2 cells, respectively (*, P<0.05; **, P<0.01). DAB2, disabled-2.
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Figure 4 DAB2 expression affected the Wnt/β-catenin signaling pathway. (A,B) Western blot analyzed Wnt canonical gene targets in 
DAB2-knockout cells and showed that CyclinD1, β-catenin and p-GSK3β were significantly increased in DAB2-silencing cells. (C,D) 
Western blot analyzed Wnt canonical gene targets in DAB2-overexpressed cells (*, P<0.05). (E,F) IF assay using anti-β-catenin (red) 
antibodies was performed in DAB2-knockout cells and DAB2-overexpressed cells. Hoechst was used to visualized the cell nucleus (blue) 
(×600). DAB2, disabled-2; IF, immunofluorescence.
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(Figure 5C). In addition, overexpression of DAB2 in MGC 
increased the ratios of p-Yap/Yap. However, in comparison 
with the control cells, the level of p-LATS and the ratios of 
p-LATS/LATS had not significant difference either in SGC 
cells transfected with si-DAB2 or in MGC cells transfected 
with the DAB2-overexpressed vector (Figure 5B,C). In 
order to better determine the molecular mechanisms 
responsible for the effects of DAB2 on the Hippo-YAP 
pathway, the levels of Yap and p-Yap proteins were analyzed 
by immunofluorescence. These results were consistent with 
our previous results in which the level of p-Yap was decreased 
and Yap translocated to the nucleus in SGC-si cells, and the 
cells that showed overexpression had no difference compared 
with the control (Figure 5D,E,F,G). These results suggested 
that DAB2 was involved in the YAP activation. 

Discussion

Recent evidence has suggested that decrease of DAB2 was 

observed, and was sustained down the tumorigenic pathway in 
esophageal squamous cell carcinomas (ESCC) (14). Further 
study revealed that DAB2 correlated with survival and 
recurrence (15). Moreover, in lung cancer, the methylation 
of DAB2 was related to the development of the cancer and 
might be a predictor of the radio sensitivity of lung cancer 
(16,17). Here, the expression of DAB2 in different GC 
cell lines and gastric epithelial cells was firstly investigated 
through Western blot, and it was found that the level of 
DAB2 decreased in GC cell lines compared with gastric 
epithelial cells. Further examination of samples from GC 
patients with paired adjacent non-tumor tissue by Western 
blot and immunohistochemical analysis showed that in GC, 
the expression of DAB2 was lost and 86% of patients DAB2 
staining was reduced in GC tissues compared to adjacent 
normal tissues. Moreover, transwell analysis was performed, 
allowing the identification of the migration of affected GC 
cells. It was found that the down-regulation of DAB2 was 
able to increase GC cell migration, meanwhile E-cadherin 
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as epithelial marker was down-regulated, whereas MMP-2 
and MMP-9 as mesenchymal markers, were up-regulated. 
Meanwhile, DAB2 overexpression significantly reduced 
GC cell migration, and E-cadherin was increased, whereas 
MMP-2 and MMP-9 were decreased. These findings were 
consistent with previous works, which has shown that DAB2 
regulates and spreads tumor cell migration (18-20). 

The Wnt/β-catenin signaling pathway plays a crucial 
role in tumorigenesis (21). Previously, researchers had 
reported that migration was associated with the regulation 
of the Wnt signaling pathway (22,23). Moreover, Hocevar 
found that overexpression of DAB2 suppressed the Wnt 
signaling pathway through an association with Axin 
and Dvl-3 (Dishevelled-3) (24), and then Jiang further 
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identified DAB2 as the inhibitor of this signal pathway 
(10,11,25). Thus, what is the relationship between DAB2 
and the Wnt signaling pathway in GC? In our study, some 
important protein targets in the Wnt signal pathway 
were initially detected by Western blot. In the absence 
of DAB2, β-catenin that is an indicator of the Wnt signal 
pathway activation and p-GSK-3β that is one of the core 
components of this signaling, were highly increased. 
Additionally, PCNA, c-Myc and CyclinD1as canonical 
Wnt signaling direct targets proteins were also increased. 
During the Wnt signaling, the translocation of β-catenin 
from the cytoplasm to the nucleus is a clear indication of 
the activation of the pathway. So, IF was conducted forβ-
catenin. The result showed that β-catenin translocated 
to the nucleus in DAB2-silenced cells compared with the 
control group. Meanwhile, the expression of DAB2 was 
dramatically increased, and this finding was consistent with 
our previous result. These results suggested that loss of 
DAB2 activated the Wnt signal pathway, which mediated 
cell migration in GC.

The Hippo signaling pathway has been shown to 
be associated with cancer development (16,26,27) and 
reported frequently in many cancers, including liver 
cancer, lung cancer, and ovarian cancer (28-30). Yes-
associated protein (YAP), the essential downstream effector 
of the Hippo signaling pathway, has been observed to be 
overexpressed in certain cancers (31-33). It was reported 
that YAP/TAZ, the Hippo transducers, played positive 
or negative roles in Wnt signaling, and were important 
components of the β-catenin destruction complex (34). In 
our previous results of this study, β-catenin was increased 
and translocated from the cytoplasm into the nucleus in 
DAB2 knockdown cells. Thus, the expression of p-YAP, 
a result of the activation of the core kinase cassette of the 
Hippo signaling pathway, and translocation of YAP, were 
detected. p-Yap was decreased and Yap translocated into 
the nucleus in DAB2-silenced cells. YAP andβ-catenin in 
the nuclei interacted with each other to activate the related 
genes (35). LATS, one of the Hippo core components, 
and p-LATS were also down-regulated. Furthermore, the 
ratios of p-Yap/Yap in DAB2 knockdown SGC cells saw 
a decrease. In addition, overexpression of DAB2 in MGC 
increased the ratios of p-Yap/Yap. These results suggested 
that DAB2 was involved in the YAP activation. Thus, our 
work demonstrated that p-YAP was lost, and β-catenin 
accumulated in the nucleus in the Wnt-ON state, an 
observation that is consistent with what has been reported 

presently (35). 
Overall, our study provides compelling evidence that 

the lower expression of DAB2 regulates cell migration 
in GC via interfering with the Wnt and Hippo signaling 
pathways. This study will be designed to further identify the 
relationship between DAB2 (as a clinical biomarker) and 
poor survival, as well as high-risk recurrence in GC. 
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