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Abstract: Objectives: Hilar cholangiocarcinoma is the most common malignant tumors of the biliary tract and it has 
high invasiveness. Invadopodia and autocrine vascular endothelial growth factor (VEGF) are closely related to tumor 
invasiveness. We investigated the role of Grb2-associated binder 1 (Gab1) in invadopodia and autocrine VEGF in 
hilar cholangiocarcinoma cells. Methods: The expression of Gab1 and vascular endothelial growth factor receptor 
2 (VEGFR-2) in tumor cells was detected by real-time PCR. MTT, flow cytometry and transwell assays were used to 
determine the effect of Gab1 on the biological behavior of tumor cells. In situ gelatin zymogram, western blotting, 
ELISA and immunofluorescence were used to study Gab1- and apatinib-regulated invadopodia, epithelial-mesenchy-
mal transition (EMT), and VEGF autocrine signaling through the SHP2/ERK1/2 pathway. Results: Gab1 controlled 
invadopodia maturation via the regulation of cortactin and EMT. Additionally, Gab1-regulated autocrine VEGF was 
observed in tumor cells expressing VEGFR-2, and endogenous and exogenous VEGF regulated VEGF expression 
through p-VEGFR-2 nuclear aggregation. Furthermore, the Gab1/SHP2/ERK1/2 axis regulated invadopodia and 
VEGF autocrine function in tumor cells. Finally, apatinib inhibited the malignant behavior of tumor cells and the 
nuclear aggregation of p-VEGFR-2 by inhibiting the phosphorylation of VEGFR-2 (direct) and the expression of Gab1 
(indirect) in tumor cells. Conclusions: This study demonstrates that Gab1 and apatinib affect tumor cell invadopodia 
and autocrine VEGF expression through the Gab1/SHP2/ERK1/2 axis in hilar cholangiocarcinoma cells.
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Introduction 

Hilar cholangiocarcinoma is the most common 
biliary malignant tumor [1]. Radical surgical 
resection (R0) is the only existing therapeutic 
approach [2]. However, the postoperative recur-
rence rate of hilar cholangiocarcinoma is as 
high as 76%, and the tumor is not sensitive to 
adjuvant therapy [1, 3]. Even after R0 resec-
tion, the 5-year survival rate of patients is only 
19%, while the 5-year survival rate of patients 
without R0 is almost zero [2, 4].

Grb2-associated binder 1 (Gab1) is the most 
abundant and widely distributed member of the 
Gab family [5]. It plays a regulatory role in the 
transmission and amplification of signals [5]. In 
our previous study, high expression of Gab1 

was found in hilar cholangiocarcinoma [6]. 
Invadopodia are protruding structures in the 
cell membrane rich in filamentous actin that are 
used by tumor cells to invade surrounding tis-
sues and to degrade the extracellular matrix 
(ECM) [7]. Cortactin phosphorylation, Tks5 and 
matrix metallopeptidase-9 (MMP-9) participate 
in processes involved in the maturation of inva-
dopodia [8]. Tumors that express vascular 
endothelial growth factor receptor 2 (VEGFR-2) 
exhibit autocrine vascular endothelial growth 
factor (VEGF) regulation, thereby contributing  
to tumor formation and angiogenesis [9, 10]. 
Interestingly, extracellular signal-regulated kin- 
ase (ERK) 1/2, which acts downstream of Gab1, 
regulates cortactin phosphorylation and auto-
crine VEGF [11, 12]. 
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In this study, we elucidated the relationship 
between hilar cholangiocarcinoma cell invado-
podia and autocrine VEGF with the Gab1/
SHP2/ERK1/2 axis and studied the malignant 
behavior of tumor cells after apatinib treat- 
ment.

Materials and methods

Cell lines

Human hilar cholangiocarcinoma cells ICBD-1 
(Aiyan Biotech Shanghai Co., Ltd., China) and 
TFK-1 (BeNa Culture Collection, China) and 
human intrahepatic bile duct epithelial cells 
HUM-CELL-0035 (Wuhan Primary Biopharm- 
aceutical Technology Co., Ltd., China) were cul-
tured in DMEM containing 10% fetal bovine 
serum (FBS). In VEGF autocrine experiments, 
cells were incubated for 24 h, and the medium 
was replaced with DMEM containing 2% FBS to 
continue culture.

Real-time PCR

Cultured cells at 90% density were collected 
and treated with 1 ml TRIpure lysate and 200 μl 
chloroform for 3 min. Then, the cells were cen-
trifuged to obtain the water phase. After the 
addition of isopropanol and 75% ethanol, the 
samples were centrifuged, and DEPC water 
was added to obtain the total RNA of the sam-
ples. The obtained RNA was reverse tran-
scribed to acquire cDNA. A real-time quantita-
tive PCR system was established, and the 
results were analysed by the ExicyclerTM 96 
(BIONEER, Korea). Primers were synthesized by 
Sangon Biotech (Shanghai) Co., Ltd. Gab1-F, 
TTGTGACATCTGTGGGTTTA; Gab1-R, GTGGTGG- 
AACATTGATTAGC; VEGFR-2-F, CAATAATCAGA- 
GTGGCAGTG; VEGFR-2-R, TAGACATAAATGAC- 
CGAGGC.

siRNA interference and vector construction

Four Gab1 siRNAs and one negative control 
(NC) were transfected into the cells (2 µg/ml). 
After 48 h, cellular RNA was extracted for real-
time PCR, and the siRNA with the highest inter-
ference efficiency was selected. According to 
the human Gab1 gene (NM_207123.2), the 
Gab1 wild-type overexpression vector Gab1-WT 
(which led to an increase in Gab1 expression in 
cells), the Gab1 mutant expression vector 
Gab1-ΔSHP2 (Tyr627 and Tyr659 of Gab1 were 

mutated, which were the necessary binding 
sites for SHP2), and its control Empty-vector 
were transfected into cells. The interference 
sequences and expression vectors were syn-
thesized by Sangon Biotech (Shanghai) Co., Ltd.

Western blotting

Protein extraction (Wanleibio, China) was per-
formed for quantification (BSA protein standard 
solution) and transferred to PVDF membranes 
after SDS-PAGE electrophoresis (40 µg). Then, 
the membranes were blocked with 5% milk or 
1% BSA and incubated with primary antibodies 
overnight and secondary antibodies for 45 min. 
The membranes were incubated with lumines-
cent solution for exposure. After antibody strip-
ping, PVDF membranes were incubated again 
with the internal reference antibody and sec-
ondary antibody and were incubated with lumi-
nescent solution for exposure. The Gel-Pro-
Analyser system was used to analyse the 
results. Antibodies against Gab1 (Santa Cruz, 
USA), VEGFR-2 (Abclonal, China), MMP-9,  
cortactin and Tks5 (Proteintech, China), 
ERK1/2, E-cadherin, N-cadherin and Vimentin 
(Wanleibio, China) were used.

MTT assay

The cells from each group were inoculated at a 
concentration of 1 × 104 cells per well. This 
time was considered to be 0 h. In addition, af- 
ter 24, 48, and 72 h, the MTT test (KeyGEN, 
China) was performed. The medium containing 
0.5 mg/ml MTT was replaced with medium, 
and the cells were incubated for 4 h. The super-
natant was absorbed, and 150 μl DMSO was 
added. After standing 10 for min in the absence 
of light, the optical density at 570 nm was 
measured on the enzyme-labelled instrument.

Cell cycle detection

Cells in each group were collected after cen-
trifugation, and precooled 70% ethanol was 
added to fix the cells at 4°C for 2 h. The cells 
were centrifuged again, 100 μl RNase A was 
added, and the mixture was incubated at 37°C 
for 30 min. After adding 500 μl of propidium 
iodide staining solution, the mixture was incu-
bated in the dark at 4°C for 30 min. Then, flow 
cytometry was performed (NovoCyte, Aceabio, 
USA).
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Transwell assay

A total of 800 μl of culture medium containing 
20% FBS was added to the lower chamber of 
the Transwell (Corning, USA), and 200 μl of  
cells with a cell density adjusted to 2.5 × 105 
cells/mL was added to the upper chamber. The 
cells were cultured for 24 h, fixed with 4%  
paraformaldehyde for 25 min, and stained. The 
cells that migrated to the lower layer of the 
microporous membrane were counted under 
an inverted microscope (200 ×). Five fields 
were selected for each sample to count the 
number of cells, and the average was taken.

In situ gelatin zymography to detect invadopo-
dia

Gelatin labelled with FITC was established [13]. 
The cells of each group were cultured in a 
24-well plate containing treated cover slips 
with cells at a density of 2.5 × 104 cells/well. 
The cells were fixed, and rhodamine phalloi- 
din was used to label the cytoskeleton 
(Cytoskeleton, USA) and incubated for 20 min. 
After the stain was cleared, diluted DAPI (5 µg/
ml) was added to the cells to stain the nucleus. 
After eliminating DAPI, the anti-fluorescence 
quencher was added to the cover slips and 
reversed on a glass slide. The staining was 
observed under a fluorescence laser confocal 
microscope (OLUMPUS, Japan) and photo-
graphed under a magnification of 600X.

Detection of VEGF and MMP-9 in the superna-
tant

The diluted VEGF and MMP-9 standards were 
added to the 96-well plate along with 100 μl of 
the diluted sample for detection (Wanleibio, 
China). The capture antibody was added at a 
volume of 100 μl. Diluted HRP-streptavidin 
(100 μl) was added after washing the plate, and 
100 μl TMB chromogenic solution was added to 
each well and incubated for 15 min after wash-
ing the plate again. TMB stop solution (50 μl) 
was added to stop the reaction, and the absorb-
ance was read at 450 nm with a microplate 
reader. Taking the standard concentration (pg/
ml) as the ordinate and the OD as the abscissa, 
a linear regression curve of the standard was 
drawn. The concentration of each sample was 
calculated according to the curve equation.

Immunofluorescence for the detection of pro-
tein localization

The cells of each group were fixed and incubat-
ed with the primary antibody overnight at 4°C. 
The primary antibody was washed, and the fluo-
rescent secondary antibody was dropped on 
the cells at a dilution ratio of 1:400 protected 
from light and incubated at room temperature 
for 45 min. The secondary antibody was 
removed, and DAPI was added to the cells to 
stain the nuclei. The DAPI was then washed, 
and an anti-fluorescence quencher was placed 
on the cover glass. The staining was observed 
under a fluorescence laser confocal micro-
scope (OLUMPUS, Japan) and photographed 
under a magnification of 600X. Antibodies 
against Gab1 (Santa Cruz, USA), VEGFR-2 
(Abclonal, China) and cortactin (Proteintech, 
China) were used.

Statistical analysis

IBM SPSS 19 (SPSS, Inc., USA) was used for 
statistical analysis. All data (obtained from 
three independent experiments) are expressed 
as the mean ± standard deviation (

_
x  ± s), and 

the independent sample t-test was used to 
compare the mean between the two groups. P 
< 0.05 indicated statistical significance.

Results

Gab1 regulates the maturation of invadopodia 
in hilar cholangiocarcinoma cells

Our previous study confirmed that VEGFR-2, 
Gab1, and MMP-9 were overexpressed in hilar 
cholangiocarcinoma tissues [6]. Thereafter, we 
found that compared with HUM-CELL-0035 
cells, the expression of Gab1 and VEGFR-2 
mRNA in ICBD-1 and TFK-1 cells was higher 
(Figure 1A). Gab1 regulated the proliferation, 
cell cycle progression and invasion of ICBD-1 
and TFK-1 cells (Figures 1B-E, 4D-F) [6].

The invasion ability of tumor cells is closely 
related to the exhibition of invadopodia [7]. 
Compared with Empty-vector cells, increased 
cytoskeletal accumulation was observed at the 
edge of the cells in the Gab1-WT groups of 
ICBD-1 and TFK-1 cells (Figure 2A). Additionally, 
gelatin degradation around the cytoskeleton in 
Gab1-WT cells tended to increase (Figure 2A). 
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Figure 1. Downregulation of Gab1 affects the malignant behavior of hilar 
cholangiocarcinoma cells. A. Real-time PCR detected the expression of Grb2-
associated binder 1 (Gab1) and vascular endothelial growth factor receptor 
2 (VEGFR-2) in HUM-CELL-0035, ICBD-1 and TFK-1 cells. B-E. Compared with 
the negative control (NC) group, TFK-1 cells in the siGab1 group showed 
decreased proliferation, arrested cell cycle in the G1 phase, and decreased 
cell invasion. **P < 0.01.

As the major components in invadopodia matu-
ration, p-cortactin and Tks5 were observed [8]. 
Cortactin phosphorylation decreased in the 
siGab1 group and increased in the Gab1-WT 
group of both tumor cells, but the change in 
Gab1 expression did not affect the expression 

of cortactin in all tumor cells 
(Figure 2B). Similarly, the ex- 
pression of Tks5 decreased  
in the siGab1 group and 
increased in the Gab1-WT 
group of both tumor cell lines 
(Figure 2C).

MMP-9 is a critical protein for 
invadopodia maturation and 
invadopodia-mediated ECM 
degradation [8]. Compared 
with the Empty-vector group, 
the expression of MMP-9 in 
the Gab1-WT group of both 
tumor cells increased, but the 
expression of pro-MMP-9, the 
inactive precursor of MMP-9, 
did not change (Figure 2D, 
2E). Meanwhile, compared 
with the NC group, the expres-
sion of MMP-9 in TFK-1 cells 
decreased upon Gab1 knock-
down, whereas the expression 
of pro-MMP-9 did not change 
(Figure 2E), which was con- 
sistent with that observed in 
ICBD-1 cells [6]. Additionally, 
ELISA analysis showed that 
the content of MMP-9 in the 
supernatant of both tumor cell 
lines decreased in the siGab1 
group and increased in the 
Gab1-WT group (Figure 2F). 
Furthermore, the merged sig-
nal between Gab1 and p-cort-t-
actin (an invadopodia marker)
was detected near the cell 
membrane. Compared with 
the Empty-vector group, the 
merged signal increased in 
the Gab1-WT group of both 
tumor cells (Figure 2G). Ep- 
ithelial-mesenchymal transi-
tion (EMT) promotes the matu-
ration of invadopodia [14]. The 
expression of the epithelial 

marker E-cadherin increased, whereas the 
expression of mesenchymal markers such as 
N-cadherin and vimentin decreased upon Gab1 
knockdown in both tumor cell lines (Figure 2H). 
In contrast, the expression of E-cadherin 
decreased while the expression of N-cadherin 
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Figure 2. Gab1 regulates the maturation of invadopodia in hilar cholangiocarcinoma cells through SHP2, and apatinib inhibits Gab1-mediated invadopodia matura-
tion in tumor cells. A. Cytoskeletal (red) and extracellular matrix (green) degradation in ICBD-1 and TFK-1 cells was detected by in situ gelatin zymography. B. Western 
blot detection of the effect of Gab1 and apatinib on the phosphorylation level of cortactin in tumor cells. C. The effects of Gab1 and apatinib on the protein level 
of Tks5 in tumor cells were detected by western blot. D-F. The changes in matrix metallopeptidase-9 (MMP-9) at the protein level and supernatant content in each 
group were detected by western blotting and ELISA. G. The intracellular distribution changes of Gab1 (green) and p-cortactin (red) in tumor cells were detected by 
immunofluorescence. H. The effects of Gab1 and apatinib on epithelial-mesenchymal transition (EMT) markers were detected by western blot. **P < 0.01.
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and vimentin increased in the Gab1-WT group 
of both tumor cell lines (Figure 2H).

Gab1 regulates VEGF autocrine signaling in 
hilar cholangiocarcinoma cells

Tumors expressing VEGFR-2 exhibit autocrine 
VEGF [9]. We found that VEGFR-2 was overex-
pressed in hilar cholangiocarcinoma tissues 
and cells (Figure 1A) and that VEGFR-2 affect-
ed the malignant tumor behavior of hilar chol-
angiocarcinoma through Gab1 expression [6]. 
As described in the Methods section, the cells 
in the VEGF autocrine experiments were cul-
tured in DMEM containing 2% FBS. VEGFR-2 
phosphorylation in ICBD-1 and TFK-1 cells in 
the siGab1 group was lower than that in the NC 
group, while VEGFR-2 phosphorylation in both 
tumor cells in the Gab1-WT group was higher 
than that in the Empty-vector group (Figure 3A, 
3B). The expression of Gab1 did not affect the 
expression of VEGFR-2 in either tumor cell 
(Figure 3A, 3B). Additionally, compared with the 
NC group, the levels of VEGF-A and VEGF-C, the 
main ligands of VEGFR-2, in the supernatant of 
both tumor cells in the siGab1 group decreased, 
while they increased in the Gab1-WT group 
compared to that of the Empty-vector group 
(Figure 3C, 3D). Autocrine VEGF continuously 
activates VEGFR-2 phosphorylation and nucle-
ar aggregation of p-VEGFR-2, which increases 
the expression of VEGF [9]. We found that the 
change in Gab1 expression changed the distri-
bution of p-VEGFR-2 in cells. Compared with 
the Empty-vector group, p-VEGFR-2 translocat-
ed to the cytoplasm and nucleus, and nuclear 
aggregation of p-VEGFR-2 increased in the 
Gab1-WT group of both tumor cell lines (Figure 
3E). Furthermore, we administered exogenous 
VEGF-A to simulate VEGF in the microenviron-
ment of cholangiocarcinoma [15]. Five minutes 
after the addition of VEGF-A (50 ng/mL) to each 
group, the Gab1-WT group in both tumor cells 
showed more p-VEGFR-2 migration and nu- 
clear aggregation than the Empty-vector group 
(Figure 3F). 

The Gab1/SHP2/ERK1/2 axis regulates VEGF 
autocrine and malignant behavior in hilar chol-
angiocarcinoma cells

ERK1/2 plays a key role in the phosphorylation 
of cortactin in invadopodia, EMT, and autocrine 
VEGF regulation [11, 12, 16]. Previously, we 
confirmed that VEGFR-2 in ICBD-1 affected 

PI3K/Akt activity through Gab1 expression [6]. 
Additionally, it was shown that Gab1/SHP2 reg-
ulated ERK1/2 and that there was positive 
feedback between the Gab1/ERK1/2 and 
Gab1/PI3K/Akt signaling pathways in cells [5, 
17, 18]. We found that the phosphorylation of 
ERK1/2 decreased in the siGab1 group and 
increased in the Gab1-WT group of ICBD-1 and 
TFK-1 cells. However, changes in Gab1 did not 
affect the expression of ERK1/2 in either tumor 
cell (Figure 4A, 4B). Meanwhile, compared with 
the Gab1-WT group, the phosphorylation levels 
of ERK1/2 in the Gab1-ΔSHP2 of both tumor 
cells decreased, whereas they showed no 
effect on ERK1/2 expression (Figure 4A, 4B). 
Furthermore, compared with the Gab1-WT 
group, VEGFR-2 phosphorylation decreased in 
the Gab1-ΔSHP2 group of both tumor cells, but 
the VEGFR-2 expression level was not affected 
(Figure 3A, 3B). Similarly, compared with the 
Gab1-WT group, apatinib, a highly selective 
VEGFR-2 inhibitor, also reduced the phospho-
rylation levels of VEGFR-2 and ERK1/2 in the 
Gab1-WT group of both tumor cells in low-con-
centration medium (Figures 3A, 3B, 4A, 4B). 
Apatinib showed no change in the expression  
of ERK1/2 and VEGFR-2 (Figures 3A, 3B, 4A, 
4B). Interestingly, compared with the Gab1-WT 
group, apatinib treatment decreased the ex- 
pression of Gab1 in both tumor cell lines (Figure 
4C). Additionally, compared with the Gab1-WT 
group, cell proliferation decreased, the cell 
cycle was arrested in the G1 phase, and cell 
invasion decreased in the Gab1-ΔSHP2 group 
of both tumor cells (Figure 4D-F). The cell prolif-
eration assay showed that apatinib functioned 
after 48 h (Figure 4D). The apatinib-treated 
Gab1-WT group exhibited a phenotype similar 
to that of the Gab1-ΔSHP2 group (Figure 4D-F). 

Apatinib inhibits invadopodia and autocrine 
VEGF in hilar cholangiocarcinoma cells 
through the regulation of the Gab1/SHP2/
ERK1/2 axis

We further investigated the effects of the 
Gab1/SHP2/ERK1/2 axis and apatinib on inva-
dopodia and VEGF autocrine signaling in tumor 
cells. Compared with the Gab1-WT group, apat-
inib reduced cytoskeletal accumulation at the 
edge of the cells in the Gab1-WT group of ICBD-
1 and TKF-1 cells, and the degradation of gela-
tin around the cytoskeleton tended to decrea- 
se (Figure 2A). Moreover, compared with the 
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Figure 3. Gab1 regulates autocrine vascular endothelial growth factor (VEGF) in hilar cholangiocarcinoma cells 
through nuclear aggregation of p-VEGFR-2, and apatinib inhibits Gab1-mediated autocrine VEGF in tumor cells via 
SHP2. The cells were cultured in DMEM containing 2% fetal bovine serum (FBS). A, B. Western blot detection of the 
effect of Gab1 and apatinib on the phosphorylation level of VEGFR-2 in ICBD-1 and TFK-1 cells. C, D. The content 
of VEGF-A and VEGF-C in the supernatant of each group was detected by ELISA. E. The intracellular distribution of 
Gab1 and p-VEGFR-2 in tumor cells was detected by immunofluorescence. F. Immunofluorescence detected the 
effect of exogenous VEGF and apatinib on the intracellular distribution of p-VEGFR-2 in tumor cells. **P < 0.01.

Gab1-WT group, cortactin phosphorylation and 
Tks5 expression decreased in the Gab1-ΔSHP2 
and apatinib-treated Gab1-WT groups of both 
tumor cell lines (Figure 2B, 2C). However, 
Gab1/SHP2 and apatinib exerted no effect on 
the expression of cortactin in either tumor cell 
(Figure 2B). Additionally, compared with the 
Gab1-WT group, the expression of MMP-9 in 
the Gab1-ΔSHP2 and apatinib-treated Gab1-
WT groups decreased in both tumor cell lines, 
whereas the expression of pro-MMP-9 did not 
change (Figure 2D, 2E). Similarly, compared 
with the Gab1-WT group, the level of MMP-9 in 
the supernatant of the Gab1-ΔSHP2 and apat-
inib-treated Gab1-WT groups in both tumor cell 
lines decreased (Figure 2F). Meanwhile, the 
distribution and overlap of Gab1 and p-cortac-
tin near the cell membrane decreased in the 
apatinib-treated Gab1-WT group of both tumor 
cells compared to those in the Gab1-WT group 
(Figure 2G). In contrast, the expression of 
E-cadherin in the Gab1-ΔSHP2- and apatinib-
treated Gab1-WT groups of both tumor cells 
increased compared to that in the Gab1-WT 
group, whereas the expression of N-cadherin 
and vimentin decreased (Figure 2H). 

Compared with the Gab1-WT group, the levels 
of VEGF-A and VEGF-C in the supernatant of the 
Gab1-ΔSHP2 and apatinib-treated Gab1-WT 

groups in both tumor cells were decreased 
(Figure 3C, 3D). Furthermore, compared with 
the Gab1-WT group, apatinib resulted in p-VEG-
FR-2 translocation to the cytoplasm and cell 
membrane, and p-VEGFR-2 nuclear aggrega-
tion decreased in the Gab1-WT group of both 
tumor cells (Figure 3E). Compared with the 
Gab1-WT group, apatinib induced p-VEGFR-2 
distribution toward the cell membrane and 
cytoplasm after the addition of exogenous 
VEGF-A (50 ng/mL) for 5 min (Figure 3F). 
Additionally, p-VEGFR-2 nuclear aggregation 
decreased in the Gab1-WT group of both tumor 
cells (Figure 3F). 

Discussion

Invadopodia explain the invasion ability of 
tumor cells [7]. Phosphorylated cortactin, Tks5, 
and MMP-9 are located in invadopodia and are 
important for invadopodia maturation [8]. Gab1 
is an adaptor protein that lacks enzymatic 
activity [5]. After activation, it can function as a 
platform for components involved in signal 
transduction pathways, thus leading to tumor 
cell survival, proliferation, and differentiation 
[5]. Studies have found that downregulation of 
Gab1 expression in monocytes can inhibit cort-
actin-related cytoskeleton formation and thus 
inhibit cell migration, whereas overexpression 
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Figure 4. Gab1 regulates the function of hilar cholangiocarcinoma cells through the SHP2/ERK1/2 axis. A, B. Western blot detection of the effect of Gab1/SHP2 and 
apatinib on the phosphorylation level of extracellular signal-regulated kinase (ERK)1/2 in ICBD-1 and TFK-1 cells. C. Western blot detection of the effect of apatinib 
on the protein level of Gab1 in tumor cells. D-F. The effects of Gab1/SHP2 and apatinib on proliferation, cell cycle and invasion were detected by MTT, flow cytometry 
and Transwell assays. *P < 0.05, **P < 0.01.
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of cortactin and phosphorylation promote pan-
creatic ductal adenocarcinoma metastasis [19, 
20]. Furthermore, the interaction between 
Gab1 and cortactin near the cell membrane 
affects the maturation of invadopodia [21]. We 
found that Gab1 regulated PI3K/Akt activity in 
hilar cholangiocarcinoma cells, and a positive 
feedback mechanism between the Gab1/
ERK1/2 and Gab1/PI3K/Akt signaling path-
ways in HEK cells transfected with Gab1 was 
reported [6, 18]. Gab1/SHP2 regulates the 
activity of ERK1/2 and participates in the regu-
lation of cortactin phosphorylation and Tks5 
and MMP-9 expression [5, 11, 17, 22, 23]. 
Similarly, we found that Gab1 regulated the 
phosphorylation of cortactin, the expression of 
Tks5 and MMP-9 (82 kDa), and the levels of 
MMP-9 in the supernatant of tumor cells 
through SHP2/ERK1/2 signaling, thereby regu-
lating invadopodia maturation in tumor cells 
through the interaction between Gab1 and 
p-cortactin near the cell membrane. Intere- 
stingly, the Gab1/SHP2/ERK1/2 axis did not 
change the expression of pro-MMP9 (92 kDa). 
Inactive pro-MMP-9 requires multiple agonists 
for transformation into active MMP-9 [24]. 
Sinha et al. reported that cortactin regulates 
intracellular transport and vesicle release of 

MMP-9-containing vesicles, while Beghein et 
al. reported that extracellular vesicles are not 
necessary for the release of MMP-9 from inva-
dopodia [25, 26]. The mechanism of recruit-
ment, activation, and release of MMP-9 by inva-
dopodia of hilar cholangiocarcinoma cells war-
rants further study. EMT promotes the matura-
tion of invadopodia in tumor cells [14]. Studies 
have found that Gab1 is an important factor in 
the initiation of EMT in hepatocellular carcino-
ma cells [27]. We also found that the Gab1/
SHP2/ERK1/2 axis is involved in the EMT of 
hilar cholangiocarcinoma cells and promotes 
the maturation of invadopodia.

A substantial amount of VEGF in the tumor 
microenvironment is derived from the secretion 
of tumor cells, and tumors that express VEGFR-
2 demonstrate autocrine VEGF regulation [9, 
28]. Autocrine VEGF activates VEGFR-2 on the 
surface of tumor cells to promote self-prolifera-
tion and invasion, and VEGFR-2 acts on the sur-
face of endothelial cells, thereby triggering neo-
vascularization [10, 28]. We found VEGFR-2 
overexpression in human hilar cholangiocarci-
noma and in ICBD-1 and TFK-1 cells [6]. Gab1 
and VEGFR-2 form a complex in endothelial 
cells and activate ERK1/2 to promote angio-

Figure 5. Schematic diagram of Gab1 regulating invadopodia and autocrine VEGF in hilar cholangiocarcinoma cells.
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genesis [29]. We found that Gab1 regulated 
autocrine VEGF through SHP2/ERK1/2 in both 
tumor cell lines. In endothelial and hepatocel-
lular carcinoma cells, autocrine VEGF binds to 
VEGFR-2 to induce its phosphorylation and 
transfer from the cell membrane to the nucle-
us, and p-VEGFR-2 binds to the promoter in the 
nucleus to regulate its own transcription [9, 
30]. VEGF in the tumor microenvironment of 
cholangiocarcinoma can also be derived from 
other cells in the microenvironment, such as 
cancer-associated fibroblasts (CAFs), which 
also play an important role in regulating tumor 
behavior [15]. We also found that Gab1 regu-
lated the translocation and nuclear accumula-
tion of p-VEGFR-2 in both tumor cells and finally 
affected the changes in VEGF-A and VEGF-C 
contents in the supernatant, whereas exoge-
nous VEGF showed a synergistic effect. 

Apatinib selectively blocks VEGFR-2 phospho-
rylation in tumor and endothelial cells and 
inhibits tumor-related angiogenesis [31]. Con- 
sistently, we found that apatinib directly inhib-
ited VEGFR-2 phosphorylation in tumor cells, 
eventually reducing their malignant behavior 
through the Gab1/SHP2/ERK1/2 axis and 
p-VEGFR-2 nuclear aggregation induced by 
auto and exogenous VEGF. Interestingly, apat-
inib reduced the expression of Gab1, which 
indirectly affected the malignant biological 
behavior of tumor cells. The mechanism of the 
effect of apatinib on Gab1 expression will be 
the focus of our future research.

Conclusions

In summary, we confirmed that Gab1 regulates 
tumor cell invadopodia, EMT, and autocrine 
VEGF through Gab1/SHP2/ERK1/2 in hilar 
cholangiocarcinoma cells and that apatinib 
inhibits the above biological behaviors (Figure 
5).
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