
Page 1/23

ASAP1 promotes tumor progression and
angiogenesis and independently predicts poor
prognosis and lymph node metastasis of gastric
cancer
Hongyu Gao 

Tumor Hospital of Harbin Medical University
Ling Qin 

Tumor Hospital of Harbin Medical University
Huawen Shi 

Tumor Hospital of Harbin Medical University
Hongfeng Zhang 

Tumor Hospital of Harbin Medical University
Chunfeng Li 

Tumor Hospital of Harbin Medical University
Yan Ma 

Tumor Hospital of Harbin Medical University
Haibin Song 

Tumor Hospital of Harbin Medical University
Zhiguo Li 

Tumor Hospital of Harbin Medical University
Yingwei Xue  (  xyw_801@163.com )

Tumor Hospital of Harbin Medical University https://orcid.org/0000-0001-6006-0898
Tianbo Liu 

Tumor Hospital of Harbin Medical University

Research

Keywords: Gastric cancer, ASAP1, prognosis, metastasis, angiogenesis, epithelial-mesenchymal transition

Posted Date: December 3rd, 2019

DOI: https://doi.org/10.21203/rs.2.17932/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.2.17932/v1
mailto:xyw_801@163.com
https://orcid.org/0000-0001-6006-0898
https://doi.org/10.21203/rs.2.17932/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/23



Page 3/23

Abstract
Background: Although ArfGAP with SH3 Domain, Ankyrin Repeat and PH Domain 1(ASAP1) is involved in
the development of various malignancies, its clinical signi�cance and mechanism in gastric cancer (GC)
remains unclear.

Methods: The effects of ASAP1 on tumor progression, angiogenesis, and epithelial-mesenchymal
transition were evaluated in vitro. The effects of ASAP1 on tumor growth and angiogenesis were also
explored in vivo. The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) databases were
used to gather ASAP1 expression data.

Results: It showed that ASAP1 expression strongly correlated with the TNM stage (P < 0.0001) and lymph
node metastasis (P < 0.0001). Multivariate analyses indicated that ASAP1 overexpression (P < 0.0001)
was an independent predictor for overall survival in patients with GC. Moreover, the results revealed that
ASAP1 overexpression was independently related to lymph node metastasis (P = 0.0001). ASAP1
knockdown inhibited tumor cell motility, migration, invasion, and angiogenesis, which was accompanied
with the downregulation of metastatic and angiogenic biomarkers. Furthermore, ASAP1 inhibition
resulted in the simultaneous downregulation of mesenchymal markers and upregulation of epithelial
markers. In addition, ASAP1 promoted tumor growth and angiogenesis in the xenograft mice model. The
combined datasets (TCGA and GEO) suggested that ASAP1 was associated with malignant behavior of
tumor and tumor invasion, metastasis, and angiogenesis.

Conclusion: To our knowledge, our study is the �rst to reveal that ASAP1 promotes tumor progression and
angiogenesis, and indicates a prognostic potential in GCs.

Background
Gastric cancer (GC), which ranks �fth in terms of morbidity, accounts for approximately 8% of newly
diagnosed cancers [1]and is still the third most common reason for cancer-related deaths worldwide [2].
GC frequently occurs in Eastern Europe, Asia, and the Middle and South America [3]. GC is the third most
common malignancy in China, and approximately 380,000 newly diagnosed cases are reported every
year [4].Conventional therapeutic options for GC include surgery, radiotherapy, and chemotherapy.
However, approximately 40–60% of GC cases will develop tumor metastasis or recurrence following
radical surgery [5,6], with a consequently poor prognosis [7]. The diagnostic and treatment methods for
GC have been improved recently, but the 5-year survival of patients with GC remains <30% [8] and is even
particularly worse for more advanced stages [9,10]. Therefore, reliable prognosis markers are urgently
needed for the diagnosis, prediction of poor prognostic outcome, and enhancement of relapse and
metastasis prediction for patients with GC.

ArfGAP with SH3 Domain, Ankyrin Repeat and PH Domain 1 (ASAP1), also referred to as AMAP1 or
DDEF1, is positioned on 8Q24.21-Q24.22, and it is constituted by 37 exons, which is 125 kDa in terms of
molecular mass. It affects cell spreading and cell migration by remodeling actin cytoskeleton [11–14]
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and regulating the membrane tra�c in cells [14]. ASAP1 can also regulate cell adhesion by binding with
Src and CrkL via a domain rich in proline, together with the focal adhesion kinase (FAK) via the SH3
domain [11,15,16]. Furthermore, ASAP1 plays a vital role in the regulation of tumor cell invasion, motility,
and metastasis [17,18]. Correspondingly, ASAP1 overexpression has frequently occurred as a factor
predicting the malignancy of various caners, such as colorectal cancer (CRC), breast cancer (BC), prostate
cancer (PCa), uveal melanomas, ovarian cancer, and neck and head cancer [13,19–23]. However, the
clinically predictive signi�cance of ASAP1 and its underlying mechanism in GC have not been explored.

ASAP1 may potentially participate in tumor genesis and progression. Therefore, this study aimed to
explore the effect of ASAP1 on GC cells as well as tissues and to de�ne its clinical signi�cance and
function of promoting angiogenesis as well as the epithelial-mesenchymal transition (EMT) apart from
migration and invasion.

Methods

Cases and samples
Clinical specimens had been collected based on 625 consecutive GC cases con�rmed histologically and
30 normal tissue samples who were surgically treated at Harbin Medical University Cancer Hospital
between January 2007 and December 2011. The primary lesions, metastatic lymph nodes together with
peritoneum were matched in 30 primary GC patients. Additionally, fresh tissue specimens were collected
from 40 cases, which had included the metastatic tissue specimens (n = 10), primary tumor tissue
specimens without metastasis (n = 10), primary tumor tissue specimens with metastasis (n = 10), and
paired adjacent normal tissue specimens (n = 10), which were preserved at –80 ℃ immediately following
resection for protein as well as RNA extraction. No case had received radiotherapy or chemotherapy
before surgical treatment. Tumor stage would be determined in accordance with the American Joint
Committee on Cancer criteria [24].

Table 1 displays the clinicopathological features for 625 GC cases. As could be seen, the median age of
these patients was 58 years (range, 27–82 years). The length of follow-up would be determined to be the
duration from the diagnosis date to the date of death or the �nal follow-up. The current study had gained
approval from the Medical Ethics Committee of Harbin Medical University Cancer Hospital. Each patient
had submitted the informed consent for participation.

Tissue microarrays
GC tissue microarray (TMAs) was described as following. In short, the tissue array device would be
utilized to generate the holes in one receptive para�n mass and to obtained the tissue core based on the
donor tissue mass through the thin-walled needle (2 mm in inner diameter) supported under the X-Y
precision guidance. Moreover, core samples would be recovered from selective donor region for direct
extrusion to receptive mass at the de�ned microarray coordinates. Additionally, a solid steel wire tightly �t
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within the tube would be utilized for tissue core transfer to the receptive mass. Following constructing the
array mass, each tissue mass would be sliced using the microtome into sections 4 µm in thickness,
followed by �xation onto the slide. Masses collected based on 625 pairs of surgically resected GCs as
well as corresponding normal gastric samples of patients would be arrayed to be the triplicate spots on
slides, with the diameter of 2 mm.

Immunohistochemical staining and evaluation
ASAP1 immunohistochemistry (IHC) had been carried out by the Two‐Step IHC Detection Reagent (PV–
6001) kit (Zhong Shan Golden Bridge Biological Technology Inc., Beijing, China) in strict accordance with
manufacturer protocol. Afterwards, the para�n-embedded slides comprising of the gastric samples
would be sliced using the microtome (4 µm in thickness) for IHC. Brie�y, each tissue section would be
subjected to depara�nage with xylene and rehydration using gradient alcohol solutions following the
normalized procedure. Later, sections would be subjected to 10 min of immersion within 3% hydrogen
peroxide, so as to get rid of tje endogenous peroxidase. Then, 2 min of antigen retrieval would be carried
out within the pressure cooker supplemented with citrate buffer (10 mmol/L, pH 6.0) for enhancing the
immune reactivity. Sections would then be subjected to incubation with a polyclonal rabbit antibody
against ASAP1 (1:150 dilution; Abcam) at 4 °C overnight. Then, sections were washed with PBS (3×5
min), followed by 20 min of incubation with secondary antibody (300–500 ml) under ambient
temperature. Then, the sections were washed with PBS (3×5 min), colour would be developed using 3,3’-
diaminobenzidine tetrahydrochloride (Dako, Hamburg, Germany), and then all slides would be subjected
to mild counterstaining using hematoxylin, followed by examination under the light microscope.

ASAP1 level was determined through combining the proportion as well as intensity of tumor cells under
positive staining. The proportion would be divided into several grades: 0 (0%), 1 (0–10%), 2 (11–50%), 3
(51–70%), and 4 (>71%). The intensity was also scored as follows: 0 (negatively stained), 1 (weakly
stained), 2 (moderately stained), and 3 (intensely stained). The eventual ASAP1 expression score would
be the sum of the two scores, which was within the range of 0–7. To carry out statistical analysis,
patients with the eventual score of < 4 were classi�ed into low expression group; otherwise, they were
classi�ed into high expression group.

Two pathologists blinded with the clinical and pathological data would independently rate the staining
intensity of all samples. At last, results of staining assessed and tumors allocated by these two
pathologists were identical. Any discrepant case would be reviewed by these two pathologists again and
a senior pathologist at the same time to reach a consensus.

Cell lines as well as culture
Human GC cell lines, including BGC–823, MGC–803 and SGC–7901, together with human gastric
epithelial cell line GES–1, had been provided by American Type Culture Collection (ATCC, Manassas, VA),
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and the short tandem repeat pro�ling was employed 3 months prior to the beginning of the current study,
so as to guarantee the authenticity of the cell lines. No additional authentication was carried out by the
authors in the study period. We selected MGC–803 and SGC–7901 cell lines that had high ASAP1
expression to carry out the siRNA knockdown tests for the following analyses. In addition, MGC–803 as
well as SGC–7901 cell line would be maintained within RPMI–1640 medium (Gibco BRL, Carlsbad, CA,
USA) containing 10% fetal bovine serum (FBS; Gibco BRL), penicillin (100 units/mL) and streptomycin
(100 µg/mL) under humid 5% CO2 atmosphere at 37 °C.

Western blotting
Total protein had been separated using the RIPA buffer supplemented with 1% mixture of protease
inhibitor. Later, the mixture would be subjected to 15 min of centrifugation at 12 000 g and 4 °C, and
supernatants were collected. Thirty micrograms of the protein extract would then be separated through
10% SDS polyacrylamide gel electrophoresis (PAGE), followed by transfer onto the PVDF membrane
(Millipore Company, USA). Later, the membrane had been subjected to blocking and incubation with
antibodies against target proteins. Primary antibodies, anti-ASAP1, anti-MMP2, anti-MMP–9, VEGF, HIF–
1 , Vimentin, N-cadherin, E-cadherin, Fibronectin, Snail, as well as Twist had been diluted with buffer and
adopted to incubate overnight at 4 °C, followed by incubation using secondary antibody. β-actin served as
the gel loading control, and the experiment had been repeated for three times.

Real-time RT-PCR
Total RNA had been extracted based on cells as well as tissues by the TRIzol reagent (Invitrogen Life
Technologies, Carlsbad, CA, USA). 500 ng RNA would then be reversely transcribed into cDNA by the
iScript reverse transcription kit (BioRad, Hercules, CA, USA). ASAP1 primers had been designed, including
5’-AGGCAGACAACGATGACGAG–3’ (forward), and 5’-AAAGGACACTGGAAAGACCC–3’ (reverse). Notably,
β-actin served as an internal reference, with the primers shown below: 5’-
CTTAGTTGCGTTACACCCTTTCTTG–3’ (forward), and 5’- CTGTCACCTTCACCGTTCCAGTTT–3’ (reverse).
The ampli�cation conditions were as follows: at 95 °C for 10 min; at 95 °C for 10 s, at 60 °C for 20 s as
well as at 72 °C for 30 s for 40 cycles. All experiments had been carried out for three times under identical
reaction conditions.

Cell motility and migration assay
The migration of cells had been evaluated through detecting cell movement in one scraped cell area
made by the 200 μL pipette. Cells were seeded in the six-well plates, followed by starvation within the
serum-free medium containing mitomycin C (1 μg/ml) overnight. Then, the rest cells would be rinsed by
PBS for removing the cell debris, followed by incubation at 37 °C under humid 5% CO2 atmosphere using
the serum-free medium. In addition, the closure of wound would be monitored at 0 as well as 24 h,
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respectively. Images of cells migrating to cell-free scratch area had been obtained, meanwhile, cell
migration distance would be determined using the inverted microscope. The width of scratch was
measured through the percentage relative to the untreated control cells. All experiments were performed
for three times independently.

Cell invasion trial
The upper polycarbonate membrane surface (with the pore size of 8 µm) within the Transwell �lter insert
(Costar, Pleasanton, CA, USA) had been covered by 60–80 µL Matrigel (3.9 µg/µL). Then the membrane
was incubated at 37 °C for 30 min, and the Matrigel was solidi�ed, which was subsequently used as the
extracellular matrix (ECM) to analyze the invasion of tumor cells. Cells would be collected into the serum-
free growth medium (100 µL) before they were inoculated to the upper chamber compartment. Cells
migrating to the pores within the inserted �lter from the Matrigel would be subjected to 30 min of �xation
by 100% methanol. Afterwards, cells on lower membrane surface would be subjected to 20 min of crystal
violet staining. Eventually, the invaded cell numbers would be calculated within �ve randomly chosen
�elds of view (FOV) using a microscope. All experiments had been carried out independently three times.

Tube formation experiment in vitro
The angiogenesis assay in vitro assay had been performed within the 96-well plates covered by
ECMatrixTM (50 µl, BD Biosciences) in accordance with manufacturer protocol. Typically, the tube
formation experiment was carried out on the basis of the 3D capillary-like tubular structure formation
capacity of endothelial cells cultivated onto the basement membrane extract gel. Prior to the experiment,
Matrigel Basement Membrane Matrix (100 µl, BD Biosciences) would be added into the 24-well plate,
followed by 30 min of incubation at 37 ℃. Then, human umbilical vein endothelial cells (HUVECs) would
be resuspended into the harvested supernatants of ASAP1-siRNA, control, as well as negative control
groups, separately. Afterwards, 2×104 HUVECs would be inoculated onto the polymerized Matrigel layer,
followed by 24 h of incubation at 37℃. Then, the connecting branch number between cells was counted
to analyze the formation of lumens in the above HUVECs. All experiments were carried out for at least
three times.

Xenograft models
SGC–7901 cells (5×106cells/ml) stably transfected with siRNA (ASAP1) or control vector were
subcutaneously injected into 4-week-old BALB/C nude mice. Then, the growth of tumor would be
observed every week through detecting tumor diameter at perpendicular direction (length (L) as well as
width (W)) using the Vernier caliper. The tumor volume (V) would be determined according to the formula:
V = LW2/2.
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Database analysis
The data of ASAP1 expression were downloaded from The Cancer Genome Atlas (TCGA;
https://cancergenome.nih.gov/) database, which contained 384 tumor samples and 37 normal samples.
In addition, ASAP1 expression data (GSE55696) for gastric tissues were downloaded from the public
Gene Expression Omnibus (GEO; https://www.ncbi. nlm.nih.gov/geo/) database, which contained 19
chronic gastritis, 19 low-grade intraepithelial neoplasia of stomach, 20 high-grade intraepithelial
neoplasia stomach, and 19 early gastric cancer samples. The relationships of ASAP1 with cancer
hallmark genes [25] on behalf of tumor invasion, metastasis and angiogenesis were analyzed.

Statistical methods
The SPSS (SPSS 13.0, Chicago, IL, USA) was adopted for all statistical analyses. The relationship of
ASAP1 level with the clinicopathological characteristics would be assessed by Chi-square or Fisher’s test.
Survival curves were plotted by The Kaplan–Meier method was employed to plot the survival curves,
which were then compared using log-rank test. Each variable with signi�cance upon univariate analysis
was performed multivariate survival analysis by Cox regression model. The association of ASAP1 protein
expression with lymph node metastasis (LNM) would be evaluated through univariate as well as
multivariate logistic regression analysis. Continuous data were displayed in the form of mean ± standard
deviation (SD). Moreover, differences between two groups would be examined through the student’s test,
while those in multiple groups would be assessed using the one-way ANOVA. A two-sided difference of P
< 0.05 would be deemed with statistical signi�cance.

Results

ASAP1 expression in GC tissues and cell lines
Western blot analysis was applied to examine the expression of ASAP1 protein in fresh frozen tumor and
normal tissues. ASAP1 was detected as a band of 120~130 kDa. It revealed that ASAP1 protein
expression gradually increased from normal tissue to primary tumor tissues without metastasis, and to
those with metastasis. The statistical differences between each group were observed in Supplementary
Figure 1A. However, its expression in metastastic lesion inversely declined compared that in primary
lesion which came from the same tissue. Expression of ASAP1 mRNA was also examined using real-time
RT-PCR. And these results are similar to the western blot’s displayed in Supplementary Figure 1B. IHC
method demonstrated that ASAP1 was obviously localized to the cytoplasmic compartment of tumor
cells (Supplementary Figure 1C).. ASAP1 was highly expressed in 36.3% of GC cases (227/625).
Geographic differences were also observed in ASAP1 cytoplasmic staining (Supplementary Figure 1C),,
which was more intense in the primary foci than that in the invasive foci among the same patients.

https://cancergenome.nih.gov/
http://nlm.nih.gov/geo/
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ASAP1 expression levels in human gastric epithelial cell line GES–1 and three different GC cell lines:
MGC–803, BGC–823, and SGC–7901 were evluated using western blot and real-time RT-PCR analyses.
MGC–803 cell line presents the highest ASAP1 expression level compared with normal GES–1 cell line
and other two GC cell lines (Supplementary Figure 2A,B).. It indicated the highest ASAP1 knock-down
e�ciency among the transfection groups in both MGC–803 and SGC–7901 cells (Supplementary Figure
2C,D),, thus applying for the following experiments.

Relationships of ASAP1 protein expression with
clinicopathologic characteristics in GCs
In Table 1, elevated ASAP1 expression positively correlated with TNM stage (P < 0.0001) and lymph node
metastasis (P < 0.0001). But, there was no signi�cant association between ASAP1 and age, gender, main
location, tumor size, depth of invasion, Borrmann grouping, lauren classi�cation, and resectability.

Effect of ASAP1 protein expression level on metastasis of
lymph node
Univariate analysis showed that the metastasis of lymph node was strongly related with tumor size (P =
0.001), TNM stage (P < 0.0001), depth of invasion (P < 0.0001), Borrmann grouping (P = 0.018), lauren
classi�cation (P = 0.001), and resectability (P < 0.0001) in Supplementary Table 1. To assess the
independent predictive value of ASAP1 expression for lymph node metastasis (Figure 1A),, multivariate
logistic regression analysis (Table 2) demonstrated that ASAP1 increased expression was an
independent predictor for lymph node metastasis in GC (P = 0.0001; odds ratio [OR], 3.005; 95%
con�dence interval [CI], 1.734–5.383).

ASAP1 protein expression predicts survival in GC patients
The Kaplan-Meier survival curves of ASAP1 for overall survival (OS) are shown in Figure 1C. The 5-year
OS rates of 625 GC patients and 490 GC patients with R0 resection were 55.2% and 66.1%, respectively.
Univariate analysis revealed that age, main location, tumor size, TNM stage, Borrmann grouping, lauren
classi�cation, resectability, depth of invasion, lymph node metastasis, and ASAP1 expression were
correlated with survival outcomes. However, gender had no affect on OS. The multivariate analysis
demonstrated that age, TNM stage, main location, Borrmann grouping, resectability, depth of invasion,
lymph node metastasis, and ASAP1 overexpression were also independent predictors for OS in 625 GC
patients (data not shown in Tables).

To exclude the effect of resectability on prognosis, we further analyzed the survival of 490 GC patients
after R0 resection. The multivariate analysis showed in Supplementary Table 2 indicated that ASAP1
increased expression was an independently predictor for OS in GCs with R0 resection (P < 0.0001). Other
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parameters such as TNM stage, depth of invasion, lymph node metastasis, and Borrmann grouping were
also independently associated with OS (P = 0.019, P = 0.001, P = 0.030, and P = 0.002).

ASAP1 knockdown inhibits cell motility, migration, and
invasion
For cancer metastasis, cell motility, migration, and invasion are necessary. Thus, the effects of ASAP1 on
GC cell motility, migration, and invasion were performed by using wound healing assay. It revealed that
cells transfected with ASAP1 siRNA were slower to close scratch wounds than control cells (Figure 2A,D)..
Furthermore, a transwell assay demonstrated that ASAP1 down-regulation suppressed GC cell migration
and invasion compared with control cells (Figure 2B,E).. Western blot analysis revealed that knowdown of
ASAP1 in MGC–803 and SGC–7901 cells simultaneously results in down-regulation of the metastasis-
related protein levels including MMP–2 and MMP–9 compared with that in NC group cells (Figure 2C,F)..

ASAP1 knockdown suppresses cell angiogenesis
We evaluated tube formation after ASAP1 knockdown in both MGC–803 and SGC–7901 GC cells. Tube
numbers for each group were observed under a light microscope. As expected, ASAP1 knockdown
signi�cantly inhibited tube formation by UHVECs (Figure 3A, B).. Furthermore, it also indicated that VEGF
and HIF–1  expression levels were strongly lower in the knockdown group compared with control groups
(Figure 3C,D)..

ASAP1 regulated EMT in GC cells
Noting that E-cadherin expression lossing, a hallmark of EMT, functions in many malignancies and
correlates with higher metastatic potential,20 we explored the levels of E-cadherin, N-cadherin, Vimentin,
Fibronetin, Snail, and Twist protein expression under conditions of ASAP1 knocking down. ASAP1
downregulation surpressed the expression of mesenchymal markers such as N-cadherin, Vimentin,
Fibronetin, Snail, and Twist, but in part rescued the expression of epithelial markers like E-cadherin
(Supplementary Figure 3)..

ASAP1 promotes tumor growth and angiogenesis in vivo
To further evaluate the in�uence of ASAP1 in vivo experiment, a tumor xenograft model was established
in BALB/C nude mice (n = 5 per group) via subcutaneous injection with stable SGC–7901/Control, SGC–
7901/NC and SGC–7901/siRNA (ASAP1) clones with more than 80% e�ciency, and tumor growth was
monitored over a period of 28 days. Marked growth inhibition in vivo was observed in mice inoculated
with SGC–7901/siRNA cells compared with that with SGC–7901/Control and SGC–7901/NC cells



Page 11/23

(Figure 4A).. IHC and Western blot analysis both revealed lower expression level of ASAP1 in tissues of
mice inoculated with SGC–7901/siRNA cells compared with other two groups (Figure 4B,C).. Analysis of
VEGF and HIF–1  protein expression by Western blot showed signi�cantly lower levels of VEGF and HIF–
1  in tumors generated from ASAP1 downregulating cells than that in controls, indicating a lower ability
of angiogenesis in ASAP1 silence tumors (Figure 4D,E)..

Analysis of ASAP1 expression and its clinical signi�cance
according to TCGA and GEO databases
As presented in Figure 5, ASAP1 showed higher expression in tumor samples than that in normal samples
(P < 0.0001) according to TCGA database. The GEO database revealed that the higher the malignancy of
the disease, the higher the relative expression of ASAP1 (P = 0.0097). To further explore the effect of
ASAP1 on survival according to TCGA database, we removed all samples with incomplete information
and reanalyzed the prognosis. Analysis of the remaining 211 tumor samples (including 105 high ASAP1
expression and 106 low ASAP1 expression) showed that the high expression of ASAP1 presented a poor
survival outcome (P = 0.0362). InFigure 5 (TCGA database), high expression of ASAP1 in GC samples
was signi�cantly associated with N stage (P = 0.0271), T stage (P = 0.0002), and pathological stage (P =
0.0035). However, no statistical signi�cance was observed between ASAP1 expression and M stage (P =
0.6170).

Next, the correlation between ASAP1 and tumor invasion was explored using both the two databases.
TCGA database showed that ASAP1 had a statistically positive correlation with 415 invasion-related
genes (a total of 513 genes) and had a statistically negative correlation with 51 invasion-related genes (a
total 111 of genes). Similar to the above results, the GEO database showed that ASAP1 was a
statistically positively correlated with 209 invasion-related genes (a total of 363 genes) and statistically
negatively correlated with 60 invasion-related genes (a total of 213 genes).

In addition, TCGA database demonstrated that ASAP1 was statistically positively correlated with 105
angiogenesis-related genes (a total of 132 genes) and was a statistically negatively correlated with 17
angiogenesis-related genes (a total of 37 genes). The GEO database demonstrated that ASAP1 was
statistically positively correlated with 58 angiogenesis-related genes (a total of 102 genes) and
statistically negatively correlated with 19 angiogenesis-related genes (a total of 54 genes). These results
indicate that ASAP1 is associated with the invasion and angiogenesis of GC.

Discussion
Patients with GC metastasis usually have poor prognosis with a short life expectancy. The 5-year survival
rate of patients with advanced cancer is 50%, whereas that in early diagnosed cases is 95% [1]. GC has a
high mortality, which is associated with delayed diagnosis as a result of the non-speci�c early disease
manifestations and its aggressive nature [26]. Given the insu�cient understanding of the molecular
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mechanisms that involve GC development, invasion and metastasis, and the diagnosis and prognosis for
GC remain challenging. The present study found that ASAP1 expression was upregulated among GC
tissues and cell lines, ASAP1 functioned as an oncogene promoting GC cell motility and invasion,
angiogenesis, and EMT, suggesting its potential role in GC.

The current study had analyzed the value of ASAP1 level among 625 samples with GC, and the results
showed that ASAP1 expression was related to the TNM stage and LNM. According to TCGA database,
ASAP1 was associated with the pathological stage, N stage, and T stage in GCs. Hou et al. [27] revealed
that ASAP1 level showed a strong correlation with pelvic metastasis in epithelial ovarian cancer.
Furthermore, the present study showed that elevated ASAP1 protein expression was independently related
to LNM of GCs. In laryngeal squamous cell carcinoma, markedly elevated ASAP1 mRNA expression is
related to LNM and the clinical tumor stage [28]. Such �ndings indicate that increased ASAP1 expression
can promote tumor progression and represents an invasive phenotype.

In addition, according to the Kaplan-Meier method, ASAP1 level showed signi�cant association with poor
prognosis of GC cases. Univariate and multivariate analyses indicated that ASAP1 level could be used to
independently predict the prognosis for GC patients with R0 resection. Normally, cases with node-negative
GC are associated with favorable prognosis relative to those with node-positive GC [29]. However,
numerous newly diagnosed cases at the advanced stage in China are deprived of the optimal chance of
radical surgery [30].With regard to TCGA database, ASAP1 overexpression showed poor survival outcome
in tumor samples. ASAP1 alone or ASAP1 is a component involved in tumor cell motility, migration,
invasion, and metastasis in metastatic prostate cancer [21], breast cancer [13], and colorectal cancer
[19],respectively. A previous study reported that ASAP1 knockdown could inhibit tumor cell malignant
grade in vitro; however, the mechanism of ASAP1 in promoting tumor cells had not been comprehensively
elucidated. In the present study, ASAP1 knockdown could suppress GC cell (MGC–803 and SGC–7901)
motility, migration, and invasion. As far as we knew, the present study is the �rst to reveal that ASAP1
regulates the malignant behavior of GC cells by upregulating metastasis-related protein (MMP–2 and
MMP–9). Furthermore, TCGA and GEO databases revealed that ASAP1 expression was signi�cantly
associated with invasion and metastasis-related genes. Therefore, the underlying mechanism of ASAP1
in promoting the invasion and metastasis of cells was identi�ed.

Metastasis is a multi-step process, involving angiogenesis, ECM remodeling, elevated motility, and EMT
[31]. Angiogenesis represents an important process during tumor progression [32,33]. TCGA and GEO
databases showed that ASAP1 expression was signi�cantly related to tumor angiogenesis. This study is
the �rst to examine the role of ASAP1 in tumor angiogenesis in vitro and in vivo. The results showed that
knockdown of ASAP1 reduced angiogenesis. Moreover, knockdown of ASAP1 might directly affect HIF–
1  and VEGF degradation among MGC–803 and SGC–7901 cells. HIF–1  is upregulated among various
human cancers and promotes tumorigenesis via angiogenesis [34,35]. VEGF is a gene responsive to HIF–
1 [36],and its abnormal expression has been recognized as a critical factor that regulates the hypoxia-
derived angiogenesis [37]. Thus, the current report is the �rst to reveal the mechanism of ASAP1 in
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inhibiting angiogenesis, which is achieved via the HIF–1  and VEGF pathways, supporting that ASAP1
plays a vital role in promoting tumor angiogenesis.

Tumor metastasis marks a complicated process, which begins with the invasion of primary tumor via the
endothelial barrier through the EMT process. This process is featured by the lost adhesion between cells,
along with the elevated motility of cells [38,39]. EMT has been recognized as the �rst step in metastasis;
however, the metastatic cells should restore their epithelial status to colonize and form the
macrometastases at the sites of metastases [40]. ASAP1 expression promoted EMT by increasing the
expression of N-cadherin and vimentin, markers of mesenchymal cells, while decreasing that of E-
cadherin, marker of epithelial cells, among ovarian cancer cells [22]. This �ndng is consistent with our
results. Our �ndings suggested that knocking down ASAP1 can reverse EMT through upregulating the
expression of E-cadherin, and downregulating the expression of N-cadherin and vimentin. In addition,
downregulating ASAP1 can reverse EMT by reducing Fibronetin, Snail, and Twist. These �ndings
indicated that ASAP1 promotes tumor metastasis through the process of EMT.

Conclusion
ASAP1 may potentially serve as a new prognostic and LNM marker among GC cases. Besides, ASAP1
facilitates angiogenesis by modulating HIF–1  and VEGF pathway and EMT by regulating EMT-
associated protein markers, thus promoting the invasion as well as metastasis of GC cells. Our results
revealed the pathologic effect of ASAP1 on GC, which can serve as a prognostic predictor and treatment
target for GC, and other cancers.
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Variables

 Total

N=625

ASAP1 protein expression status  

PLow (%) High (%)
Age (years)

≤ 58

    > 58

Gender

Male

Female

Main location

    Upper

Middle

Lower

Tumor size (cm)

≤ 5

> 5

TNM stage  

    I/II

III/IV

Depth of invasion

T1/T2

T3/T4

Lymph node metastasis  

Negative

Positive

Borrmann grouping

I

II

III

IV

Lauren classification

 

325

300

 

471

154

 

430

137

 58

 

313

312

 

197

428

 

158

467

 

153

472

 

37

171

342

 75

 

 

205 (63.1)

193 (64.3)

 

305 (64.8)

93 (60.4)

 

275 (64.0)

85 (62.0)

38 (65.5)

 

200 (63.9)

198 (63.5)

 

152 (77.2)

246 (57.5)

 

102 (64.6)

296 (63.4)

 

125 (81.7)

273 (57.8)

 

26 (70.3)

108 (63.2)

221 (64.6)

43 (57.3)

 

 

120 (36.9)

107 (35.7)

 

166 (345.2)

61 (39.6)

 

155 (36.0)

52 (38.0)

20 (34.5)

 

113 (36.1)

114 (36.5)

 

45 (22.8)

182 (42.5)

 

56 (35.4)

171 (36.6)

 

28 (18.3)

199 (42.2)

 

11 (29.7)

63 (36.8)

121 (35.4)

32 (42.7)

 

  0.744

 

 

0.328

 

 

0.879

 

 

 

0.910

 

 

< 0.0001

 

 

0.791

 

 

< 0.0001

 

 

0.542

 

 

 

 

0.983
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    Intestinal

Diffuse

Resectability

R0

R1

R2

297

328

 

490

 38

97

189 (63.6)

209 (63.7)

 

317 (64.7)

20 (52.6)

61 (62.9)

108 (36.4)

119 (36.3)

 

173 (35.3)

18 (47.3)

36 (37.1)

 

 

0.325

TNM, tumor, node, and metastasis system.

 

Table 2. Multivariate analysis of the association between ASAP1 expression and lymph
node metastasis

Variable        B S.E.     P   OR 95%CI
TNM stage  

 

Resectability

ASAP1 expression

I/II

III/IV

R0

R1

R2

Low

High

 

  1.637

 

  0.653

  2.045    

 

  1.117

 

 0.154

 

  0.743

  0.785

 

  0.289

 

< 0.0001

0.024

0.379

0.009

 

0.0001

 

5.138

 

1.922

7.731

 

3.005

 

3.797-6.953

 

0.448-8.246

1.660-36.007

 

1.734-5.383

B and SE are the parameter estimator of association coefficient and its standard error, respectively; OR, odds ratio; CI,

confidence interval

Figures
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Figure 1

Elevated ASAP1 expression in GC patients is associated with lymph node metastasis and poor survival.
A: (a) IHC analysis MMP-2 and MMP-9 expression in GC patients, (b) Patients were classi�ed in two
groups, i.e., with (N1) or without (N0) lymph node metastasis. B: Representative IHC images of ASAP1
expression in GC tissue microarrays. C: Kaplan–Meier curves of the overall survival (OS) for gastric
cancer patients with high and low ASAP1 expression.
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Figure 2

ASAP1 increases the motility and invasive properties of gastric cancer cells. Wound healing assays were
used to examine the migration of MGC-803 (A) and SGC-7901 (D) cells. Inhibition of ASAP1 dramatically
reduced the migration capacity of both tumor cells. (*P = 0.0005 and *P = 0.0015) The migration and
invasion of MGC-803 (B) and SGC-7901 (E) cell lines were measured in a transwell assay. Inhibition of
ASAP1 signi�cantly reduced the cells’ invasion capacity. (*P < 0.0001 and *P < 0.0001) Western blot
analysis showed that ASAP1 promotes metastasis-associated protein (MMP-2 and MMP-9) expression in
MGC-803 (C) (*P = 0.0003 and *P < 0.0001) and SGC-7901 (F) cells (*P < 0.0001 and *P < 0.0001).

Figure 3

ASAP1 is involved in gastric cancer angiogenesis. ASAP1 knockdown signi�cantly suppressed tube
formation by HUVECs in MGC-803 (A) and SGC-7901 (B) cells. (*P = 0.0179 and *P = 0.0084) Western
blot analysis showed that ASAP1 promotes angiogenesis-associated protein (VEGF and HIF-1 )
expression in MGC-803 (C) (*P < 0.0001 and *P < 0.0001) and SGC-7901 (D) (*P < 0.0001 and *P <
0.0001) cells. E: Immunohistochemical anlaysis of (a) ASAP1 protein high expression and (b) CD31 high
expression in the same gastric cancer tissues.
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Figure 4

ASAP1 promotes SGC-7901 xenograft tumor growth and angiogenesis in nude mice. A: Tumor volumes
over 28 days of observation. Knockdown of ASAP1 led to a marked reduction in tumor volume. (*P(16) 
0.0005, *P(19)  0.0012, *P(22)  0.0003, *P(25)  0.0013, and *P(28)  0.0023) B: Representative images
of hematoxylin and eosin (H&E) and immunohistochemical staining in gastric tissues of mice injected
with SGC-7901/Control, SGC-7901/NC and SGC-7901/ASAP1 siRNA are shown. Representative western
blot showing the effects of ASAP1 (C) on the expression of VEGF (D) and HIF-1  (E) in gastric cancer
cells. (*P = 0.0102, *P = 0.0065 and *P = 0.0104).
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Figure 5

The expression data of ASAP1 based on TCGA and GEO datasets. A: ASAP1 expression levels in tumor
samples (n=384) and normal samples (n=37) from TCGA database were analyzed. B: Survival analysis
for patients with low or high expression levels of ASAP1. C: ASAP1 expression levels in 19 chronic
gastritis (CG), 19 low-grade intraepithelial neoplasia of stomach (LGIN), 20 high-grade intraepithelial
neoplasia stomach (HGIN), and 19 early gastric cancer (EGC) samples based on GEO data base. D:
ASAP1 expression levels in different TNM stage in GC according to TCGA database. E: Association
between ASAP1 expression and pathological stage according to TCGA database.
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