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Abstract. The present study aimed to analyze the expres-
sion levels of adenosine diphosphate ribosylation factor 
guanylate kinase 1 (ASAP1) and focal adhesion kinase 
(FAK) in gastric cancer (GC) tissues in order to explore their 
association with clinicopathological features and prognosis. 
A total of 32 patients with GC were enrolled in the present 
study. All patients had complete clinical follow-up data and 
paraffin-embedded normal gastric mucosal tissues. The 
expression levels of ASAP1 and FAK in these tissues were 
measured by immunohistochemistry. The associations of 
ASAP1 and FAK expression with clinicopathological factors 
and the survival of patients with GC were subsequently 
analyzed. The expression levels of ASAP1 (59.4%) and FAK 
(68.8%) in GC tissues were significantly higher than those in 
normal gastric mucosal tissues (28.1 and 40.6%, P<0.05). The 
expression levels of ASAP1 and FAK were associated with 
depth of invasion, lymph node metastasis and pathological 
stage (P<0.05). ASAP1 expression was positively associated 
with FAK expression (P<0.001). In addition, ASAP1 and FAK 
expression levels were negatively associated with disease-free 
survival time and overall survival time (P<0.05). The 5-year 
overall survival rate was significantly higher in patients with 
negative ASAP1 or FAK expression compared with that in 
patients with positive ASAP1 or FAK expression (P<0.05). In 
conclusion, ASAP1 and FAK were highly expressed in human 
GC tissues and may serve a synergistic role in promoting 

tumorigenesis, progression, invasion and metastasis in patients 
with GC. ASAP1 and FAK expression in GC were associ-
ated with patient's survival. Therefore, ASAP1 and FAK may 
represent novel molecular markers for the pathophysiology 
and prognosis of GC.

Introduction

Gastric cancer (GC) is the fifth most common malignancy in 
the world with 951,600 new cases (6.8% of total) and 723,100 
deaths (8.8% of total) in 2012 (1,2). Due to the non‑specific 
symptoms of early-stage GC, and patients with advanced GC 
exhibit poor prognosis. Therefore, it is necessary to identify 
novel specific and sensitive biomarkers for GC that can assist 
in early diagnosis and improve its prognosis (3,4).

Adenosine diphosphate ribosylation factor guanylate 
kinase 1 (ASAP1) influences tumor cell migration and inva-
sion, and therefore promotes the metastasis of tumor cells in 
the body. ASAP1 expression is significantly upregulated in 
various tumors and is closely associated with the malignant 
biological behavior and prognosis of these tumors (5-9). 
However, to the best of our knowledge, ASAP1 expression 
in GC and its association with GC prognosis have not been 
previously reported. Focal adhesion kinase (FAK) is an 
important non‑receptor tyrosine kinase that influences cell 
proliferation, adhesion, invasion and migration, and is asso-
ciated with tumor growth, anti-apoptotic mechanisms and 
tumor recurrence (10-12). Previous studies have demonstrated 
that FAK expression is upregulated in thyroid, esophageal, 
breast, gastric and intestinal cancer, and its expression is 
associated with a poor tumor prognosis (13,14). The present 
study used immunohistochemistry to detect the expression 
levels of ASAP1 and FAK in GC tissues, and analyzed their 
associations with multiple clinicopathological factors and 
with GC prognosis. 

Materials and methods

Patients and tissue samples. All clinical GC tissue samples 
were isolated from 32 patients who had received a subtotal 
gastrectomy or radical total gastrectomy between December 
2011 and February 2012 at the Union Hospital of Fujian Medical 
University (Fuzhou, China). The patients enrolled in the 
present study had not received radiotherapy or chemotherapy 
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before surgery. In addition, all patients had complete follow-up 
data and available paraffin‑embedded normal gastric mucosal 
tissues. The follow-up rate was 100%. 

The clinical staging was evaluated based on the 
International Union Against Cancer (UICC) Tumor-Node- 
Metastasis (TNM) Classification of Malignant Tumors (15). 
Ethical approval for the present study was obtained from 
the Union Hospital of Fujian Medical University Ethics 
Committee. All patients or their guardians provided written 
informed consent. 

Clinical information of the 32 patients is presented in 
Table I. There were 23 males and 9 females. The median age 
of the patients was 63.9 years (range, 40-87 years; patients 
≥60 years, n=23; patients <60 years, n=9). Pathological 
findings indicated that 53.1% (n=17) of the tumors were clas-
sified as being moderately or highly differentiated, and 46.9% 
(n=15) as undifferentiated or poorly differentiated. A total of 
22 patients (68.8%) presented with lymph node metastasis 
(N1-4). The depth of invasion was pT1+2 in 15 patients (46.9%) 
and pT3+4 in 17 patients (53.1%). A total of 14 patients (43.8%) 
were allocated to TNM stage I+II and 18 patients (56.3%) to 
stage III+IV.

Disease‑free survival (DFS) time was defined as the time 
from surgery to recurrence or mortality from any cause during 
the 5 years of follow-up. Overall survival (OS) time was 
defined as the time between initial surgery and the day of the 
last follow-up or mortality from any cause during the 5 years of 
follow-up. The mean 5-year DFS time was 77.37±35.08 months 
and the mean 5-year OS time was 77.57±34.02 months.

Immunohistochemistry. Serial 3-µm thick sections were cut 
from tissue samples, mounted onto glass slides, dewaxed in 
xylene and rehydrated in different concentrations (100, 95, 
90, 85 and 70%) of ethanol. The sections were autoclaved 
in in citrate buffer (pH 6.0) at 121˚C for 10 min for antigen 
retrieval. Samples were blocked with 5% normal goat 
serum (cat. no. KL‑D1418; Kalang Biologicals) at 37˚C 
for 30 min and then incubated with primary anti-ASAP1 
(1:250; cat. no. 125729; Abcam) and anti-FAK (1:250; 
cat. no. 40794; Abcam) overnight at 4˚C. Subsequently, 
samples were rinsed in PBS three times and incubated with a 
horseradish peroxidase-labeled secondary antibody (1:1,000; 
cat. no. K4003; Dako; Agilent Technologies, Inc.) at 37˚C for 
30 min. The slides were stained with 3,3'-diaminobenzidine 
(Dako; Agilent Technologies, Inc.) at room temperature for 
2 min. Slides were washed in PBS three times. For color 
development: DAB color kit (cat. no. C520017; Sangon 
Biotech), reaction solution (10 ml) reagents A (200 µl) and 
reagents C (20 µl) were used to form the DAB color develop-
ment solution. After rinsing with 50 µl extra water, the color 
development solution was added to each section in a dark 
place at 37˚C for ~10 min. The sections were rinsed with puri-
fied water three times to terminate the color development. 
Hematoxylin (cat. no. E607318; Sangon Biotech) staining 
was performed at 37˚C for 5 min and then counterstained 
with eosin (cat. no. E607318; Sangon Biotech) at 37˚C for 
30 sec. Slides were then dehydrated in 95% ethanol twice 
for 5 min each, and washed in xylene twice for 5 min each. 
Finally, sections were sealed using neutral balsam and left to 
dry naturally. 

Immunohistochemistry scoring. Immunohistochemistry 
staining of ASAP1 and FAK was performed and scored by 
two experienced pathologists using a light microscope at x200 
magnification, according to a previous study published by 
Hou et al (5). The staining intensity was graded as follows: 
0, unstained; 1, low signal (light yellow); 2, moderate signal 
(yellow brown); and 3, strong signal (brown). In addition, the 
score associated with the percentage of positive cells was 
assigned as follows: 0, <5% positive cells; 1, 5-10% positive 
cells; 2, 11-50% positive cells; 3, 51-80% positive cells; and 4, 
>80% positive cells. The final score was calculated by multi-
plying the scores associated with the percentage of positive 
cells by the score associated with the intensity. The scores 
were divided into the negative expression (final score, 0‑4) and 
positive expression (final score, 6‑12) groups. 

Statistical analysis. All data were analyzed using SPSS v11.5 
(SPSS Inc.). Quantitative data are presented as the mean ± SD, 
and qualitative data are presented as the rate or ratio. The 
survival time is presented as the median and quartiles. The 
χ2 test or Fisher's exact test were used to analyze the differ-
ences among groups. The κ value was used to investigate the 
association between variables. Kaplan-Meier curves were 
used to evaluate the 5-year DFS rate or 5-year OS rate, and the 
log-rank test was used to analyze differences in survival rates. 
P<0.05 was considered to indicate a statistically significant 
difference.

Table I. Clinicopathological characteristics of patients with 
gastric cancer.

Characteristic n %

Age, years  
  <60 9 28.13
  ≥60 23 71.88
Sex  
  Female 9 28.13
  Male 23 71.88
Invasion depth  
  pT1+2 14 43.75
  pT3+4 18 56.25
Lymph node metastasis  
  No 10 31.25
  Yes 22 68.75
TNM stage  
  I+II 15 46.88
  III+IV 17 53.12
Degree of differentiation  
  Moderate/high 17 53.12
  Undifferentiated/low 15 46.88

pT1+2, tumor invades the submucosa or the muscularis propria; 
pT3+4, tumor invades the subserosa, non-peritonealised pericolic or 
perirectal tissues, or tumor directly invades other organs or structures 
and/or perforates the visceral peritoneum.
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Results

Protein expression of ASAP1 and FAK in GC tissues. The 
expression levels of ASAP1 and FAK were detected in GC 
tissues, and a brown/yellow signal was identified in the cyto-
plasm of positive cells by microscopy. Most of the positive 
cells for ASAP1 (Fig. 1A) and FAK (Fig. 1C) were found in 
tumor tissues. however, a limited number of cells presenting 
a low signal for ASAP1 (Fig. 1B) and FAK (Fig. 1D) were 
found in normal tissues adjacent to cancerous tissues. The 
positive expression rates of ASAP1 in 32 GC and normal 
gastric mucosal tissues were 59.4% (19/32) and 28.1% (9/32), 
respectively, and the difference was statistically significant 
(χ2=6.349; P=0.012). The positive expression rate of FAK was 
68.8% (22/32) and 40.6% (13/32) in GC and normal gastric 
mucosal tissues, respectively, and the difference was statisti-
cally significant (χ2=5.107; P=0.024). As presented in Table II, 
the expression levels of ASAP1 and FAK in GC tissues were 
significantly associated with depth of invasion, lymph node 
metastasis, TNM stage and differentiation (P<0.05).

Association between ASAP1 and FAK expression in GC 
tissues. Among the 19 GC tissues with positive ASAP1 
expression, 19 were positive for FAK (100.0%). Among the 
13 GC tissues with negative ASAP1 expression, 3 were posi-
tive for FAK (23.1%). κ analysis indicated that the expression 
levels of ASAP1 were associated with FAK expression in GC 
tissues (κ=0.798; P<0.001; Table III).

Association between ASAP1 expression, FAK expression and 
GC prognosis. The Kaplan-Meier survival curve analysis 
revealed that ASAP1 and FAK expression levels were nega-
tively associated with 5-year DFS time in patients with GC. 
The 5-year DFS rate was 57.9% (11/19) in the ASAP1-positive 
group and 92.3% (12/13) in the negative group. The differ-
ence was statistically significant (log‑rank χ2=4.721; P=0.030; 
Fig. 2A). The 5-year DFS rate was 63.6% (14/22) in the 
FAK-positive group and 90.0% (9/10) in the negative group. 
The difference was not statistically significant (log-rank 
χ2=2.472; P=0.116; Fig. 2B).

The 5-year OS rate of patients with positive and negative 
ASAP1 expression was 52.8% (10/19) and 100.0% (13/13), 
respectively, and the difference was statistically significant 
(log-rank χ2=7.988; P=0.005; Fig. 2C). The 5‑year OS rate of 
patients with positive and negative FAK expression was 59.1% 
(13/22) and 100.0% (10/10), respectively, and the difference was 
statistically significant (log‑rank χ2=5.092; P=0.024; Fig. 2D).

Discussion

GC is one of the most common malignant tumors that poses 
a severe threat to human health. Genome-driven targeted 
cancer therapies may provide novel and promising strategies 
for cancer prevention and control (16). In 2009, the American 
Society of Clinical Oncology reported the first targeted 
therapy for GC in the ‘trastuzumab for gastric cancer trial’, 
demonstrating that trastuzumab combined with chemotherapy 

Figure 1. Representative images of ASAP1 and FAK protein expression in GC tissues. (A) Positive expression of ASAP1 in GC tissues. ASAP1 expression in 
GC tissues was positive, with a brown/yellow signal detected in the cytoplasm, as assessed by microscopy. (B) Negative expression of ASAP1 in paraneoplastic 
tissues. Cytoplasmic signal for ASAP1 was negative in normal tissues adjacent to the cancer. (C) Positive expression of FAK in GC tissues. FAK expression in 
GC tissues was positive, with a brown/yellow signal detected in the cytoplasm, as assessed by microscopy. (D) Negative expression of FAK in paraneoplastic 
tissues. Cytoplasmic staining of FAK was negative in normal tissues adjacent to the cancer. Magnification, x200. GC, gastric cancer; ASAP1, adenosine 
diphosphate ribosylation factor guanylate kinase 1; FAK, focal adhesion kinase.
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as first-line treatment may improve the survival of human 
epidermal growth factor receptor 2 (HER2)-positive patients 
with advanced GC (17). However, the global positive rate of 
HER2 in advanced GC is only 25%, and half of these patients 
exhibit a poor response to trastuzumab due to unknown 
causes (18). To the best of our knowledge, the only first‑line 
targeted drug for GC is trastuzumab, the only second-line drug 
is ramucirumab and the only third-line drug is apatinib (19). 
Therefore, the available targeted treatments for GC are limited 
compared with those for other types of cancer, and further 
studies are required to develop novel therapeutic strategies to 
improve GC treatment.

ASAP1 is a phospholipid-dependent GTPase-activating 
protein (GAP) located on the long arm of chromosome 

8, at 24.1-24.2. As a member of the ARF GAP family, 
ASAP1 hydrolyzes GTP to regulate actin re-organization 
and actin cytoskeletal dynamics, in this way controlling 
motility, regulating the formation of focal adhesions and 
invasive pseudopods, and contributing to the folding of 
the plasma membrane (20-24). In addition, ASAP1 binds 
to the SH3 domain-containing kinase-binding protein 
1, the CD2-associated protein, cortactin, the CRK-like 
proto-oncogene adaptor protein and the SRC proto-oncogene 
non-receptor tyrosine kinase through its structural domains 
to exert its biological activities and to regulate cell inva-
sion (25-27). Recent studies have described the association 
between ASAP1 and the biological features of malignant 
tumors. Müller et al (20) demonstrated that ASAP1 promotes 

Table II. Association between ASAP1 and FAK expression and clinicopathological features of patients with gastric cancer (n=32).

 ASAP1 FAK
 --------------------------------------------------------------------------- ---------------------------------------------------------------------------
Characteristic -, n +, n P-value -, n +, n P-value 

Age, years      
  <60 6 3 0.109 4 5 0.407
  ≥60 7 16  6 17 
Sex      
  Female 5 4 0.427 4 5 0.407
  Male 8 15  6 17 
Invasion depth      
  pT1+2 11 3 <0.001 9 5 0.001
  pT3+4 2 16  1 17 
Lymph node metastasis      
  No 8 2 0.005 7 3 0.003
  Yes 5 17  3 19 
TNM stage      
  I+II 11 4 0.001 9 6 0.002
  III+IV 2 15  1 16 
Degree of differentiation      
  Moderate/high 13 4 <0.001 10 7 <0.001
  Undifferentiated/low 0 15  0 15 

Data were analyzed by Fisher's exact probability test. pT1+2, tumor invades the submucosa or the muscularis propria; pT3+4, tumor invades the 
subserosa, non-peritonealised pericolic or perirectal tissues, or tumor directly invades other organs or structures and/or perforates the visceral 
peritoneum; -, negative; +, positive; ASAP1, adenosine diphosphate ribosylation factor guanylate kinase 1; FAK, focal adhesion kinase.

Table III. Association between ASAP1 and FAK expression in gastric cancer tissues.

 FAK expression
 -------------------------------------------------------------
ASAP1 expression Positive Negative Total κ P-value

Positive 19   0 19 
0.798 <0.001Negative   3 10 13  

Total 22 10 32  

ASAP1, adenosine diphosphate ribosylation factor guanylate kinase 1; FAK, focal adhesion kinase.
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the invasion of colorectal cancer cells in vitro and stimulates 
the metastasis of colorectal cancer cells in vivo. Hou et al (5) 
revealed that ASAP1 expression in ovarian cancer tissues 
is significantly higher than that in normal ovarian tissues. 
In-depth analysis has demonstrated that positive ASAP1 
expression is an indicator of poor prognosis in ovarian cancer 
and is an independent prognostic factor for the OS rate of 
patients with ovarian cancer. In addition, Liu et al (28) 

demonstrated that downregulation of ASAP1 expression by 
RNA interference inhibits cell proliferation and migration. 
However, to the best of our knowledge, no previous studies 
have investigated ASAP1 expression in GC tissues. In the 
present study, the expression levels of ASAP1 in GC tissues 
were significantly higher than those in tumor-adjacent 
normal gastric mucosal tissues (P=0.012). ASAP1 expression 
in GC tissues from patients with a T3+T4 infiltration depth 
was higher compared with that in patients with a T1+T2 
infiltration depth (P<0.001). Furthermore, ASAP1 expression 

in GC tissues from patients with lymph node metastasis was 
higher than that of patients without lymph node metastasis 
(P=0.005). ASAP1 expression in GC tissues from patients at 
stages III and IV was significantly higher than that of patients 
at stages I and II (P=0.001). Compared with moderate or 
higher degree of differentiation, patients with undifferenti-
ated or lower degree of differentiation had a higher ASAP1 
expression levels (P<0.001). The DFS rates of patients with 
positive and negative ASAP1 expression were 57.9% (11/19) 
and 92.3% (12/13), respectively, with a significant difference 
between the two groups (P=0.030). The OS rates of patients 
with positive and negative ASAP1 expression were 52.8% 
(10/19) and 100.0% (13/13), respectively, with a significant 
difference between the two groups (P=0.005). Therefore, the 
present results suggested that ASAP1 may serve important 
roles in the growth, invasion and metastasis of malignant 
gastric tumors, and may represent a novel molecular marker 
for evaluating the biological behavior and prognosis of GC.

Figure 2. Survival curves of gastric carcinoma generated by the Kaplan-Meier method and the log-rank test. (A) Association between ASAP1 expression and 
5-year DFS time. The 5-year DFS rate was lower in the ASAP1-positive group compared with that in the ASAP1-negative group (log-rank χ2=4.721, P=0.030). 
(B) Association between FAK expression and 5-year DFS time. The 5-year DFS rate was lower in the FAK-positive group than that in the FAK-negative group 
(log-rank χ2=2.472, P=0.116). (C) Association between ASAP1 expression and 5‑year OS time. The 5‑year OS rate was lower in the ASAP1‑positive group than 
that in ASAP1-negative group (log-rank χ2=7.988, P=0.005). (D) Association between FAK expression and 5‑year OS time. The 5‑year OS rate was lower in 
the FAK-positive group than that in the FAK-negative group (log-rank χ2=5.092, P=0.024). OS, overall survival; DFS, disease‑free survival; ASAP1, adenosine 
diphosphate ribosylation factor guanylate kinase 1; FAK, focal adhesion kinase.
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FAK was first identified and cloned by Schaller et al (29) 

from v‑src‑transfected chicken embryo fibroblasts in the 1990s. 
The human FAK gene is located on the long arm of chromosome 
8 (8q24). The FAK protein is a non-receptor tyrosine protein 
kinase with six tyrosine sites that can be phosphorylated: Tyr397 
and Tyr407 are located at the amino terminus, Tyr576 and 
Tyr577 are located in the activation loop of the kinase domain, 
and Tyr861 and Tyr925 are located at the carboxyl terminus. 
Activated FAK participates in tumor proliferation, growth, 
invasion and metastasis via multiple signaling pathways, such as 
the FAK-Ras-PK, FAK-PI3K and FAK-STAT pathways (12). A 
study by Weiner et al (30) published in 1993 revealed that FAK 
expression is increased in invasive tumors and that positive FAK 
expression is present in all metastatic tumors, suggesting that 
it may promote tumor cell invasion and metastasis. A study by 
Miyazaki et al (31) published in 2003 demonstrated that FAK 
upregulation is associated with infiltration depth, lymph node 
metastasis and the number of metastatic lymph nodes in esopha-
geal cancer. In 2010, Park et al (32) used immunohistochemistry 
to detect FAK expression in 444 surgically resected GC tissues. 
Additionally, a study by Lai et al (33) revealed that FAK can 
be autophosphorylated at the 397-tyrosine residue and that after 
this activation it initiates processes such as the proliferation, 
invasion and migration of GC cells. A study by Fan et al (11) 
in 2013 demonstrated that FAK activation increases endog-
enous A2 protein phosphorylation and leads to changes in 
epithelial-mesenchymal transition markers, including matrix 
metalloproteases, thereby inducing tumorigenesis and tumor 
progression. A study by Wang et al (34) in 2019 revealed that 
FAK binds directly to microRNA-1224 to inhibit the activation 
of the STAT3 and NF-κB pathways, thereby suppressing the 
metastasis of GC. The present results suggested that the expres-
sion levels of FAK in GC tissues were significantly upregulated 
compared with those in tumor-adjacent normal gastric mucosal 
tissues (P=0.024). Additionally, FAK expression was associated 
with depth of infiltration, lymph node metastasis, increased 
tumor stage and decreased differentiation degree. The OS rates 
of patients with positive and negative FAK expression were 
59.1% (13/22) and 100.0% (10/10), respectively, with a signifi-
cant difference between the two groups (P=0.024). The present 
results suggested that FAK may serve a role in the tumorigenesis 
and progression of GC. Abnormal FAK expression may lead 
to more malignant GC cell proliferation, growth, invasion and 
metastasis. Therefore, FAK may be useful as a novel molecular 
marker to evaluate the biological behavior and prognosis of GC.

ASAP1 is a multi-domain protein with rich in proline 
structural regions which binds to various structural proteins to 
exert its biological function. ASAP1 interacts with non-muscle 
myosin II-A to regulate actin cytoskeleton remodeling and the 
transport of integrin, thereby affecting cell invasion and metas-
tasis (35,36). FAK, as a key molecule in integrin-dependent 
signal transduction pathways, serves an important role in the 
binding between integrin and ligands, thus promoting the 
formation of focal adhesions (37). A study by Liu et al (28) used 
yeast two-hybrid screening and a co-immunoprecipitation assay 
to demonstrate a direct interaction between ASAP1 and FAK. In 
the present study, 29 samples were found to co-express ASAP1 
and FAK in GC tissues, which resulted in a κ value of 0.798 
(P<0.001), indicating that ASAP1 expression was associated 
with FAK expression and that ASAP1 and FAK promoted the 

pathophysiology of malignant GC. The present results suggested 
an association between ASAP1 and FAK, which affected the 
pathophysiology of malignant GC. Therefore, ASAP1 may 
promote the malignant phenotype of GC cells through FAK.

In conclusion, ASAP1 and FAK were highly expressed in 
GC tissues and were associated with degree of invasion, lymph 
node metastasis, pathological staging and degree of differen-
tiation in the present study. In addition, positive expression 
of ASAP1 and FAK may be risk factors for the prognosis of 
patients with GC. The present findings suggested that ASAP1 
and FAK may synergistically promote the tumorigenesis, tumor 
progression, invasion and metastasis of GC, and are closely 
associated with the survival of patients with GC. Although the 
sample size was too small, which was one of the limitations of 
the present study, it provided a basis for a follow-up study on 
the association between ASAP1, FAK and GC. ASAP1 and 
FAK may represent novel molecular markers for the patho-
physiology and prognosis of GC. In addition, further in vitro 
and in vivo studies investigating the molecular mechanisms of 
ASAP1 and FAK in the tumorigenesis and tumor progression 
of GC may help to elucidate the pathophysiology of malignant 
GC. Furthermore, additional studies may provide important 
information for the early diagnosis, treatment and prognostic 
assessment of GC, as well as novel molecular targets and 
therapeutic strategies to develop novel drugs to treat GC.
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