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Overexpression of ASAP1 is associated with poor  
prognosis in epithelial ovarian cancer
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Abstract: Aims: This study was conducted to analyze the clinical significance of ASAP1 in epithelial ovarian cancer 
(EOC). Methods: A total of 95 patients with EOC were included in the study. The expression profile of ASAP1 in 10 
pairs of ovarian cancer and normal ovary tissues were detected by Real-time PCR. The expression level of ASAP1 in 
95 paraffin-embedded EOC specimens was measured by immunohistochemistry staining. Statistical analysis was 
performed to evaluate the clinicopathologic significance of ASAP1. Results: Levels of ASAP1 mRNA were higher 
in EOC than in normal ovary tissues. Patients with higher ASAP1 expression had shorter overall (P=0.019) and 
recurrence-free (P=0.030) survival time, whereas those with lower ASAP1 expression survived longer. In addition, 
high expression of ASAP1 was correlated with poor overall (P=0.044) and recurrence-free (P=0.006) survival in 
patients with advanced carcinomas. Moreover, statistical analysis displayed a significant correlation in ASAP1 ex-
pression with pelvic metastasis (P=0.015). Multivariate analysis revealed that an elevated ASAP1 expression was 
a significant independent prognostic factor for the overall (P=0.039) and recurrence-free (P=0.028) survival of 
EOC patients. Conclusion: These results indicated that elevated expression of ASAP1 plays an important role in the 
progression and metastasis of ovarian cancer, and that ASAP1 may be used as a biomarker in predicting patient 
outcome in EOC patients.
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Introduction

Ovarian cancer is one of the most common can-
cers in women and the leading cause of death 
among gynecologic tumors [1]. There are more 
than 225,500 new cases of ovarian cancer 
diagnosed worldwide and that nearly 140,200 
women expected to die of this disease [2]. Over 
the past decades, significant advances have 
been made in both surgical techniques and 
chemotherapeutic treatments, while there has 
been very little change in prognosis for ovarian 
cancer [3]. Most patients have advanced tumor 
disease at the time of diagnosis, due to lacking 
of specific symptoms and effective methods for 
the early detection [4]. Tumor dissemination 
and metastasis of advanced stage tumors are 
directly linked to patient’s survival and account 
for the major causes of cancer deaths [5]. Thus, 
early identification of high-risk patients is cru-
cial for diagnosis and understanding the bio-
logical processes in ovarian carcinoma.

ASAP1, also known as ANK repeat and PH 
domain-containing protein 1, was originally 
identified as a phosphatidylinositol 4,5-bispho-
sphate-dependent Arf GTPase-activating pro-
tein (Arf GAP) specific for class 1 and 2 Arfs [6, 
7]. ASAP1 is located at 8q24, consists of 30 
exons with a calculated molecular mass of 125 
kDa. Two major splice variants of ASAP1 have 
been identified (ASAP1a and ASAP1b). They dif-
fer by the 57 amino acids within the proline-rich 
region [6]. ASAP1 functions as a GAP and as a 
scaffold to regulate focal adhesions (FAs) and 
invadopodia [8, 9]. ASAP1 has also been found 
to serves as a scaffold to bring together the pro-
teins necessary for transport to primary cilia 
[10]. Besides, it has also been demonstrated 
that ASAP1 could be recruited to the cell periph-
ery by Arf1 therein, suggesting its possible role 
in membrane trafficking [11]. Recently, ASAP1 
has been implicated in regulating cell motility 
and tumor invasion. Onodera et al. reported 
that the expression of ASAP1 has been linked 
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with breast cancer invasion [12]. Similarly, 
Ehlers et al. proposed that ASAP1 expression 
level was correlated with the invasive potential 
of uveal melanoma [13]. Nevertheless, the role 
of ASAP1 in ovarian carcinoma development 
and progression has not been elucidated.

In the present study, we found that ASAP1 was 
markedly up-regulated in surgical specimens of 
epithelial ovarian cancer (EOC). We also statis-
tically analyzed the association between ASAP1 
expression and clinical prognosis, and found 
that high level of ASAP1 was strongly associat-
ed with poor survival in EOC patients, especially 
in patients with advanced stage (FIGO stage III-
IV) disease. Multivariate analysis reveals that 
ASAP1 expression level is an independent prog-
nostic factor for the outcome of EOC patients. 
Taken together, our results suggest that ASAP1 
plays an important role and could be used as a 
prognostic indicator in human epithelial ovari-
an carcinoma.

Materials and methods

Patients and tissue specimens

Ten pairs of EOC tissue samples and normal 
ovary specimens were obtained from patients 
who underwent surgical resection at Sun Yat-
Sen University Cancer Center during 2011. All 
excised samples were obtained within 30 min 
after operation. They were then transferred into 
liquid nitrogen until further experiments. In 
addition, immunohistochemistry study was 
conducted on a total of 95 paraffin-embedded 
EOC samples, which were histologically and 

RNA extraction and Real-time PCR

Total RNAs from fresh ovarian cancer and nor-
mal ovary tissues were extracted using the 
Trizol reagent (Invitrogen, Carlsbad, USA) 
according to the manufacturer’s instruction. 
The RNAs were pretreated with RNAase-free 
DNase and 1 μg RNA from each sample was 
used for cDNA synthesis. Real-time PCR was 
then employed to determine the fold change of 
ASAP1 mRNA in the tissues, and GAPDH was 
used as an internal control. The primers select-
ed were as the following: ASAP1, forward 
5’-TGACTAGCAAAACGCAGAACC-3’, reverse 5’- 
ACACACATTATATCCCCCTCC-3’. GAPDH, forward 
5’-GACTCATGACCACAGTCCATGC-3’; reverse, 5’- 
AGAGGCAGGGATGATGTTCTG-3’.

Immunohistochemistry

Resected EOC samples were longitudinally 
sliced into 4 µm sections, fixed in 4% parafor-
maldehyde and embedded in paraffin. The sec-
tions were then deparaffinized with xylene, 
rehydrated, and treated with 3% hydrogen per-
oxide to quench the endogenous peroxidase 
activity. Subsequent antigen retrieval was per-
formed by heating in citrate buffer solution 
using a microwave oven. Non-specific binding 
was blocked by treating the slides with 1% fish 
skin gelatin, followed by incubation of the sec-
tions with a mouse monoclonal anti-ASAP1 
antibody (Abcam, USA; 1:100). After washing, 
the slides were treated with biotinylated anti-
mouse secondary antibody (Dako, Denmark; 

Table 1. Expression of ASAP1 expression in EOC pa-
tients according to clinicopathologic characteristics

Characteristics NO.
ASAP1

p
Positive N (%) Negative N (%)

Age (y) 0.750
    ≤50 39 21 (53.8) 18 (46.2)
    >50 56 32 (57.1) 24 (42.9)
FIGO Stage 0.346
    I-II 39 24 (37.8) 15 (62.2)
    III-IV 56 29 (67.2) 27 (32.8)
Differentiation  0.191
    Grade 1/2 61 31 (50.8) 30 (49.2)
    Grade 3 34 22 (64.7) 12 (35.3)
Pelvic Metastasis 0.015
    - 78 39 (50.0) 39 (50.0)
    + 17 14 (82.4) 3 (17.6)

clinically diagnosed at Sun Yat-Sen 
University Cancer Center between 2004 
and 2007. None of them had received 
chemotherapy or radiation therapy before 
surgery. Clinical information of the 95 EOC 
samples was described in detail in Table 
1. The disease stages of all the patients 
were classified according to the Internatio-
nal Federation of Gynecology and Obste-
trics (FIGO) guidelines for clinical staging 
[14]: 22 were allocated to stage I, 17 to 
stage II, 49 to stage III, and 7 to stage IV. 
The median age of the patients was 51.3 
years (range, 22-75 years). In order to use 
these clinical materials for research pur-
poses, informed consent from patients 
and approval from the Institute Research 
Ethics Committee was obtained.
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1:200), followed by a further incubation with 3, 
3-diaminobenzidine tetrahydrochloride (DAB). 
Finally, the sample sections were counter-
stained with 10% Mayer’s hematoxylin and 
mounted in Crystal Mount.

The degree of immunostaining of formalin-
fixed, paraffin-embedded sections was revi-
ewed and scored by two independent observ-
ers. The proportion of the stained cells and the 
extent of the staining were used as criteria of 
evaluation. For each sample, the intensity of 
the staining was graded into 4 levels: 0, nega-
tive staining; 1, weak staining (light yellow); 2, 
moderate staining (yellow brown), and 3, strong 
staining (brown); and the percentage of stained 
cells was scored as: 0, 5% of the cells or less; 1, 
5 to 10%; 2, 11% to 50%; 3, 51% to 80%; or 4, 
80% or more positive cells. A final score was 
defined by multiplying the percentage of posi-
tive cells by the intensity. The final score was 
defined as low expression for score 0-4 and 
high expression for scores of 6-12.

Statistical analysis

All statistical analyses were carried out using 
the SPSS 15.0 statistical software package. 
Chi-square test was used to analyze the rela-
tionship between ASAP1 expression and clini-
copathologic characteristics in archival sam-
ples from EOC patients. Survival curves were 
plotted by Kaplan-Meier method and compared 
by log-rank test. Survival data were evaluated 
using multivariate Cox regression analysis. 
P<0.05 in all cases was considered statistically 
significant.

ly 3.3-to 10.7-fold in 10 paired specimens. 
Thus, ASAP1 is overexpressed in the examined 
EOC samples.

Correlation between ASAP1 expression and 
clinical features of EOC

To investigate the potential roles of ASAP1 in 
the development and progression of EOC, 
immunohistochemistry was performed to mea-
sure ASAP1 expression in 95 paraffin-embed-
ded EOC tissues. The representative immunos-
taining of ASAP1 in EOC was shown in Figure 
2A-D. Besides, the correlations between ASAP1 
expression and the patients’ clinicopathologic 
characteristics were examined. As presented in 
Table 1, ASAP1 expression was strongly corre-
lated with pelvic metastasis (P=0.015). There 
was no significant relationship between ASAP1 
expression and patient age, tumor stage, or dif-
ferentiation. These observations suggested a 
correlation between increased ASAP1 expres-
sion and clinical development in ovarian 
cancer.

Correlation between ASAP1 expression and 
clinical outcomes in EOC patients

We further analyzed the association of the 
expression of ASAP1 with overall and recur-
rence-free survival in EOC patients. The results 
showed that the high ASAP1 expression group 
was associated with decreased overall (Figure 
3A, P=0.019) and recurrence-free survival 
(Figure 3B, P=0.030) compared with the low 
ASAP1 group. Moreover, patients with tumors 
exhibiting high ASAP1 expression had signifi-
cantly lowered overall (Figure 3C, P=0.044) 
and recurrence-free (Figure 3D, P=0.006) sur-

Figure 1. Real time-PCR analysis of ASAP1expression in each 
of the primary cervical cancer and paired normal ovary tis-
sues. asterisks, P<0.05 (Student t test).

Results

Overexpression of ASAP1 in ovarian can-
cer tissues

To examine the expression of ASAP1 in 
EOC tissues, Real-time PCR was per-
formed. The expression level of ASAP1 in 
10 EOC fresh tissues was compared to 
that of normal ovary tissues. In all the 10 
human EOC samples, ASAP1 expression 
was significantly increased compared with 
the paired normal ovary tissues (Figure 1). 
The tumor/normal (T/N) ratio of ASAP1 
message signals varied from approximate-
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vival rates compared with those with low level 
expression of ASAP1 in the advanced disease 
group. Furthermore, multivariate analysis rev-
ealed that ASAP1 expression was an indepen-
dent prognostic factor of patient overall and 
recurrence-free survival (Table 2).

Discussion

To our knowledge, this is the first study reveal-
ing that ASAP1 is highly expressed in ovarian 
cancer and is closely correlated with clinical 
prognosis in patients with ovarian cancer. 
Statistical analysis showed that patients with 
higher levels of ASAP1 had poorer overall and 
recurrence-free survival, whereas patients with 
lower levels of ASAP1 had better survival. 
Collectively, our results indicate that ASAP1 is 
associated with ovarian cancer development 
and may represent an independent prognostic 
factor for the outcome in patients with epithe-
lial ovarian cancer.

ASAP1 is a phospholipid-dependent Arf GAP 
that binds to c-Src tyrosine kinase and focal 

adhesion related kinase. As a multifunctional 
scaffold protein, ASAP1 has been shown to be 
involved in membrane-cytoskeleton interac-
tions that affect membrane movements, cell 
appearance and motility [10, 15]. ASAP1 has 
been found in perinuclear region, membrane 
ruffle, and focal adhesion [16], and is probably 
involved in exocytic membrane trafficking from 
the trans-Golgi network [17]. The BAR domain 
of ASAP1 mediates the formation of membrane 
tubular structures and dimerization of ASAP1, 
and functions as an inhibitor of its GAP activity 
[18]. Biochemically, ASAP1 has been shown to 
display GAP activity specifically toward the Arfs, 
a group of small GTP-binding proteins con-
served throughout evolution of eukaryotic 
organisms [19]. ASAP1 enhances cell motility 
through deactivation of Arf1 [20], while siRNA-
mediated knock-down of ASAP1 inhibits cell 
spreading and migration by influencing Arf1 
GTPase cycling [16]. Consistently, phosphoryla-
tion and inhibition of ASAP1 by proline-rich tyro-
sine kinase 2 (Pyk2) alters the Arf1 activity 
[21]. In addition, ASAP1 has been proposed to 

Figure 2. Representative immunostaining of ASAP1 in ovarian cancer specimens (A and B: Low expression; C and 
D: High expression). Scale bar, 100 μm.
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play an important role in regulating Arf4 medi-
ated ciliary receptor targeting [10]. 

Recent studies have described that ASAP1 is 
associated with tumour development and inva-
sion. The copy numbers of ASAP1 gene has 
been found to be increased in prostate cancer 
tissues compared with benign prostate tissue, 
and ASAP1 expression was correlated with the 

metastatic activity of prostate cancer [22]. 
Similarly, Onodera et al. reported that elevated 
expression of ASAP1 was involved in the inva-
sive activities of breast cancer [12]. Using loss- 
and gain-of-function methods, Muller et al. 
found that ASAP1 stimulates colorectal cancer 
metastasis in vivo and promotes tumor cell 
motility and invasiveness in vitro [23]. In con-
trast, Liu et al. shown that reduction of ASAP1 

Figure 3. Kaplan-Meier analysis of overall survival and recurrence-free survival in relation to ASAP1 expression in 95 
epithelial ovarian cancer (EOC) patients (A and B), and in 56 patients with FIGO stage III-IV EOC (C and D).

Table 2. Multivariate Cox regression analysis of overall survival (OS) and Recurrence-free survival 
(RFS) in patients with EOC

Prognostic variables
OS RFS

Hazard ratio (95% CI) P Hazard ratio (95% CI) P
Age (>50 vs ≤50) 1.166 (0.484-2.807) 0.732 1.311 (0.632-2.718) 0.467
FIGO Stage (III-IV vs I-II) 3.236 (1.289-8.122) 0.012 4.017 (1.828-8.829) 0.001
Differentiation (Grade 3 vs 1/2) 1.078 (0.469-2.477) 0.860 1.012 (0.500-2.048) 0.973
Pelvic Metastasis (+ vs -) 2.201 (0.815-5.945) 0.120 1.946 (0.778-4.868) 0.154
ASAP1 (+ vs -) 3.224 (1.064-9.770) 0.039 2.363 (1.098-5.085) 0.028
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by mislocalization or siRNA knockdown retards 
cell spreading and inhibits cell migration [16]. 
These studies indicated that ASAP1 plays cru-
cial roles in the development and metastatic 
process in several malignancies. In line with 
these studies, we found that ASAP1 was signifi-
cantly increased in EOC specimen compared 
with normal ovary.

To further investigate the biological roles of 
ASAP1 in ovarian cancer, we analyzed the cor-
relation between ASAP1 expression and prog-
nosis in EOC patients. We found that high level 
of ASAP1 was indicative of poor clinical survival 
in patients with EOC, especially in patients with 
advanced stage of this disease. Multivariate 
analyses unraveled that ASAP1 expression was 
regarded as an independent prognostic factor 
for EOC patient overall and recurrence-free sur-
vival. Moreover, ASAP1 expression was strongly 
correlated with pelvic metastasis, consistent 
with ASAP1-dependent regulation of cell adhe-
sive structures. Taken together, our data not 
only imply a potentially promising application of 
ASAP1 as a valuable prognostic marker, but 
suggest a possible relationship between the 
molecular functions of ASAP1 and the carcino-
genesis of ovarian cancer. However, further 
studies are needed to elucidate the mecha-
nism underlying ASAP1 in the development and 
metastatic process of ovarian cancer, and to 
clarify whether ASAP1 could be used as a novel 
therapeutic target for ovarian cancer.

During the past years, several signalling path-
ways have been shown to be involved in ASAP1-
mediated tumor invasion. ASAP1 overexpres-
sion has been reported to elevate the 
recycling-back of internalized EGFRs [24], which 
is frequently correlated with the progression of 
ovarian carcinoma [25]. Overexpression of 
ASAP1 has also been shown to enhance the 
cell motility and migration in response to PDGF-
mediated signaling [16]. Moreover, it has been 
described that ASAP1 contains an SH3 domain 
and proline rich SH3-binding motifs, which 
allow it to bind specifically and strongly to the 
Src family members c-Src [6, 26], indicating a 
close relationship of ASAP1 and Src signaling 
pathway. This is supported by Bharti and col-
leagues, who suggested that Src-dependent 
phosphorylation of ASAP1 leads to the forma-
tion of podosomes [27]. In our previous study, 
we found that phospho-Src expression was 

associated with the prognosis in ovarian can-
cer patients [28], which, together with our pres-
ent findings, further suggests the potential 
roles of ASAP1 in integrating signals from Src 
tyrosine kinase signaling pathway.

In conclusion, this is the first study highlighting 
the clinical significance of ASAP1 in ovarian car-
cinoma. ASAP1 expression is associated with 
tumor progression and pelvic metastasis of 
ovarian cancer. Additionally, ASAP1 might be 
used as a valuable prognostic marker of poor 
overall and recurrence-free survival in EOC 
patients. However, further studies are needed 
to clarify the mechanism by which ASAP1 is 
involved in the development and metastasis of 
ovarian cancer.
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