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Abstract. The aim of the present study was to investigate 
the expression of focal adhesion kinase (FAK) and adreno-
medullin (ADM) and determine their clinical significance 
and cooperative role in human epithelial ovarian cancer. The 
expression of FAK and ADM was investigated in epithelial 
ovarian cancer, benign ovarian tumors and normal control 
tissues by immunohistochemical staining and optical 
microscopy. The FAK and ADM expression and correlation 
with clinicopathological parameters was analyzed using 
SPSS 13.0 software. The expression of FAK and ADM in 
epithelial ovarian cancer was significantly higher compared 
with that in benign tumors or normal ovarian tissues (P<0.01); 
however, no significant difference was observed between 
benign tumors and normal tissues (P>0.05). The expression 
of FAK was found to be correlated with histological grade, 
clinical stage, lymph node metastasis and prognosis (P<0.05), 
but exhibited no significant association with patient age or 
histological type (P>0.05). The expression of ADM was 
significantly correlated with pathological grade, lymph node 
metastasis and prognosis (P<0.05), but not with age, clinical 
stage or histological type (P>0.05). The Spearman's rank 
correlation analysis revealed a positive correlation between 
FAK and ADM expression (r=0.314). FAK and ADM were 
more highly expressed in epithelial ovarian cancer compared 
with benign tumors or normal ovarian tissues. Furthermore, 
FAK and ADM may play a cooperative role; specifically, 
FAK may upregulate ADM in the invasion and migration 
of epithelial ovarian cancer. Thus, FAK and ADM may 
represent potential biomarkers for evaluating the malignant 
potential and prognosis of ovarian cancer.

Introduction

Ovarian cancer is one of the most common malignancies of 
the female reproductive organs, with an incidence rate second 
only to cervical cancer. Epithelial tumors account for 50-70% 
of primary ovarian tumors, and 85-90% of ovarian malignan-
cies (1). In clinical treatment, although surgery combined with 
chemotherapy is an established treatment, the prognosis is 
poor when ovarian cancer is detected late, with a recurrence 
rate of up to 85%, and a 5-year survival rate of <30% (2). 
The pathogenesis of ovarian cancer and the development of 
new therapeutic strategies, such as endocrine treatment and 
targeted therapies, are areas of current research (3).

Focal adhesion kinase (FAK) is a 125-kDa non-receptor 
cytoplasmic tyrosine kinase. Over the last few years, FAK, 
known as the first intracellular messenger, was found to be 
involved in cell adhesion, spreading, proliferation, migration 
and apoptosis (4). Further studies demonstrated that FAK is 
highly expressed in a number of tumors and is potentially 
correlated with tumor development and biological behavior (5). 
Adrenomedullin (ADM) is a 52-amino acid member of the 
calcitonin family of peptides. ADM is present in a variety of 
human tissues and participates in a number of pathophysiolog-
ical processes. Previous studies have indicated that ADM may 
stimulate tumor development and progression via different 
pathways (6). To date, little is known regarding the role of FAK 
and ADM in ovarian cancer. The aim of the present study was 
to investigate the expression and clinical significance of FAK 
and ADM in epithelial ovarian cancer.

Materials and methods

Samples. A total of 60 ovarian tumor samples and 10 normal 
ovarian tissue samples from patients with other diseases were 
collected between March, 2008 and May, 2012 at the Depart-
ment of Gynecology and Obstetrics, Renmin Hospital of Wuhan 
University (Wuhan, China). The samples were embedded 
in paraffin and cut in 4-5-µM sections. The ovarian tumors 
comprised 10 benign lesions and 50 epithelial ovarian cancers 
(20 serous, 17 mucous, 8 endometrioid and 5 other types). 
The mean patient age was 50.5 years. The malignant tumors 
were classified according to the International Federation of 
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Gynecology and Obstetrics (1988) criteria as early-stage [n=15 
(7, stage I; and 8, stage II)] and late-stage [n=35 (28, stage III; 
and 7, stage IV)]. Following pathological grading, 32 cases 
were classified as moderately or highly differentiated and 
18 cases as poorly differentiated or undifferentiated.

The 10 cases of benign epithelial ovarian tumors included 
7 serous and 3 mucous tumors. The mean patient age was 
42 years. The normal ovarian tissue samples were confirmed 
by pathological examination and the mean age of the patients 
was 47.3 years. None of the patients had been administered 
chemotherapy, radiotherapy, hormone therapy or immuno-
therapy prior to surgery. The patients were followed up until 
May, 2013.

Written informed consent was obtained from all patients, 
and the study was approved by the ethics committee of Renmin 
Hospital of Wuhan University.

Reagents and methods. The rabbit anti-human FAK poly-
clonal antibody and the streptavidin-peroxidase (SP) kit 
were purchased from Zhongshan Biotechnology Co. (Beijing 
China). The rabbit anti-human ADM polyclonal antibody and 
diaminobenzidine substrate were obtained from Boster Bioen-
gineering Co., Ltd. (Wuhan China). The immunohistochemical 
SP method was applied according to the manufacturer's instruc-
tions. Tissues with known FAK or ADM expression were used 
as positive control and phosphate-buffered saline instead of 
primary antibody was used as negative control.

Result evaluation. The tissue sections were evaluated under 
a microscope (MP5.0-RTV-CLR-10-C, MicroPublisher 5.0; 
Olympus Inc., Richmond Hill, ON, Canada) and cells with 
brown granules in the cytoplasm and/or membrane were 
considered as FAK- or ADM-positive. Semi-quantitative 
numerical integration was used to determine the positivity 
level of each section based on the percentage of positive cells 
and staining intensity. Scores were assigned according to the 
percentage of positive cells (0, ≤5%; 1, 6‑25%; 2, 26‑50%; and 
3, ≥51%) and intensity of staining (0, no staining; 1, weak; 
2, medium; and 3, strong) in 10 high‑magnification fields. In 
each sample, the scores for positive percentage and staining 
intensity were added, reflecting different expression levels as 
follows: ‑, ≤1; +, 2‑3; ++, 4‑5; and +++, >5.

Statistical analysis. Data were analyzed with the χ2 or Fisher's 
exact tests using SPSS 13.0 software (SPSS, Inc., Chicago, 
IL, USA) and the groups were compared with the Spearman's 
rank correlation analysis. Survival data were analyzed with 
the Kaplan-Meier method, tested with the log-rank method 
and further analyzed for multiple factors using the Cox regres-
sion model. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of FAK and ADM in normal, benign and malig-
nant ovarian tissues. (Fig. 1) The FAK protein was primarily 
expressed in the cytoplasm of cancer cells in 72.0% (36/50) 
of ovarian cancer cases and was weakly detected in a limited 
number of normal and benign cases. The ADM protein was 
mainly detected in the cytoplasm and/or membrane of cancer 

cells, whereas different levels of ADM staining were observed 
in the stroma and the center of the tumor. The ADM protein 
was positive in 78.0% (39/50) of ovarian cancers, 1 normal 
tissue sample (+) and 2 benign tumors (+ and ++). The statis-
tical analysis demonstrated that FAK and ADM were more 
highly expressed in ovarian cancer compared with normal 
tissues and benign tumors (P<0.05), whereas there was no 
significant difference between normal and benign ovarian 
tissues (P>0.05) (Table I).

Expression of FAK and ADM in epithelial ovarian cancer 
and correlation with clinicopathological parameters. The 
expression of FAK was significantly correlated with clinical 
stage, histological grade and lymph node metastasis (P<0.05); 
however, there was no significant association with age or histo-
logical type (P>0.05). The expression of ADM was positively 
correlated with pathological grade and lymph node metastasis 
(P<0.05), but not with age, histological type or clinical stage 
(P>0.05) (Table II).

Correlation between the expressions of FAK and ADM. The 
Spearman's rank correlation analysis demonstrated that, among 
all 50 cases of epithelial ovarian cancer, 31 were positive and 
6 were negative for both proteins, suggesting a rank positive 
correlation between the two (r=0.314, P=0.026) (Table III).

Correlation between FAK or ADM expression and prog-
nosis in epithelial ovarian cancer. As demonstrated by the 
Kaplan-Meier curves (Figs. 2 and 3), FAK- and ADM-positive 
cases had a significantly lower survival rate compared with 
cases negative for the two proteins (P<0.05).

Discussion

Cell signaling is currently being extensively investigated 
worldwide. FAK is a critical factor in cell signal transduc-
tion pathways and is involved in tumorigenesis, invasion 
and migration (5). Although ADM is expressed in numerous 
normal tissues, including the lung, colon, heart, uterus and 
ovary, it is overexpressed in tumor tissues, including lung 
cancer, neuroblastoma, gastrointestinal tumors, ovarian 
cancer and cervical squamous cell carcinoma (6). The 
present study investigated the effect of FAK and ADM on 
the invasion and migration of ovarian cancer and analyzed 
the correlation between their expression and clinicopatho-
logical parameters.

Table I. Expression of FAK and ADM in different ovarian 
tissues.

Tissue Total FAK+, no. (%) ADM+, no. (%)
type (n=70) (n=41) (n=42)

Normal 10   2 (20.0)   1 (10.0)
Benign 10   3 (30.0)   2 (20.0)
Cancer 50 36 (72.0) 39 (78.0)

FAK, focal adhesion kinase; ADM, adrenomedullin.
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FAK is mostly expressed in the cytoplasm of ovarian cancer 
cells. Although cancer as well as paracancerous tissues were 
positive for FAK expression, the former exhibited a signifi-
cantly higher level, with the latter exhibiting weak expression 
in the majority of cases, similar to that observed in normal 
tissues. Compared with normal and benign ovarian tissues, 
FAK is overexpressed in malignant ovarian tissues (P<0.05), 

exhibiting higher levels in cases with lymph node metastasis 
or poor differentiation (P<0.05), whereas its expression was 
also associated with clinical stage (P<0.05). Based on these 
findings, the upregulation of FAK expression may be associ-
ated with tumorigenesis, cancer cell proliferation, invasion 
and migration. As reported by Halder et al (7), the inhibition 
of FAK phosphorylation may reduce the invasion, migration 

Figure 1. Immunohistochemical staining was used to determine the expression of focal adhesion kinase (FAK) and adrenomedullin (ADM) in normal, benign 
and malignant ovarian tissues (original magnification, x200).

Table II. Correlation between FAK or ADM expression and clinicopathological parameters.

 Total FAK+, no. (%)  ADM+, no. (%)
Clinicopathological parameters (n=50) (n=36) P-value (n=39) P-value

Age (years)   1.000  1.000
  ≤50 18 13 (72.22)  14 (77.78)
  >50 32 23 (71.88)  25 (78.13)
FIGO stage   0.017  1.000
  Ⅰ/Ⅱ 19 10 (52.6)  15 (78.9)
  Ⅲ/Ⅳ 31 26 (83.9)  24 (77.4)
Histological type   0.688  0.646
  Mucous 17 11 (64.70)  14 (82.35)
  Serous 20 16 (80.00)  15 (75.00)
  Endometrioid   8 6 (75.00)  7 (87.50)
  Others   5 3 (60.00)    3 (60.00)
Lymph node metastasis   0.011  0.000
  No 28 16 (57.1)  17 (60.71)
  Yes 22 20 (90.9)  22 (100.0)
Pathological grading (differentiation)   0.000  0.033
  Moderate/high 30 16 (75.00)  20 (66.7)
  Poor/undifferentiated 20 20 (100.00)  19 (95.0)

FAK, focal adhesion kinase; ADM, adrenomedullin; FIGO, International Federation of Gynecology and Obstetrics.
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and spreading ability of cancer cells; in addition, suppression 
of FAK expression may restore the sensitivity of ovarian 
cancer cells to drug therapy. FAK is a critical regulator of 
cellular signaling pathways essential to cell survival and divi-
sion and its overexpression in epithelial and mesenchymal 
tumors suggests that FAK may play a role in cell invasion 
and mobility (8). In normal cells, FAK may serve as a sensor 
of cell adhesion, which may inhibit anchorage-dependent 
cell growth (9); however, the overexpression of FAK in trans-
formed or cancer cells may relieve this inhibition, resulting 
in cell overgrowth without adhesion or anchorage. It was 
reported that FAK expression was increased in the majority 
of malignant tumors, including colon, thyroid, prostate and 
brain cancers, but weakly expressed in benign tumors (10,11). 
Sood et al (12) found that the protein level of FAK in ovarian 
adenocarcinoma is 4-fold higher compared with that in 
normal ovarian tissues; their results were consistent with 
those of other previous studies (13). However, no differences 
in FAK expression have yet been described in tumor cells 
from different patients. Our findings indicate that significantly 
high levels of FAK in ovarian cancer may be an independent 
indicator of poor prognosis.

The present study also demonstrated a significant differ-
ence in ADM expression between ovarian cancer and 
normal/benign ovarian tissues (P<0.05). In ovarian cancer 
cases, no staining for ADM was observed in non-tumor areas, 
suggesting that ADM was produced specifically by ovarian 
cancer cells. As regards clinicopathological parameters, the 
ADM expression was correlated with differentiation level 
and lymph node metastasis, but not with age, histological 
type or clinical stage, which was consistent with the findings 
of Frede et al (14). The intensity and localization of ADM 
staining were associated with tumor differentiation. In poorly 
differentiated or undifferentiated samples, ADM staining was 
strong and evenly distributed; in samples exhibiting moderate 
or high differentiation, ADM staining was weak and mainly 
localized at the periphery or along the border of cancer 
foci. These results suggest that poorly differentiated ovarian 
cancer may grow rapidly and invade actively and aggressively, 
whereas moderately or highly differentiated ovarian cancer 
exhibits a lower malignant potential. ADM is involved in 
cell proliferation, angiogenesis and immunosuppression (15). 
Increased expression of ADM in cancer cells may result in 
aggressive tumor growth, in turn producing more ADM (16). 
Ovarian cancers exhibiting moderate or high differentiation 
are relatively less malignant and the high ADM levels may 
help the cancer cells to spread, which is consistent with the 
localization of ADM staining at the periphery or along the 

border of cancer foci (17). This morphological characteristic 
suggests an association between tumor behavior and ADM 
expression: Increased malignancy correlates with higher ADM 
levels. Therefore, ADM may be an important determinant and 
marker of aggressive tumor behavior.

The Spearman's rank correlation analysis demonstrated 
that there is a positive correlation between the expressions 
of FAK and ADM. As a key component of the signaling 
pathways triggered by integrins, FAK is a kinase involved 
in cell carcinogenesis, differentiation and metastasis and is 
also involved in normal cell transformation and development, 
adhesion, proliferation and apoptosis (18). Overexpression of 
FAK may result in the dysregulation of ADM expression. It 

Table III. Rank correlation between FAK and ADM expression.

Expression ADM+ ADM‑ Total

FAK+ 31   5 36
FAK-   8   6 14
Total 39 11 50

FAK, focal adhesion kinase; ADM, adrenomedullin.

Figure 2. Kaplan-Meier survival curve for focal adhesion kinase 
(FAK)-positive and -negative ovarian cancer. FAK-positive cases had an 
average survival time of 34.1 months. No patients survived for >5 years. 
FAK-negative cases had an average survival time of 52.1 months and a 5-year 
survival rate of 47.8%. FAK-positive cases exhibited a significantly lower sur-
vival rate compared with FAK-negative cases (log-rank χ2=8.316, P=0.004).

Figure 3. Kaplan-Meier survival curve for adrenomedullin (ADM)-positive 
and -negative ovarian cancer. ADM-positive cases had an average survival 
time of 29.4 months. No patients survived for >5 years. ADM-negative cases 
had an average survival time of 49.0 months and a 5-year survival rate of 
42.5%. ADM-positive cases exhibited a significantly lower survival rate 
compared with ADM-negative cases (log-rank χ2=7.758, P=0.005).
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was reported that ADM is a mediator in the crosstalk between 
mast and tumor cells, a stimulator of angiogenesis and mitosis 
of tumor cells and an apoptosis inhibitor of vascular endothe-
lial cells (19,20). Therefore, ADM may have a critical function 
in tumor development and metastasis.

In conclusion, FAK and ADM are involved in cell invasion 
and migration, which are characteristic features of malignant 
tumors and the main causes of cancer-related mortality. 
The present study demonstrated the potential value of FAK 
and ADM as biomarkers in epithelial ovarian cancer. FAK 
and ADM may be useful for the early diagnosis of high-risk 
patients, determination of malignant potential, assessment of 
prognosis and treatment design. FAK and ADM may also be 
investigated as potential therapeutic targets for the inhibition 
of tumor invasion and metastasis.
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