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Expression of cofilin 1 is positively correlated with the
differentiation of human epithelial ovarian cancer
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Abstract. The aim of this study was to examine the corre-
lation between cofilin 1 expression and differentiation of
epithelial ovarian cancer in patients. We immunohistochemi-
cally analyzed 30 patients with primary ovarian epithelial
carcinomas, 14 patients with borderline epithelial ovarian
tumors, 13 patients with benign epithelial ovarian tumors
and 10 normal ovarian tissues. All ovarian cancer patients
received the standard therapy, including staging laparotomy
and adjuvant chemotherapy consisting of carboplatin and
paclitaxel. Cofilin 1 expression gradually increased in
normal ovarian tissues, benign tumors, borderline tumors
and carcinomas, respectively, and there were significant
differences among them (r=0.94, P<0.05). This suggests a
positive correlation between the expression of cofilin 1 and
tumor differentiation (r=0.97, P<0.05). The expression of
cofilin 1 may predict the development of ovarian cancer and
may be involved in the progression of patients with ovarian
carcinoma.

Introduction

Epithelial ovarian cancer is the leading cause of mortality
from gynecological cancers, and the majority of patients
present with advanced stage (1,2). The 5-year survival rates for
stage IIIC and IV patients are 29 and 13%, respectively (3.4).
Researchers have aimed to improve the survival rates of
epithelial ovarian cancer patients by studying the effects of
early diagnosis, cytoreductive surgery and chemotherapeutic
agents (5-8). Recent progress in understanding the pathogen-
esis of epithelial ovarian cancer suggests that the development
and differentiation of ovarian carcinoma is affected by certain
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factors that induced the spread of tumor cells from primary to
distal sites (9,10).

A recent study demonstrated that cofilin 1 is a small
ubiquitous protein (approximately 19 kD) that is able to bind
monomeric (G) and filamentous (F) actin (11). By severing
actin filaments, cofilin 1 increases the number of filament
ends for polymerization and depolymerization (12). Cofilin 1
then promotes cytoskeletal dynamics by depolymerizing actin
filaments, which is critical for several processes, including
cytokinesis and cell motility (13). The activity status of
cofilin 1 is directly associated with invasion, intravasation,
and metastasis of mammary tumors (14). However, there have
been no studies demonstrating a correlation between cofilin 1
expression and the progression and differentiation of patients
with ovarian cancer. The aim of the study was to investigate
the correlation between cofilin 1 expression and the differen-
tiation of epithelial ovarian cancer in patients, and provide an
experimental foundation for the treatment of ovarian cancer.

Materials and methods

Clinical tissue samples. All clinical tissue samples were
obtained from patients at The Women's Hospital of Zhejiang
University School of Medicine (Hangzhou, China). The
tissues, including 30 primary epithelial ovarian carcinoma
(10 well-differentiated cases, 13 moderately differentiated
cases and 7 poorly differentiated cases), 14 borderline epithe-
lial ovarian tumors, 13 benign epithelial ovarian tumors and
10 normal ovarian tissues, were collected from patients who
underwent surgery. Written/verbal consent was obtained
from the patient or the patient's parent/carer, and the use of
tissue was approved by the Institutional Review Board of the
School of Medicine (Zhejiang University, Zhejiang, China;
No. 201104120).

Histological staining and immunohistochemistry. Tissues
were preserved in 4% paraformaldehyde for 24 h. Histological
staining and immunohistochemistry were conducted on
8 um sections of paraffin-embedded tissues. All sections
were deparaffinized and rehydrated. Sections for histo-
logical analysis were stained with 0.3% cresyl violet (VWR
International, Buffalo Grove, IL, USA). Other sections for
immunohistochemistry were treated with antigen retrieval
containing 10.2 mmol/l sodium citrate buffer (pH 6.1), for
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20 min at 95°C. The sections were then washed in 0.01 M PBS
containing 0.3% Triton X-100 (pH 7.4; PBS-T), immersed in
2% normal goat serum in PBS for 2 h at 37°C, and incubated
overnight at 4°C with a polyclone cofilin 1 antibody (1:100;
Bioss Inc., Woburn, MA, USA) in PBS containing 1% bovine
serum albumin. Once the sections were washed in PBS
(3x5 min), they were incubated in biotinylated goat-anti-rabbit
IgG (1:200; Boster Biological Technology, Ltd., Wuhan,
China) in PBS for 4 h at room temperature, washed in PBS
(3x5 min), incubated in avidin-biotin-peroxidase complex
solution (ABC; 1:100; Boster Biological Technology, Ltd.) for
2 h at room temperature, then rinsed again in PBS (3x5 min).
Immunolabeling was visualized using 0.05% diaminoben-
zidine (DAB) plus 0.3% H,O, in PBS. After staining, the
sections were counterstained using hematoxylin, then dehy-
drated through ethanol and xylene, and Permount was applied
to the coverslips. Rat IgG (1:200; Biomeda Corporation,
Foster City, CA, USA) was used instead of a primary antibody
as a negative control. Relative cofilin 1 protein expression was
determined as the product of the immunostaining intensity
and the percent of cells stained.

Image and statistical analysis. Immunostaining intensity was
scored as follows: 0, no staining; 1, light staining; 2, moderate
staining; and 3, heavy staining. The percent of cell staining
was measured as follows: 0, no detectable staining; 1, 1-33%);
2, 34-66%; and 3, 67-100%. The final staining score was the
product of the immunostaining intensity score multiplied by
the percent of cells stained score, allowing for a maximal
score of 9 and a minimal score of O (15). The mean + SD for all
data were calculated. Statistical analysis was performed using
SPSS version 14.0 statistical software (SPSS Inc., St. Louis,
MO, USA). The correlation between all the groups was evalu-
ated using the Pearson's correlation coefficient. P<0.05 was
considered to indicate a statistically significant difference.

Results

Diffuse cytoplasmic staining for cofilin 1 with moderate
intensity was observed in various proportions of tumor cells.
Cofilin 1 was scored for the cytoplasmic immunostaining
intensity and the percent of cells stained.

Among the 10 normal ovarian tissues, 5 patients (50%) did
not express cofilin 1 (score=0), and 5 patients (50%) expressed
cofilin 1 in 1-33% of cells (score=1). In the 13 benign epithe-
lial ovarian tumor patients, 8 (61.5%), 4 (30.8%) and 1 (7.7%)
patients expressed cofilin 1 in 1-33%, 34-66% and 67-100%
of cells, respectively. Among the 14 borderline epithelial
ovarian tumor patients, 1-33% of cells expressed cofilin 1 in
8 patients (57.1%) and 34-66% in 6 patients (42.9%). In the
30 primary epithelial ovarian carcinoma patients, no patients
expressed 1-33% cell staining of cofilin 1, but 21 patients
(70.0%) expressed 34-66% and 9 patients (30.0%) expressed
67-100% cell staining. The staining score of cofilin 1 gradually
increased from normal ovarian to benign tumor, borderline
tumor and ovarian carcinoma tissues, respectively (r=0.94,
P<0.05; Fig. 1 and Table I).

The cofilin 1 expression was also associated with tumor
differentiation. The results of a multivariate logistic regression
analysis suggested that cofilin 1 was significantly associated
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Table I. Immunohistochemistry staining scores for cofilin 1 in
normal ovarian, benign ovarian tumor, bordline ovarian tumor
and ovarian carcinoma tissues (r=0.94, P<0.05).

Clinical cases No. of cases Staining scores
Normal ovarian 10 0.5+£0.5
Benign ovarian tumour 13 1.5+0.7
Bordline ovarian tumor 14 2.5+0.9
Ovarian carcinoma 30 6.0£1.9

Table II. Immunohistochemistry staining scores for cofilin 1 in
ovarian carcinoma tissues with tumor differentiation (r=0.97,
P<0.05).

Clinical stage No. of cases  Staining scores

Well-differentiated 10 4.6x1.0
Moderately differentiated 13 5.8+1.7
Poorly differentiated 7 8.6+1.1

with the differentiation grade. Patients with poorly differenti-
ated ovarian carcinoma were more likely to express cofilin 1
compared to those who were moderately and well-differ-
entiated. A total of 34-66% of cells expressed cofilin 1 in
7 well-differentiated tumor patients (70% of 10 patients),
67-100% in 3 well-differentiated tumor patients (30.0% of
10 patients), 34-66% in 7 moderately differentiated tumor
patients (53.8% of 13 patients), 67-100% in 6 moderately differ-
entiated tumor patients (46.2% of 13 patients) and 67-100% in
7 poorly differentiated ovarian carcinoma patients (100.0% of
7 patients). The staining score of cofilin 1 gradually increased
in well-, moderately and poorly differentiated ovarian carci-
noma, respectively (r=0.97, P<0.05; Fig. 2 and Table II).

Discussion

Cell migration is the result of a multi-step process initiated
by the formation of membrane protrusions in response to
migratory and chemotactic stimuli (16). The driving force
for membrane protrusion is the localized polymerization of
submembrane actin filaments (12). Recently, several studies
have revealed that the actin cytoskeleton and its regulatory
proteins are dynamically remodeled and are the driving
force for cell migration. Cofilin 1 is specifically targeted
to filopodia upon stalling of protrusion and during their
retraction. Subsequent electron tomography identified that
the filopodial actin filament and/or bundle fragmentation
may precisely correlate with cofilin 1 accumulation (17).
Inhibition of cofilin 1 activity in carcinoma cells with small
interfering RNA inhibits cell motility and the invasiveness
of carcinoma cells by reducing the assembly and stability of
invadopodia (13,18). The overexpression of cofilin enhances
the motility of glioblastoma tumor cells in a concentra-
tion-dependent fashion, which is likely to contribute to
their invasiveness (19). The present study demonstrates that
cofilin 1 expression in borderline ovarian tumor tissues was
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Figure 1. Cofilin 1 immunohistochemical DAB staining in 4 various ovarian
tissue types. (A) Normal ovarian tissue; (B) benign ovarian tumor tissue;
(C) ovarian bordline tumor tissue; and (D) ovarian carcinoma tissue. DAB,
diaminobenzidine.

slightly greater compared with that of benign ovarian tissue,
and the expression of cofilin 1 in primary ovarian carcinoma
tissues was significantly greater compared with that of the
borderline ovarian tumor tissues. The results suggest that
cofilin 1 may enhance cell motility and metastasis, and may
cause poor prognosis.

As the leading cause of mortality from gynecologic
cancers, ovarian cancer cells migrate rapidly and eventually
spread throughout the whole peritoneal cavity. The present
study revealed that a diffuse cytoplasmic staining for cofilin 1
with moderate intensity was observed in various proportions
of tumor cells. No cells expressed cofilin 1 in 7 normal
ovarian tissues and only 1-33% of cells expressed cofilin 1
in 3 normal ovarian tissues. The staining score of cofilin 1
gradually increased from normal ovarian to benign ovarian,
ovarian borderline tumor and ovarian carcinoma tissues,
respectively.
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Figure 2. Cofilin 1 immunohistochemical DAB staining in ovarian carcinoma
tissues with tumor differentiation. (A) Well-differentiation. (B) Moderately
differentiated. (C) Poorly differentiated. DAB, diaminobenzidine.

The invasiveness of malignant cancer cells depends on the
altered regulation of cell migration. However, we identified
the differential expression of cofilin 1 in tumor differentia-
tion. The data revealed that with the differentiation of ovarian
cancers, the level of cofilin 1 expression increased. Meanwhile,
the expression of cofilin 1 was positively correlated with the
progress of human ovarian cancer differentiation. The present
study suggests that the activation of cofilin 1 may promote the
proliferation and invasion of cancer cells, leading the develop-
ment of ovarian cancer.

Our results demonstrate that increased cofilin 1 expression
may result in an increase in the progression of ovarian cancer,
and indicate that targeting the activities in cancer cells is suffi-
cient to significantly inhibit tumor cell invasiveness. This study
provides an experimental foundation for therapeutic strategy,
and suggests that RNA Interference Technology or other rele-
vant methods may be used to decrease the level of cofilin 1 and
lead to the inhibition of ovarian cancer cell invasion. However,
further studies of cofilin 1 in the clinical outcomes of ovarian
cancer for are required to clarify these mechanisms.
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