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b Clontech Laboratories Inc., 1020 East Meadow Circle, Palo Alto, CA 94303-4230, USA

Received 15 July 2004; accepted 21 October 2004

Available online 5 January 2005
Abstract

The ubiquitously expressed actin-binding protein, gelsolin, is known to play a role in the modulation of the actin network and in

the regulation of cell growth and cell motility. In the present study, we analysed the expression of gelsolin in 241 matched cDNA

pairs from human normal and tumour tissues using a Cancer Profiling Array. We found a decreased expression of gelsolin in cancer

tissue from female reproductive organs, including the ovary. On a protein level, we examined the expression of gelsolin in human

ovarian cancer cell lines and in a set of 110 cases of human benign and malignant ovarian tumours. Low levels of gelsolin protein

were observed in four of six ovarian carcinoma cell lines, in contrast to its expression in normal ovarian surface epithelial cells. In

addition, we found a reduced expression of gelsolin in borderline tumours and ovarian carcinomas compared with the epithelium of

normal ovaries and benign adenomas. Decreased gelsolin expression was associated with poorly differentiated carcinomas

(p = 0.014). No significant association between gelsolin expression and other clinicopathological markers or patient survival could

be established. In addition, we investigated the growth regulatory function of gelsolin in human ovarian cancer cell lines using

cDNA transfections. Re-expression of gelsolin in OAW42 and ES-2 cells resulted in a suppression of tumour cell survival in vitro.

To explore the mechanism responsible for the downregulation of gelsolin expression in ovarian carcinoma cells, we treated cells with

inhibitors of DNA methylation and histone deacetylation. We observed an upregulation of gelsolin in ovarian cancer cells after

treatment with both types of inhibitor. Our results suggest that gelsolin might be involved in the growth regulation of human ovar-

ian cancer.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Ovarian carcinoma is characterised by an unfavour-

able prognosis and this depends on the stage of disease
and to some extent, on the patient�s age, histological type
and tumour grade. At present, the molecular basis of

ovarian carcinogenesis remains poorly understood.

Experiments using cDNA microarray-based technolo-

gies have shown a large number of genes with differential
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expression profiles in ovarian carcinomas compared with

normal ovaries [1,2]. Nevertheless, there is a lack of diag-

nostic and prognostic factors for this disease.

To identify novel genes involved in ovarian carcino-
genesis, we recently hybridised microarrays with cDNAs

derived from normal human ovaries and advanced stage

ovarian carcinomas [3]. This analysis revealed a downreg-

ulation of the gelsolin gene in ovarian carcinoma samples.

Gelsolin is an actin-binding protein involved in dy-

namic changes of the actin cytoskeleton. The protein

regulates the length of actin filaments by severing and

capping the fast-growing (barbed) filament ends and
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promotes actin nucleation. Gelsolin is activated by cal-

cium and inhibited by polyphosphoinositides, particu-

larly phosphatidylinositol 4,5-bisphosphate (PIP2).

Actin assembly and disassembly plays a critical role in

cell shape, motility, cell growth, and differentiation [4].

In addition, gelsolin interacts with several signal trans-
duction pathways [5–7]. Gelsolin exists in a cytoplasmic

and an extracellular form. Both variants are derived

from a single gene by alternative transcription initiation

sites and differential splicing [8].

In normal tissues, gelsolin is widely expressed [9]. In

mouse ovary, it is predominantly expressed in superficial

epithelial cells, endothelium and in cells of the theca ex-

terna and stroma [10]. Little is known about its expres-
sion in human normal and malignant ovarian tissues.

Decreased gelsolin expression occurs in many trans-

formed cell types [11] and in carcinomas of the colon,

bladder, breast, lung and prostate, suggesting gelsolin

may act as a tumour supressor [12–16].

To study the role of gelsolin in the biology of human

ovarian cancer, we investigated the expression and regu-

lation in human normal and malignant ovarian tissue
samples, as well as in human ovarian cancer cell lines.

The aim of our study was to evaluate the association be-

tween the expression pattern of gelsolin and clinicopath-

ological features, as well as any association with patient

survival.
2. Materials and methods

2.1. Cancer profiling array

The Cancer Profiling Array (Clonteche) contains 241

matched cDNA pairs from normal and corresponding

tumour tissues, including breast, uterus, colon, stomach,

ovary, lung, kidney, rectum, thyroid gland, cervix, small

intestine, pancreas and prostate [17]. Total RNAs were
isolated from histologically validated tissue samples by

microdissection. The cDNA samples were generated

using SMART technology and represent the entire

mRNA population from an individual sample. All

cDNA probes for a tissue type are normalised based

on the expression of four housekeeping genes (ubiquitin,

23-kDa highly basic protein, b-actin, glutamase dehy-

drogenase) and spotted on a nylon membrane. A gelso-
lin-specific cDNA was radiolabelled, hybridised

overnight, washed and exposed to X-ray film, as de-

scribed by Sers and colleagues [18]. Signal intensities

for individual spots were quantified using a phosphorim-

ager (BioRad, Hercules, CA).

2.2. Study population and tissue samples

Immunohistochemical examination was performed

retrospectively on the tissue samples taken for routine
diagnostic and therapeutic purposes. Formalin-fixed,

paraffin-embedded specimens of 110 patients with

normal ovaries and benign or malignant epithelial

ovarian tumours, who were diagnosed at the Institute

of Pathology, University Hospital Charité Berlin,

Germany, between 1991 and 2003, were investigated.
A histopathological diagnosis of the tumours was

performed according to the World Health Organisa-

tion criteria. The tissues included 7 normal ovaries,

18 benign cystadenomas, 10 borderline tumours and

75 invasive ovarian carcinomas. Tumour grading

was assessed according to the Silverberg system

based on architectural, nuclear, and mitotic features

[19].
At the time of diagnosis, the mean age of the patients

was 58.9 years (range 22–90 years). Of the 75 invasive

carcinomas, 48 (64%) were serous carcinomas, 5 (7%)

mucinous carcinomas, 8 (11%) endometrioid carcino-

mas, 4 (5%) clear cell carcinomas, 2 (2%) transitional cell

carcinomas, and 8 (11%) undifferentiated carcinomas.

Of the patients with invasive carcinomas, 14 (19%) were

International Federation of Gynecology and Obstetrics
(FIGO) stage I, 11 (15%) were stage II, 47 (62%) were

stage III, and 3 (4%) were stage IV. For our statistical

evaluation and survival analysis, only the patients with

invasive ovarian carcinomas were included. The dura-

tion of follow-up ranged from 1.70 to 120.70 months

(mean of 35.6 months). For 18 cases of invasive carcino-

mas, no follow-up data were available.

2.3. Immunohistochemistry

Deparaffinised and rehydrated sections were boiled

for 5 min in 0.01 M citrate buffer (pH 6.0) for antigen

retrieval. The monoclonal anti-gelsolin mouse anti-

body (clone GS-2C4, Sigma–Aldrich, St. Louis,

USA) was applied for 1 h at a dilution of 1:2000.

Normal ovarian surface epithelium, stromal cells, mac-
rophages, endothelial cells served as internal positive

controls. Immunostaining was accomplished using a

DAKO-ChemMate (Dako, Hamburg, Germany), as

recommended by the manufacturer. Sections were

counterstained with haematoxylin and mounted in

Clarion Mounting Medium (Biomeda corp. Foster

City, CA). The specimens were independently evalu-

ated by two pathologists. Immunostaining of gelsolin
was semi-quantitatively scored using a composite score

obtained by multiplying the values of the mean stain-

ing intensity and the percentage of gelsolin-positive

cells. The intensity was graded as absent (0), weakly

positive (1), moderately positive (2) or strongly posi-

tive (3) compared to normal epithelial and stromal

cells. The percentage of positive cells was assessed as

either no cells (0), less then 10% of the cells (1), 10–
50% of the cells (2), 51–80% of the cells (3), and more

then 80% of the cells (4). Finally, cases were grouped
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as gelsolin-negative (scores 1–6) and -positive (scores

7–12).
2.4. Cell culture

SK-OV-3, ES-2, OVCAR3, CaOV3 and MDA
H2774 ovarian carcinoma cell lines were obtained from

the American Type Culture Collection and OAW42

cells from the European Collection of Cell Cultures.

Cancer cell lines were maintained at 37�C in a humidi-

fied atmosphere of 5% CO2 and 95% air in Dulbecco�s
modified Eagles Medium (DMEM) (BioWhittaker,

Walkersville, MD) containing 10% foetal calf serum

and 2 mM LL-glutamine. The HOSE cell line, an
immortalised human ovarian surface epithelium cell

line [20], was cultivated in a 1:1 mixture of medium

199 (Sigma Chemical Co., St. Louis, MO) and MCDB

105 (Life Technologies, Inc., Grand Island, NY)

supplemented with 10% foetal calf serum and 2 mM LL-

glutamine. The inhibitor of DNA methylation, 5-aza-

2 0-deoxycytidine (Sigma, St. Louis, USA), was dis-

solved in phosphate buffer, pH 6.0 and applied at a
concentration of 5 lM for 72 h. The inhibitior of the

histone deacetylase, Trichostatin A (Sigma, St. Louis,

USA), was dissolved in ethanol and applied at 25 ng/

ml for 72 h. Appropriate solvent controls were per-

formed in all of the experiments.
2.5. Western blot analysis

To obtain total protein lysates, 2 · 106 cells plated

on 10-cm dishes, were washed twice with cold phos-

phate-buffered saline and incubated on ice for 30 min

in RIPA-buffer (150 mmol/l NaCl, 1% Nonidet P-40,

0.5% deoxycholate, 0.1% sodium dodecyl sulphate

(SDS), 50 mmol/l Tris–HCl, pH 8.0, 2 lg/ml aproti-

nin). Cells were scraped off the plates and the lysates

were mixed with 2· SDS sample buffer (120 mmol/l
Tris–HCl, pH 6.8, 0.2 mol/l dithiothreitol, 4% SDS,

20% glycerol, 0.002% bromophenol blue), boiled for

10 min, and centrifuged for 5 min at 12,000g. The pro-

tein concentration of the supernatants was measured

using the amido-black method, as described by Schaff-

ner and Weissmann [21]. Equal amounts of protein (10

lg) were separated on 7.5% polyacrylamide gels by

SDS-gel electrophoresis and transferred to polyvinyli-
dene difluoride membranes (Hybond-P; Amersham,

Freiburg, Germany). Immunodetection was performed

using the gelsolin monoclonal antibody (clone GS-

2C4, Sigma–Aldrich, St. Louis, USA) at a dilution of

1:1500 followed by detection with the enhanced chemi-

luminescence system (Amersham). To ensure equal

loading amounts, the blots were stripped in 200

mmol/l glycine, 1% Tween 20, 0.1% SDS, pH 2.2, for
2 h at room temperature and reprobed using a mono-
clonal antibody to actin (clone C4, Chemicon, Teme-

cula, CA) at a dilution of 1:5000.

2.6. Colony formation assay

OAW42 and ES-2 cells (2 · 105) were plated onto 25
cm2 tissue culture flasks and transfected after 24 h with

1.5 lg of the LKCG gelsolin expression plasmid

(kindly provided by Dr. D.J. Kwiatkowski, Harvard

University, Boston, MA) or the empty pHb vector as

a control using Fugene 6 transfection reagent (Roche),

according to the manufacturer�s instructions [22,23].

Forty-eight hours after transfection, 800 lg/ml

(OAW42) and 1000 lg/ml (ES-2) of geneticin (G418)
was added to the culture medium and the colonies were

stained and counted after 10 days of selection. To eval-

uate the transfection efficiency, OAW42 and ES-2 cells

were transfected with an EGFP plasmid (enhanced

green fluorescent protein, BD Biosciences Clontech,

Paolo Alto, USA) and viewed under ultraviolet (UV)

light 48 h after the transfection.

2.7. Statistics

Statistical analyses were performed using the Chi-

square and Fisher�s exact tests. The probability of over-

all survival as a function of time was determined by the

Kaplan–Meier method and the log-rank test. Differences

were considered significant when the Confidence Inter-

vals (CIs) were >95% (p < 0.05). For the statistical eval-
uation, the Statistical Package for the Social Sciences

(SPSS) software version 11.0 was used.
3. Results

3.1. Gelsolin is differentially expressed in ovarian

carcinomas

We examined the cancer-specific changes of gelsolin

expression in 241 matched normal and cancerous cDNA

pairs using a Cancer Profiling Array (Clonteche) (Fig.

1(a)). This analysis revealed a downregulation of gelso-

lin in 9 of 14 ovarian tumour cDNAs compared with the

corresponding cDNA from normal tissues. In Fig. 1(b),

both an enlarged panel of cDNA pairs for ovarian sam-
ples and the calculated ratio of each individual patient is

indicated. Additionally, two cDNA samples derived

from a metastasis of the preceding tumour pair are

shown. A similar downregulation was observed in 49

of 50 breast tumours, as well as in 41 of 42 uterine tu-

mours. In carcinomas of the colon and lung, a downreg-

ulation was also found. In contrast, cDNA pairs derived

from stomach, kidney, rectum, thyroid gland, cervix,
small intestine, pancreas and prostate exhibited no such

differential expression patterns.



Fig. 1. (a) A Cancer Profiling Array representing cDNA pools from matched tumours and normal tissues was hybridised with a gelsolin-specific

probe. Individual spots were quantified by phosphorimaging. Numbers indicate the tissue types in columns. 1, breast; 2, uterus; 3, colon; 4, stomach;

5, ovary; 6, lung; 7, kidney; 8, rectum; 9, thyroid gland; 10, cervix; 11, small intestine; 12, pancreas; 13, prostate. N, normal; T, tumour; cc, cancer cell

line cDNAs. (b) Enlarged panel of cDNA pairs for ovary – demonstrating downregulation of gelsolin in ovarian carcinomas. cDNAs representing

normal ovarian tissues are spotted in the upper row (N), cDNAs prepared from the corresponding ovarian carcinomas are spotted in the lower row

(T), ‘‘x’’ indicates a cDNA derived from a metastasis of the preceding tumour pair. A ratio for each of the 14 ovarian cDNA pairs (normal/ tumour)

was calculated and is shown below.
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3.2. Gelsolin is downregulated in ovarian carcinomas

and cell lines

Samples from a total of 110 patients were investi-

gated for gelsolin immunoreactivity (Table 1). Our anal-

ysis revealed a strong cytoplasmic expression of the

protein in normal ovarian surface epithelium (Fig.

2(a)), cortical stroma and endothelium. In benign serous

cysts, as well as in serous and mucinous cystadenomas, a

comparable strong epithelial expression was detectable
(Fig. 2(b)). In contrast, tumours of borderline malig-
Table 1

Expression of gelsolin in normal ovaries, ovarian adenomas and carcinomas

Gelsolin expression Normal ovaries Benign adenomas B

Negative 0/7 (0%) 0/18 (0%) 8

Positive 7/7 (100%) 18/18 (100%) 2
nancy, and particularly carcinomas, displayed a reduced

expression level of gelsolin (Fig. 2(c)). Most of the inva-
sive carcinomas (85%) exhibited no or only weak expres-

sion (scores 1–6), whereas a moderate or strong

expression level was found in 15% of the carcinomas

(scores 7–12) (Fig. 2(d)).

We used Western blotting analysis to examine the

expression of gelsolin in immortalised ovarian surface

epithelium (HOSE) cells and six human ovarian cancer

cell lines (Fig. 3). Expression was observed in HOSE
cells, as well as in SK-OV-3 and CaOV3 cancer cell
orderline tumours Invasive carcinomas p-value (v2 test)

/10 (80%) 64/75 (85%) 0.0001

/10 (20%) 11/75 (15%)



Fig. 2. Immunohistochemical analysis of gelsolin expression. (a) The ovarian surface epithelium and the underlying stroma of normal ovary tissue

shows strong gelsolin expression. (b) A similar staining can be observed in the epithelial lining of a serous cystadenoma and in the underlying stromal

tissue. (c) Complete loss of gelsolin expression in tumour cells of a serous ovarian carcinoma. Intratumoral stromal cells and scattered macrophages

are strongly positive. (d) In contrast, strong expression of gelsolin is seen in a well-differentiated serous carcinoma of the ovary.
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lines. In contrast, only low amounts of gelsolin were

found in ES-2, OAW42, OVCAR3 and MDAH2774

cells.
Fig. 3. Western Blotting analysis of gelsolin expression in human

ovarian cancer cell lines. In the ovarian surface epithelium cells

(HOSE) and in two ovarian carcinoma cell lines (SK-OV-3, CaOV3),

gelsolin was present, whereas decreased expression was observed in the

other cell lines. The blot was stripped and reprobed with an antibody

raised against actin to control for equal loading.
3.3. Gelsolin expression and clinicopathological

parameters

Decreased gelsolin expression was associated with tu-

mour grade. A reduced gelsolin expression was observed
in 9 of 12 G1-carcinomas, in 24 of 31 G2-carcinomas

and in 31 of 32 G3-carcinomas. Poorly differentiated

ovarian carcinomas were more frequently gelsolin-nega-

tive (p = 0.014). All undifferentiated carcinomas were

gelsolin-negative. Concerning the other clinicopatholog-

ical factors, no difference between gelsolin-positive and -

negative tumours was noted (Table 2). No impact on

progressive-free and overall survival in univariate analy-
ses was seen (data not shown).

3.4. Downregulation of gelsolin involves

hypermethylation and histone acetylation

To evaluate whether epigenetic modification is

responsible for the inactivation of gelsolin, we treated

ovarian cancer cells with inhibitors of DNA methylation



Table 2

Association of gelsolin expression with clinicopathological features in patients with invasive ovarian carcinomas

Characteristics n Gelsolin-negative Gelsolin-positive p-value

All carcinomas 75 64 (85%) 11 (15%)

Age at diagnosis (years) 0.59a

<60 35 30 (86%) 5 (14%)

>60 40 34 (85%) 6 (12%)

Histological type 0.16b

Serous 48 42 (88%) 6 (13%)

Non-serous 19 14 (74%) 5 (26%)

Undifferentiated 8 8 (100%) 0 (0%)

FIGO Stage 0.26b

I 14 10 (71%) 4 (29%)

II 11 10 (91%) 1 (9%)

III+IV 50 44 (88%) 6 (12%)

pT 0.18b

1 18 13 (72%) 5 (28%)

2 13 12 (92%) 1 (8%)

3 44 39 (89%) 5 (11%)

pN 0.38a

0 21 17 (81%) 4 (19%)

1 28 26 (93%) 2 (7%)

Grading 0.014a

1–2 43 33 (77%) 10 (23%)

3 32 31 (97%) 1 (3%)

FIGO, International Federation of Gynecology and Obstetrics.
a Fisher�s test.
b v2 test.

Fig. 4. Gelsolin expression can be reconstituted in OVCAR3 (a) and

OAW42 (b) ovarian carcinoma cells by treatment with the DNA
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(5-aza-2 0deoxycytidine) and histone deacetylation (Tri-

chostatin A). To reveal a induction of gelsolin re-expres-

sion, we carried out analyses at different incubation

times and concentrations of the inhibitors, as well as

at different cell densities. By 72 h of treatment with 5

lM 5-aza-2 0deoxycytidine and 25 ng/ml Trichostatin

A, a strong upregulation of gelsolin was observed in

OAW42 and OVCAR3 cells (0.5 · 106) (Fig. 4). After
72 h of exposure and higher concentrations, a decreased

viability of the cells was observed and most of the cells

died within 96 h.

3.5. Expression of gelsolin reduces the growth of

ovarian carcinoma cells

To explore whether gelsolin affects the growth of hu-
man ovarian carcinoma cells, we transfected OAW42

and ES-2 cells with a gelsolin expression vector

(LKCG). In a colony formation assay, growth of

G418-resistant clones harbouring the gelsolin expression

vector or a control vector (pHb) was measured. Gelsolin

re-expression resulted in a reduction of colony forma-

tion in OAW42 cells by 74% and in ES-2 cells by 28%

in four independent experiments (Fig. 5).

methylation inhibitor, 5-aza-2 0deoxycytidine, and the histone deacet-

ylase inhibitor, Trichostatin A (TSA). Western blotting analysis was

performed using SK-OV-3 cells as a positive control (lane 1), extracts

from untreated cells (lane 2), 72 h after incubation with 5 lM 5-aza-

2 0deoxycytidine (lane 3), with 25 ng/ml TSA (lane 4) and with the

solvent ethanol (lane 5). To ensure equal loading, the blots were

stripped and reprobed with an antibody raised against actin.
4. Discussion

In the present study, we investigated the expression

pattern of the actin filament regulatory protein gelsolin



Fig. 5. Colony formation assay demonstrating growth suppression of OAW42 and ES-2 cells following the expression of gelsolin. Both cell lines were

transfected with either gelsolin expression vector (LKCG) or an empty vector (pHb) as a control. The formation of G418-resistant colonies was

measured. The mean values of the counted colonies from four independent experiments are shown. The colonies/cm2 obtained after transfection with

the control plasmid were set at 100% in each experiment.
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in human ovarian carcinomas. Recently, we hybridised

microarrays with cDNAs derived from normal human

ovaries and advanced stage ovarian carcinomas and dis-

covered a downregulation of gelsolin in ovarian cancer
samples [3]. Here, we confirm the loss of gelsolin expres-

sion using a Cancer Profiling Array. Based on these find-

ings, we analysed gelsolin expression in a larger tumour

collection by immunohistochemistry and confirmed the

loss of or reduced levels of gelsolin protein in 85% of

the ovarian carcinomas compared with normal ovarian

tissues and benign ovarian lesions. These observations

are to a large extent similar to the results described pre-
viously by Afify and Werness [24] who investigated a

limited set of ovarian carcinomas. However, the authors

found an increased gelsolin expression in ovarian clear

cell carcinomas which is not consistent with our find-

ings. In our study, ovarian carcinomas with reduced gel-

solin expression had sometimes few positive cell clusters

with a heterogenous intratumoral distribution. We did

not observe single positive cells at the leading edge of
the tumour, as has been described in breast carcinomas

[25].

In our analysis, the reduced expression of gelsolin in

ovarian carcinomas was significantly associated with a

higher tumour grade. No association of gelsolin with

other clinicopathological factors, including patient sur-

vival, could be established. In contrast, other authors

have demonstrated that gelsolin expression is positively
linked to high-grade urothelial and renal cell carcinomas
[26,27]. Gelsolin displayed a biphasic expression pattern

in urothelial carcinomas, where a reduced expression in

non-invasive lesions and low-grade tumours, as well as

an increased expression in invasive tumours, was ob-
served [26]. In addition, loss of gelsolin expression was

associated with decreased patient survival in invasive

breast carcinomas [28].

Decreased expression of gelsolin has been shown in

several types of human cancers (colon, bladder, breast,

lung and prostate) suggesting a possible role as a tumour

suppressor [12–16]. We transfected gelsolin into ovarian

carcinoma cells, OAW42 and ES-2, and found a reduc-
tion in colony formation which suggests it has a growth

inhibitory function. This observation is consistent with

previous studies showing a strong inhibitory effect of

re-expressed gelsolin on colony formation in melanoma

and bladder cancer cells [13,29]. The authors also re-

ported a reduction in chemotactic cell migration and

tumorigenicity. Furthermore, tumour growth and the

formation of lung metastasis have been repressed by gel-
solin in vivo [29]. However, effects related to different

transfection efficiencies cannot be completely excluded

in our transfection system. To further investigate the ef-

fects of gelsolin on cell proliferation, it would be inter-

esting to use dominant-negative expression vectors for

gelsolin.

Although gelsolin can suppress tumour progression,

it was also shown that malignant tumours overexpress-
ing gelsolin were associated with a poor prognosis
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[25,30]. In our study, a subset of the ovarian carcinomas

(15%) displayed a moderate or strong gelsolin expres-

sion. By contrast, Thor and colleagues described an

overexpression of gelsolin in 56% of breast cancers

which was associated with the overexpression of c-

erbB-2 and EGFR, as well as a more aggressive tumour
phenotype [25]. An upregulation of gelsolin and a nega-

tive effect on prognosis have been reported in non-small

lung cancer [30]. High gelsolin expression is an indepen-

dent marker for tumour recurrence and progression in

urothelial tumours, particularly for high-grade variants

[26].

It is known that gelsolin overexpression enhances the

motility of fibroblasts [22]. This was demonstrated using
NIH3T3 cells and fibroblasts derived from gelsolin-defi-

cient mice. Overexpression of gelsolin in immortalised

NIH3T3 cells causes increased motility, but fibroblasts

from gelsolin knock-out mice showed a reduced cell

motility [5,22,31].

Gelsolin is involved in c-erbB-2/ EGFR signalling,

via Rac, phosphatidylinositol-3-kinase (PI3K) and

phospholipase C (PLC), which results in dynamic
changes of the actin cytoskeleton and increased cell

motility [5–7]. Such enhanced motility is important for

tumour cell migration and is associated with invasive

growth. This suggests that during malignant transfor-

mation a proportion of tumours overexpress gelsolin

resulting in invasion and metastasis.

The exact mechanism of downregulation of gelsolin

has yet to be defined. Until now, mutations within the
gelsolin gene – located on chromosome 9q33 – have

not been identified in malignancies [13,15,16,32]. In con-

trast, loss of heterozygosity (LOH) has been observed in

different tumours [13,33], but neither mutations nor

LOH have been detected in the gelsolin gene in human

breast cancer cell lines and tissues [34,35]. Alternatively,

several tumour suppressor genes are silenced by aber-

rant promoter methylation associated with transcrip-
tional loss and the absence of mutations within the

coding regions. To our knowledge, the type of inactiva-

tion of gelsolin has not yet been analysed in ovarian car-

cinomas. The gelsolin gene encodes both a cytoplasmic

and a secreted form from alternative promoters. Only

the promoter for the cytoplasmic form of gelsolin is

embedded within the CpG islands. In our study, the

incubation of ovarian carcinoma cell lines with inhibi-
tors of DNA methylation (5-aza-2 0deoxycytidine) and

histone deacetylation (TSA) revealed a strong upregula-

tion of gelsolin protein, where the effect of TSA seems to

be slightly stronger. The concerted action of methylation

of regulatory gene regions and histone deacetylation is

one possible mechanism to suppress gelsolin expression

in ovarian carcinoma.

Mielnicki and colleagues [34] demonstrated an upreg-
ulation of gelsolin RNA and protein in breast cancer cell

lines after treatment with TSA and, to a lesser extent
with the demethylating agent 5 0 azacytidine, suggesting

a downregulation of gelsolin in breast cancer cells by

epigenetic modifications, primarily through changes in

histone acetylation. In addition, a strong association ex-

ists between various external stimuli (e.g. growth fac-

tors, chemotactic molecules), signalling pathways, such
as c-erbB-2, Rac, Rho, PI3K, and gelsolin expression

[4,6,25]. Dong and colleagues [36] also showed that re-

duced gelsolin is due to decreased promoter activity

resulting, in part, from negative regulation by the acti-

vating transcription factor 1 (ATF1).

In summary, our study shows a significant reduction

of gelsolin expression in human ovarian carcinomas,

predominantly in high-grade variants. The protein re-
vealed growth suppressive activity in ovarian cancer

cells. Therefore, our results suggest a role for gelsolin

in the progression of ovarian cancer. Inactivation of gel-

solin might be mediated by epigenetic modification. It is

widely accepted that genes affected by epigenetic events

can serve as new therapeutic targets for tumours [32].

Some inhibitors of histone deacetylase are already en-

tered in clinical trials in patients with cancer [37,38].
Thus, reconstitution of gelsolin by inhibitors of histone

deacetylase could be a promising therapeutic interven-

tion in ovarian cancer.
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13. Tanaka M, Müllauer L, Ogiso Y, et al. Gelsolin: a candidate for

suppressor of human bladder cancer. Cancer Res 1995, 55,

3228–3232.

14. Asch HL, Head K, Dong Y, et al. Widespread loss of gelsolin in

breast cancers of humans, mice and rats. Cancer Res 1996, 56,

4841–4845.

15. Dosaka-Akita H, Hommura F, Fujita H, et al. Frequent loss of

gelsolin expression in non-small cell lung cancers of heavy

smokers. Cancer Res 1998, 58, 322–327.

16. Lee HK, Driscoll D, Asch H, et al. Downregulated gelsolin

expression in hyperplastic and neoplastic lesions of the prostate.

The Prostate 1999, 40, 14–19.

17. Zhumabayeva B, Adhikari P. Cancer profiling array: a new

approach for evaluating differential gene expression in various

cancer tissues. BioTechniques 2001, 30, 158–163.

18. Sers C, Husmann K, Nazarenko I, et al. The class II tumour

suppressor gene h-rev107-1 is a target of interferon-regulatory

factor-1 and is involved in IFN-induced cell death in human

ovarian carcinoma cells. Oncogene 2002, 21, 2829–2839.

19. Shimizu Y, Kamoi S, Amada S, et al. Toward the development of

a universal grading system for ovarian epithelial carcinoma. I.

Prognostic significance of histopathologic features-problems

involved in the architectural grading system. Gynecol Oncol

1998, 70, 2–12.

20. Tsao SW, Mok SC, Fey EG, et al. Characterization of human

ovarian surface epithelial cells immortalized by human papilloma

viral oncogenes (HPV-E6E7 ORFs). Exp Cell Res 1995, 218,

499–507.

21. Schaffner W, Weissmann C. A rapid, sensitive and specific method

for the determination of protein in dilute solution. Anal Biochem

1973, 56, 502–514.

22. Cunningham CC, Stossel TP, Kwiatkowski DJ. Enhanced motility

in NIH 3T3 fibroblasts that overexpress gelsolin. Science 1991,

2511, 1233–1236.

23. Gunning P, Leavitt J, Muscat G, et al. A human b-actin
expression vector system directs high-level accumulation of
antisense transcripts. Proc Natl Acad Sci USA 1987, 84,

4831–4835.

24. Afify AM, Werness BA. Decreased expression of the actin-binding

protein gelsolin in endometrial and ovarian adenocarcinomas.

Appl Immunhistochem 1998, 6, 30–34.

25. Thor AD, Edgerton SM, Liu S, et al. Gelsolin as a negative

prognostic factor and effector of motility in erbB-2-positive

epidermal growth factor receptor-positive breast cancers. Clin

Cancer Res 2001, 7, 2415–2424.

26. Rao J, Seligson D, Visapaa H, et al. Tissue microarray

analysis of cytoskeletal actin-associated biomarkers gelsolin

and E-cadherin in urothelial carcinoma. Cancer 2002, 95,

1247–1257.

27. Visapaa H, Bui M, Huang Y, et al. Correlation of Ki-67 and

gelsolin expression to clinical outcome in renal clear cell carci-

noma. Urology 2003, 61, 845–850.

28. Winston JS, Asch HL, Zhang PJ, et al. Downregulation of

gelsolin correlates with the progression to breast carcinoma.

Breast Cancer Res Treat 2001, 65, 11–21.

29. Fujita H, Okada F, Hamada J, et al. Gelsolin functions as a

metastasis suppressor in B16-BL6 mouse melanoma cells and

requirement of the carboxyl-terminus for its effect. Int J Cancer

2001, 93, 773–780.

30. Shieh DB, Godleski J, Herndon JE, et al. Cell motility as a

prognostic factor in stage I nonsmall cell lung carcinoma. Cancer

1999, 85, 47–57.

31. Witke W, Sharpe AH, Hartwig JH, et al. Hemostatic, inflamma-

tory, and fibroblast responses are blunted in mice lacking gelsolin.

Cell 1995, 81, 41–51.

32. Mielnicki LM, Asch HL, Asch BB. Genes, chromatin, and breast

cancer: an epigenetic tale. J Mammary Gland Biol Neoplasia 2001,

6, 169–182.

33. Merlo A, Gabrielson E, Askin F, et al. Frequent loss of

chromosome 9 in human primary non-small cell lung cancer.

Cancer Res 1994, 54, 640–642.

34. Mielnicki LM, Ying AM, Head KL, et al. Epigenetic regulation

of gelsolin expression in human breast cancer cells. Exp Cell Res

1999, 249, 161–176.

35. Asch HL, Winston JS, Edge SB, et al. Down-regulation of

gelsolin expression in human breast ductal carcinoma in situ with

and without invasion. Breast Cancer Res Treat 1999, 55,

179–188.

36. Dong Y, Asch HL, Ying A, et al. Molecular mechanism of

transcriptional repression of gelsolin in human breast cancer cells.

Exp Cell Res 2002, 276, 328–336.

37. Jung M. Inhibitors of histone deacetylase as new anticancer

agents. Curr Med Chem 2001, 8, 1505–1511.

38. Marks PA, Richon VM, Breslow R, et al. Histone deacetylase

inhibitors as new cancer drugs. Curr Opin Oncol 2001, 13,

477–483.


	Loss of Gelsolin expression in human ovarian carcinomas
	Introduction
	Materials and methods
	Cancer profiling array
	Study population and tissue samples
	Immunohistochemistry
	Cell culture
	Western blot analysis
	Colony formation assay
	Statistics

	Results
	Gelsolin is differentially expressed in ovarian carcinomas
	Gelsolin is downregulated in ovarian carcinomas�and cell lines
	Gelsolin expression and clinicopathological parameters
	Downregulation of gelsolin involves�hypermethylation and histone acetylation
	Expression of gelsolin reduces the growth of�ovarian carcinoma cells

	Discussion
	Acknowledgements
	References


