
Abstract. The invasive potential of epithelial ovarian cancer is
the main factor determining its biological behavior. Ets-1
transcription factor is involved in the activation of several
proteases participating in tumor invasion and metastasis. The
balance of matrix metalloproteinase-2 and its inhibitor is
important in the regulation of tumor invasion. This study included
31 tumors from patients with epithelial ovarian cancer in different
stages, and 20 tissue samples from benign ovarian lesions as a
control group. Ets-1 was assessed using immunohistochemistry.
Matrix metalloproteinase-2 (MMP-2) and the MMP-2 inhibitor
(TIMP-2) were measured in the cytosolic fractions using enzyme
immunoassay. MMP-2 results were confirmed by gelatin
zymography. ETS-1 was expressed only in the malignant group.
MMP-2 and the MMP-2:TIMP-2 ratio were significantly higher
in the malignant group (p=0.045 and 0.026, respectively) with
significant correlation to stage and poor survival above the
specified cut-off values (p=0.006 and 0.002, respectively). Log
rank of Kaplan-Meier survival analysis was significant for FIGO
stage, MMP-2 and the MMP-2:TIMP-2 ratio (p<0.05).
Multivariate analysis demonstrated that the MMP-2:TIMP-2 ratio
is an independent prognostic parameter. Ets-1 could be a future
target for therapeutic strategies. Moreover, the MMP-2:TIMP-2
ratio might serve as a new independent prognostic indicator of
poor prognosis in epithelial ovarian cancer patients. 

The invasive potential of epithelial ovarian tumors is the

main factor determining their biological behavior. Despite

the inclusion of new chemotherapeutic regimens, the

mortality rate from ovarian cancer has remained largely

unchanged (1). The Ets-1 proto-oncogene is a transcriptional

factor involved in various cellular functions, including

activation of several proteases participating in tumor

invasion and metastasis as matrix metalloproteinases (2).

Matrix metalloproteinases (MMPs) are a group of highly

homologous enzymes that can degrade the extracellular

matrix proteins and show regulatory changes in neoplasia

(3). Type-IV collagenases, the 72-kDa MMP-2 and the 92-

kDa MMP-9 degrade the type-IV collagen of the basement

membrane, gelatin and fibronectin (4). MMP-2 is secreted

as an inactive 72 kDa proenzyme and its activation results

from the cleavage of 80 amino acids at the N-terminus with

several potential mechanisms operating in vivo, including

autocatalytic removal (3) and Ets-1 (2). The resultant active

form is 62 kDa. Decreasing type-IV collagenase activity by

transfection of tumor cells with tissue inhibitor for matrix

metalloproteinas (TIMP) reduces metastatic capacity (5).

TIMP-2 specifically inhibits the protease activity of MMP-2.

The balance between MMP and TIMP is crucial in the

process of tumor invasion and metastasis (6). 

In view of the importance of this finding and the absence

of relevant reports, we examined the relationship between

tissue MMP-2:TIMP-2 ratio and prognosis of epithelial

ovarian cancer. Moreover, as a possible MMP-2 activator,

Ets-1 expression in both benign and malignant ovarian

tissues was also addressed.

Patients and Methods

This study was conducted in the period from May 2000 – June

2003. The clinical specimens were obtained from the Obstetrics and

Gynecology Department, Ain Shams University Hospitals, Cairo,

Egypt. The laboratory work was carried out at the Oncology

Diagnostic Unit (ODU), Medical Biochemistry Department, Ain

Shams Faculty of Medicine, Cairo, Egypt. 
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Patients. The study included a total of 51 patients. Tissue samples

were obtained from patients who suffered from malignant (n=31)

and benign ovarian tumors (n=20). Patients with ovarian cancer

were surgically staged and classified according to FIGO staging (7).

All patients with histologically proven ovarian cancer subsequently

received platinum-based combination chemotherapy for six

courses. Follow-up of all patients was carried out by clinical

assessment, tumor markers and medical imaging until the end of

the study or disease-related death of the patient. Patients with

chemo-resistant disease, as diagnosed by marker status or

radiological evidence of the disease within 6 months of completing

the treatment, were candidates for second-line chemotherapy

including either taxol or the topoisomerase inhibitor, Topotecan.

Samples were obtained according to the institutional guidelines and

informed consent was obtained from each patient. The surgically

excised tissue specimens were divided into two portions: one was

processed for histopathological evaluation, while the other was

cytologically evaluated by touch imprints and then frozen at -80ÆC

for further assay. 

Preparation of the cytosolic fractions. Processing of the frozen tissue

for ELISA assays and zymography was performed according to

Bianco et al. (8). Briefly, tissue lysis was performed on ice in 1:10

(w/v) ice-cold lysis buffer (10 mM HEPES buffer, pH 7.5, containing

10 mM K2EDTA, 50 mM NaCl, 5 mM benzamidine, 1% Triton X-

100, 0.39 mM phenylmethylsulfonyl fluoride and 5 mg/ml aprotinin).

An Ultraturax T-25 homogenizer was used for 3 bursts (55 seconds

each) with a one-minute pause on ice. The homogenate was filtered

and the cytosolic fractions were obtained by centrifugation at 100,000

xg for one hour at 4ÆC, using the Beckman ultracentrifuge L7 (Brea,

USA). The protein concentration was estimated in the lysate using

the Bradford method (9) and was adjusted to 1 mg/ml in all samples.

Measurement of MMP-2. The MMP-2 assay was carried out using

the MMP-2 Human Biotrak ELISA system (Amersham

Biosciences, Freiburg, Germany) according to the manufacturer’s

instructions. The sensitivity of the test is 0.37 ng/ml (10).

Measurement of TIMP-2. The TIMP-2 assay was carried out using

the TIMP-2 human ELISA system (Amersham Pharmacia Biotech,

Freiburg, Germany) according to the manufacturer’s instructions.

The sensitivity of the test is 3 ng/ml (11).

Gelatin zymography. Gelatin zymography was performed using

10% SDS-polyacrylamide gels containing 0.1% gelatin, as

modified in our laboratory from Naylor et al. (12). Equal

amounts of protein from ovarian tissue lysates (10 Ìl) were

mixed with 10 Ìl SDS-PAGE sample buffer containing 10%

glycerol (v/v), 1% SDS (w/v) and 0.25% (w/v) bromophenol blue

(without reducing agents or boiling) and applied to the gels.

Electrophoresis was carried out for 2.5 hours at 4ÆC and 100

volts. At the end of the electrophoretic run, the gels were

incubated (20 minutes at 22ÆC) in a solution of 2.5% Triton-

X100 to remove the SDS, then washed in distilled H2O for

another 20 minutes. The gels were then incubated (16 hours,

37ÆC) in 50 mM Tris-HCl buffer (pH 8) containing 5 mM NaCl,

before being stained with 0.25% (w/v) Coomassie Blue in

solution of 10% methanol and 5% acetic acid. Bands with

gelatinolytic activity, detected as clear bands against the blue-

stained gelatin background, were visualized after the gels had

been destained with 10% methanol-5% acetic acid. 
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Figure 1. Gelatin zymography of pro MMP-2 (72 kDa) and activated MMP-2 (62 kDa) in ovarian samples. Lane 1 is the molecular weight marker.
Lanes 3, 4, 6 and 10: benign ovarian lesions with MMP-2 levels 2.2, 16, 9.0 and 8.1 ng/ml, respectively. Lanes 2, 5, 7, 8 and 9: malignant ovarian
samples with MMP-2 levels 27, 16, 25, 17 and 20 ng/ml.



The modifications that have been introduced in our laboratory

were the use of SDS-PAGE buffer instead of Laemmli buffer as a

sample buffer, and the use of NaCl instead of CaCl2 in the

incubation buffer before staining. These modifications help achieve

better quality gelatinolytic activity. 

Immunohistochemical staining for ETS-1. The sections were

deparaffinized in xylol, rehydrated in descending grades of alcohol

and placed in Tris buffer saline for 10 minutes. For antigen retrieval,

a high temperature unmasking technique was performed where the

sections were immersed in citrate buffer saline pH 6.0 and boiled in

a microwave oven for 10 minutes at 700 W followed by another 10

minutes at 350 W, then left to cool at room temperature. After

washing in Tris buffer saline, the anti-ETS-1 monoclonal antibody

(1:20 dilution)(Novocastra Labs,UK) was applied and incubated

overnight in a humid chamber. A two-step peroxidase detection

system (Novocastra Ready to use /Quick test) was then applied for

2x10 minutes. Diaminobenzidine (DAB) was used as a chromogen.

The sections were finally counterstained with Mayer's haematoxylin

and mounted with an aqueous mounting medium (13).

Statistical analysis. The MMP-2:TIMP-2 ratio was calculated by dividing

the MMP-2 value by the TIMP-2 value for each patient. The cut-off

values that maximized the sum of sensitivity and specificity for poor

survival were chosen for MMP-2, TIMP-2 and the MMP-2:TIMP-2

ratio using the ROC curve (Medcalc Software, Mariakerke, Belgium).

The non-parametric Kruskal-Wallis test was used for comparison of

different parameters among various groups. Univariate analyses were

performed using a Chi-square test of association of categorial

variables. A Kaplan Meier Univariate survival analysis was performed

for each single parameter (14). To define independent prognostic

parameters for varied follow-up, Cox’s proportional hazards model

was utilized (15). Analyses were performed using the Statistical

Package for the Social Sciences software version 9.0 (SPSS Inc.,

Chicago, IL, USA). A semi-quantitative evaluation for ETS-1

immunohistochemistry was performed as follows: 0= no staining,

+1= 10-30%, +2=31-50%, +3=51-100%.

Results

MMP-2, TIMP-2, the MMP-2:TIMP-2 ratio and ETS-1 were

assessed in benign and malignant ovarian tumors. MMP-2

results were confirmed using gelatin zymography (Figure 1).

The benign group comprised 20 patients (mean age 21.2±9.3,

range 23-58 years). The malignant group comprised 31

epithelial ovarian cancer patients (mean age 39.5±14.9, range

22-62 years). Of the malignant group, 15 tumors were
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Table I. Mean ranks of MMP-2, TIMP-2 and MMP-2:TIMP-2 ratio in
benign and malignant groups: comparison by Mann-Whitney non-
parametric test .

MMP-2 TIMP-2 Ratio

Benign (n=20)

Mean rank 20.17 28.55 19.05

Range 2.1 – 16a 12.1- 14.2b 0.16 – 1.15

Median 9.6a 13.4b 0.7

Malignant (n=31) 

Mean rank 29.76 24.35 30.48

Range 3.09 – 27a 3.0 – 14.1b 0.16 – 54

Median 13.7a 13.3b 1

Z -2.256 -0.986 -2.687

P 0.024* 0.324 0.007*

*P is significant at <0.05.
a Values of MMP-2 expressed as ng/ml.
b Values of TIMP-2 expressed as ng/ml.

Table II. Mean ranks of MMP-2, TIMP-2 and MMP-2:TIMP-2 in relation
to the clinicopathological parameters in the malignant group using
Kruskal-Wallis non-parametric test.

Number MMP-2 TIMP-2 Ratio

Stage

I 6 7.5 13.33 7.42

II 8 16 16.75 16.25

III 13 17.85 17.77 17.12

IV 4 22.75 12.75 24.75

Chi-square 8.028 1.577 9.26

P 0.045* 0.665 0.026*

Grade

1 18 15.22 11.81 15.7

2 11 16.36 17.9 15.6

3 2 21 16 20.25

Chi-square 0.75 0.82 0.468

P 0.684 0.663 0.079

Pathological type

Serous 15 14 18.2 14.2

Mucinous 8 18.56 14.69 18.13

Endometrioid 8 15.21 10.64 12.29

Chi-square 1.42 3.61 1.044

P 0.49 0.164 0.593

ETS

0 11 15.05 15.23 15.41

+1 6 16.17 20 14.92

+2 6 13 14.75 13.25

+3 8 19.44 15 19.29

Chi-square 1.931 1.454 2

P 0.587 0.693 0.572

Survival

Yes 20 12.48 17.08 12.2

No 11 22.41 14.05 22.91

Z 8.518 0.79 9.861

P 0.004* 0.364 0.002*

*P is significant at <0.05.



papillary serous adenocarcinoma, 8 were mucinous and 8

were endometrioid tumors. All patients have been followed-

up for a total follow-up period of 36 months. Eleven patients

died of the disease (mean survival 24.45±8.4, median 26

months) versus 20 patients with good outcome (mean survival

33.35±4.09, median 35.5, t=-3.978, p<0.0001). 

The mean rank of MMP-2 and the MMP-2:TIMP-2 ratio

were significantly lower in the benign group than in the

malignant group (Table I). Their mean ranks also

significantly increased with advanced and poor survival

(Table II). No significant difference was found between the

mean rank of TIMP-2 between the two groups included

(Table I). Correlation coefficient analysis showed a

significant association of each of MMP-2 and the MMP-

2:TIMP ratio with increasing stage of the disease (r=0.487,

p=0.005 for the MMP-2, and r=0.375, p=0.007 for MMP-

2:TIMP ratio). 

A ROC curve was utilized to test the significance, and

define the best cut-off values, for MMP-2, TIMP-2 and the

MMP-2:TIMP-2 ratio, in discrimination between good and

poor survival (13.7 ng/mg, 13.22 ng/mg and 1.14,

respectively). Based on areas under the curves (0.82, 0.59
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Figure 3. Strept ABC/DAB X400 of (a) a mucinous ovarian carcinoma showing ETS-1 positively-stained scattered nuclei. (b) An endometrioid ovarian
carcinoma with overlying ovarian epithelium showing nuclear ETS-1 immunostaining. (c) Serous ovarian adenocarcinoma showing weak to moderate
staining for ETS-1. (d) ETS-1 strong nuclear and cytoplasmic expression in a well-differentiated papillary serous ovarian tumor. 

Figure 2. Comparison between ROC curves of MMP-2 (a), TIMP-2 (b) and
MMP-2:TIMP-2 ratio (c). For MMP-2, area under the curve=0.82, p=0.004,
best cut-off (open circle) is 13.7 ng/mg protein, sensitivity=75%,
specificity=70%. For TIMP-2, area under the curve=0.59, p=0.375, best cut-
off (closed circle) is 13.22 ng/mg protein, sensitivity=75%, specificity=54.4%.
For MMP-2:TIMP-2 ratio, area under the curve=0.845, p=0.002, best cut-
off (asterisk) is 1.14 ng/mg protein, sensitivity=81.8%, specificity=75%.



and 0.845 for MMP-2, TIMP-2 and the MMP-2:TIMP-2

ratio, respectively), the most significant parameter was the

MMP-2:TIMP-2 ratio (Figure 2). 

ETS-1 was only expressed in the malignant group

(Figure 3) with no significant relationship with any of the

clinicopathological parameters or MMP-2 and MMP-

2:TIMP-2 ratio-positivity, according to the chosen cut-off

values (Table III). 

Kaplan Meier univariate survival analysis demonstrated a

significant relationship between advanced stage of the

disease, MMP-2 and the MMP-2:TIMP ratio above the

chosen cut-off values and disease-related death (log rank

4.27, p=0.039, log rank 8.87, p=0.0029 and log rank 11.54,

p=0.0007, respectively). In Cox multivariate analysis, the

MMP-2:TIMP-2 ratio was found to be an independent

prognostic indicator for poor survival of epithelial ovarian

cancer in our patients (Wald Chi-square=7.73, p=0.0054,

risk ratio=9.034). 

Discussion

Ovarian carcinoma patients often present with disseminated

disease characterized by multifocal invasion of intra-

abdominal organs. The metastatic behavior of metastasizing

cells is thought to be mediated by tumor cell adhesion to the

subendothelial basement membrane, followed by proteolytic

digestion of the basement membrane proteins and migration

of tumor cells into the proteolytically-modified stroma (16).

The contribution of these processes to the unique intra-

peritoneal dissemination of ovarian carcinoma is unclear. 

The transcription factor, Ets-1 expression, in malignant

cells is one of the factors triggering the activation of

proteolytic enzyme expression (17). The cascade of

proteolytic enzyme activation by Ets-1 is not yet clear. In this

study, we demonstrated an exclusive expression of Ets-1 in

epithelial ovarian cancer tissues. No immunostaining was

detected in benign tissues. In the malignant group, we found

no significant relationship between Ets-1 and any of the

clinicopathological parameters. A few reports have

commented on the role of Ets-1 in ovarian cancer (2, 18-

22). Some of them correlated Ets-1 with poor prognosis (19,

21, 22) using fluorescent immunohistochemistry. Although

we did not find a relationship between Ets-1 and the other

clinicopathological parameters, or poor prognosis, this does

not exclude its role as a proteolytic enzyme activator as it

may exert its action even when its expression level is low,

since it plays its role early in the cascade. Moreover, many

other factors such as vascular endothelial growth factor and

IL-8, which are not activated by Ets-1, contribute to the

process of neovascularization and tumor progression (23).

The use of different detection techniques and the different

pathological criteria of the samples studied may be the

cause of the discrepancy between our results and others. 

We clearly demonstrated that MMP-2 is more expressed

in malignant tissues, increasing with advanced stage and

poor survival of the disease. Furthermore, patients with

MMP-2 values above the chosen cut-off (13.7 ng/ml)

demonstrated poor survival (81.1% sensitivity). These results

add to the strong correlation suggested between the

expression of cell surface proteinases such as MMPs, and the

potential of the tumor to metastasize, with subsequent bad

prognosis (24). 

TIMP-2 expression showed no significant difference

between the two groups included or among the

clinicopathological parameters. TIMP-2 is specifically
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Table III. ETS-1 expression in relation to clinicopathological parameters
of ovarian cancer patients.

Number ETS-1 X2 P

-ve +1 +2 +3

Type

Benign 20 20 - - - 21.2 0.000*

Malignant 31 11 6 6 8

Stage

I 6 3 1 1 1

II 8 2 4 2 11.6 0.237 

III 13 6 3 1 3

IV 4 2 - - 2

Grade 

1 18 7 2 4 5

2 11 4 3 2 2 3.9 0.69

3 2 - 1 - 1

Pathological type

Serous 15 6 5 2 2

Mucinous 8 1 1 3 3 8.59 0.198

Endometrioid 8 4 - 1 3

Survival

Yes 20 6 5 5 4 3.1 0.38

No 11 5 1 1 4

MMP-2

<13.7 16 6 3 4 3 1.227 0.747

≥13.7 15 5 3 2 5

TIMP-2

<13.22 16 6 2 4 4 1.393 0.707

≥13.22 15 5 4 2 4

Ratio

<1.14 17 6 4 4 3 1.6490 0.648

≥1.14 14 5 2 2 5

*P is significant at <0.05.



capable of binding MMP-2 and its cellular distribution

follows that for MMP-2 in both benign and malignant

ovarian tissues (10). 

There is a complex balance of MMPs and their

inhibitors in the tumor environment. While it would

generally be considered an advantage for a tumor cell to

induce MMP-2 at its invasive edges, excess production

may actually inhibit tumor spread because there will be

little cell matrix adhesion. Thus, it may be useful for the

tumor to produce TIMP-2 (6). Our results demonstrated

an increasing mean rank of TIMP-2 from stage I to stage

III, followed by decrease in stage IV, even below the level

in stage I. This decrease in TIMP-2 drove the MMP-2:

TIMP-2 ratio to be maximum in stage IV, clearly

indicating that the metastatic behavior increases

significantly with an increased ratio. The presence of

TIMP-2 in stage IV tumors strengthens the assumption

that the tumor benefits from the expression of both the

proteolytic enzyme MMP-2 and its inhibitor TIMP-2 in

terms of spread and metastasis (6). These results

supported those of Cai et al. (25) who demonstrated that

MMP-2 expression correlates with tumor stage. However,

they demonstrated a higher expression of TIMP-2 in the

malignant tissues, which was not the case in our samples.

This may be due to the fact that they estimated both

MMP-2 and TIMP-2 by immunohistochemistry, which is a

semi-quantitative assay compared with the sensitive

ELISA assay we utilized. Controversially, Maneti et al.
(26) reported no significant difference between plasma

levels of MMP-2 in ovarian cancer patients and patients

with benign gynecological pathologies. Moreover they

reported a significant increase in plasma TIMP-2 levels in

the ovarian cancer group. They concluded that plasma

TIMP-2 was associated with poor prognosis and mortality

risk. We assume that the quantitative measurement of

MMP-2 and TIMP-2 in the cytosolic fractions more truly

reflects the local environment of the ovarian cells. 

This study is the first to demonstrate that the MMP-2:

TIMP-2 ratio is among the most significant parameters in

relation to epithelial ovarian cancer progression as indicated

by the FIGO stage. Regarding patient survival, patients with

an elevated tissue MMP-2:TIMP-2 ratio above the chosen

cut-off (1.14) were at a significantly unfavorable status

compared to those with values <1.14. In urothelial cancer,

Gohji et al. (6) studied the serum MMP-2:TIMP-2 ratio in

relation to recurrence. They observed that, if the serum

MMP-2:TIMP-2 ratio were below their chosen cut-off

(11.0), the secondary tumor at any metastatic site did not

grow well. 

In conclusion, the finding that Ets-1 expression is present

only in malignant ovarian tissues, together with its possible

role in activating proteolytic enzymes, makes this

transcription factor a potential target for therapeutic

strategies in ovarian cancer. Moreover, the tissue MMP-2:

TIMP-2 ratio may be a useful new prognostic marker for

poor survival of epithelial ovarian cancer. 
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