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Abstract
The invasion of a tumour through tissue limiting basement membranes is the critical step in malignant
growth. Gelatinases (MMP-2 and MMP-9) are endopeptidases capable of degrading extracellular and
pericellular matrix proteins such as collagen IV, the major component of basement membranes. An
over-expression of these gelatinases is generally found in malignant tumours and is linked to impaired
prognosis in many cancer types. Tissue inhibitors of metalloproteinases (TIMPs), endogenous
regulators of the MMP activity, have recently been introduced as multifunctional proteins, which
have paradoxical roles in tumour growth. Little data exists on the clinical significance of the
gelatinases and TIMPs in gynaecological cancers.

In this study the clinical significance of the gelatinases was studied in endometrial and uterine
cervical cancers by using immunohistochemical staining with specific antibodies. In epithelial
ovarian cancer (EOC) these enzymes and their TIMPs were studied in the preoperative serum samples
using ELISA assay. Additionally, sequential serum measurements were performed during
chemotherapy to evaluate them as treatment response indicators.

In endometrial cancer, MMP-9 positivity correlated to a poor histological differentiation and an
advanced clinical stage. High MMP-2 expression correlated to a poor differentiation, and
unfavourable survival in stage I cancers, with mortality rates of 5% and 19% in patients with MMP-
2 negative versus intensively MMP-2 positive tumours, respectively. In cervical cancers high MMP-
2 expression correlated to an increased mortality risk. High MMP-9 expression was connected to a
good differentiation of a tumour.

In EOC, a high circulating TIMP-1 value correlated to all the examined aggressive features of
EOC, including poor survival. The serum measurements of TIMP-1 were uninformative about
response evaluation during chemotherapy but paradoxically, an increase in gelatinases and TIMP-2
seemed to reflect a good response to treatment. 

In conclusion, the data from this study show that high MMP-2 expression in tumour tissue could
be prognostic in endometrial and cervical cancer, and preoperative circulating TIMP-1 could serve as
an additional prognostic marker in EOC. Studies with larger patient cohorts would be necessary to
further explore the value of these enzymes in clinical practice in gynaecological cancers. 

Keywords: endometrial neoplasms, gelatinase A, gelatinase B, ovarian neoplasms,
prognosis, tissue inhibitor of metalloproteinase-1, tissue inhibitor of metalloproteinase-2,
uterine cervical neoplasms
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ADAM a disintegrin and metalloproteinase 
ADAMTS ADAM with thrombospondin type I motifs 
AEC amino-ethyl-carbazole 
bFGF basic fibroblast growth factor 
BM basement membrane 
BRCA1 breast cancer 1 gene 
BRCA2 breast cancer 2 gene 
BSA bovine serum albumin 
CI confidence interval 
CIN cervical intraepithelial neoplasia 
CIS carcinoma in situ 
DPPIV dipeptidyl peptidase IV 
ECM extracellular matrix 
EGF epidermal growth factor 
ELISA enzyme-linked immunosorbent assay 
EOC epithelial ovarian cancer 
ET-1 endothelin-1 
FIGO International Federation of Gynaecology and Obstetrics 
HGF hepatocyte growth factor 
HIV human immunodeficiency virus 
HNPCC hereditary non-polyposis colorectal cancer 
HPV human papilloma virus 
HSV herpes simplex virus 
IHC immunohistochemistry 
ISH in situ hybridisation 
kD kilodalton 
LPA lysophosphatidic acid 
LSIL low grade squamous intraepithelial lesion 
MMP matrix metalloproteinase 
MPA medroxyprogesterone acetate 
mRNA messenger ribonucleic acid 



MT-MMP membrane-type matrix metalloproteinase 
OPD o-phenylenediamine dihydrochloride 
OR odds ratio 
PAI-1 plasminogen activator inhibitor type 1 
PBS phosphate buffered saline 
PBST 0,05% Tween in PBS 
PDGF platelet-derived growth factor 
PTEN phosphatase and tensin homologue deleted on chromosome ten 
RT-PCR reverse transcriptase polymerase chain reaction 
SCC squamous cell carcinoma 
TGF-β transforming growth factor-beta 
TIMP tissue inhibitor of metalloproteinase 
TNF tumour necrosis factor 
uPA urokinase-type plasminogen activator 
VEGF vascular endothelial growth factor 
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1 Introduction 

About 1,600 women are diagnosed with a gynaecological cancer each year in Finland 
(Cancer Registry 2005a). Surgery is generally considered the optimal primary therapy, 
whenever possible. However, the consideration of postoperative adjuvant therapies is 
necessary depending on the anticipated risk for recurrence of the disease. As these 
adjuvant treatments - mostly cytotoxic chemotherapy and/ or radiotherapy - are a major 
cause of cancer-related morbidity due to their side-effects, the use of the treatment should 
be based on reliable estimates of the recurrence risk. Traditionally, the tumour stage, 
grade and histopathology are the main factors for predicting the prognosis of 
gynaecological cancers (Kosary 1994). It seems, however, that these factors are not 
always sufficient for detecting the patients with different recurrence tendencies within the 
same stage/ grade/ histopathology group. Consequently, new prognostic markers would 
be beneficial for the decision process about the use of adjuvant therapies. 

Matrix metalloproteinases (MMPs) are a large family of extracellular matrix degrading 
enzymes. Of these, MMP-2 (gelatinase A) and MMP-9 (gelatinase B) have been found to 
be the main enzymes in degrading collagen IV, the major component of basement 
membranes. The spreading of a tumour through tissue limiting basement membranes, and 
thus beyond its primary localisation, is the conclusive characteristic of a malignancy. An 
over-expression of gelatinases in malignant tumours has been verified in numerous 
studies, also a prognostic role has been identified in many cancer types (Kleiner & 
Stetler-Stevenson 1999, Turpeenniemi-Hujanen 2005). Recent studies have revealed 
MMPs as multifunctional proteins, for example participating in the regulation of 
angiogenesis (Rundhaug 2005).  

Tissue inhibitors of metalloproteinases (TIMPs), of which four members have been 
identified to date, are the major endogenous inhibitors of the matrix metalloproteinases. 
TIMPs are able to bind to all metalloproteinases, with the exception of TIMP-1 not 
inhibiting MT1-MMP (Sato et al. 1996), but TIMP-1 preferably binds to MMP-9 
(Wilhelm et al. 1989), and TIMP-2 to MMP-2 (Stetler-Stevenson et al. 1989), making 
these the main regulators of the gelatinase activity. TIMPs have also turned out to be 
multifunctional proteins with roles also as regulators of apoptosis, angiogenesis and cell 
proliferation (Lambert et al. 2004). Therefore, TIMPs may also have a paradoxical role in 
tumour growth. There is growing evidence of high TIMP-1 expression as a marker of 
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aggressiveness in different cancer types (Holten-Andersen et al. 2000, Schrohl et al. 
2004, Ruokolainen et al. 2005). 

Data on the expression of gelatinases and their tissue inhibitors in gynaecological 
cancers are still limited. Tamakoshi et al. (1995) have shown that there are differences in 
the expression of gelatinases between different gynaecological cancers, as these cancers 
differ from each other in histology and in metastatic forms. Only a few investigators have 
focused on the clinical aspects of gelatinases and tissue inhibitors in these diseases. 
Particularly little is known of the prognostic role of gelatinases in endometrial, cervical 
and ovarian cancers. 

The present study was aimed to investigate the expression and the clinical role of the 
gelatinases in endometrial and uterine cervical cancers, and both the gelatinases and their 
tissue inhibitors in epithelial ovarian cancer. The prognostic role of the gelatinases or 
TIMPs was considered to be the main issue. The value of sequential serum measurements 
of gelatinases and their tissue inhibitors during cytotoxic chemotherapy in ovarian cancer 
patients was also studied. 



2 Review of the literature 

2.1  Epidemiology of gynaecological cancers 

Cancer of the uterus is the most common type of gynaecological malignancies in Western 
countries. In Finland, 756 new cases were diagnosed in 2003, comprising 6% of all 
female malignancies (Cancer Registry 2005a). Endometrial cancer affects mainly elderly 
women, only 6% of the patients are less than 50 years of age (Cancer Registry 2005b). In 
Sweden, 1,324 new uterine cancers were found in 2003, which comprised 6% of all 
female malignancies (Socialstyrelsen 2005). The incidence of endometrial cancer is 
increasing in Western countries, mainly due to the increase in the aged population. In the 
1970s, some 400 new endometrial cancers were diagnosed yearly in Finland, giving a rise 
of almost 90% by the year 2003 (Cancer Registry 2005a). 

Uterine cervical cancer has been the most common of female malignancies in 
developing countries, until recently. It has ceded its place, as the leading cancer, to breast 
cancer but is still the second most common cancer in females worldwide with an 
estimated 493,000 new cases per year. In developing countries, it accounts for 15% of 
female cancers, whereas in developed countries the proportion is 3.6%. (Parkin et al. 
2005.) The decline in the incidence of cervical cancer in Western countries is a quite 
recent phenomenon, and is due to the introduction of effective screening programs. 
Nowadays cervical cancer accounts for only 1.3% of female cancers in Finland (163 new 
cases in 2003) (Cancer Registry 2005a), and 2% (477 new cases in 2003) in Sweden 
(Socialstyrelsen 2005). Cervical cancer affects women of all ages, as about 40% of the 
patients are less than 50 years of age at diagnosis (Cancer Registry 2005b). 

Cancer of the ovary has previously been as common as endometrial cancer in Finland. 
However, since the 1970s, the incidence of the latter has increased twice as much as the 
former. 517 new ovarian cancers were diagnosed in Finland in 2003. (Cancer Registry 
2005a.) Worldwide, ovarian cancer is still more common than endometrial cancer, 
although the difference in the incidence is small (Parkin et al. 2005). 16% of the patients 
are less than 50 years of age at diagnosis. 
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2.2  Aetiology of endometrial, cervical and ovarian cancers 

2.2.1  Endometrial cancer 

Stimulation of the endometrium by oestrogens without the differentiating effect of 
progestins is considered to be the primary etiological factor in the development of 
endometrial hyperplasia and adenocarcinoma (Potischman et al. 1996, Amant et al. 
2005). Thus, all conditions adding oestrogen excess, such as obesity or polycystic ovary 
syndrome (Kaaks et al. 2002, Hardiman et al. 2003), early menarche (Brinton et al. 
1992), late menopause (McPherson et al. 1996) and low sex hormone binding globulin  
concentration (Potischman et al. 1996, Zeleniuch-Jacquotte et al. 2001) have been found 
to be risk factors for endometrial cancer. Other recognised risk factors are for example 
nulliparity (Brinton et al. 1992, Amant et al. 2005) and diabetes (Potischman et al. 1996, 
Weiderpass et al. 1997). Endometrial cancer is far more common in the developed 
countries, compared to the developing countries. This is explained by the facts that this 
cancer affects mainly elderly women, and the risk factors are more common in the 
developed countries. About 10% of endometrial cancers are high-grade lesions 
(undifferentiated, serous papillary or clear cell cancers), in which oestrogen is 
insignificant in aetiology, and the prognosis is unfavourable. (Amant et al. 2005.) 

Unopposed oestrogen hormone replacement therapy has been found to increase the 
risk of endometrial cancer, probably duration and dose-dependently (Grady et al. 1995, 
Weiderpass et al. 1999, Beral et al. 2005). Progestins have been found to counteract the 
proliferative effect of oestrogen on endometrium (Whitehead et al. 1981). To eliminate 
the increase in the risk of endometrial cancer, sequential or continuous progestins have 
been added to the hormone replacement therapy in women with an intact uterus. 
According to the Million Women Study, this does counteract the adverse effect of 
oestrogens on the endometrium, the effect being greater the more days progestins are 
used every month (Beral et al. 2005). However, Weiderpass et al. (1999) have found a 
duration-dependent increase in the risk of endometrial cancer in women using sequential 
progestin in their hormone replacement therapy, and this was corroborated by Lacey et al. 
(2005) even with a continuous use of progestin, compared to non-users of hormones. 
Paradoxically, antioestrogenic tamoxifen, used in the treatment of breast cancer, has been 
found to have a stimulating effect on the endometrium, and to increase the risk of an 
endometrial cancer duration-dependently (Swerdlow et al. 2005). Smoking, usually 
related to as a carcinogenic factor, decreases the risk of endometrial cancer at least in 
postmenopausal women, possibly due to an antioestrogenic effect on the endometrium 
(Terry et al. 2002). 

Abnormalities in the expression, structure or activity of proto-oncogene products, 
regulators of cell proliferation, contribute to the development of malignant tumours. 
PTEN (phosphatase and tensin homologue deleted on chromosome ten) or K-ras 
mutations, or microsatellite instability can often be found in well-differentiated 
endometrioid uterine cancers, whereas they are uncommon in high-grade endometrial 
cancers such as serous papillary cancer (Risinger et al. 1997, Tashiro et al. 1997a, 
Catasus et al. 1998, Lax et al. 2000). p53 mutations, on the other hand, are seldom seen 
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in endometrioid cancers, whereas in serous cancers they are strongly expressed (Tashiro 
et al. 1997b, Lax et al. 2000). Clear cell cancers of the uterus seem to express p53 
mutations less commonly than serous cancers, but high Ki-67 expression is common in 
both high-grade tumour types (Lax et al. 1998). An abundant expression of C-erbB2 gene 
product HER-2/neu protein has been found in serous papillary cancers (Santin et al. 
2005). 

About 5% of endometrial cancers are thought to be hereditary. Most of these are 
connected to the hereditary non-polyposis colorectal cancer syndrome (HNPCC), in 
which some of the mismatch repair genes have been mutated, causing microsatellite 
instability of the genome (Peltomäki 2005). Female HNPCC mutation carriers have a 30 - 
50% risk of developing an endometrial adenocarcinoma, and annual screening is 
recommended beginning by the age of 35 (Strate & Syngal 2005). Other more rare 
hereditary conditions connected to an increased risk of endometrial cancer are Cowden 
syndrome, in which there is a mutation of a tumour suppressor gene PTEN (Eng 2000), 
and Peutz-Jeghers syndrome (Boardman et al. 2000). 

2.2.2  Cervical cancer 

Up to 90% of cervical cancers are of the squamocellular type, the majority of the rest 
being adenocarcinomas (DiSaia & Creasman 2002a). Studies which first linked cervical 
cancer and genital human papillomavirus (HPV) infection are from the middle of the 
1970s (zur Hausen 1976). Genital HPV infections are now recognised to be the major risk 
factor of cervical cancer. These viruses are found practically in all cervical cancers 
(Walboomers et al. 1999). The prevalence of HPV infection is great, more than 50% of 
sexually active women have been infected by one or more genital HPV types, at some 
point in their life (Baseman & Koutsky 2005). The complete genomes of 118 HPVs have 
been described so far. Of these, mucosal types 16 and 18 especially, working through 
oncogenes E6 and E7, have been recognised as high-risk virus types (de Villiers et al. 
2004). Several other HPV subtypes, such as 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 66, 
68 and 70 are also linked to cervical carcinogenesis (zur Hausen 1999, de Villiers et al. 
2004, Jung et al. 2004). Thus, factors adding to the risk of getting HPV infection, such as 
early sexual onset (Smith et al. 2002) and a large number of sexual partners (Bornstein et 
al. 1995), may be considered risk factors for cervical cancer. HIV infection increases the 
risk of a woman contracting an oncogenic HPV infection, with subsequent abnormal 
cervical cytology (Minkoff et al. 1999), and an increased risk of developing cervical 
cancer (Dal Maso et al. 2003, Clifford et al. 2005). Also a herpes simplex virus-2 (HSV-
2) infection may act in conjunction with HPV infection to increase the risk of cervical 
cancer (Smith et al. 2002). 

Multiparity (Adam et al. 2000, Munoz et al. 2002), Chlamydia trachomatis infection 
(Smith et al. 2004) and smoking (Adam et al. 2000, Danaei et al. 2005) have been found 
to increase the risk of cervical squamocellular cancer. The independent role of oral 
contraception in the risk of cervical cancer remains unclear, as the HPV data of the case 
patients is often lacking in earlier studies. As in the work of Thomas & Ray (1996) with 
no data on the HPV status, the use of oral contraception was found to increase the risk of 
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adenomatous cervical carcinomas duration-dependently, whereas Lacey et al. (1999) 
found a positive association only between current use of oral contraception and 
adenocarcinoma in situ, when HPV infection was taken into account. In a recent review 
of 28 studies, the long-term use of oral contraception seemed to increase the risk of 
cervical cancer, approximately two-fold (Smith et al. 2003). However, HPV status has not 
been determined in a considerable number of the studies. When accounting for HPV 
infection, Smith et al. (2002) found no association between the use of oral contraception 
and squamocellular cancer, and Shields et al. (2004) even reported a reduced risk with the 
use of contraceptive pills. There is, however, evidence of a stimulatory effect of steroid 
hormones on the transcription of the E6 and E7 genes of the HPV genome (Moodley et 
al. 2003). Heredity seems not as essential in cervical cancer than in other gynaecological 
cancer types. However, there is probably an increased risk of cervical cancer in Peutz-
Jeghers syndrome (Boardman et al. 2000). 

As a conclusion, preventing women from being infected with high-risk HPVs, 
especially subtypes 16 and 18, would be the major preventive method against uterine 
cervical cancer, along with high-quality cytological screening. The development of 
vaccines against these HPV types began in the early 1990s by introducing synthesized 
virus-like particles (Zhou et al. 1991). Two types of HPV vaccines are currently being 
developed: prophylactic vaccines to prevent HPV infection, and therapeutic vaccines to 
induce a regression of precancerous lesions (Franco & Harper 2005). Extensive clinical 
multi-centre studies on prophylactic HPV vaccines are ongoing. To date, promising phase 
II trial reports on the efficacy of vaccines in preventing HPV 16 and 18 infections have 
been published (Koutsky et al. 2002, Harper et al. 2004, Villa et al. 2005). Recently, it 
has been shown that prophylactic quadrivalent (HPV 6, 11, 16, 18) vaccine prevents HPV 
16/ 18-related high-grade cervical intraepithelial and adenocarcinoma in situ lesions (Ault 
2005). High expectations are set on the HPV vaccines. 

2.2.3  Ovarian cancer 

About 10% of ovarian cancer cases are thought to rise on a hereditary basis, and family 
history is the strongest risk factor for the development of this disease (Berchuck et al. 
1999). A sister with ovarian cancer increases the risk of a woman to develop an ovarian 
cancer 3.7 fold (Auranen et al. 1997). The mutation of tumour suppressor genes breast 
cancer 1 and 2 genes (BRCA1 and 2) accounts for the majority of known causes of 
hereditary ovarian cancers. The lifetime risk of ovarian cancer with BRCA mutations was 
initially reported to be as high as 60%, more recent studies have suggested a risk in the 
range of 15 to 30% (Berchuck et al. 1999). However, the risk depends on the type of 
mutation, as the risk of ovarian cancer with BRCA1 mutation has been calculated to be as 
high as 39%, and with the BRCA2 mutation about 11% (Antoniou et al. 2003). 
Gynaecological follow-up is necessary for BRCA 1 or 2 mutation carriers. Prophylactic 
oophorectomy has proved to give more than 90% protection towards ovarian cancer 
(Kauff et al. 2002, Rebbeck et al. 2002). A possibility of peritoneal papillary serous 
carcinoma, indistinguishable from ovarian cancer, may still occur after oophorectomy. 
There is also an increased risk of ovarian adenocarcinoma in women with the HNPCC 
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syndrome (Watson & Lynch 2001, Strate & Syngal 2005), a lifetime ovarian cancer risk 
of 12% has been calculated for female HNPCC mutation carriers in Finland (Aarnio et al. 
1999). Ovarian tumours of BRCA1 or BRCA2 mutation carriers tend to be more 
aggressive, as determined by histopathological features and p53 expression (Lakhani et 
al. 2004). HNPCC mutation carriers, on the other hand, tend to have well or moderately 
differentiated early stage epithelial cancers, although they occur at an earlier age than in 
the general population (Watson et al. 2001). An increase in the risk of ovarian cancer is 
possible also in the Peutz-Jeghers syndrome (Boardman et al. 1998). 

Prolonged ovulation, in the form of early menarche, late menopause and nulliparity 
are suspected of playing a role in the aetiology of ovarian cancer (Zografos et al. 2004, 
Salzberg et al. 2005). Ovulation induction treatments have been suggested to increase the 
risk of ovarian cancer, especially in nulligravid women, but based on the recent evidence, 
there is no conclusive link between fertility drug use and ovarian cancer (Auranen et al. 
2005, Brinton et al. 2005). According to the large randomised Women's Health Initiative  
study, combined hormone replacement therapy may increase the risk of ovarian cancer 
slightly (Anderson et al. 2003). However, in another study, with an extensive study 
population, no increase in the risk was seen with combined hormone replacement therapy, 
but only with long-term use of unopposed oestrogen (Lacey et al. 2002). Interestingly, 
long-term use of oral contraception seems to protect against ovarian cancer, as do tubal 
ligation, pregnancies and breastfeeding (Greggi et al. 2000, Salzberg et al. 2005). 

2.3  Staging 

In order to optimally manage a cancer, both the extent of the disease and knowledge of its 
biology are essential. The extent of the disease is generally expressed in terms of its 
stage. A surgical staging of gynaecological cancers is recommended, and most commonly 
the International Federation of Gynaecology and Obstetrics (FIGO) staging system is 
used. The FIGO staging of the carcinoma of the cervix uteri is an exception, as it is still 
based on clinical evaluation. TNM-classification (Tumor-Node-Metastasis staging) may 
be used along with the FIGO staging. The staging of endometrial, cervical and ovarian 
cancers are presented in Tables 1-3. 
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Table 1. Carcinoma of the endometrium - staging (modified from Benedet et al. 2000). 

FIGO Stages Description TNM Categories 
0 Carcinoma in situ Tis 
I Tumour confined to the corpus uteri T1 

A Tumour limited to endometrium T1a N0 M0 
B Tumour invades ≤1/2 of the myometrium T1b N0 M0 
C Tumour invades >1/2 of the myometrium T1c N0 M0 

II Tumour invades cervix but does not extend beyond uterus T2 
A Endocervical glandular involvement only T2a N0 M0 
B Cervical stromal invasion T2b N0 M0 

III Local and/or regional spread as specified in IIIA, B, C T3 and/or N1 
A Tumour involves serosa and/ or adnexa and/or positive 

intraperitoneal cytology 
T3a N0 M0 

B Vaginal involvement T3b N0 M0 
C Metastasis to pelvic and/or para-aortic lymph nodes T1 - T3b N1 M0 

IV   
A Tumour invades bladder mucosa and/or bowel mucosa  T4 any N M0 
B Distant metastasis any T any N M1 

Table 2. Carcinoma of the cervix uteri - staging (modified from Benedet et al. 2000). 

FIGO Stages Description TNM Categories 
0 Carcinoma in situ Tis 
I Carcinoma confined to the cervix uteri T1 

A Invasive carcinoma diagnosed only by microscopy T1a 
1 Stromal invasion ≤3 mm in depth and ≤7 mm in horizontal spread T1a1 N0 M0 
2 Stromal invasion >3 mm, but ≤ 5mm with a horizontal spread ≤7 mm T1a2 N0 M0 

B Clinically visible lesion confined to the cervix uteri/ microscopic 
lesion greater than IA2 

T1b 

1 Lesion ≤4.0 cm T1b1 N0 M0 
2 Lesion >4.0 cm T1b2 N0 M0 

II Tumour invades beyond the uterus but not to pelvic wall or to lower 
third of the vagina 

T2 

A Without parametrial invasion T2a N0 M0 
B With parametrial invasion T2b N0 M0 

III Tumour extends to pelvic wall and/or involves the lower third of the 
vagina and/or causes hydronephrosis/ non-functioning kidney 

T3 

A Tumour involves lower third of the vagina, no extension to pelvic 
wall 

T3a N0 M0 

B Tumour extends to pelvic wall and/or causes hydronephrosis/ non-
functioning kidney 

T1 - T3a N1 M0 
T3b any N M0  

IV   
A Tumour invades mucosa of bladder/ rectum and/or extends beyond 

true pelvis 
T4 any N M0 

B Distant metastasis any T any N M1 



 23

Table 3. Carcinoma of the ovary - staging (modified from Benedet et al. 2000). 

FIGO Stages Description TNM Categories 
I Tumour limited to the ovaries T1 

A One ovary, capsule intact, no tumour on ovarian surface, negative 
intraperitoneal cytology 

T1a N0 M0 

B Both ovaries, capsule intact, no tumour on ovarian surface, negative 
intraperitoneal cytology 

T1b N0 M0 

C Capsule ruptured/ tumour on ovarian surface/ positive intraperitoneal 
cytology  

T1c N0 M0 

II Ovarian tumour with pelvic extension T2 
A Extension and/or implants on uterus and/or tube(s), negative 

intraperitoneal cytology 
T2a N0 M0 

B Extension to other pelvic tissues, negative intraperitoneal cytology T2b N0 M0 
C IIA or IIB with positive intraperitoneal cytology T2c N0 M0 

III Ovarian tumour with peritoneal metastasis outside the pelvis and/or 
regional lymph node metastasis 

T3 and/or N1 

A Microscopic peritoneal metastasis beyond pelvis T3a N0 M0 
B Macroscopic peritoneal metastasis beyond pelvis, ≤2.0 cm T3b N0 M0 
C Peritoneal metastasis beyond pelvis, >2.0 cm and/or regional lymph 

node metastasis 
T1 - T3c N1 M0 
T3c N0 

IV Distant metastasis any T any N M1 

2.4  Management of gynaecological cancers 

2.4.1  Endometrial cancer 

More than 80% of endometrial cancers are endometrioid adenocarcinomas (type 1 
carcinomas), the rest being high grade tumours such as serous or clear cell carcinomas 
(type 2 carcinomas). Most women with endometrial cancer are diagnosed at an early 
stage (stage I), due to the appearance of early symptoms such as dysfunctional bleeding. 
The prognosis of the cancer is thus quite good, and the overall 5-year survival is around 
80%. (Amant et al. 2005.)  

The cornerstone of treatment of endometrial cancer is surgery. Total hysterectomy 
with bilateral oophorectomy is the primary operation, pelvic lymphadenectomy and 
intraperitoneal cytological sampling are necessary for the surgical staging. In high grade 
tumours, para-aortic lymphadenectomy and omentectomy are also recommended. (Amant 
et al. 2005.) The laparoscopic technique, including the procedures mentioned above, has 
become more frequent in recent years. No significant difference has been found in the 
disease-free survival or overall survival in patients operated either laparoscopically or 
with open surgery (Malur et al. 2001, Eltabbakh 2002, Seracchioli et al. 2005). There 
have been remarkably less acute (Malur et al. 2001), or late, complications with the 
laparoscopic approach compared to laparotomy, and the laparoscopic procedure is 
recommended especially for those patients who have an increased surgical risk for 
complications (Tozzi et al. 2005). 
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The role of radiotherapy is controversial in the treatment of endometrial cancer. It is 
mainly used in an adjuvant setting, but curative treatment of medically inoperable 
patients, mostly by brachytherapy, is also possible (Einhorn et al. 2003). Postoperative 
external pelvic radiotherapy has been found to reduce local recurrences in early stage 
endometrial cancer in several studies, but it has not been found to have an impact on 
overall survival (Aalders et al. 1980, Creutzberg et al. 2000, Keys et al. 2004). Among 
the low-risk patients (stage IA-B grade 1-2) adjuvant radiotherapy seems to have no 
benefit at all (Mariani et al. 2000). Patients with high-grade endometrial cancers or those 
with other presumed risk factors for a relapse, such as lymphovascular invasion or deep 
myometrial invasion are considered to benefit from adjuvant radiotherapy, and 
postoperative treatment is nowadays usually recommended to patients with these findings 
(Benedet et al. 2000, Keys et al. 2004). Postoperative vaginal brachytherapy, alone or in 
combination with external radiotherapy, is also used to decrease local recurrences 
(Benedet et al. 2000). The combination of surgery and postoperative radiotherapy 
increases the risk of serious complications. 

Systemic chemotherapy is not very common in endometrial cancer. Cytotoxic 
chemotherapy is used in advanced cases or recurrences when no surgery or radiotherapy 
is applicable. Adriamycin with platinum is the standard combination (Aapro et al. 2003, 
Thigpen et al. 2004a) but recent studies show also good response rates and tolerable 
toxicity with combinations of taxanes and platinum (Obata et al. 2003, Akram et al. 2005, 
Michener et al. 2005, Scudder et al. 2005). Hormonal management with high dose 
gestagens and/or antioestrogens (Lentz et al. 1996, Whitney et al. 2004), and also with 
aromatase inhibitors (Rose et al. 2000, Ma et al. 2004), may have moderate efficacy in 
recurrent or advanced diseases. So far there is not enough data to assess the role of 
inhibitors of angiogenesis, such as bevacizumab, in the management of endometrial 
cancer. 

2.4.2  Cervical cancer 

The treatment options are similar in both squamocellular and adenocarcinoma types of 
cervical cancer. Both surgery, and/or radiotherapy have been included in the main 
treatment modalities with equivalent treatment results. In stages I-IIA, radical 
hysterectomy with or without bilateral salpingo-oophorectomy and pelvic 
lymphadenectomy is usually performed (DiSaia & Creasman 2002a). Radiotherapy has 
been the first line treatment in advanced tumours. It has been found to be a curative 
treatment in cervical cancer, although large doses of up to 80-90 Grays are needed for 
curative intentions of gross tumours. To achieve this without intolerable local side effects, 
a combination of brachytherapy and external-beam radiation is required. A new intensity-
modulated radiotherapy technique might also help solve this problem in the future. 
(Ahamad & Jhingran 2004.) Sometimes preoperative radiotherapy, with brachytherapy or 
external-beam radiation, may be given in order to improve operability (Coelho et al. 
1998, Beskow et al. 2002). Postoperatively radiotherapy is used in high risk cases as an 
adjuvant treatment (Ahamad & Jhingran 2004). As in endometrial cancer, combining 
surgery and radiotherapy increases the risk of serious complications. 
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Chemoradiotherapy, usually with cisplatin inductions weekly, has been found to 
improve progression-free survival and overall survival in locally advanced cervical 
cancer, compared to radiotherapy alone (Rose et al. 1999, Peters et al. 2000, Eifel et al. 
2004). It also shows benefit for local recurrences, and possibly for distant recurrences. 
(Green et al. 2005.) Chemoradiotherapy has been found beneficial also in a neoadjuvant 
setting preoperatively, compared to neoadjuvant external radiotherapy in bulky stage IB 
cancer (Keys et al. 1999).  

Another new approach in the management of cervical cancer is fertility sparing 
surgery. A technique called trachelectomy, where only the cervical part of the uterus is 
removed, may be applied in the early stages of cervical cancer. So far, the results of the 
safety and disease outcome of the technique are encouraging (Dargent et al. 2000, Plante 
et al. 2004), as well as the data concerning obstetrical outcomes after trachelectomy 
(Plante et al. 2005). Laparoscopic-assisted radical hysterectomy has also been found to be 
an effective and safe approach (Steed et al. 2004, Gil-Moreno et al. 2005), laparoscopic 
staging of locally advanced tumours has also been proposed (Marnitz et al. 2005).  

Systemic treatment, mainly with platinum-based cytotoxic chemotherapy, is indicated 
mostly in advanced or recurring cases. However, chemoradiotherapy has introduced 
cisplatin more extensively in the treatment of uterine cervical cancer. Also, in 
preoperative chemotherapy cisplatin-based regimens have been applied in order to 
improve operability (Lopez-Graniel et al. 2001, Duenas-Gonzalez et al. 2003, Modarress 
et al. 2005). 

2.4.3  Ovarian cancer 

Epithelial carcinoma accounts for up to 90% of ovarian cancers, and about half of them 
are of the serous subtype (DiSaia & Creasman 2002b, Thigpen 2004b). The treatment 
recommendations presented here apply to epithelial tumours. Unlike endometrial cancers, 
ovarian malignancies have no early symptoms. A general feature of epithelial cancers is 
to metastasise extensively into the peritoneal surfaces before any symptoms appear. 
Therefore 75% of ovarian cancer patients are diagnosed in an advanced stage (III or IV) 
(Thigpen 2004b). Surgery is the treatment of choice in ovarian cancer, also in elderly 
patients (Sharma et al. 2005), as optimal debulking defined either as no residual tumour 
or less than 1 cm of residual tumour left essentially improves the prognosis (Bristow et 
al. 2002, Eisenkop et al. 2003). In the early stages, or when optimal cytoreduction may 
be achieved in stage III, surgery includes abdominal hysterectomy, bilateral salpingo-
oophorectomy, pelvic and para-aortic lymphadenectomy and omentectomy, with 
cytological and peritoneal sampling when needed for proper staging (Ozols 2004). The 
role of laparoscopy is controversial in the treatment of ovarian cancer because of the risk 
of port-site metastasis. The incidence of these metastases in advanced stage disease is as 
high as 17%, however it does not seem to affect the prognosis (Vergote et al. 2005). It 
does seem that port-site metastasing is more common in the laparoscopic surgery of 
ovarian cancer, compared to cervical or uterine cancers (Ramirez et al. 2004). 

Even in the case of optimal cytoreduction, epithelial ovarian cancer has a tendency to 
recur. Adjuvant chemotherapy is therefore recommended in all but stage IA - B grade 1 
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non-clear-cell tumours. Any one high risk feature (stage ≥ IC/ grade 2 - 3/ clear cell type) 
makes the patient high risk for recurrence, and is an indication for adjuvant treatment. 
(Thigpen 2004b.) Based on the results from large randomised trials, the current 
postoperative standard of care for epithelial ovarian cancer is six cycles of paclitaxel plus 
platinum (McGuire et al. 1996, Piccart et al. 2000, du Bois et al. 2003, Ozols et al. 
2003). This approach has resulted in an improved response rate, longer progression-free 
survival and overall survival (Thigpen 2004b). Docetaxel - carboplatin combination 
represents an alternative first-line chemotherapy regimen with similar response rates and 
survival, but different toxicity profile, compared to paclitaxel - carboplatin treatment 
(Vasey et al. 2004). Recently, an improved survival in ovarian cancer patients with 
optimally debulked stage III ovarian cancer has been reported with a combination therapy 
of intravenous paclitaxel and intraperitoneal cisplatin plus paclitaxel (Armstrong et al. 
2006). Radiotherapy is seldom used in the primary treatment of ovarian cancer (Hepp et 
al. 2002). 

Even in the case of optimal cytoreduction and complete response with adjuvant 
chemotherapy, about 70% of the patients with advanced cancer experience a disease 
recurrence (Ozols 2004). Second line treatment depends mostly on the treatment-free 
interval since the primary platinum-based chemotherapy, and also on the previous 
treatment regimens used, and tolerability. Taxanes, liposomal doxorubicin, gemcitabine 
and topotecan are possible options in platinum resistant disease (relapse within 6 months 
from the primary platinum-based treatment). (Salzberg et al. 2005.) For patients with 
platinum-sensitive disease, combination therapy offers a survival advantage over 
platinum alone (ICON and AGO collaborators 2003). Consolidation or maintenance 
therapies to reduce recurrences have been studied, but so far no significant extension in 
survival has been noted (Ozols 2004). New biological agents such as tyrosine kinase 
inhibitor gefitinib, vascular endothelial growth factor (VEGF)-inhibitor bevacizumab, 
and HER-2/neu antibody trastuzumab are also being tested for the treatment of ovarian 
cancer. So far, the data on trastuzumab has not been promising (Thigpen 2004b), whereas 
bevacizumab has shown some activity in the treatment of ovarian cancer (Cohn et al. 
2006).  

2.5  Tumour invasion and metastasis 

Malignant cells and tissues have several features that distinguish them from normal cells: 
self-sufficiency in growth signals, insensitivity to growth-inhibitory signals, evasion of 
programmed cell death (apoptosis), limitless replicative potential, sustained angiogenesis, 
and tissue invasion and metastasis (Hanahan & Weinberg 2000). Tumour cell infiltration 
through basement membranes (BM) is a critical step in malignant growth.  

To be able to metastasise, a cancer cell must dissociate from the connection and 
control of neighbouring cells and extracellular matrix (ECM). This requires an alteration 
in the function or expression of adhesion molecules (Varner & Cheresh 1996, Weaver et 
al. 1997, Christofori & Semb 1999). A cancer cell must invade the BM that separates it 
from the surrounding tissue, infiltrate the vasculature or lymph vessels, and then invade 
the target tissue. In that process, production and activation of ECM degrading proteolytic 
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enzymes, such as matrix metalloproteinases, plasminogen activators, ADAMs (a 
disintegrin and metalloproteinase) and ADAMTSs (ADAMs with thrombospondin type I 
motifs) are required (Chambers & Matrisian 1997, Kleiner & Stetler-Stevenson 1999). 
The formation of a neo-vasculature is obligatory for the tumour mass to exceed the size 
of 1 mm3. This requires angiogenic factors. (Hanahan & Weinberg 2000.) A hypothesis of 
"angiogenic switch" has been presented - the point at which a tumour acquires the 
capacity to induce angiogenesis (Hanahan & Folkman 1996). 

ECM is a complex network composed of protein constituents including collagen, 
elastin, glycoproteins such as laminin, fibronectin and nidogen, and proteoglycans and 
glycosaminoglycans. It is a dynamic compartment of these molecules and numerous 
growth factors and latent enzymes, which affects the activation of various cell to cell and 
cell to matrix interactions. (Kleiner & Stetler-Stevenson 1999.) ECM undergoes constant 
remodelling, and MMPs have a central function in this process. The basement membrane 
is a specialised form of ECM mainly composed of type IV collagen, nidogen, laminins 
and perlecan (Overall & López-Otin 2002). Its function is to separate epithelial cells from 
the underlying supporting stroma, thus forming tissue boundaries. 

2.5.1  Cell-cell adhesion 

E-cadherin is a member of a large family of transmembrane glycoproteins that form, 
especially with catenin proteins, a calcium dependent cell-cell adhesion complex called 
adherent junction. Cadherins also play a major role in various physiological processes 
such as morphogenesis and maintenance of cell polarity (Takeichi 1991, Conacci-Sorrell 
et al. 2002). In normal epithelial tissues, E-cadherin forms complexes with actin 
cytoskeleton via cytoplasmic catenins (α-,β- and γ-catenin) to maintain the functional 
characteristics of the epithelia (Kemler 1993, Conacci-Sorrell et al. 2002). 

The physical interaction between the tumour cells, mediated by E-cadherin, acts to 
restrain cell migration. A reduction of E-cadherin expression results in a disruption of the 
cell-cell contacts. A loss of E-cadherin expression is found in various malignant tumours 
and correlates with invasive and metastatic potential and/ or poor prognosis. (Takeichi 
1993, Richmond et al. 1997, Conacci-Sorrell et al. 2002, Elzagheid et al. 2002.) 
Correspondingly, Marques et al. (2004) suggest that the maintenance of E-cadherin 
expression in the cellular membrane may be a marker of good prognosis in ovarian 
cancer. In prostate cancer it seems that the restoration of a functional E-cadherin could 
reverse the invasive phenotype in E-cadherin negative cell clones (Luo et al. 1999). An 
over-expression of dipeptidyl peptidase IV (DPPIV), a multifunctional cell surface 
aminopeptidase, has been shown to induce enhanced expression of E-cadherin and α- and 
β-catenin in ovarian carcinoma cell lines, resulting in decreased invasive potential 
(Kajiyama et al. 2003). 

Less is known of the role of catenin expression in cancer progression. In ovarian 
cancer, α-catenin expression has been shown both to be strong in ovarian cancer 
(Davidson et al. 2000), and to be reduced in about 50% of the cancer samples (Anttila et 
al. 1998, Davies et al. 1998). Increased β-catenin expression has been found in ovarian 
carcinomas, especially in endometrioid ones (Marques et al. 2004), whereas partial 
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reduction or loss of β-catenin expression compared to normal ovarian surface epithelium 
and benign ovarian epithelial tumours has been reported as well (Davies et al. 1998). 

Claudins are recently identified adhesion molecules constituting a family of more than 
20 proteins. They are transmembrane proteins that seal tight junctions and are essential 
for maintaining cell-cell adhesion in epithelial cell sheets. Claudins 3 and 4 have been 
shown to be upregulated in epithelial ovarian cancers compared to normal ovarian tissue, 
suggesting that the expression of these proteins is associated with malignancy. ( Rangel et 
al. 2003.) They have also been found to enhance the invasion of ovarian surface epithelial 
cells (Agarwal et al. 2005). Increased expression of claudins 1, 2, 4 and 7 has been 
detected in cervical intraepithelial neoplasias (CIN), carcinoma in situ (CIS) lesions and 
invasive cervical carcinomas compared to normal cervical tissue (Sobel et al. 2005a). 
Occludin has also an important role in tight junction formation. The pattern of 
immunohistochemical staining of occludin changes in CIN lesions compared to normal 
cervical epithelia, and intensive staining seems to disappear in CIS lesions (Sobel et al. 
2005b). In endometrial cancer a decrease in occludin expression correlates to an increase 
in grade, deep myometrial invasion and lymph node metastasis (Tobioka et al. 2004). A 
notable down or dysregulation of occludin is also found in complete and partial moles 
compared to normal placentae (Marzioni et al. 2001). The transcriptional factors Snail 
and Slug have been found to regulate the production of E-cadherin, Snail also regulates 
occludin and claudins by repressing the transcription of these genes (Cano et al. 2000, 
Bolós et al. 2003, Ikenouchi et al. 2003).  

The syndecans (1-4) form a family of transmembrane glycoproteins, which participate 
in cell adhesions and cell matrix interactions. The expression of syndecan-1 has been 
found to alter in human cancers. Syndecan-1 expression decreases in cervical 
carcinogenesis (Inki et al. 1994), and in cervical cancers it correlates to a poor 
differentiation grade of the tumour, but not to prognosis (Rintala et al. 1999). In 
endometrial cancers a loss of epithelial syndecan-1 and induction of stromal syndecan-1 
expression are associated with tumour progression (Hasengaowa et al. 2005). No 
syndecan-1 has been found in normal ovarian epithelium, whereas in ovarian tumours it 
is abundantly present. In ovarian cancer, high stromal syndecan-1 correlates to poor 
survival. (Davies et al. 2004.) 

2.5.2  Cell-matrix adhesion 

Integrins are a family of transmembrane glycoprotein cell surface receptors that are 
responsible for anchoring cells to ECM. The integrin family is composed of 18 α and 8 β 
subunits that are non-covalently linked in more than twenty different αβ heterodimeric 
combinations on cell surfaces. (Varner & Cheresh 1996, Hynes 2002.) Some integrins 
recognise only one matrix protein ligand, such as fibronectin, others may bind to several 
ligands (DiPersio et al. 1995, Yang & Hynes 1996). Integrin-mediated signalling 
participates in the regulation of a variety of cellular events such as tumour cell 
proliferation, migration, invasion and apoptosis (Clezardin 1998, Hood & Cheresh 2002). 
Alteration in integrin heterodimer profiles has been shown to affect the growth and 
malignant behaviour of cells (Weaver et al. 1997, Hood & Cheresh 2002). Aggregation of 
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integrin molecules results in the accumulation of signalling associated molecules at cell 
matrix contact sites (Ellerbroek et al. 1999). 

β1, β3 and β5 integrin subunits have been found to be uniformly present in a variety of 
ovarian cancer cell lines, and β6 in the majority of the studied cell lines (Ahmed et al. 
2002). Multiple α subunits such as α1, α2, α3, α4, α5 and α6 in association with β1 have 
been identified in ovarian cancer cells (Cannistra et al. 1995). α2β1 integrin has been 
identified as a major integrin mediating the cell matrix adhesion between ovarian cancer 
cells and type I collagen (Fishman et al. 1998). Aggregation of β1 integrins has been 
shown to stimulate proMMP-2 activation in an ovarian cancer cell line (Ellerbroek et al. 
1999). However, Davidson et al. (2003) found no correlation between β1 integrin 
expression and survival in ovarian cancer patients. A high expression of αvβ6 integrin, 
found almost exclusively in malignant epithelial cells, has been connected to the 
enhanced levels of proMMP-2 and proMMP-9 in ovarian cancer cells (Ahmed et al. 
2002). There is a complex interaction between integrins and MMPs. In addition to the 
role of integrins in the regulation of MMP production or activation MMPs participate in 
the processing of integrins. MMPs and integrins also interact through various regulators 
of angiogenesis and growth factors and end products of the MMP proteolytic activity. 
(Rundhaug 2005.) 

2.6  Matrix metalloproteinases 

Matrix metalloproteinases are a large group of zinc-dependent proteolytic enzymes 
capable of degrading ECM constituents. The first MMP, a collagenase, was found in 1962 
(Gross & Lapiere 1962). Since then, 24 new members have been discovered (Table 4). 23 
of the known MMPs are found in humans. 

The structure of MMPs is largely similar. All human MMPs possess a signal peptide, 
an N-terminal propeptide containing a cysteine switch motif, and a catalytic domain 
containing a highly conserved zinc-binding motif (Fig. 1). Additionally, a majority of the 
proteinases have a C-terminal hemopexin-like domain. In membrane-type (MT-) MMPs 
there is also a C-terminal transmembrane domain, which anchor these enzymes to the cell 
surface. (Nagase & Woessner 1999.) The cysteine switch motif in the propeptide that 
maintains MMPs in their latent form (proMMP), and the zinc-binding motif are the 
signatures used to assign proteinases into this family (Visse & Nagase 2003). The N-
terminal catalytic domain is required for the peptide bond cleavage, but a C-terminal 
hemopexin-like domain is essential for collagenases in binding and degrading the triple 
helical regions of interstitial fibrillar collagens (Birkedal-Hansen et al. 1988, Murphy et 
al. 1992a).  
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Fig. 1. The general structure of matrix metalloproteinases, and the structure of gelatinases A 
and B, with a type II fibronectin domains inserted in the catalytic domain (Modified from 
Nagase and Woessner 1999). 

All MMPs are synthesized as prepro-enzymes and secreted mostly as inactive 
proenzymes. They need activation to be fully functional. This activation may be 
endogenously initiated by serine proteases such as plasmin and urokinase-type 
plasminogen (uPA), or by some MMPs such as MT-MMPs. In the activation of the 
MMPs the prodomain with the cysteine-containing sequence is cleaved in a stepwise 
manor, disrupting a cysteine - zinc interaction. (Kleiner & Stetler-Stevenson 1999, Visse 
& Nagase 2003.) 

MMPs are classified into six subclasses on the basis of substrate specifity, sequence 
similarity, and domain organisation. These are collagenases (MMP-1, MMP-8 and MMP-
13, and a xenopus collagenase MMP-18), gelatinases (MMP-2 and MMP-9), 
stromelysins (MMP-3, MMP-10 and MMP-11), matrilysins (MMP-7 and MMP-26), 
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membrane-type (MT)-MMPs (MT1-MMP, MT2-MMP, MT3-MMP, MT4-MMP, MT5-
MMP and MT6-MMP), and a group called other MMPs (MMP-12, MMP-19, MMP-20, 
MMP-22, MMP-23). (Visse & Nagase 2003.)  

MMPs are essential in numerous physiological events, such as in embryo implantation 
(Librach et al. 1991, Whiteside et al. 2001), in uterine involution after pregnancy 
(Rudolph-Owen et al. 1997), in endometrial breakdown during menstruation (Irwin et al. 
1996), and in wound healing (Inkinen et al. 2000, Ravanti & Kähäri 2000). Under normal 
physiological conditions, the activities of MMPs are strictly regulated at the level of 
transcription, activation of the latent forms, and inhibition by endogenous inhibitors. A 
loss of activity control may result in diseases such as arthritis, atherosclerosis, nephritis, 
fibrosis and cancer (Visse & Nagase 2003). 

Several non-matrix substrates have been identified for MMPs in recent years 
(Table 4). These include other proteinases, proteinase inhibitors, clotting factors, 
chemotactic molecules, latent growth factors, growth factor binding proteins, cell surface 
receptors, and cell-cell and cell-matrix adhesion molecules. The functions of the MMPs 
are thus more complex than mere ECM degradation. (McCawley & Matrisian 2001.) 
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Table 4. The matrix metalloproteinase family. Modified from Kleiner & Stetler-Stevenson 
1999 and Visse & Nagase 2003. 

MMP 
number 

Common name Some substrates 

1 Collagenase 1/ 
Interstitial collagenase 

types I, II, III, VII, VIII, X and XI collagen, gelatin, fibronectin, 
vitronectin, laminin, entactin, tenascin, aggregan, casein, proTNFα, 
proMMP-1, -2 and -9 

2 Gelatinase A types I, II, III, IV, V, VII, X and XI collagen, gelatin, elastin, fibronectin, 
laminin, entactin, aggregan, proTNFα, plasminogen, FGFR1, big ET-1, 
proMMP-1, -2 and -9 

3 Stromelysin 1 types III, IV, V, VII, IX, X and XI collagen, gelatin, elastin, fibronectin, 
vitronectin, laminin, entactin, tenascin, casein, proMMP-1, -3, -7, -8 and -9 

7 Matrilysin 1 types I and IV collagen, gelatin, elastin, fibronectin, laminin, tenascin, 
aggregan, plasminogen, proMMP-1, -2, -7 and -9 

8 Collagenase 2/ 
Neutrophil collagenase 

types I, II, III, VII and X collagen, aggregan, fibrinogen, angiotensin I and 
II 

9 Gelatinase B types I, IV, V, X, XI and XIV collagen, gelatin, elastin, vitronectin, 
laminin, aggregan, proTNFα, angiotensin I and II, plasminogen, release of 
VEGF, proTGFβ2 

10 Stromelysin 2 types III, IV, V, IX and X collagen, gelatin, elastin, fibronectin, laminin, 
proMMP-1, -7, -8 and -9 

11 Stromelysin 3 type IV collagen, gelatin, fibronectin, laminin, PAI-2 
12 Metalloelastase/ 

Macrophage elastase 
types I, IV and V collagen, gelatin, elastin, fibronectin, laminin, aggregan, 
plasminogen 

13 Collagenase 3 types I, II, III, IV, VI, VII, IX and X collagen, gelatin, fibronectin, 
aggregan, perlecan, fibrinogen, proMMP-9 

14 MT1-MMP types I, II and III collagen, gelatin, fibronectin, laminin, aggregan, 
fibrinogen, fibrin, proMMP-2 

15 MT2-MMP fibronectin, laminin, entactin, tenascin, perlecan, proMMP-2 
16 MT3-MMP type III collagen, gelatin, fibronectin, laminin, proMMP-2 
17 MT4-MMP gelatin, fibrinogen, fibrin, proTNFα 
18 Collagenase 4 

(Xenopus) 
type I collagen 

19 RASI-1 type IV collagen, gelatin, fibronectin, laminin, fibrin 
20 Enamelysin amelogenin, aggregan 
21 XMMP  gelatin, casein 
22 CMMP (Chicken) gelatin, casein 
23 CA-MMP (Cysteine 

array) 
gelatin 

24 MT5-MMP fibronectin, gelatin, proMMP-2 
25 MT6-MMP/ Leucolysin type IV collagen, gelatin, fibronectin, fibrin, proMMP-2 
26 Matrilysin 2/ 

Endometase 
gelatin, fibronectin, type IV collagen, proMMP-9 

27 no trivial name unknown 
28 Epilysin casein 
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2.6.1  Angiogenesis 

Angiogenesis is the process of forming new capillary blood vessels. The degradation of 
the BM and remodelling of the ECM are required to allow the endothelial cells to migrate 
and invade surrounding tissue. Thus, MMPs are essential for angiogenesis. Endothelial 
cells are known to produce multiple MMPs, for example both gelatinases. (Haas 2005.) 
The endothelial cell would be a preferential target for cancer therapy, as it is a cell type 
common to all solid tumours (Tosetti et al. 2002). In normal situations, angiogenesis is 
tightly regulated by a balance between pro- and anti-angiogenic factors. Members of the 
vascular endothelial growth factor (VEGF) family are the best known enhancers of 
angiogenesis. In a cancer environment VEGF is released by tumour cells. It induces 
endothelial cell mitogenesis and migration, and transcription of genes leading to the 
secretion of angiogenesis promoting cytokines and growth factors. (Bisacchi et al. 2003.) 
VEGF acts by binding to members of the VEGF receptor family (Qi et al. 2003). Other 
important angiogenic factors are the basic fibroblast growth factor (bFGF), the 
transforming growth factor-beta (TGF-β), tumour necrosis factor-alpha (TNF-α), the 
platelet-derived growth factor (PDGF) and hepatocyte growth factor (HGF). Endostatin 
and angiostatin are their natural counterparts. (Bisacchi et al. 2003.)  

In addition to the ECM and BM degrading functions of MMPs, recent studies have 
revealed that MMPs contribute to angiogenesis in many mechanisms. Some MMPs may 
release ECM-bound angiogenic factors (Vu et al. 1998) or expose proangiogenic integrin 
binding sites in the ECM (Xu et al. 2001). MMPs may also generate promigratory ECM 
component fragments (Deryugina et al. 2002) or cleave cell-cell adhesions (Herren et al. 
1998). Mice deficient in MMP-2 or MMP-9 show reduced angiogenesis in vivo (Itoh et 
al. 1998, Vu et al. 1998, Huang et al. 2002). Interestingly, MMPs can also contribute 
negatively to angiogenesis, for example through the generation of endogenous 
angiogenesis inhibitors, such as angiostatin by proteolytic cleavage of plasminogen 
(Patterson & Sang 1997), or canstatin and tumstatin, antiangiogenic fragments generated 
by the degradation of BM (Kalluri 2003). MMPs may also decrease the cell receptor 
signalling of angiogenic factors by cleaving off the ligand binding domains of receptors 
(Levi et al. 1996, Koolwijk et al. 2001).  

There is a close interaction between MMPs and angiogenic factors. Several angiogenic 
factors participate in the regulation of gelatinase secretion or activity (Rosanò et al. 2002, 
So et al. 2005, Wang et al. 2006). Reciprocally, many angiogenic factors are known to be 
substrates of MMPs, especially of the gelatinases (Visse & Nagase 2003). The role of 
gelatinases in angiogenesis is thus both essential and versatile.  

2.6.2  Gelatinases A and B 

MMP-2 and MMP-9 (gelatinases A and B, respectively) are probably the most 
profoundly studied members of the matrix metalloproteinase family, due to their 
important role in tissue remodelling and tumour progression. MMP-2 was first introduced 
as a type IV collagenase in the late 1970s by Liotta et al. (1979, 1980). The essential role 
of MMP-2 in degrading BM was soon confirmed by many studies (Liotta et al. 1981, 
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Salo et al. 1983, Turpeenniemi-Hujanen et al. 1985). MMP-2, and MMP-9, which was 
originally purified from leucocytes (Murphy et al. 1982, Sopata 1982), turned out to be 
the major enzymes degrading type IV collagen, the major component of BMs. MMP-2 is 
secreted as a 72kD proenzyme, forming a 62 kD active enzyme after the cleavage of the 
prodomain. The proenzyme of MMP-9 is a 92 kD protein, which has a molecular weight 
of 82 kD after the activation by the cleavage of the prodomain. (Kleiner & Stetler-
Stevenson 1999.) These enzymes bind to collagens, gelatin and laminin with three repeats 
of a type II fibronectin domain inserted in the catalytic domain (Fig. 1) (Allan et al. 
1995). The hemopexin domain of gelatinases is required for the cell surface activation of 
proMMP-2 by MT1-MMP, and for the binding of TIMP-2 or TIMP-1 (Murphy et al. 
1992b). The genes of both gelatinases have been localised to chromosome 16 (Collier et 
al. 1991). 

Both gelatinases are increased in malignant tissues compared to their benign 
counterparts (Iurlaro et al. 1999, Schmalfeldt et al. 2001, Sasaki et al. 2002, Asha Nair et 
al. 2003, Morán et al. 2005). It is also quite widely reported that an over-expression or 
high serum values of MMP-2 or MMP-9 are associated with unfavourable survival in 
many cancer types such as breast cancer (Talvensaari-Mattila et al. 1998, Leppä et al. 
2004), prostate cancer (Trudel et al. 2003), melanoma (Väisänen et al. 1998, Nikkola et 
al. 2005), head and neck squamous cell cancer (Riedel et al. 2000, Ruokolainen et al. 
2004) and lung cancer (Ylisirniö et al. 2000, Passlick et al. 2000). However, these 
findings are not without arguments, as some researchers have found no correlation 
between survival and MMP-2 or MMP-9 in some of the above cancer types (Vuoristo et 
al. 2000, Sasaki et al. 2002, Rahko et al. 2004). In colorectal cancers no prognostic 
significance has been found to either of the gelatinases (Öberg et al. 2000, Sis et al. 2004, 
Morán et al. 2005).  

2.6.3  Regulation of gelatinase activity in gynaecological cancers 

The gelatinase function is regulated on several levels. Firstly, the gene transcription and 
the secretion of proMMP may be altered. Secondly, there are factors known to affect the 
activation of proMMP into an active MMP protein by proteolytic cleavage. Thirdly, the 
function of active proteinase may be inhibited by a proteinase inhibitor, of which tissue 
inhibitors of metalloproteinases (TIMPs) are the major endogenous molecules. Most 
MMPs, such as MMP-9, are not constitutively expressed by cells in vivo, but their 
expression is induced by exogenous signals, e.g. growth factors, cytokines or altered cell-
cell and cell-matrix contacts (Johansson et al. 2000). 

 Cell-cell and cell-matrix interactions participate in the gelatinase regulation at least on 
two levels in gynaecological cancers, in secretion and in activation. Adding a fibroblast-
conditioned medium to an ovarian cancer cell culture or co-culturing cancer cells and 
fibroblasts, has been shown to increase the secretion of proMMP-2 from the cancer cells 
or the fibroblasts (Westerlund et al. 1997, Boyd & Balkwill 1999). An induction of 
fibroblast-derived proMMP-2 activation has been shown in a co-culture of cervical 
cancer cells and fibroblasts (Sato et al. 2004). Collagen I in ovarian cancer tissue also 
induces the activation of proMMP-2 (Boyd & Balkwill 1999). Peritoneal-conditioned 
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medium has been shown to increase the expression of MMP-9 (Kikkawa et al. 1998). 
Fibronectin has been recognised as one ECM component enhancing the MMP-9 
expression and activity in ovarian cancer cells (Shibata et al. 1997). 

MT-MMPs, especially MT1-MMP, have an important role in the activation of 
proMMP-2 into an active protein (Fig. 2) (Sato et al. 1994, Strongin et al. 1995, Polette 
& Birembaut 1998). This finding is supported also in endometrial, cervical and ovarian 
cancers by a co-localisation and co-expression of MMP-2 and MT1-MMP (Afzal et al. 
1998, Sakata et al. 2000, Di Nezza et al. 2002, Sato et al. 2004, Torng et al. 2004). 
Fishman et al. (2001) have shown an increase in proMMP-2 activation in ovarian cancer 
cell cultures by lysophosphatidic acid (LPA). The activation is probably mediated by 
MT1-MMP.  

Fig. 2. Activation of MMP-2. The latent form of MMP-2 (proMMP-2) is produced by 
fibroblasts in the vicinity of the tumour. TIMP-2 forms a complex with proMMP-2 and MT1-
MMP on the tumour cell surface. Free MT1-MMP then cleaves proMMP-2, and activated 
MMP-2 is released into the extracellular environment (Modified from Yoshizaki et al. 2002). 

There is a complex interaction between many angiogenic factors and matrix 
metalloproteinases. A close correlation between VEGF-C and MMP-2 gene expression 
levels has been found in different gynaecological cancer cell lines (Ueda et al. 2001, 
Kanda et al. 2005, Ueda et al. 2005). Wang et al. (2006) have reported VEGF-dependent 
activation of proMMP-2 and increased production of proMMP-9. These reports are in 
line with the finding that VEGF receptor-2 inhibitor decreases the secretion of proMMP-
2 in an ovarian cancer cell line (So et al. 2005). 
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Several growth factors have been found to participate in MMP regulation in 
gynaecological cancers. Endothelin-1 (ET-1) (Rosanò et al. 2002) and HGF (Park et al. 
2003) have been shown to increase both the secretion and activity of MMP-2 and MMP-9 
in ovarian and endometrial cancer cell cultures, respectively. TGF-β/β1 has been found to 
increase MMP-2 expression in ovarian cancer cell lines (Lin et al. 2000, Rodriguez et al. 
2001) and MMP-2 and MMP-9 mRNA production in cervical cancer cell lines (Agarwal 
et al. 1994, Nuovo 1997). However, in the work of Yamada et al. (1999) TGF-β1 was 
found not to affect MMP-2 production in ovarian cancer cells. Ellerbroek et al. (1998) 
have shown epidermal growth factor (EGF)-dependent induction of MMP-9 expression in 
ovarian cancer cell lines, and Ueda et al. (1998-99) an increase in MMP-2 expression in a 
cervical adenocarcinoma cell line. Consistent with this, a reduced EGF receptor 
expression seems to decrease MMP-9 activity in ovarian cancer cells (Alper et al. 2001). 
TNF-α has been found to stimulate MMP-9 production in a co-culture of ovarian cancer 
cells and monocytes (Leber & Balkwill 1998). Also, activation of CD40, a member of the 
TNF receptor family, has been shown to induce the secretion of proMMP-9 in cervical 
cancer cell lines (Smola-Hess et al. 2001). However, Naylor et al. (1994) did not find any 
correlation between TNF mRNA levels and levels of MMP-2 or -9 in ovarian cancers. 

Transcriptional factors Snail and Slug may also participate in the regulation of MMP-2 
expression in ovarian carcinomas (Elloul et al. 2005). Kajiyama et al. (2003) have 
demonstrated a down-regulation of MMP-2 with the over-expression of DPPIV in 
ovarian cancer cell line. Zoledronic acid has been suggested as an unconventional MMP-
9 inhibitor, as it has been shown to reduce the production and activation of proMMP-9 in 
mouse cervical cancer (Giraudo et al. 2004). In general, the activation of proMMP-2 can 
be induced by treatment with 4-amino-phenylmercuric acetate (Murphy et al. 1992b, Itoh 
et al. 1995), 12-O-tetradecanoylphorbol-13-acetate (Strongin et al. 1993) or concanavalin 
A (Azzam & Thompson 1992, Brown et al. 1993). Factors presented here, that stimulate 
the gelatinases in gynaecological cancers, are listed in Table 5. 

It has previously been shown that the expression of gelatinases varies according to the 
menstrual cycle (Laird et al. 1999, Cornet et al. 2005), and that MMP-2 plays a role in 
endometrial breakdown at the onset of menstrual bleeding (Irwin et al. 1996). Park et al. 
(2001) have shown in a co-culture of benign stroma and endometrial cancer cells that 
treatment with 17β-oestradiol or progesterone increases mRNA of MMP-2 in stromal 
cells. However, 17β-oestradiol seems to have no effect in MMP-2 (Di Nezza et al. 2003, 
Tushaus et al. 2003, Prifti et al. 2004) or MMP-9 protein production (Di Nezza et al. 
2003) in endometrial cancer cells. Medroxyprogesterone acetate (MPA) and 17α-
progesterone, on the other hand, have been shown to decrease the expression of MMP-2 
and MMP-9 in endometrial cancer cells (Di Nezza et al. 2003, Saito et al. 2004), 
although Prifti et al. (2004) have found no change in the expression of MMP-2 in similar 
cells when treated with either 17α-hydroxyprogesterone or synthetic progestins. It has to 
be noticed that these studies are in vitro works, and thus not directly applicable to in vivo 
situations.  

The regulation of gelatinase production and activation in gynaecological cancers is a 
complex entity. The exact mechanisms of regulation and interactions are still largely 
unknown, and further studies are still needed in order to clarify the issue. 
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Table 5. Induction of the gelatinase production or activation in endometrial, cervical or 
ovarian cancer. 

Study group, year Increases 
proMMP-2 
production 

Increases 
proMMP-2 
activation 

Increases 
proMMP-9 
production 

Increases 
proMMP-9 
activation 

Westerlund et al. 1997 Fibroblasts or their 
secretory products 

   

Boyd & Balkwill 1999 Fibroblast 
co-culture 

Collagen I   

Sato et al. 2004  Fibroblast 
co-culture 

  

Kikkawa et al. 1998   Peritoneal-
conditioned 
medium 

 

Shibata et al. 1997   Fibronectin Fibronectin 
Strongin et al. 1995,  
Di Nezza et al. 2002, 
Sato et al. 2004, Torng et 
al. 2004 

 MT1-MMP   

Fishman et al. 2001  LPA (MT1-MMP 
mediated?) 

  

Ueda et al. 2001,  
Kanda et al. 2005 

VEGF-C    

Wang et al. 2006  VEGF VEGF  
Rosanò et al. 2002 ET-1 ET-1 ET-1 ET-1 
Park et al. 2003 HGF HGF HGF HGF 
Agarwal et al. 1994,  
Lin et al. 2000, 
Rodriguez et al. 2001 

TGF-β/β1    

Nuovo 1997 TGF  TGF  
Ellerbroek et al. 1998   EGF  
Ueda et al. 1998-99 EGF    
Leber & Balkwill 1998   TNF-α  

2.6.4  Tissue inhibitors of metalloproteinases 

TIMPs are considered to be the major regulators of metalloproteinase activity. Four 
different inhibitors have been characterised to date, designated as TIMP-1, TIMP-2, 
TIMP-3 and TIMP-4. TIMPs have a molecular weight ranging from 21 kD to 30 kD, with 
up to 40-50% sequence identity. TIMPs possess 12 conserved cysteine residues that form 
six disulfide bonds, folding the protein in N-terminal and C-terminal domains. TIMP-1, 
TIMP-2 and TIMP-4 are present in soluble forms while TIMP-3 is tightly bound to the 
matrix. (Gomez et al. 1997, Lambert et al. 2004.)  
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TIMPs inhibit the proteinase activity by forming 1:1 molar stoichiometrically a 
noncovalent enzyme-inhibitor complex with the activated form of the proteinase, 
resulting in an enzyme unable to degrade its substrates (Kleiner & Stetler-Stevenson 
1999). TIMPs bind to MMPs with their N-terminal domain (Murphy et al. 1991). TIMPs 
are able to bind to all metalloproteinases with the exception of TIMP-1 not inhibiting 
MT1-MMP (Sato et al. 1996). However, TIMP-1 binds preferably to MMP-9 (Wilhelm et 
al. 1989), and TIMP-2 to MMP-2 (Stetler-Stevenson et al. 1989). TIMP-1 and TIMP-2 
are also capable of binding tightly to the latent forms of gelatinases (Wilhelm et al. 
1989). The precise significance of this type of binding is unclear but, at least, the binding 
of TIMP-2 to proMMP-2 is essential for the activation of MMP-2. 

The original data on TIMPs' sole function as inhibitors of proteolysis has changed, 
since recent studies have revealed them to be multifunctional proteins. The role of 
TIMP-2 in the activation of MMP-2 is an example of this. TIMP-2 may form a complex 
with MT1-MMP, which in turn activates the pro-MMP-2. (Strongin et al. 1995, Lafleur et 
al. 2003.) An increase in physiological levels of TIMP-2 can promote MMP-2 activation 
and invasion of some cancer cells. However, exogenous administration of higher amounts 
of TIMP-2 results in the inhibition of MMP-2 activation. (Lu et al. 2004.)  

TIMPs' function on tumour progression has been found on several levels. They 
participate in the regulation of angiogenesis. At least TIMP-1, TIMP-2 and TIMP-3 have 
been demonstrated to inhibit angiogenesis (Takigawa et al. 1990, Anand-Apte et al. 
1996). TIMP-1 inhibits endothelial migration MMP-dependently, or MMP-independently 
by dephosphorylation of the focal contact molecules (Akahane et al. 2004). TIMP-2 
seems to regulate cellular responses to growth factors in human endothelial cells (Stetler-
Stevenson & Seo 2005). TIMP-3 may act by blocking the binding of VEGF to VEGF 
receptor-2 (Qi et al. 2003). TIMP-1 and TIMP-2 have been found to have cell growth-
promoting activities in a wide range of cells (Hayakawa et al. 1992, Hayakawa et al. 
1994), they have also erythroid-potentiating activity (Avalos et al. 1988, Stetler-
Stevenson et al. 1992). TIMP-1 and TIMP-2 are inhibitors of apoptosis (Valente et al. 
1998, Li et al. 1999), and TIMP-3 may either promote (Ahonen et al. 1998, Bond et al. 
2000) or inhibit (Fata et al. 2001) apoptosis. These non-proteolytic functions seem to be 
mostly independent of the MMP activity (Hayakawa et al. 1994, Qi et al. 2003, Lambert 
et al. 2004, Stetler-Stevenson & Seo 2005). 

TIMP-1 and TIMP-2 have been shown to be generally present and over-expressed in 
gynaecological cancers (Laird et al. 1999, Moser et al. 1999a,b, Huang et al. 2000, 
Sakata et al. 2000, Asha Nair et al. 2003). Interestingly, several factors known to regulate 
the gelatinase expression, or activity in these cancers have been shown to participate in 
the regulation of TIMP expression too. Boyd and Balkwill (1999) have shown an increase 
in TIMP-2 release along with the increase in proMMP-2 production in ovarian cancer cell 
and fibroblast co-cultures. VEGF has been found to stimulate the secretion of TIMP-2 
(Wang et al. 2006), and ET-1 to decrease the production of both TIMPs in ovarian cancer 
cells (Rosanò et al. 2001). EGF seems to stimulate TIMP-1 production (Ellerbroek et al. 
1998) and DPPIV to up-regulate both TIMP-1 and -2 (Kajiyama et al. 2003). Ovarian 
steroid hormones may also affect TIMP expression. Prifti et al. (2004) have found 17β-
oestradiol and 17α-hydroxyprogesterone to down-regulate TIMP-2 expression, whereas 
Di Nezza et al. (2003) have shown MPA and 17β-oestradiol to increase TIMP-1 
expression in endometrial cancer cells. 
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By inhibiting gelatinase activity, TIMP-1 and TIMP-2 have been found to inhibit 
tumour growth, invasion and metastasis in experimental models (Gomez et al. 1997). 
Therefore, synthetic MMP-inhibitors have been extensively studied for a new anticancer 
therapy. However, the tested inhibitors have failed to be effective in clinical studies 
(Coussens et al. 2002, Singh 2003), reflecting the diversity of the functions of MMPs and 
TIMPs. Despite the inhibitory effect on proteolysis, TIMPs may have paradoxical roles in 
tumour progression. 

2.6.5  Gelatinases and their tissue inhibitors in ovarian cancers 

The studies on the expression of gelatinases or their tissue inhibitors in ovarian cancer 
have mostly been done in epithelial ovarian cancers (EOC), which seems reasonable 
considering the extensive histological and biological variety of ovarian malignancies. The 
studies can be divided into those verifying the expression of gelatinases or their tissue 
inhibitors in ovarian carcinomas, those describing the localisation of gelatinases or 
TIMPs in tumour tissues, those comparing the expression of gelatinases or TIMPs 
between malignant and benign ovarian tumours, those studying the correlations of 
gelatinase- or TIMP expression to the clinicopathological factors, and those investigating 
the regulation of gelatinases or TIMPs in ovarian cancer. 

An increased expression of gelatinases in EOC tumours or in patients' plasma samples 
compared to patients with benign ovarian tumours or the plasma of healthy women has 
been verified in several studies. The over-expression of MMP-9, determined by different 
methods, has been a uniform finding correlating to the malignant phenotype of ovarian 
tumours (Kikkawa et al. 1997, Huang et al. 2000, Lengyel et al. 2001, Schmalfeldt et al. 
2001, Manenti et al. 2003). In MMP-2 measurements many studies support the finding of 
increasing MMP-2 expression with an increasing degree of malignancy of the tumour 
(Schmalfeldt et al. 2001, Okamoto et al. 2003, Yabushita et al. 2003). In the work of 
Lengyel et al. (2001) and Manenti et al. (2003), the active form of MMP-2 has been 
detected only in the samples of cancer patients. However, in some studies no increase in 
the total or proMMP-2 could have been verified in malignancies (Lengyel et al. 2001, Wu 
et al. 2002, Manenti et al. 2003, Murthi et al. 2004). Upregulation of MMP-2, and 
possibly also MMP-9 (Sakata et al. 2002), in membrane-bound vesicles or 
adenocarcinoma cells of malignant ascites seems to be a characteristic feature of ovarian 
cancer, contributing to the spread of malignant cells onto the peritoneal surfaces 
(Davidson et al. 2001, Graves et al. 2004).  

The findings on the localisation of gelatinases in tumour tissue are somewhat 
diverging. In some immunohistochemical studies, MMP-2 and MMP-9 proteins have 
been shown to locate mainly in carcinoma cells (Westerlund et al. 1999, Davidson et al. 
2001), but equal localisation in stromal cells has also been reported (Furuya et al. 2001). 
mRNA of MMP-2 seems to be mostly located in surrounding stromal cells (Naylor et al. 
1994, Afzal et al. 1998, Davidson et al. 2001) or both in stromal and cancer cells 
(Davidson et al. 2002), and mRNA of MMP-9 in both stromal and cancer cells (Naylor et 
al. 1994, Davidson et al. 2002). In an animal model, tumour host stromal cells have been 
shown to be largely responsible for the production of MMP-2 (Drew et al. 2004). At least 
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fibroblasts and endothelial cells in ovarian cancer stroma produce MMP-2, as the mRNA 
of MMP-2 has been located in these cells in in situ hybridisation (ISH) studies (Naylor et 
al. 1994, Davidson et al. 2002). mRNA of MMP-9 has been located to stromal 
macrophages (Naylor et al. 1994). 

It is difficult to draw conclusions about the clinicopathological significance of 
gelatinase expression in EOC as in the studies various methods, such as 
immunohistochemistry (IHC), gelatin zymography, enzyme-linked immunosorbent assay 
(ELISA), ISH for mRNA, reverse transcriptase polymerase chain reaction (RT-PCR) and 
Western blot have been used. Also various sample sources (tumour tissue, ascites, blood) 
have been analysed, and sometimes different forms of the gelatinases (active and/ or 
latent form) have been studied. The study populations have varied from 21 to 251 
patients. In most studies, increasing MMP-2 expression or activity has been found to 
correlate to an advanced stage of the disease (Yabushita et al. 2003, Torng et al. 2004), 
but a conflicting result has been published as well (Wu et al. 2002). Ozalp et al. (2003) 
and Stadlmann et al. (2003) have found no correlation between MMP-9 expression (IHC) 
and the stage, whereas increased mRNA by ISH has been shown to correlate to an 
advanced stage by Herrera et al. (2002). The results have been conflicting also in the 
comparison of gelatinases and differentiation grade of the tumour. Some reports find a 
correlation between poor differentiation and high gelatinase expression (Murthi et al. 
2004, Torng et al. 2004), and some find no association between the tumour grade and 
gelatinase expression (Wu et al. 2002, Stadlmann et al. 2003). 

A correlation between high MMP-2 expression and disease recurrence/ short disease-
free survival in EOC is supported by several studies (Westerlund et al. 1999, Wu et al. 
2002, Torng et al. 2004), but the results of these studies are not definitive. This aspect is 
rarely analysed for MMP-9, but there is some data of increasing MMP-9 activity in 
recurrent disease (Demeter et al. 2005). No definitive conclusion on correlation between 
MMP-2 and survival can be made (Westerlund et al. 1999, Lengyel et al. 2001, Davidson 
et al. 2002, Manenti et al. 2003, Torng et al. 2004). Increased MMP-9 expression, on the 
other hand, has been found to correlate to unfavourable survival in several studies 
(Lengyel et al. 2001, Davidson et al. 2002, Demeter et al. 2005), even though contrasting 
studies have also been published (Manenti et al. 2003, Stadlmann et al. 2003). The results 
on survival are summarised in Table 6. 

TIMPs are less studied elements in ovarian cancer. In most of the previous studies 
done using IHC, zymography or ELISA, increased expression of TIMP-1 has been found 
to correlate to malignant phenotype of ovarian tumours (Kikkawa et al. 1997, Huang et 
al. 2000, Manenti et al. 2003, Okamoto et al. 2003, Määttä et al. 2004). However, Sakata 
et al. (2000) have reported opposing results. In studies on TIMP-2 both increasing 
(Sakata et al. 2000, Manenti et al. 2003, Määttä et al. 2004) and decreasing (Kikkawa et 
al. 1997, Okamoto et al. 2003) TIMP-2 expression have been reported in malignant 
ovarian tumours. The TIMPs have been localised to both carcinoma and stromal cells 
(Huang et al. 2000, Davidson et al. 2002). The data on TIMP expression and correlation 
to survival in ovarian cancer is also contradictory. Manenti et al. (2003) have shown a 
correlation between high circulating TIMP-1 value and poor survival, and Davidson et al. 
(2002) between intense mRNA signal of TIMP-2 in the tumour and poor survival. 
However, Lengyel et al. (2001) and Stadlmann et al. (2003) have found no correlation 
between the TIMPs and survival. 
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Table 6. The prognostic role of MMP-2 and MMP-9 in epithelial ovarian cancer 
according to previous studies. 

Study group 
(year) 

Sample size Method Sample source Correlation to survival 

Westerlund et al. 
(1999) 

33 cancers  
(32 EOC) 

IHC tumour tissue Poor prognosis with MMP-2 positivity 
(p=NS) 

Lengyel et al. 
(2001) 

84 EOC gelatin 
zymography 

tumour tissue Poor prognosis with high proMMP-9 
activity (p=0.019) 
No correlation between MMP-2 and 
survival  

Davidson et al. 
(2002) 

45 EOC ISH (mRNA) tumour tissue Poor prognosis with intense MMP-9 
mRNA signal (p=0.011) 
No significant correlation between 
MMP-2 and survival 

Manenti et al. 
(2003) 

40 cancers gelatin 
zymography 

plasma on the 
day of surgery 

No correlation between MMP-2 or 
MMP-9 and survival  

Stadlmann et al. 
(2003) 

251 EOC IHC tumour tissue No correlation between MMP-9 and 
survival 

Torng et al.  
(2004) 

84 EOC IHC tumour tissue 
(stromal cells) 

Poor survival with stromal MMP-2 
positivity in endometrioid cancers 
(p<0.05) 

Demeter et al. 
(2005) 

27 EOC gelatin 
zymography 

tumour extracts 
and serum 

Poor prognosis with high MMP-9 activity 
(p<0.05) 
No correlation between MMP-2 and 
survival 

In a summary, the clinical relevance of the gelatinases and the TIMPs in ovarian cancer 
still remains unconfirmed. Larger studies, which consider also the methods in use, should 
be carried out to clarify the significance of these proteins in ovarian cancer. 

2.6.6  Gelatinases A and B in endometrial and cervical cancers 

Most of the recent studies on gelatinases in endometrial cancer focus on the hormonal 
regulation of gelatinases, presented earlier. Some have evaluated the localisation of 
gelatinases in tumours. In immunohistochemical studies, epithelial tumour cells have 
been shown to be the main site of MMP-2 and MMP-9 proteins (Di Nezza et al. 2002). 
mRNA of the gelatinases is mainly found in stromal cells (Iurlaro et al. 1999, Park et al. 
2001), although in the work of Di Nezza et al. (2002) mRNA was predominantly 
observed in cancer cells. Similar to ovarian cancer, stromal fibroblasts and endothelial 
cells have been recognised as the source of mRNA of MMP-2 and macrophages of 
mRNA of MMP-9 (Iurlaro et al. 1999). 

Studies investigating the clinical relevance of MMP-2 and MMP-9 in endometrial 
cancer are few. It has been shown unanimously that both MMP-2 and MMP-9 are 
upregulated in endometrial cancer compared to the case of a benign endometrium (Iurlaro 
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et al. 1999, Zheng et al. 2002, Lopata et al. 2003). However, the results on correlation 
between clinicopathological factors and the expression/ activity of gelatinases vary. 
Iurlaro et al. (1999) and Di Nezza et al. (2002) have found a correlation between the 
upregulation of gelatinases and a poor differentiation grade. Whereas in the work of 
Zheng et al. (2002) and Lopata et al. (2003) no correlation between gelatinases and the 
grade of the tumour was observed. An increased expression of MMP-2 (Iurlaro et al. 
1999, Zheng et al. 2002) and MMP-9 (Iurlaro et al. 1999, Di Nezza et al. 2002, Zheng et 
al. 2002) have been connected to deep myometrial invasion, but there is also an opposite 
result (Lopata et al. 2003). Most studies show no correlation between gelatinases and 
vascular invasion (Di Nezza et al. 2002, Zheng et al. 2002, Lopata et al. 2003), with the 
exception of intense MMP-9 in invasive cases in the work of Di Nezza et al. (2002). 
Correlation to survival has rarely been evaluated. Moser et al. (1999a) found no 
correlation between MMP-2 expression and survival. 

Nearly all the studies on uterine cervical cancer and gelatinases focus on squamous 
cell carcinomas (SCC). A consensus exists on an upregulation of MMP-2 (Davidson et al. 
1999a, Brummer et al. 2002, Asha Nair et al. 2003, Sheu et al. 2003, Ahmed et al. 2004, 
Gaiotto et al. 2004, Nasr et al. 2005) and MMP-9 (Davidson et al. 1999b, Van Trappen et 
al. 2002, Asha Nair et al. 2003, Sheu et al. 2003, Arguello-Ramirez et al. 2004) in 
cervical cancer, compared to low grade squamous intraepithelial lesion (LSIL) or normal 
cervical tissue. 

It seems that MMP-2 expression does not affect survival in cervical cancer patients 
(Moser et al. 1999b, Talvensaari-Mattila et al. 1999, Yoshida et al. 2003), although an 
opposite result has also been published (Davidson et al. 1999a). Davidson's group 
(1999b) has focused on the issue of MMP-9 expression of the tumour and survival in 
cervical cancer patients. They have found no correlation between MMP-9 and survival. 
The data on associations between MMP-2 expression and stage or recurrence of the 
disease are contradictory. Some studies have shown an upregulation of MMP-2 in 
advanced stages (Davidson et al. 1999a, Ahmed et al. 2004) or recurrent disease (Sheu et 
al. 2003, Ahmed et al. 2004), and some have found no correlation between them (Yoshida 
et al. 2003, Arguello-Ramirez et al. 2004). No correlation has been found between MMP-
9 expression and the stage (Davidson et al. 1999b, Arguello-Ramirez et al. 2004). In one 
study, an upregulation of MMP-9 has been shown in recurrent disease (Sheu et al. 2003).  

MMP-2 protein and mRNA have been localised to cancer cells and adjacent stromal 
cells in cervical cancer tissue (Davidson et al. 1999a, Brummer et al. 2002, Asha Nair et 
al. 2003, Sheu et al. 2003, Yoshida et al. 2003). MMP-9 protein and mRNA also seem to 
appear in both cell types (Davidson et al. 1999b, Asha Nair et al. 2003), with a little less 
protein expression in stromal cells (Davidson et al. 1999b, Sheu et al. 2003). 

2.6.7  Related proteolytic enzymes 

Several other enzymes, besides the MMPs, participate in the degradation of the ECM. 
There may also be complex interaction between these proteases and the MMPs. The 
urokinase-type plasminogen activator (uPA) is a serine protease that converts 
plasminogen into plasmin. Plasmin degrades several ECM proteins and activates 
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proMMPs and growth factors (Bajou et al. 1998, Noel et al. 2004). On the other hand, 
plasminogen is known to be a substrate of the gelatinases (Visse & Nagase 2003). The 
plasminogen/ plasmin system is an efficient enzymatic system used by tumour and 
endothelial cells in breaking down the ECM. 

uPA is secreted as an inactive proenzyme requiring activation by cleavage by plasmin, 
Factor XIIa, or cathepsin B (Liekens et al. 2001). In vitro studies have shown uPA 
secretion to be up to 38-fold higher in ovarian cancer cells than in normal ovarian surface 
epithelial cells (Moser et al. 1994). Furthermore, blocking the uPA production in an 
animal model has been shown to inhibit colonisation of ovarian cancer cells (Wilhelm et 
al. 1995). High tumour level of uPA has been connected to shorter survival in ovarian 
cancer patients (Borgfeldt et al. 2003). The activity of uPA is controlled mainly by 
plasminogen activator inhibitor type 1 (PAI-1). PAI-1 has previously been considered as a 
cancer inhibitor (Soff et al. 1995, Stefansson et al. 2001, Inoue et al. 2005). The role of 
PAI-1 seems, however, much more complex, and recently a paradoxical role of PAI-1 in 
promoting angiogenesis at physiological levels has been found (Bajou et al. 2004). There 
are also studies supporting a connection between high PAI-1 expression and impaired 
prognosis in breast, cervical or colorectal cancer patients (Foekens et al. 2000, Hazelbag 
et al. 2004, Sakakibara et al. 2005). Also in ovarian tumours, high PAI-1 expression has 
been found to correlate to malignant phenotype of the tumour (Schmalfeldt et al. 2001). 

The ADAMs are a zinc-dependent metalloproteinase family of multifunctional 
transmembrane proteins. They consist of different domains such as metalloproteinase 
domain, disintegrin-like domain, EGF-like domain and transmembrane and cytoplasmic 
region. (Seals & Courtneidge 2003.) ADAMTSs are ADAM-related proteases that 
contain several thrombospondin type I repeats, but lack the transmembrane domain 
present in ADAMs (Kuno et al. 1997). To date, more than 30 ADAMs (Seals & 
Courtneidge 2003) and nearly 20 ADAMTSs are known (Overall & López-Otin 2002, 
Porter et al. 2005). Known substrates for different ADAMs include ECM substrates such 
as fibronectin, gelatin and type IV collagen (White 2003), and for ADAMTSs 
procollagen I, II and III N-propeptides, aggregan, brevican, versican and von Willebrandt 
factor (Porter et al. 2005). ADAMs and ADAMTSs are involved in a large range of 
biological processes, such as ADAMs in cell migration, and shedding of membrane-
bound growth factors and adhesion receptors (Seals & Courtneidge 2003), and 
ADAMTSs in ECM degradation and regulation of angiogenesis (Vázquez et al. 1999, 
Porter et al. 2005). Some of them are over-expressed in malignant tumours (Iba et al. 
1999, Cal et al. 2002, Roemer et al. 2004, Lendeckel et al. 2005). The activity of at least 
some members of the ADAM or ADAMTS family can be blocked with MMP-inhibitors 
(Amour et al. 1998, Amour et al. 2000, Kashiwagi et al. 2001).  



3 Aims of the study 

The gelatinolytic activity of matrix metalloproteinases -2 and -9, have been linked to 
invasive and metastasic capacity in several malignant tumours. However, there have been 
only a few studies of the clinical significance of the gelatinases in gynaecological 
malignancies.  

Cancer of the endometrium is often found when still limited to the uterine body 
because of its early symptoms. Uterine cervical cancer is also often diagnosed in its early 
stages in developed countries, due to the Pap screening. Despite the general good 
prognosis, some of these tumours do relapse making the prognosis adverse. The side 
effects of the adjuvant treatments may be severe, and finding a confirming marker of 
prognosis would aid in the proper selection of patients for adjuvant therapies. 

Ovarian cancer has the worst prognosis in gynaecological cancers due to its tendency 
of spreading early into the peritoneal cavity. Matrix metalloproteinases and their tissue 
inhibitors are therefore likely to play a major role in the ovarian cancer process. 

The specific aims of the present study are: 

1. To study the expression of gelatinases in endometrial cancer tissue, and to explore the 
correlations between the expression of gelatinases and the clinicopathological factors 
in endometrial cancer. 

2. To investigate the expression of gelatinases in cervical cancer tissue, and to study the 
associations between the expression of gelatinases and the clinicopathological factors 
in cervical cancer. 

3. To explore the preoperative serum values of gelatinases and their tissue inhibitors of 
ovarian tumour patients, and to assess their correlation to the clinicopathological 
factors in epithelial ovarian cancer. 

4. To evaluate the changes in serum gelatinase and tissue inhibitor values in comparison 
to treatment response during ovarian cancer treatment. 



4 Material and Methods 

4.1  The study population 

For the studies on endometrial and uterine cervical cancers, the histological material was 
collected in the University Hospital of Umeå (I, II) and the Sahlgrenska University 
Hospital (II), Sweden. All the consecutive patients with sufficient clinical and follow-up 
data available were included in the study. The study included 88 patients with 
endometrial cancer (I) who were treated between 1988-1993, and 161 patients with 
uterine cervical cancer (II) who were treated between 1991-1995. All the histological 
samples were taken on the primary, diagnostic procedure, and only primary tumours were 
included in the study. The follow-up was extended to September 2000 (I, II), and partly to 
January 2002 in study II. The clinical characteristics are presented in Table 7. 

In endometrial and cervical cancers, according to the routine treatment protocols in 
Sweden, surgical staging was not uniformly performed. Of these patients, 72 patients 
with endometrial cancer were operated, most of them without lymphadenectomy, and 
only 88 patients with cervical cancer underwent an operation. Radiotherapy was the main 
treatment modality in cervical cancer (132 patients). In cervical cancers, 48 patients with 
advanced disease had chemotherapy as an adjuvant treatment, and only 4 patients with 
endometrial cancer were given cytotoxic chemotherapy. 

The study material for ovarian tumours (III, IV) was obtained from the Department of 
Obstetrics and Gynaecology, Oulu University Hospital. One hundred and fifteen 
consecutive patients, coming for an operation of potentially malignant ovarian tumour 
between 1995-2001, had an extra serum sample taken simultaneously with the routine 
blood samples. Of these patients, 63 had a cancer, 6 had low malignant potential tumours, 
and 46 patients had a benign ovarian tumour (Table 7). All the patients with ovarian 
tumours underwent surgery, and the malignant ones were surgically staged. Sixty cancer 
patients received platinum-based cytotoxic chemotherapy postoperatively. Fifty-nine 
cancer patients with an epithelial tumour were included in the final analysis of cancer 
patients. The follow-up was continued for 5 years, or until the data collection time in May 
2004, if less than 5 years. 
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Those ovarian cancer patients who received their adjuvant treatment in the University 
Hospital of Oulu, had follow-up serum samples collected at 3 month intervals during the 
chemotherapy. Forty-eight patients in the epithelial ovarian cancer study group had these 
samples available. To evaluate serum and plasma as alternative sample sources, 
preoperative EDTA plasma samples of 16 patients were measured in parallel with the 
original serum samples of 63 ovarian cancer patients.  

Table 7.  Clinical characteristics of the study patients. 

Study I Study II Study III Study IV  
N(88) N(161) N(115) N(48) 

Mean age (years) 68 58 57 57 
Range 32-86 24-87 28-83 32-83 
Stage     

I 72 94 20 18 
II 8 31 3 3 
III 6 26 30 19 
IV 2 10 10 8 

Grade     
1 21 16 16 13 
2 55 76 12 11 
3 12 67 30 22 
undefined  2 5 2 

Histology     
adenocarcinoma 81 16   
other endom. ca 7    
squamous ca  145   
serous adenoca   31 24 
endometrioid   12 8 
mucinous   10 10 
clear cell   4 4 
other ovarian ca   6 2 

4.2  Antibodies 

In immunohistochemical stainings (I, II), a mouse monoclonal antibody with a 
concentration of 8 μg/ml (I) or 6μg/ml (II) was used for detecting MMP-2 (CA-4001, 
Diabor LTD, Oulu, Finland). This antibody recognises the latent form of MMP-2, both as 
a free enzyme and in complex with TIMP-2, by binding to the aminoterminal end of the 
latent MMP-2 (Autio-Harmainen et al. 1993). For MMP-9, we used a monoclonal 
antibody with a concentration of 10 μg/ml (I) or 8 μg/ml (II) (GE-231, Diabor ltd, Oulu, 
Finland), which recognises both the latent and the active forms of MMP-9, both the free 
enzyme and that bound to its inhibitor, TIMP-1 (Soini et al. 1994). The optimal antibody 
concentrations were tested to keep the tissue surrounding the cancer cells negative for the 



 47

gelatinase staining and thus emphasising the over-expression of the gelatinases in cancer 
cells. Both TIMP-1 or TIMP-2 were detected with specific monoclonal antibodies (63515 
and 89025.11, respectively, R&D Systems, Minneapolis, MN, USA) with a concentration 
of 20 μg/ml (IV). These antibodies recognise both the free TIMP and that in complex 
with a gelatinase. 

In the ELISA assay (III, IV), monoclonal antibodies recognising either TIMP-1 
(DB-102D1), TIMP-2 (T2-101) or MMP-9 (GE-213c) were used for coating the wells 
(SBA Sciences, Oulu, Finland). These antibodies attach to both the free inhibitor/ 
gelatinase and that bound to gelatinase (for TIMPs) or TIMP-1 (for MMP-9) (Höyhtyä et 
al. 1994, Soini et al. 1994). MMP-2 was measured in a complex with TIMP-2 using the 
monoclonal TIMP-2 antibody as a coat. The bound proteins were detected with 
polyclonal antibodies produced in chickens against each of the analytes (lot 1063, DB-
209, DB-205, DB-202, SBA Sciences, Oulu, Finland). 

4.3  Immunohistochemistry (I, II) 

Paraffin sections of tumour samples were stained using the avidin-biotin-
immunoperoxidase technique modified from the procedure originally described by Hsu et 
al. (1981). The slides were incubated at 37 ° C for 18 hours, after which they were de-
paraffinised (Histo-Clear®, National Diagnostics, Atlanta, GA, USA). Endogenous 
peroxidase activity was eliminated by incubating the slides in 3 percent hydrogen 
peroxide in absolute methanol for 10 minutes, and non-specific binding was blocked by 
using 10 percent non-immune goat serum (Histostain Bulk Kit®, Zymed Laboratories 
Inc., San Fransisco, CA, USA). The tests were performed at room temperature using a 
humidified chamber for incubations with antibodies. The slides were thoroughly washed 
with phosphate-buffered saline (PBS) between all stages of the procedure. 

The slides were incubated with the primary antibody in PBS containing 1% bovine 
serum album (BSA) for 18 h. A biotinylated secondary antibody provided by Histostain 
bulk Kit® (Zymed) served as a second antibody, into which a streptavidin-peroxidase 
conjugate was then bound. The antibody reaction was visualised using a fresh substrate 
solution containing aminoethylcarbazole (AEC Kit®, Zymed). Haematoxylin was used 
for counterstaining, after which the slides were mounted with polyvinyl-alcohol (Immu-
Mount®, National Diagnostics). 

Each staining lot included a positive and a negative control. Sections from cancers 
previously known as positive for MMP-2 or MMP-9 immunostaining served as controls. 
For the negative controls, the primary antibody was replaced with mouse non-immune 
IgG. Three independent screeners blinded from the clinical data, analysed the 
immunostaining results microscopically. A section was considered negative or positive 
according to the presence of the cytoplasmic staining of cancer cells. The original scoring 
consisted of three (I) or four (II) classes, but in the final analysis the results were divided 
into two groups corresponding to weak or intensive staining and having 50% staining 
positive cancer cells as a cut-off value. However, in study I, MMP-9 staining results were 
analysed as negative versus positive staining because of a weaker MMP-9 positivity 
compared to MMP-2 staining or MMP-9 staining in cervical squamous cell cancer. No 



 48

interobserver variability was accepted, only sections giving repeatable scores of 
immunostaining by different observers were included.  

4.4  Enzyme-linked immunosorbent assay (III, IV) 

The concentrations of MMP-2, MMP-9, TIMP-1 and TIMP-2 in the serum of the patients 
with ovarian cancer were determined by enzyme-linked immunosorbent assay (ELISA). 
ELISA procedures were performed on 96-well microtiter plates with standard samples 
included in every plate. All measurements were performed in duplicate. The wells were 
coated with a specific monoclonal antibody (SBA Sciences). With these antibodies we 
were able to measure the total TIMP-1, TIMP-2 and MMP-9. For MMP-2 we used a 
method which recognises only the MMP-2/ TIMP-2 complex.  

 Non-specific binding was blocked with 1% BSA-PBS. Diluted serum samples and 
standards were added to wells and incubated for 60 minutes for TIMP-1, TIMP-2 and 
MMP-2/ TIMP-2, and overnight for MMP-9. The wells were thoroughly washed between 
each stage of the procedure, in the first phase with PBS, and in later stages with PBST 
(0.05% Tween 20 in PBS). The bound proteins from serum and standards were detected 
with a polyclonal antibody produced in chickens against each of the analytes (SBA 
Sciences). A peroxidase-labeled anti-chicken antibody (Chemicon International, CA, 
USA) was used for the detection of the bound polyclonal antibody. O-phenylenediamine 
dihydrochloride (OPD) (Sigma Chemical co, USA) was used to visualise the peroxidase 
label, and 1.8 M H2SO4 was used to stop the reaction. The colour formation was 
measured at 492 nm (Anthos Microplate Reader), and the concentrations (ng/ml) were 
calculated by using the standard samples. 

4.5  Statistical analysis 

The prognostic value of gelatinases and tissue inhibitors of metalloproteinases was 
considered the principal object of the study. In the survival analyses only disease-specific 
survival was taken into consideration. The survival time was defined as time in months 
from the date of diagnosis to the date of death. Likewise, the recurrence free time was 
determined as time in months from the date of diagnosis to the date of radiologically or 
histologically verified local recurrence or metastases.  

Survival was analysed by the Kaplan-Meier method (I-III). Both the log rank and the 
Breslow tests were used to test the significance of the differences found between the 
survival curves. A multivariate analysis of survival was performed using the Cox 
regression model (II, III).  

The statistical methods for analysing the associations between the 
immunohistochemical gelatinase expressions (I, II) or serum/ plasma concentrations (III, 
IV) and the histopathological features of the primary tumour or the events in the clinical 
course were chosen according to the number of classes to be compared, and whether 
comparing categorised variables, the means, or continuous variables. Chi square test (I-
IV) or Fisher´s exact test (IV) were applied in comparing the categorised variables, and 
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analysis of variance or T-test in comparing the means (III, IV). Continuous variables were 
tested with the Kruskal-Wallis test in work III, and with Pearson´s correlation test in work 
IV. In the statistical analysis, a p-value less than 0.05 was considered to be significant. 



5 Results 

5.1  Gelatinases A and B in endometrial cancer (I) 

5.1.1  Correlation to clinicopathological factors 

MMP-2 staining of cancer cells was found to be positive in 72% of the histological 
endometrial tumour samples, 47% of these stained intensively. The staining results were 
compared to clinicopathological factors such as the stage of the disease, grade of 
differentiation, disease-free survival, depth of invasion and menopausal status. MMP-2 
expression was found to correlate to the grade of differentiation, with more intensive 
staining in poorly differentiated tumours (p=0.025). Other factors had no statistically 
significant association to the MMP-2 status of the tumour. 

MMP-9 expression was found to be weaker than MMP-2 expression in cancer cells. 
52% of the samples were positive for MMP-9. Only 3 tumour samples (3%) stained 
intensively for MMP-9. In comparison with the clinicopathological factors listed above, a 
positive MMP-9 staining was also found to correlate to poor differentiation of the tumour 
(p=0.045). In addition, a correlation between MMP-9 positivity of the tumour, and its 
advanced stage was confirmed (p=0.003). 

Both proteinases were negative in 18% of the samples, and only 3% had intensive 
expression for both. The co-negativity or co-expression of the proteinases seemed to be 
linked to favourable or poor survival, respectively. 

5.1.2  The prognostic value of the gelatinases in endometrial cancer 

Intensive MMP-2 staining of endometrial cancer cells appeared to have an association 
with unfavourable prognosis. This was most apparent in stage I tumours, where intensive 
MMP-2 staining increased the disease-specific mortality to nearly 4-fold compared to the 
patients with MMP-2 negative tumours (Table 8). MMP-9 positivity in staining seemed 
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to have the same tendency towards unfavourable survival according to the Kaplan-Meier 
curve, but this was not statistically significant (p=0.248). 

For further survival analysis, the staining results were categorised into two groups 
representing MMP-2 and MMP-9 negative tumours versus intensive MMP-2 and positive 
MMP-9 staining. There was a clear difference in the survival rate of the groups with 
almost a 6-fold difference in the disease-specific mortality (Table 9), but this was not 
statistically significant due to the limited number of events (p=0.108). 

Table 8. Comparison of the effect of MMP-2 negativity and intensive MMP-2 positivity to 
the number of cancer deaths among patients with stage I endometrial adenocarcinoma 
(p=0.177). 

Patient status MMP-2 status 
Cancer deaths Alive/ non-cancer-related death N 

- 1 (5%) 19 (95%) 20 
++ 4 (19%) 17 (81%) 21 

total 5 (12%) 36 (88%) 41 

Table 9. Comparing the number of cancer deaths of patients with MMP-2 and MMP-9 
negative endometrial cancer against patients with intensive MMP-2 and positive MMP-9 
staining of the tumour (p=0.108). 

Patient status MMP status 
Cancer deaths Alive/ non-cancer-related death N 

MMP-2 - and MMP-9 - 1 (6%) 15 (94%) 16 
MMP-2 ++ and MMP-9 +/++ 6 (32%) 13 (68%) 19 
total 7 (20%) 28 (80%) 35 

5.2  Gelatinases A and B in uterine cervical cancer (II) 

5.2.1  Correlation to clinicopathological factors 

MMP-2 staining of cancer cells was found to be positive in 83% of the cervical tumour 
samples, 50% of these stained intensively. The staining results were compared to the 
stage, grade, lymph node metastasing, vascular invasion, disease-free survival and sexual 
behavioural elements such as parity, early sexual activity (first intercourse before the age 
of 18 years), and long-term use of oral contraception. Significant correlation was found 
only between intensive MMP-2 staining and the parity of 1-2 children (vs. nulliparity or 
multiparity) (p=0.003) and early sexual activity (p=0.049). 

In cervical tumours, the difference between the MMP-2 and MMP-9 staining results 
was not as marked as in endometrial tumours. 75% of the cervical cancers were found 
positive for the MMP-9 protein in cancer cells, 41% of these with intensive staining. 
Contrary to the results in endometrial cancer, in cervical cancer the correlations between 
the staining results and the clinicopathological factors differed noticeably between MMP-
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2 and MMP-9. Intensive MMP-9 staining was found to correlate with favourable 
differentiation of the tumour (p=0.006). A tendency for more intensive staining in the 
advanced stage was also noticed (p=0.058). However, only one out of five cases with 
histologically verified lymph node metastasis showed up as intensively positive for 
MMP-9, compared to three cases with intensive MMP-2 staining. Additionally, MMP-9 
staining results had no association with the factors of sexual behaviour. 

5.2.2  The prognostic value of the gelatinases in cervical cancer 

According to the Kaplan-Meier analysis, intensive staining for MMP-2 seemed to be 
associated with unfavourable prognosis in cervical cancer. This was not confirmed by the 
log rank or the Breslow analyses (p=0.133 and p=0.112, respectively). The multivariate 
analysis confirmed, however, an increased mortality risk with intensive MMP-2 
expression with an odds ratio (OR) of 1.93 (95% confidence interval=CI 1.10-3.37, 
p=0.022). On the other hand, MMP-9 expression had no correlation at all with the 
survival rate. 

5.3  Gelatinases and their tissue inhibitors  
in ovarian tumours (III, IV) 

5.3.1  TIMP-1 values of ovarian tumour patients 

Preoperative serum concentrations of TIMP-1 varied between 85-1820 ng/ml. The TIMP-
1 value was found to correlate to the malignancy degree of ovarian tumours. Patients with 
malignant tumours had, on average, higher serum TIMP-1 values compared to the 
patients with low malignant potential or benign ovarian tumours (p=0.007). Other 
analysed proteins (MMP-9, TIMP-2 and MMP-2/ TIMP-2 complex) did not correlate to 
the degree of malignancy of ovarian tumours. 

The preoperative serum TIMP-1 value turned out to be a significant prognostic and 
predictive factor in ovarian cancer. Within 59 epithelial ovarian cancers, high 
preoperative serum TIMP-1 value correlated to all the aggressive features examined: 
advanced stage (III-IV of FIGO staging), poor differentiation grade, poor operability, 
poor response to the cytotoxic chemotherapy and shorter disease-free survival. All but the 
association with the grade (p=0.065) were statistically significant. A high preoperative 
serum TIMP-1 value also correlated to the disease-specific survival in the Kaplan-Meier 
analysis, with statistical significance in the log rank test (p=0.035). The results were 
similar with a homogenous group of 31 serous adenocarcinomas. However, the logistic 
regression model failed to demonstrate TIMP-1 as an independent prognostic factor, 
when operability of the tumour was considered. 
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5.3.2  MMP-9, TIMP-2 and MMP-2/ TIMP-2 in epithelial 
ovarian cancer 

Preoperative serum analyses of MMP-9, TIMP-2 and the MMP-2/ TIMP-2 complex had 
no statistically significant correlation to any of the clinicopathological factors in ovarian 
cancer. However, high serum values of TIMP-2 and the MMP-2/ TIMP-2 complex 
seemed to have some association with the early stage of the disease (stage I-II of FIGO 
staging) (p=0.179 and p=0.214, respectively) and with better survival, with 60% survival 
in high TIMP-2 or the high MMP-2/ TIMP-2 value group compared to 43% survival in 
low TIMP-2 or the low MMP-2/ TIMP-2 serum value group (P=0.342 and p=0.289, 
respectively). The significance of the MMP-9 measurements was questioned, as the range 
of the serum values was exceptionally wide (50-2923 ng/ml). 

5.3.3  Gelatinases and TIMPs during ovarian cancer treatment 

Sequential serum gelatinase and TIMP values were measured in 3 month intervals during 
6 cytotoxic chemotherapy cycles of ovarian cancer patients. No statistically significant 
changes in serum values were found between the different treatment response groups and 
any of the four proteins examined when analysing the study population as a whole. 
However, in optimally operated ovarian cancer patients changes in the serum 
measurements of MMP-9, TIMP-2 and MMP-2/ TIMP-2 complex during chemotherapy 
seemed to reflect treatment response. An increase in the serum concentration of these 
proteins was connected to good response to the chemotherapy. 

5.3.4  Comparison of plasma and serum measurements of gelatinases 
and TIMPs  

Recently, there has been discussion of the use of serum as a sample source in gelatinase 
and TIMP studies (Jung et al. 2006). In the present study the preoperative serum and 
plasma values of gelatinases and TIMPs in individual patients were measured in parallel 
in a subgroup of the study population (IV) in an attempt to evaluate the validity of serum 
samples in gelatinase and TIMP studies. A statistically significant correlation was found 
between the serum and plasma values of TIMP-1, MMP-9 and the MMP-2/ TIMP-2 
complex measurements. The mean plasma values of the analysed proteins were lower 
than the mean serum values, with the biggest difference seen in MMP-9, where the 
average of plasma values was 39% of that in the serum samples. The statistical 
correlations to the clinicopathological factors of ovarian cancer were similar in the 
plasma and serum samples when examining tissue inhibitors 1 and 2, but in the MMP-2 
and MMP-9 analyses their correlation to the clinicopathological factors were partly 
different. 



6 Discussion 

6.1  Evaluation of the study material and clinical implications 

The study population in the endometrial cancer study (I) was found to be somewhat 
limited in size for statistical analysis, and multivariate analysis was not therefore 
performed. Considering also the generally good prognosis of the adenocarcinoma of the 
endometrium (few "events"), the prognostic significance of the gelatinases in endometrial 
cancer could not be confirmed here despite the predictive tendencies seen in survival and 
mortality rates. More than 30 patients, who were originally intended to be included in the 
study, had to be left out for various reasons, such as a missing or scanty histological 
sample, insufficient clinical data, or interobserver variability in analysing the staining 
results. Also the analysis of gelatinases and the stage of endometrial cancer was 
questionable as most of the patients had not had proper surgical staging. Almost 10% of 
patients clinically presenting stage I cancer are found to have metastases in pelvic lymph 
nodes in surgical staging (DiSaia & Creasman 2002c). At the time of the diagnosis of the 
patients in this study population, the FIGO recommendation for the surgical staging was 
quite new, and not yet commonly used in many countries. However, because of the good 
prognosis of endometrial cancer it was considered important in this study to have a long 
follow-up of the patients in order to evaluate the true survival rate. In consideration of the 
limited data on the expression and significance of the gelatinases in endometrial cancer to 
date, we decided to perform the analysis on this limited material anyway. 

The sample size in study II was good considering the rather small incidence of 
cervical cancer (about 160 new patients per year in Finland) (Cancer Registry 2005a). A 
multivariate analysis could also be performed in this study, due to the more representative 
sample size which was large enough to enable statistically significant results. 

In the ovarian cancer study (III), the preoperative serum samples of 59 epithelial 
ovarian cancer patients were included in the final analysis. Despite the fact, that this 
study population represented the smallest of these three studies, several distinct 
associations were found between TIMP-1 and the aggressive features of epithelial ovarian 
cancer. It may be speculated, whether this emphasises the significance of preoperative 
serum TIMP-1 as a prognostic and predictive marker in epithelial ovarian cancer, or if the 
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results are questionable because of the small study population. Studies reporting that high 
TIMP-1 correlates to poor prognosis in some other malignancies (Yoshikawa et al. 2001, 
Holten-Andersen et al. 2000, Schrohl et al. 2004, Ruokolainen et al. 2005) support our 
results. However, the sample size was too small for a multivariate analysis, as it failed to 
demonstrate TIMP-1 as an independent prognostic factor. 

Study IV consisted of two different parts as a continuation to study III. Based on study 
IV with 48 patients, it seemed quite clear that there is no clinical benefit in measuring 
TIMP-1 sequentially during adjuvant treatment in ovarian cancer patients. However, an 
increase in the serum level of MMP-9, TIMP-2 and MMP-2/ TIMP-2 complex was 
connected to good response to treatment in optimally operated ovarian cancer patients. 
This result is contrary to the result of Waas et al. (2005), as they found neither proMMP-2 
nor proMMP-9 activity, measured by gelatin zymography in consecutive plasma samples, 
to be of any value in monitoring the disease status in patients operated for colorectal 
cancer. There is, however, an opposing report of MMP-9 as a beneficial tool in the 
follow-up of breast cancer patients (Ranuncolo et al. 2003). Our study material was 
limited in this work but, considering the distinct correlation found between preoperative 
TIMP-1 and prognosis in study III with only a slightly larger study cohort, a tendency of 
association could have been expected in study IV if sequential TIMP-1 values reflected 
the treatment response during chemotherapy. However, larger studies, which consider the 
measuring technique and the sample source, are needed before conclusions can be drawn 
on this matter. 

The study group was too small for a reliable statistical analysis to compare plasma 
samples versus serum samples (IV). This part was carried out because of the recent 
discussion on the use of serum as a sample source in gelatinase and TIMP studies (Jung et 
al. 2006). It was considered important to have the same study population as in the serum 
study (III) in order to compare the results individually, and not only as patient groups. 
Plasma samples were available for only a small subgroup. This study was considered as a 
preliminary study, and further comparative studies would be necessary. 

6.2  Critical evaluation of the study methods 

There are several established methods for determining matrix metalloproteinases or tissue 
inhibitors of metalloproteinases. In addition to the methods used in the present study 
(IHC, ELISA), these proteins have been studied for example by gelatin zymography 
quantifying both the free and active forms of gelatinases (Remacle et al. 1998, Lengyel et 
al. 2001, Waas et al. 2002), by determining mRNA of the studied protein by ISH 
(Hurskainen et al. 1996, Davidson et al. 2004) or by RT-PCR (Wu et al. 2002), by 
detecting the protein by the Western blot method (Garbett et al. 1999, Schmalfeldt et al. 
2001) or by the Northern blot analysis of mRNA (Okamoto et al. 2002). With these 
different methods, the different aspects of matrix metalloproteinases are studied. 

Zymography is a good method for measuring the gelatinolytic activity of MMP-2 and 
MMP-9, but it gives no data on the cellular localisation or the source of the MMPs in the 
tumour tissue. Nor does it give an accurate quantity of the protein. The strength of IHC 
and in situ hybridisation is the localisation of the studied protein or mRNA in different 
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tumour tissue compartments. However, IHC does not indicate the cells in which the 
proteins have been produced. Evaluation of the intensity of expression in IHC is more 
difficult, as this is merely a subjective microscopy examination (Torng et al. 2004, de 
Vicente et al. 2005), or a calculated (Väisänen et al. 1998) proportion of the 
immunostaining positive cells. Also, the total area of the sample (I, II), or only a part of it 
(Väisänen et al. 1998) can be taken under evaluation. The significance of the antibody 
type used is also noteworthy, as different kinds of antibodies are available. It seems, that 
mostly antibodies recognising both the latent and activated forms of gelatinases are in use 
(Lengyel et al. 2001, Wu et al. 2002), but also antibodies recognising only the latent form 
of the protein have been used (Väisänen et al. 1999). Antibody concentrations may vary 
in different studies, as well. 

In ELISA, an exact concentration of the searched protein is measured. This may be 
done from different sorts of samples such as serum (Ylisirniö et al. 2001, Sauer et al. 
2004, Nikkola et al. 2005), plasma (Manenti et al. 2003, Morgia et al. 2005), sputum 
(Culpitt et al. 2005), ascites (Hantke et al. 2003) and tumour tissue extracts (Würtz et al. 
2005). However, ELISA does not indicate the exact source of the proteins, as the MMPs 
may be originated from a variety of cells besides cancer cells, such as endothelial cells in 
areas of neoangiogenesis (Davidson et al. 2002, Haas 2005), stromal fibroblasts (Naylor 
et al. 1994, Davidson et al. 2002) and inflammatory cells (Iurlaro et al. 1999, Sheu et al. 
2003). In ELISA studies, the use of different kinds of antibodies may cause difficulties in 
comparing the results of the different studies.  

In ELISA, there is also the question of the sample source. Comparisons of the plasma 
and serum samples of the same individual have shown remarkable differences in protein 
concentrations. Even within plasma samples, differences are found depending on whether 
EDTA or heparin-coated tubes are used. MMP-9 measurements seem especially 
problematic with up to a 20-fold difference in serum and plasma concentrations. (Jung et 
al. 1998, Jung et al. 2001.) Causes for these differences have been suggested such as the 
release of these components from blood cells, and/ or the influence of the sampling 
process to the activation of MMPs (Jung et al. 1998, Alby et al. 2002). It is suggested that 
plasma values for MMP-9 and TIMP-1 represent the true circulating concentrations, and 
heparin plasma should be used preferentially to serum in MMP-9 and TIMP-1 
measurements (Jung et al. 2001, Alby et al. 2002). Repeated freeze - thaw cycles of the 
heparin plasma samples have not been found to affect MMP-9 values, but TIMP-1 values 
may change (Alby et al. 2002). In Holten-Andersen´s work (2003) repeated freezing and 
thawing changed the serum levels of TIMP-1, but in EDTA plasma even six freeze - thaw 
cycles did not influence the TIMP-1 values. 

Thus, the methods used in the present study are established methods used in MMP and 
TIMP studies. Each method has its advantages and disadvantages. With IHC and serum 
ELISA, we could investigate gelatinases and TIMPs from two different points of view, 
namely the localisation and intensity of gelatinases and TIMPs in tumour tissues, and the 
protein concentrations in patients´ circulation. Nonetheless, because of the variety of 
study methods, the question of the exact origin of the proteins, and the various aspects of 
the antibodies and sample sources, it is difficult to draw definite conclusions on the role 
of gelatinases and TIMPs in gynaecological cancers. When evaluating the results of MMP 
studies, details of the method, antibodies, and samples used should always be noted. 
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6.3  The significance of the study results 

6.3.1  Evaluating studies I and II 

Little is still known about gelatinases in endometrial cancer. The present study (I) 
provides some interesting clinical views on these enzymes. According to the Kaplan-
Meier analyses, an association between the over-expression of both MMP-2 and MMP-9 
proteins and unfavourable survival in endometrial cancer was found. Although a 
statistical significance could not be confirmed for this, the difference in the mortality in 
patients with stage I disease according to the MMP-2 expression (negative versus 
intensive) seemed so distinct, that this information calls for further studies to clarify 
whether MMP-2 could serve as a risk factor when considering adjuvant treatment for 
stage I cancer. Adding the MMP-9 status could further strengthen the decision. Further 
studies with a wider cohort are needed to verify these results. 

In the study of uterine cervical cancer (II), it was especially interesting to identify the 
diverging behaviour of gelatinases A and B in the tumour progression. Intensive MMP-2 
staining was connected to unfavourable survival in cervical cancer. This was supported 
by the multivariate analysis. MMP-9 staining results, on the contrary, had no correlation 
at all to the disease-specific survival. This was probably a surprise, as the gelatinases are 
often expected to act alike, as they have largely similar substrates in degrading the 
extracellular matrix. In the present study, intensive MMP-9 staining was associated to a 
better differentiation grade, and was rarely seen in grades 2 and 3 tumours. This is 
supported by the finding of MMP-9 expression as an early event in the genesis of cervical 
neoplasia (Talvensaari-Mattila & Turpeenniemi-Hujanen 2006). Considering that MMP-9 
expression did not correlate to the survival of the patients in the present study, it may be 
that MMP-9 is essential in the early cervical carcinogenesis, but would be replaced by 
other factors in the subsequent aggressive development.  

It is notable that the majority of cervical cancers are squamous cell cancers and, 
therefore, clearly differ from endometrial adenocarcinoma. It has appeared, however, in 
studies of MMP-9 in other SCC types that MMP-9 positive immunostaining of the 
tumour has often shown a correlation to poor survival, as has been shown in oral SCC 
(Katayama et al. 2004, de Vicente et al. 2005), head and neck SCC (Ruokolainen et al. 
2004) and oesophageal SCC (Tanioka et al. 2003). In some of these studies, MMP-9 
positivity has been found to correlate to a poor differentiation grade of the tumour 
(Tanioka et al. 2003, Gu et al. 2005, de Vicente et al. 2005). However, the large study 
material of the present study (II) does add to the reliability of our results. There is not 
enough evidence to explain the contradictory findings. There can be speculation about 
whether differences in HPV infection profile in different SCCs offer some explanation, as 
the causal role and presence of these infections in oesophageal (Syrjänen 2002) and head 
and neck SCCs (Syrjänen 2003, Kreimer et al. 2005) are not as evident as in cervical 
cancer. High-risk HPV subtypes have been found to increase MMP-9 production in 
epithelial precancerous lesions (Akgul et al. 2006, Katori et al. 2006). HPV infection is 
probably a more essential factor in early uterine cervical carcinogenesis compared to 
other SCCs. This could explain differences found in the clinicopathological connections 
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of MMP-9 in different SCCs, presuming that the role of papilloma virus and MMP-9 
diminishes in cervical cancer once the malignant process has progressed. As a conclusion, 
MMP-9 expression does not seem to have a prognostic significance in uterine cervical 
cancer. 

6.3.2  New aspects on TIMP-1 in ovarian cancer (III, IV) 

The present study confirms a correlation between circulating preoperative tissue inhibitor 
of metalloproteinase-1 (TIMP-1) and the progression of ovarian cancer. Previously, only 
one report has existed on the prognostic significance of circulating TIMP-1 in ovarian 
cancer (Manenti et al. 2003). We measured the TIMP-1 concentration in serum samples, 
Manenti´s group in plasma. The results from the present study IV indicate that the 
correlations found with these two sample sources seem to be comparable, and thus 
confirm the correlation between the clinicopathological factors and TIMP-1 values. 
However, the absolute values in different sample sources are not comparable, as plasma 
TIMP-1 values were found to be on average 62% of those in the serum (IV), although 
they correlated to each other in individual patients (p=0.0004). 

Of special interest is the result of preoperative serum TIMP-1 value as a predictive 
factor for the treatment response in ovarian cancer, both by surgery and cytotoxic 
chemotherapy. This has not been reported previously in the literature. 

Preoperative serum measurement of the total TIMP-1 concentration might be 
beneficial in deciding about further procedures, such as consolidation treatment, in the 
treatment and follow-up of ovarian cancer. MMP-9, TIMP-2 and MMP-2/ TIMP-2 
complex measurements, on the other hand, do not seem to yield useful data from a 
clinical point of view. However, a larger study cohort might clarify the prognostic role of 
preoperative TIMP-2 and MMP-2/ TIMP2 complex values suggested in the present study 
III. 

The findings on sequential gelatinase or TIMP measurements during chemotherapy in 
ovarian cancer patients are also of interest. Considering the predictive and prognostic 
significance of a preoperative circulating TIMP-1 value, some beneficial information 
about sequential measurements of TIMP-1 during adjuvant treatment was expected. Few 
studies have focused on the issue of consecutive gelatinase or TIMP measurements, and 
contradictory results have been reported. Ranuncolo et al. (2003) have reported 
consecutive MMP-9 activity measurements to be a beneficial tool in breast cancer, 
whereas Waas et al. (2005) have found neither proMMP-2 nor proMMP-9 activity in 
consecutive plasma samples to be of value for monitoring the disease status in patients 
operated for colorectal cancer. On the basis of our studies (III, IV) it is concluded that 
measuring the preoperative serum or plasma concentration of circulating TIMP-1, and 
potentially the gelatinases and TIMP-2, might be useful in clinical practice, but follow-up 
measurements of TIMP-1 during treatment do not contribute to the response evaluation. 
However, sequential MMP-9, TIMP-2 and MMP-2/ TIMP-2 complex measurements 
might turn out to be beneficial in the follow-up of optimally operated ovarian cancer 
patients. The serum values of these proteins tended to increase in patients with good 
response to treatment. The mechanism of this increase is, however, unclear. It is possible 



 59

that the breaking up of the remaining residual tumour released these proteins from the 
tumour cells into the circulation. It could also be mediated by cytokines, such as 
interleukins-1 and -10, induced by the cytotoxic agent. Cisplatin has been shown to 
induce interleukin-1 production in endothelial cells (Shi et al. 1998), which in turn has 
been found to induce the transcription of the gelatinases (Siwik et al. 2000). Interleukin-
10 has been shown to stimulate TIMP-1 production but to reduce MMP-2 and MMP-9 
secretion by prostate cancer cells (Stearns et al. 1999). In non-small cell lung cancer 
patients increasing serum levels of intereukin-10 have been found to correlate to poor 
response to platinum-based chemotherapy (De Vita et al. 2000). 

The comparison between different sample sources would certainly need further 
investigation. The present study (IV) includes a limited survey on the issue, although it 
may create questions more than answers. For example, on an individual basis, the serum 
and plasma values of TIMP-2 did not correlate to each other, but a similar correlation to 
clinicopathological aspects was found in both TIMP-2 plasma and serum measurements. 
Correspondingly, in MMP-2/ TIMP-2 complex plasma and serum measurements the 
correlation to clinicopathological aspects slightly differed, but the individual's values did 
correlate with each other. Comparisons of different samples with larger cohorts are 
necessary in order to clarify the validity of serum and plasma as sample sources in 
clinically aimed MMP examinations. 

6.3.3  Gelatinases and their tissue inhibitors as co-factors in 
malignant growth 

The progression of a local tumour into an advanced stage malignancy is a complex 
process, in which several different enzymes and numerous intra and extracellular 
biological pathways are activated to enhance the ECM proteolysis, cell-cell and cell-
matrix detachment, and migration of tumour and endothelial cells. In this process, the 
gelatinases as members of the matrix metalloproteinase family represent only one aspect. 
In addition to the adhesion molecules and proteolytic enzymes presented in this study, 
there is still a wide variety of factors affecting the behaviour of a tumour, such as the 
hyaluronan and members of the transmembrane cell surface receptor CD family, of which 
at least a high expression of the hyaluronan receptor CD 44 has been shown to be 
connected to good prognosis in epithelial ovarian cancers (Sillanpää et al. 2003). 

In this study, enhanced expression of gelatinase A in endometrial and cervical cancer 
tissue was shown, and a link between this over-expression and unfavourable prognosis of 
the cancer was suggested. This finding is in line with the results in many other cancer 
types. The finding of an over-expression of MMP-9 in well-differentiated cervical 
squamocellular tumours was contrary to the earlier studies on other squamocellular 
cancers. This raises a need for further studies on the regulation of MMP-9 and of 
distracting factors in squamous cell cancers. The finding of high TIMP-1 value as a poor 
prognostic factor in epithelial ovarian cancer is supported by the findings of TIMPs as 
multifunctional proteins. This study offers confirmation to the suggestion of a 
paradoxical role of TIMPs in malignant growth.  
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The significance of the gelatinases and TIMPs as important regulators of the ECM 
degradation and also of angiogenesis is indisputable. However, a malignant growth is a 
result of the activation of several different genes and their products. There is also a 
complex interaction between these factors, as they may participate in the regulation of 
each other. Therefore, it is clear that measuring one factor in this complex entity reveals 
only a fraction of the data on the malignant process. Additionally, any attempt to affect 
malignant growth through one factor may not yield a good response. Whatever the 
expression or activity of one factor is, other relevant factors may subdue its effect.  

This study succeeded in revealing novel insights into the clinical relevance of 
gelatinases and their TIMPs in gynaecological cancers. However, further studies are 
needed before these findings may be applied in clinical practice. 

 



7 Conclusions 

The over-expression and activity of matrix metalloproteinases-2 and -9 have been linked 
to aggressive behaviour in many types of malignant tumours. Recently, high TIMP-1 
expression has been further connected to the poor survival of cancer patients in some 
cancer types. 

In the present study the expression of MMP-2 and MMP-9 were studied by 
immunohistochemistry in tumour tissue specimens of endometrial and uterine cervical 
cancer patients. In ovarian cancer patients the circulating MMP-2/ TIMP-2 complex, 
MMP-9, TIMP-1 and TIMP-2 values were measured from serum and plasma samples by 
ELISA. The results were compared to clinicopathological factors of these cancer types 
with a special emphasis on the prognostic role. In addition, the value of sequential 
measurement of circulating gelatinase or TIMP concentrations during chemotherapy was 
evaluated. 

 The main findings are as follows: 

1. MMP-2 and MMP-9 proteins are commonly expressed in endometrial cancers. 
Intensive MMP-2 expression and MMP-9 positivity correlate to a poor differentiation 
grade, and MMP-9 positivity also to an advanced clinical stage of the cancer. Intensive 
MMP-2 staining, especially with MMP-9 positivity of the tumour, seems to be related 
to unfavourable survival in stage I endometrial cancer. MMP-2 might be informative 
in the decision-making of adjuvant treatment in patients with stage I endometrial 
cancer. 

2. Intensive MMP-2 and MMP-9 staining are common in uterine cervical cancers. High 
MMP-2 expression correlates to poor survival, whereas MMP-9 expression is not 
connected to the survival of cervical cancer patients. Instead, intensive MMP-9 
staining correlates to favourable differentiation of the tumour. MMP-2 expression 
status might have an additional role in the panel of prognostic factors in cervical 
cancer. 

3. A high preoperative circulating TIMP-1 concentration is a marker of poor prognosis in 
epithelial ovarian cancer patients. It also has a predictive role, as high concentrations 
are connected to poor operability of the tumour and a limited response to cytotoxic 
treatment. Circulating TIMP-2 and gelatinases do not correlate to the 
clinicopathological factors in ovarian cancer. A preoperative TIMP-1 concentration 
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could contribute to the decision about more intensive treatment procedures and follow-
up in epithelial ovarian cancer. 

4. Serum gelatinase and tissue inhibitor-2 measurements during cytotoxic chemotherapy 
might contribute to the evaluation of the treatment response in ovarian cancer patients. 
Serum tissue inhibitor-1 values do not reflect the treatment response or efficacy. 

In conclusion, measuring matrix metalloproteinases -2 and -9 and the tissue inhibitors of 
metalloproteinases -1 and -2 could be beneficial in the clinical practice of patients with a 
gynaecological cancer. However, the method of choice and the optimal sample source 
should be further investigated and confirmed by more extensive data from preclinical 
studies.   
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