
Abstract. Matrix metalloproteinase-2 (MMP-2), a member of
the zinc-dependent metalloproteinase gene family, plays an
important role in cancer invasion and metastasis. The current
study aimed to evaluate whether the expression of MMP-2 is
associated with survival in patients with endometrial
endometrioid adenocarcinoma. The MMP-2 immunoreactive
protein was evaluated from endometrioid adenocarcinoma of
the endometrium in 112 patients treated at Oulu University
Hospital, Finland. The median follow-up time was 88 months.
The expression of MMP-2 was studied immunohistochemically
in paraffin-embedded tissue samples from the primary tumours
by using a specific monoclonal antibody to MMP-2. The MMP-2
protein was found in 80% of the primary tumours, including all
histological grades. All grade 3 tumors were MMP-2-positive. At
the end of the study period, 21 of the 22 (95%) patients
presenting MMP-2-negative immunostaining were alive, whereas
the corresponding figure for those with MMP-2-positive tumours
was 78 out of 90 (87%). These data suggest that MMP-2
immunostaining negativity might be linked with a favourable
prognosis in endometrial endometrioid adenocarcinoma.

Endometrial carcinoma is one of the most common

malignancies of the female genital tract in Western countries.

Endometrioid adenocarcinoma accounts for 60-80% of the

histological types of endometrial cancers, and the depth of

myometrial invasion is one of the most important prognostic

factors in this disease. It is generally considered a relatively

low-risk malignancy because the majority of cases are

diagnosed in the International Federation of Gynecology and

Obstetrics (FIGO) stage I and have a favourable prognosis.

Tumour invasion and metastasis are the major causes of

treatment failure or death among carcinoma patients. The role

of matrix metalloproteinases (MMPs) in tumour invasion and

metastasis, as well as in tumour angiogenesis, is important.

Matrix metalloproteinase-2 (MMP-2, gelatinase A, type IV

collagenase) belongs to a family of zinc-dependent

metalloendoproteinases that degrade matrix proteins as well

as type IV collagen and other extracellular macromolecules.

MMP-2 expression has been linked to invasiveness and

metastasis in several human neoplasias, such as ovarian (1, 2),

breast and colon carcinoma (3) and melanoma (4, 5). In those

carcinoma types, the expression of MMP-2 protein, or its

mRNA, predicts a poor prognosis. The literature regarding the

expression and prognostic role of MMP-2 in endometrial

endometrioid adenocarcinoma is, however, rather scant.

The present study was designed to assess whether the

expression of MMP-2 in endometrial endometrioid

adenocarcinoma predicts the patient outcome and to compare

MMP-2 immunostaining with conventional clinical and

histopathological parameters, especially the depth of invasion.

Patients and Methods

The series consisted of 112 stage I – IV endometrial endometrioid

adenocarcinoma patients treated in the Department of Obstetrics

and Gynecology, Oulu University Hospital, Finland, between 1993

and 1997. Formalin-fixed, paraffin-embedded endometrial tissue

samples from the primary tumours were taken from their files in

the Department of Pathology.

The median age of the patients was 66 years (range 37-86).

According to the FIGO criteria (6), there were 84 stage I, 12 stage

II, 14 stage III and 2 stage IV cancers. Fifty-eight tumours were well-

(grade 1), 43 moderately- (grade 2) and 11 poorly-differentiated

(grade 3). The median follow-up time was 88 months (range 0-124).

Extrafascial hysterectomy, bilateral salpingo-oophorectomy and

pelvic lymphadenectomy were the primary treatments in most cases.

One patient received preoperative chemotherapy, and 24 patients

received postoperative adjuvant chemotherapy (cyclophosphamide,

cisplatin and epidoxorubicin). Nineteen patients had postoperative

vaginal cuff brachytherapy and 40 patients postoperative external

whole pelvic irradiation. Eleven patients were treated

postoperatively with combined vaginal cuff brachytherapy and

external whole pelvic irradiation.
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Immunohistochemistry. The avidin-biotin-peroxidase method was

used in the immunostainings. Paraffin sections 4-Ìm thick were

incubated for 12 h at 37ÆC, dewaxed in Histo-Clear (National

Diagnostics, Atlanta, GA, USA) and hydrated. The specimens were

treated with 0.4% pepsin (Sigma, St Louis, MO, USA) for 20 min at

37ÆC. Incubation of the slides in 3% hydrogen peroxide in absolute

methanol for 15 min blocked endogenous peroxidase activity, and

non-specific binding was blocked with 10% goat serum for 15 min.

A mouse monoclonal antibody (CA-4001, Diabor Ltd., Oulu,

Finland) against MMP-2 (7-9) was used as the primary antibody 

(1.5 Ìg/ml in 0.01 M phosphate buffer, 0.9% NaCl (pH 7.5) with 1%

bovine serum albumin. The antibody recognises the aminoterminal

end of the latent MMP-2 (inactive), both as a free enzyme and

complexed with the tissue inhibitor of metalloproteinase-2. Specifity

was confirmed by Western blot analysis (10).

The specimens were incubated for 20 h at room temperature in a

humidity chamber, and immunohistological staining was continued

using a Histostain-bulk kit (Zymed Laboratory, San Francisco, CA,

USA), according to the manufacturer’s instructions. Biotinylated anti-

mouse immunoglobulin IgG served as a second antibody, and the

peroxidase was introduced using a streptavidin conjugate. The slides

were washed thoroughly with phosphate-buffered saline between all

stages in the procedure. The antibody reaction was visualized using

a fresh substrate solution from an aminoethyl carbazole substrate kit

(AEC, Sigma). The sections were counterstained with hematoxylin,

dehydrated and mounted in glycerol-vinyl-alcohol (GVA mount,

Zymed). For negative controls, the primary antibody was replaced

with mouse nonimmuno IgG. For positive controls, previously known

MMP-2-positive specimens were used.

A section was considered negative or positive depending on the

absence or presence of cytoplasmic staining of neoplastic cells. The

case was considered positive when >1% of tumour cells showed

positive staining. Two independent observers scored the MMP-2

immunostaining.

Statistical analyses. Statistical analysis was carried out by using the SPSS

program. The relationships between the clinicopathological variables

and MMP-2 immunostaining were assessed with Fisher’s exact test (2-

sided). Postoperative survival rates were assessed by the Kaplan-Meier

method. The survival differences between the subgroups were

compared by means of a log-rank test. Survival was defined as the time

from the primary operation to the date of death or the last control visit.

P-values <0.05 were considered statistically significant.
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Figure 1. Cytoplasmic immunostaining of matrix metalloproteinase-2 (MMP-2) in endometrioid adenocarcinoma. Immunostaining was performed as
described in Patients and Methods by using a monoclonal antibody for MMP-2. A positive case (1a) and a negative case (1b).

Figure 2. Overall survival analysis (Kaplan-Meier) of endometrial
endometrioid adenocarcinoma.



Results

Expression of MMP-2 immunoreactive protein was found in

80% of the primary tumours (Figure 1a), while 20% were

negative (Figure 1b). In carcinoma cells, the

immunoreactive protein localized to the cytoplasm (Figure 1

a). MMP-2 staining did not correlate with age, clinical stage,

histological grade, depth of invasion, or peritoneal cytology

(Table I). All grade 3 tumours were MMP-2-positive.

Thirteen of the 112 patients died of their endometrial

endometrioid adenocarcinoma. Only one of the 22 (4.5%)

patients presenting MMP-2-negative immunostaining died

of the disease during the follow-up. The corresponding

figure for the patients presenting MMP-2-positive

immunostaining was 12 out of 90 (13%). The Kaplan-Meier

analysis showed that the 5-year overall survival of the

patients with endometroid adenoarcinoma and MMP-2-

positive immunostaining was 87%, whereas 95% of the

patients presenting MMP-2-negative primary tumour were

alive at that time (Figure 2). The difference did not reach

statistical significance.

Kaplan-Meier survival analysis showed the conventional

prognostic indicators of endometrial endometrioid

adenocarcinoma (FIGO stage, histological grade, depth of

myometrial invasion and peritoneal cytology) to be

significant prognostic indicators of the patients’ clinical

outcome. The conventional prognostic indicators were not

associated with MMP-2 staining (data not shown).

Discussion

MMPs are central effectors in endometrial physiology, and

ovarian steroids and cytokines regulate their production (11,

12). MMPs also have a function in matrix degradation at

menstruation (13). Even though MMPs have long been

associated with malignancy, their role in endometrial cancer

and other gynaecological malignancies has not been clearly

established. Basement membrane-degrading enzymes

(including MMP-2) have been given considerable attention

for their roles in invasion and metastasis in malignant

neoplasms (14). The depth of myometrial invasion is one of

the most important prognostic factors in endometrial

endometrioid adenocarcinoma, and proteolytic degradation

of the endometrial extracellular matrix is assumed to be a

prerequisite for tumour invasion into the myometrium.

Tumour types bear an important relationship with

survival. Poor prognostic variants of endometrial carcinoma

include papillary serous carcinoma, adenosquamous and

clear-cell carcinoma. Due to the adverse prognosis and low

prevalence of these tumours, they were excluded from the

study. The advantage of our study was that the study group

was homogeneous and all the patients were operated upon

and treated in the same gynaecological oncological unit.

Differences in adjuvant treatment did not influence the

outcome, since no distinctions were seen between the

subgroups of patients.

In line with our previous studies (4, 15-21) and the

studies by others (10, 22-27), evidence of an

immunoreactive protein positive for MMP-2 was seen in

carcinoma cells, but not in fibroblast-like cells. The number

of cases displaying positive immunostaining was within the

range published previously in various malignant neoplasms

(1, 17-21, 28-30). Although neoplastic cells are the main

source of MMP-2, some tumours also induce MMP-2

activity in stromal fibroblasts (31). In colorectal (32) and

breast carcinomas (33, 34), immunostaining for MMP-2

protein was predominantly localized to neoplastic cells, but

the predominant labelling for MMP-2 mRNA was found in

stromal fibroblast-like cells.

MMP-2 immunostaining did not correlate with the

conventional prognosticators of endometrial endometrioid

adenocarcinoma tested here. In the present study, all

poorly-differentiated carcinomas were MMP-2-positive, but

we found no statistically significant correlation between
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Table I. MMP-2 immunostaining by prognostic indicators of 112
endometrial endometrioid adenocarcinoma patients

Prognostic factor MMP-2 immunostaining*

Total Positive Negative

Age (years)

≤66 55 42 13

>66 57 48 9

Stage

I 84 64 20

II 12 11 1

III 14 13 1

IV 2 2 0

Grade

1 58 45 13

2 43 34 9

3 11 11 0

Depth of invasion

endometrium 12 11 1

≤1/2 68 52 16

>1/2 32 27 5

Peritoneal cytology**

classes 1-3 95 74 21

classes 4-5 17 16 1

*P-value for MMP-2 immunostaining: NS

**Papanicolaou classes



histological grade and MMP-2 staining. There was, however,

a trend to suggest that MMP-2 positivity among patients

with moderately- or poorly-differentiated tumours could be

associated with unfavourable prognosis. In a recent study by

Di Nezza et al. (31), semi-quantitative analysis revealed

increases in MMP-2 staining in tumour epithelial cells in the

transition from histological grade 1 to grades 2 and 3.

The tissue inhibitors of matrix metalloproteinases (TIMPs)

primarily control the proteolytic activity of MMPs. TIMPs are

small proteins of 21-28 kDa that specifically block MMP

activity by binding to the highly conserved zinc-binding site

of active MMPs. TIMP-1, TIMP-2 and TIMP-3 inhibit the

activity of most MMPs, including MMP-2 (35). Malignant

tumours are often associated with an increase in TIMP

production (36). The antibody test used also recognized the

aminoterminal end of MMP-2 when it was in complex with

TIMP-2. However, a simple balance in the local MMP-

2/TIMP concentration cannot explain the lack of association

between MMP-2 staining and tumour invasiveness.

New data show membrane-type matrix metalloproteinases

(MT-MMPs) to be major modifiers of the pericellular

environment and key regulators of tumour cell behaviour.

MT-MMPs are a relatively new subfamily of membrane-

anchored MMPs, which includes six members (37). MT-

MMPs are highly expressed in almost all types of human

cancer and, consistent with their high expression, they play

an important role in promoting cell migration, invasion,

experimental metastasis and angiogenesis. The MT-MMP

family includes the major activators of pro-MMP-2, and in

the case of MT1-MMP, this process involves the action of

TIMP-2. The MT1-MMP/TIMP-2/pro-MMP-2 complex,

referred to as the ‘ternary complex’, facilitates the first

cleavage of the pro-MMP-2 prodomain by a neighbouring

TIMP-2-free active MT1-MMP. Full activation of pro-MMP-

2 is achieved by a second cleavage event, in which the

intermediate MMP-2 species is autocatalytically processed to

a fully active enzyme. This process only occurs at a low

TIMP-2 concentration relative to MT1-MMP, to permit

availability of enough inhibitor-free MT1-MMP to initiate

pro-MMP2 activation. High levels of TIMP-2 inhibit

activation by blocking all free MT1-MMP molecules (37).

Thus, the relationship between MMPs, MT-MMPs and

TIMPs in malignant tumour is a complex phenomenon. Since

the MMP-2 immunostaining used here also detects pro-

MMP-2, the potential role of biologically relevant molecules

of MMP-2 to promote the degradation of extracellular matrix

in endometrioid carcinoma remains to be evaluated.

Death was relatively infrequent in the present study,

which means that, when comparisons are made between

different prognostic factors, the numbers in each group are

small. In Kaplan-Meier survival analysis, however, all

conventional prognostic indicators discriminated between

high-risk and low-risk patients.

In conclusion, the data suggest that MMP-2 may have

some prognostic role in identifying the endometrial

endometrioid adenocarcinoma patients with a favourable

outcome from those with a poor prognosis. Although the

difference in Kaplan-Meier analysis between the groups

with positive and negative MMP-2 staining was not

significant, the small number of events and the complex

relationship between MMPs, MT-MMPs and TIMPs in

malignant tumours mean that a potential benefit of the

MMP-2 test may have been missed. This indicates a need

for further studies with sufficient data and a long follow-up

time to evaluate the prognostic value of MMP-2 among

endometrial endometrioid adenocarcinoma patients.

References

1 Davidson B, Goldberg I, Gotlieb WH, Kopolovic J, Ben-Baruch

G, Nesland JM, Berner A, Bryne M and Reich R: High levels of

MMP-2, MMP-9, MT1-MMP and TIMP-2 mRNA correlate

with poor survival in ovarian carcinoma. Clin Exp Metastasis

17: 799-808, 1999.

2 Sakata K, Shigemasa K, Nagai N and Ohama K: Expression of

matrix metalloproteinases (MMP-2, MMP-9, MT1-MMP) and

their inhibitors (TIMP-1, TIMP-2) in common epithelial tumors

of the ovary. Int J Oncol 17: 673-681, 2000.

3 Curran S and Murray GI: Matrix metalloproteinases in tumour

invasion and metastasis. J Pathol 189: 300-308, 1999.

4 Väisänen A, Kallioinen M, Taskinen PJ and Turpeenniemi-

Hujanen T: Prognostic value of MMP-2 immunoreactive

protein (72 kD type IV collagenase) in primary skin melanoma.

J Pathol 186: 51-58, 1998.

5 Hofmann UB, Westphal JR, Waas ET, Zendman AJW,

Cornelissen IMHA, Ruiter DJ and van Muijen GNP: Matrix

metalloproteinases in human melanoma cell lines and xenografts:

increased expression of activated matrix metalloproteinase-2

(MMP-2) correlates with melanoma progression. Br J Cancer 81:

774-782, 1999.

6 Announcements. FIGO stages – 1988 revision: Gynecol Oncol

35: 125-127, 1989.

7 Autio-Harmainen H, Hurskainen T, Niskasaari K, Höyhtyä M

and Tryggvason K: Simultaneous expression of 72 kilodalton

type IV collagenase and type IV collagen a1(IV) chain genes by

cells of early human placenta and gestational endometrium. Lab

Invest 67: 191-200, 1992.

8 Autio-Harmainen H, Karttunen T, Hurskainen T, Höyhtyä M,

Kauppila A and Tryggvason K: Expression of 72 kDa type IV

collagenase in benign and malignant ovarian tumors. Lab Invest

69: 312-321, 1993.

9 Margulies IMK, Höyhtyä M, Evans C, Stracke ML, Liotta LA

and Stetler-Stevenson WG: Urinary type IV collagenase

elevated levels are associated with bladder transitional cell

carcinoma. Cancer Epidemiol Biomarkers Prev 1: 467-474,

1992.

10 Höyhtyä M, Fridman R, Komarck D, Porter-Jordan K,

Stetler-Stevenson WG, Liotta LA and Liang CM: Immuno-

histochemical localization of matrix metalloproteinase 2 and

its specific inhibitor TIMP-2 in neoplastic tissue with

monoclonal antibodies. Int J Cancer 54: 500-505, 1994.

ANTICANCER RESEARCH 25: 4101-4106 (2005)

4104



11 Gofflin F, Frankenne F, Beliard A, Perrier S, Hauterive D,

Pignon MR, Geenen V and Foidart JM: Human endometrial

epithelial cells modulate the activation of gelatinase A by

stromal cells Gynecol Obstet Invest 53: 105-111, 2002.

12 Cork BA, Tuckerman EM, Li TC and Laird SM: Expression of

interleukin (IL)-11 receptor by the human endometrium in vivo
and effects of IL-11, IL-6 and LIF on the production of MMP

and cytokines by human endometrial cells in vitro. Mol Hum

Reprod 8: 841-848, 2002.

13 Zhang J and Salamonsen LA: In vivo evidence for active matrix

metalloproteinases in human endometrium supports their role

in tissue breakdown at menstruation. J Clin Endocrinol Metab

87: 2346-2351, 2002.

14 Brinckerhoff CE, Rutter JL and Benbow U: Interstitial

collagenases as markers of tumor progression. Clin Cancer Res

6: 4823-4830, 2000.

15 Väisänen A, Tuominen H, Kallioinen M and Turpeenniemi-

Hujanen T: Matrix metalloproteinase-2 (72 kD type IV

collagenase) expression occurs in the early stage of human

melanocytic tumour progression and may have a prognostic

value. J Pathol 180: 283-289, 1996.

16 Väisänen A, Kallioinen M, von Dickhoff K, Laatikainen L ,

Höyhtyä M and Turpeenniemi-Hujanen T: Matrix metallo-

proteinase-2 (MMP-2) immunocreactive protein. A new

prognostic marker in uveal melanoma? J Pathol 188: 56-62, 1999.

17 Talvensaari-Mattila A, Pääkkö P, Höyhtyä M, Blanco-Sequeiros

G and Turpeenniemi-Hujanen T: Matrix-metalloproteinase-2

immunocreactive protein, a marker of aggressiveness in breast

carcinoma. Cancer 83: 1153-1162, 1998.

18 Talvensaari-Mattila A, Apaja-Sarkkinen M, Höyhtyä M,

Westerlund A, Puistola U and Turpeenniemi-Hujanen T:

Matrix metalloproteinase -2 immunoreactive protein appears

early in cervical epithelial dedifferentiation. Gynecol Oncol 72:

306-311, 1999.

19 Talvensaari-Mattila A, Pääkkö P and Turpeenniemi-HujanenT:

MMP-2 positivity and age less than 40 years increases the risk

for recurrence in premenopausal patients with node-positive

breast carcinoma. Breast Cancer Res Treat 58: 287-293, 1999.

20 Talvensaari-Mattila A, Pääkkö P, Blanco-Sequeiros G and

Turpeenniemi-Hujanen T: Matrix metalloproteinase-2 (MMP-

2) is associated with the risk for a relapse in postmenopausal

patients with node-positive breast carcinoma treated with

antiestrogen therapy. Breast Cancer Res Treat 65: 55-56, 2001.

21 Hirvonen R, Talvensaari-Mattila A, Pääkkö P and

Turpeenniemi-Hujanen T: Matrix metalloproteinase-2 (MMP-

2) in T(1-2)N0 breast carcinoma. Breast Cancer Res Treat 77:

85-91, 2003.

22 Monteagudo C, Merino MJ, San-Juan J, Liotta LA and Stetler-

Stevenson WG: Immunohistochemical distribution of type IV

collagenase in normal, benign and malignant breast tissue. Am

J Pathol 136: 585-589, 1990.

23 Levy AT, Cioce V, Sobel ME, Garbisa S, Grigioni WF and

Liotta LA: Increased expression of the 72 kDa type IV

collagenase in human colonic adenocarcinoma. Cancer Res 51:

439-444, 1991.

24 Polette M, Gilbert N, Stas I, Nawrocki B, Noel A, Remacle A,

Stetler-Stevenson WG, Birembaut P and Foidart M: Gelatinase

A expression and localization in human breast cancers. An in
situ hybridization study and immunohistochemical detection

using confocal microscopy. Wirchows Arch 424: 641-645, 1994.

25 Tryggvason K, Höyhtyä M and Pyke C: Type IV collagenases in

invasive tumours. Breast Cancer Res Treat 24: 209-218, 1994.

26 Visscher DW, Höyhtyä M, Ottosen SK, Liang C-M, Sarkar FH,

Crissman D and Fridman R: Enhanced expression of tissue

inhibitor of metalloproteinase-2 (TIMP-2) in the stroma of

breast carcinomas correlates with tumor recurrence. Int J

Cancer 59: 339-344, 1994.

27 Foidart JM: Stromal proteases in the progression of breast

cancer. Bull Mem Acad R Med Belg 152: 229-235, 1997.

28 Lee KS, Rha SY, Kim SJ, Roh JK, Kim BS and Chung HC:

Sequential activation and production of matrix metalloproteinase-

2 during breast cancer progression. Clin Exp Metastasis 14: 512-

519, 1996.

29 Moser PL, Hefler L, Tempfer C, Neunteufel W, Kieback DG

and Gitsch G: Immunohistochemical detection of matrix

metalloproteinases (MMP) 1 and 2, and tissue inhibitor of

metalloproteinase 2 (TIMP 2) in stage I and II endometrial

carcinoma. Anticancer Res 19: 2365-2367, 1999.

30 Davidson B, Goldberg I, Kopolovic J, Lerner-Geva L, Gotlieb

WH, Ben-Baruch G and Reich R: MMP-2 and TIMP-2

expression correlates with poor prognosis in cervical carcinoma

– a clinicopathologic study using immunohistochemistry and

mRNA in situ hybridization. Gynecol Oncol 73: 372-382, 1999.

31 Di Nezza LA, Misajon A, Zhang J, Jobling T, Quinn MA, Ostor

AG, Nie G, Lopata A and Salamonsen LA: Presence of active

gelatinases in endometrial carcinoma and correlation of matrix

metalloproteinase expression with increasing tumor grade and

invasion. Cancer 94: 1466-1475, 2002.

32 Poulsom R, Pignatelli M, Stetler-Stevenson WG, Liotta LA,

Wright PA, Jeffery RE, Longcraft JM, Rogers L and Stamp

WG: Stromal expression of 72 kDa type IV collagenase (MMP-

2) and TIMP-2 mRNA in colorectal neoplasia. Am J Pathol

141: 389-396, 1992.

33 Poulsom R, Handy AM, Pignatelli M, Jeffery RE, Longcraft

JM, Rogers L and Stamp GW: Expression of gelatinase A and

TIMP-2 mRNAs in desmoplastic fibroblasts in both mammary

carcinomas and basal cell carcinomas of the skin. J Clin Pathol

46: 429-436, 1993.

34 Ueno H, Nakamura H, Inoue M, Imai K, Noguchi M, Sato H,

Seiki M and Okada Y: Expression and tissue localization of

membrane-types 1, 2, and 3 matrix metalloproteinases in human

invasive breast carcinomas. Cancer Res 57: 2055-2060, 1997.

35 Stamenkovic I: Matrix metalloproteinases in tumor invasion

and metastasis. Semin Cancer Biol 10: 415-433, 2000.

36 Grignon DJ, Sakr W, Toth M, Ravery V, Angulo J, Shamsa F,

Pontes JE, Crissman JC and Fridman R: High levels of tissue

inhibitor of metalloproteinase-2 (TIMP-2) expression are

associated with poor outcome in invasive bladder cancer.

Cancer Res 56: 1654-1659, 1996.

37 Hernandez-Barrantes S, Bernardo M, Toth M and Fridman R:

Regulation of membrane-type matrix metalloproteinases. Semin

Cancer Biol 12: 131-8, 2002.

Received June 2, 2005
Accepted July 4, 2005

Talvensaari-Mattila et al: MMP-2 in Endometrioid Adenocarcinoma

4105


