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Objective. The aim of this study was to evaluate the combined effects of MMP-2 and TIMP-2 protein immunoreactivities
on the prognosis in endometrial carcinoma. Methods. Paraffin-embedded tissue samples from 225 primary endometrioid
adenocarcinomas and 13 histologies other than endometrioid adenocarcinoma were immunohistochemically stained for MMP-
2 and TIMP-2. Results. In Kaplan-Meier analysis, the 5-year cancer-specific survival rate of the endometrioid adenocarcinoma
patients with negativeMMP-2 and positive TIMP-2 stainingwas 100%, whereas only 78%of patients presentingwith positiveMMP-
2 and negative TIMP-2 staining results were alive at that time. InCox regression analysis, patients with positiveMMP-2 and negative
TIMP-2 immunostaining had a 4.7-fold relative risk of death from endometrial carcinoma compared to the group of patients with
negative MMP-2 and positive or negative TIMP-2 immunoreaction. Conclusions. MMP-2 seems to be the main metalloproteinase
determining the prognosis in endometrial carcinoma. Combination of strongMMP-2 and weak TIMP-2 immunostainings was the
most potent prognostic marker for poor survival.

1. Introduction

The extracellular matrix (ECM) is a dynamic fibrillar protein
network of interacting macromolecules such as collagens,
laminins, fibronectins, and proteoglycans. ECM components
are degraded by different proteinases, the most prominent
among which are the members of the matrix metallopro-
teinase (MMP) family [1, 2].

Matrix metalloproteinases are zinc-dependent endopep-
tidases that cleave the protein components of the extracellular
matrix and thereby play a central role in tissue remodeling.
There are 24 human MMPs known, and they are divided
into two groups based on their cellular localization (secreted
and membrane bound) or into five main groups according

to their structure and substrate specificity: collagenases,
gelatinases, stromelysins, matrilysins, and membrane-type
MMPs (MT-MMPs) [3, 4]. MMPs can regulate the tumor
microenvironment, and their expression and activation are
increased in almost all human cancer types compared with
normal tissue. In particular, MMP-2 and -9 have been linked
to several malignant tumors [5–9].

MMP activity is tightly controlled by several endogenous
inhibitors; the most thoroughly studied MMP inhibitors
are the tissue inhibitors of metalloproteinases (TIMPs). The
TIMP family consists of fourmembers, TIMP-1, -2, -3, and -4,
that form noncovalent 1 : 1 stoichiometric complexes with
MMPs. Although they all inhibit MMPs proteolytic activity,
TIMPs differ in solubility, interaction with the proenzymes
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(proMMPs), affinity for the various MMPs, and regulation
of expression [2, 10]. TIMP-2 is a unique member of TIMP
family in the sense that, in addition to inhibiting MMPs,
it selectively interacts with MT1-MMP to facilitate the cell-
surface activation of pro-MMP-2. Thus, TIMP-2 functions
both as an inhibitor ofMMPs and is required for pro-MMP-2
activation [11].

A balance betweenMMP and TIMP activities is a prereq-
uisite for normal function of an array of physiological pro-
cesses. Disruption of the MMP-TIMP balance can result in
a number of pathogenic processes including tumor invasion,
metastasis, angiogenesis, and wound healing [1]. Increasing
evidence suggests a much more complex role for TIMPs
during tumor progression in addition to their regulation of
MMP-mediated ECM degradation.

We have previously shown that high MMP-2 expression
is associated with a poor survival in endometrial carcinoma
[6]. In contrast, high TIMP-2 correlated with a favorable
cancer-specific and overall survival in endometrial carci-
noma patients [12]. It is still unknown which of the two,
MMP-2 or TIMP-2, has superior effect on the prognosis of
endometrial cancer patients. The aim of this study was to
evaluate the effect of MMP-2 and TIMP-2 immunoreactive
protein combinations on the prognosis of endometrial carci-
noma.We alsowanted to find outwhetherMMP-2 or TIMP-2
is a more powerful prognostic factor in endometrial cancer.

2. Materials and Methods

The study material consisted of 238 patients with histo-
logically confirmed endometrial carcinoma whose paraffin-
embedded tumor tissue sections were available. Endometrial
cancers were diagnosed between the years 1992 and 2000,
and the patients were treated in the Department of Obstetrics
and Gynecology, Oulu University Hospital. There were 225
endometrioid adenocarcinomas. The median age of these
patients was 65 years at the time of the diagnosis (range
39–98). Their median body mass index (BMI) was 29 kg/m2
(range 19–49). According to the International Federation of
Gynecology and Obstetrics (FIGO) criteria, there were 149
stage I, 34 stage II, 37 stage III, and 5 stage IV cancers. Of
the material, 117 tumors were well (grade 1), 75 moderately
(grade 2), and 33 poorly (grade 3) differentiated. The median
follow-up time was 77 months (range 0–136).

In most cases, the primary treatments were extrafascial
hysterectomy, bilateral salpingo-oophorectomy, and pelvic
lymphadenectomy. Four patients had preoperative chemo-
therapy and 46 patients postoperative adjuvant cisplatin-
based chemotherapy. Thirty patients received postoperative
vaginal cuff brachytherapy and 90 patients postoperative
external whole pelvic irradiation. Formalin-fixed, paraffin-
embedded endometrial tissue samples from the primary
tumors were obtained from the files of the Department of
Pathology of Oulu University Hospital.

In addition, there were 13 patients with histologies other
than endometrioid adenocarcinoma, which were analyzed
separately. Out of these 13 patients, three had adenoacan-
thoma, two had adenosquamous carcinoma, six had serous
papillary carcinoma, and two had clear cell carcinoma.

2.1. Immunohistochemical Staining. Paraffin-embedded sec-
tions (4 𝜇m) from the primary tumors of endometrial car-
cinoma were stained using the avidin-biotin-immunoper-
oxidase technique as described previously [6, 12]. A mouse
monoclonal antibody to MMP-2 (CA-4001, Diabor Ltd.,
Oulu, Finland) or TIMP-2 (MAB 971, R&D Systems, Min-
neapolis, MN, USA) was used as the primary antibody.

2.2. Evaluation of MMP-2 and TIMP-2 Immunostaining. For
the study, the samples were evaluated by two independent
observers blinded to the clinical data. The samples were
considered as negative or positive according to the absence
or presence of the immunoreaction for MMP-2 or TIMP-
2 protein in the cytoplasm of the tumor cells. The case was
considered positive when >1% of the neoplastic cells showed
a positive staining for MMP-2 [6]. In TIMP-2 staining, the
case was considered positive when >25% of the tumor cells
showed a positive immunoreaction [12].

2.3. Statistical Analysis. All statistical analyses were per-
formed using the Statistical Package of Social Sciences soft-
ware (SPSS, v. 17.0). The relationships between the clini-
copathological categorical variables and MMP-2 or TIMP-
2 immunostaining were assessed with Fisher’s exact test.
Mann-Whitney 𝑈 test was used for continuous variables.
Kaplan-Meier analysis was used to calculate the cancer-
specific survival rates.The differences in survival between the
subgroups were compared by a log-rank test. Cox backward
regression model was used in multivariate analysis to assess
the independency of the prognostic variables. Survival was
defined as the time from the date of the diagnosis to the date
of the last follow-up visit or death from endometrial cancer.𝑃
values less than 0.05 were considered statistically significant.

3. Results

The positive immunoreaction for MMP-2 and TIMP-2 was
seen in carcinoma cells as diffuse positive staining that
seemed to localize in the cytoplasm in light microscopy
(Figure 1). Different subgroups between endometrioid ade-
nocarcinomas were formed in order to evaluate the prog-
nostic role of MMP-2 and TIMP-2. The combinations and
frequencies of different subgroups ofMMP-2 and TIMP-2 are
presented in Table 1.

Out of the 225 patients, 35 (16%) died of endometrial
carcinoma during the followup. The majority of the deaths
(𝑛 = 24, 69%) occurred in the subgroup where MMP-
2 was positive and TIMP-2 negative (22%). Ten out of 93
(11%) patients died of the disease in the subgroup where both
MMP-2 and TIMP-2 were positive. In the subgroup with
negative MMP-2 and positive TIMP-2 stainings, no deaths
due to the disease were seen, whereas, in the subgroup where
both MMP-2 and TIMP-2 were negative, only one death was
observed (6%). A trend for a more favorable survival was
observed in Kaplan-Meier analysis among the patients with
negative MMP-2 immunostaining (𝑃 = 0.085) (Figure 2).
The 5-year cancer-specific survival rate of the patients with
negative MMP-2 and positive TIMP-2 stainings was 100%.
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(a) (b)

(c) (d)

Figure 1: Positive and negative cytoplasmic immunostaining for MMP-2 and TIMP-2 in endometrioid adenocarcinoma. (a) represents
positive staining of MMP-2, (b) negative staining of MMP-2, (c) positive staining of TIMP-2, and (d) negative staining of TIMP-2
(magnification ×320).

Table 1: The combinations and frequencies of MMP-2 and TIMP-
2 subgroups among endometrioid adenocarcinoma patients (𝑛 =
225).

Immunostaining Frequency Percent
MMP-2− and TIMP-2+ 6 2.7
MMP-2− and TIMP-2− 18 8.0
MMP-2+ and TIMP-2+ 93 41.3
MMP-2+ and TIMP-2− 108 48.0
Total 225 100

In contrast, only 78% of patients with positive MMP-2
and negative TIMP-2 immunoreactions were alive at that
time. The corresponding figures for subgroups with MMP-
2−/TIMP-2− andMMP-2+/TIMP-2+ immunostainings were
93% and 90%, respectively.

Since the number of patients in the two subgroups with
negative MMP-2 immunostaining was small, the MMP-2
negative subgroups with either negative or positive TIMP-
2 staining were combined for further survival analyses. In
Kaplan-Meier analysis the 5-year cancer-specific survival rate
for the patients with negative MMP-2 immunostaining was
95%.The difference in survival between the groups was statis-
tically significant (𝑃 = 0.039) (Figure 3). Furthermore, when
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Figure 2: Effect of MMP-2 and TIMP-2 immunoreactive protein
combinations on the cancer-specific survival in endometrioid ade-
nocarcinoma patients.

only the MMP-2 positive patients were included in survival
analyses, a difference in survival between these subgroups
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Figure 3: Effect of MMP-2 and TIMP-2 immunoreactive protein
combinations with MMP-2 negative subgroups combined in the
cancer-specific survival in endometrioid adenocarcinoma patients.

with either negative or positive TIMP-2 immunostaining was
also found (𝑃 = 0.048) (data not shown).

The value of prognostic variables, age, stage, grade, and
MMP-2 and TIMP-2 immunostainings was evaluated by
using the Cox regression multivariate analysis (Table 2). The
MMP-2 and TIMP-2 immunostaining results were divided
into three groups as described previously. The most signif-
icant prognostic factors for survival were the stage of the
disease (𝑃 < 0.001) and histologic grade (𝑃 = 0.003). MMP-
2 and TIMP-2 also had a prognostic value in this analysis
(cutoff 𝑃 < 0.10), although it did not quite reach statistical
significance (𝑃 = 0.073). Patients with positive MMP-2
and negative TIMP-2 stainings had a 4.7-fold relative risk of
death from endometrial carcinoma compared to the group of
patientswith negativeMMP-2 andpositive or negativeTIMP-
2 immunoreactions.

There were thirteen patients with a histology other than
endometrioid adenocarcinoma, and bothMMP-2 and TIMP-
2 staining results are available. The majority of them (𝑛 =
10, 77%) showed a positive immunostaining for MMP-2 and
were negative for TIMP-2 (Table 3). However, the number of
histologies other than endometrioid adenocarcinomawas too
small for more detailed analyses.

4. Discussion

Endometrial carcinoma is generally considered to have a
good prognosis. However, the nature of the disease is het-
erogeneous, and there is a significant group of patients with
a high risk of cancer recurrence and death. In this study,
we were able to indicate a patient group with rather poor
survival by using biological markers MMP-2 and TIMP-2.

Table 2: The independent and significant prognostic factors for the
cancer-specific survival of endometrial cancer patients as evaluated
by the Cox regression method. Relative risk of death, its 95%
confidence interval, and 𝑃 values are given for each covariate. 𝑛 =
225.

Variable Relative risk of
death

𝑃 value to
remove

Stage <0.001
I 1
II 2.24 (0.89–5.65)
III 3.65 (1.65–8.09)
IV 13.30 (3.58–49.30)

Grade 0.003
1 1
2 2.91 (1.23–6.86)
3 4.98 (1.98–12.50)

MMP-2 & TIMP-2 0.073
MMP2− & TIMP2− or + 1
MMP2+ & TIMP2+ 2.30 (0.29–18.34)
MMP2+ & TIMP2− 4.70 (0.63–35.00)

We observed a combination of high MMP-2 and low TIMP-
2 expressions to identify a subgroup of women at high risk
of poor outcome in endometrial carcinoma. Patients with
negative MMP-2 immunostaining had the best prognosis,
regardless of TIMP-2 staining result. Our results confirm our
previous findings concerning the prognostic role of separately
assessed MMP-2 and TIMP-2 immunoreactive proteins in
endometrial carcinoma but also increase our knowledge
about their mutual value in determining the prognosis in this
cancer type [6, 12].

In this study, negative MMP-2 immunoreaction corre-
lated with favorable survival and was superior to TIMP-
2 in determining the prognosis of endometrial carcinoma.
Previous zymographic or immunohistochemical studies sug-
gest that MMP-2 is the main metalloproteinase involved
in the malignant behavior of endometrial cancer [13, 14].
Positive MMP-2 immunostaining has been associated with
aggressiveness and poor survival in various other cancer
types including breast carcinoma [8], ovarian carcinoma [15],
bladder cancer [16], and gastric [17] and colorectal cancers
[18].

MMPs are under control of specific tissue inhibitors of
metalloproteinases (TIMPs) at the posttranslational level.
However, TIMPs are not simply inhibitors of proteolytic
activity; they also have multifunctional roles, including cell
growth, angiogenesis, and apoptosis [2]. TIMP-2 studies
have given conflicting results concerning the relationship
between TIMP-2 expression and prognosis. In endometrial
carcinoma, there are only two studies that have included
survival analyses, and they have shown somewhat contradic-
tory results. Strong TIMP-2 expression has been associated
with a favorable prognosis in our previous study, whereas,
in a report by Moser et al., TIMP-2 was not associated with
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Table 3: MMP-2 and TIMP-2 immunostainings according to the histologic type among nonendometrioid carcinomas (𝑛 = 13). Values are
expressed as 𝑛.

Immunostaining Histologic type Total
Adenoacanthoma Adenosquamous carcinoma Serous papillary carcinoma Clear cell carcinoma

MMP-2− and TIMP-2+ 0 0 0 0 0
MMP-2− and TIMP-2− 2 0 1 0 3
MMP-2+ and TIMP-2+ 0 0 0 0 0
MMP-2+ and TIMP-2− 1 2 5 2 10

overall survival [12, 19]. We consider cancer-specific survival
to be a better method to analyze survival since it includes
only deaths of the disease. Therefore, it is more relevant to
a study evaluating associations of biological markers with the
aggressiveness of a cancer.

Combined strong MMP-2 and weak TIMP-2 were more
powerful prognostic factors than MMP-2 or TIMP-2 alone.
The molar ratio of MMPs to TIMPs has been found to
be higher in carcinoma tissues compared to nonneoplastic
control tissues, which suggests the possibility of an imbalance
in favor of the proteinases [20].Thus, the effects ofMMPs and
their inhibitors depend on their relative proportions in local
tumor microenvironment, that is why analyzing individual
markers may not necessarily reveal the whole picture.

In Coxmultivariate analysis, patients with positiveMMP-
2 and negative TIMP-2 stainings had an almost 5-fold relative
risk of dying from endometrial carcinoma compared to the
group of patients with negative MMP-2 and positive or
negative TIMP-2 immunoreactions. The range was rather
wide, but also stage and grade had a wide range in Cox
multivariate analysis. The conventional clinicopathological
markers seem to be superior to MMP-2 and TIMP-2 in
assessing the prognosis of endometrial carcinoma. It is
possible, however, that MMP-2 and TIMP-2 expressions may
add some further biological knowledge when assessing the
prognosis of endometrial carcinoma patients.

The majority of histologies other than endometrioid
adenocarcinoma showedpositive immunoreaction forMMP-
2 and negative for TIMP-2. Type II tumors, consistingmainly
of serous and clear cell carcinomas, are known to carry a
higher mortality than type I tumors (mostly endometrioid
adenocarcinomas). In our material, majority of adenoacan-
thomas showed negative MMP-2 and TIMP-2 immunos-
tainings, which is not surprising because the prognosis of
adenoacanthoma resembles the prognosis of endometrioid
adenocarcinoma. In contrast, the majority of other histolo-
gies carrying poor prognosis were positive for MMP-2 and
negative for TIMP-2. Our results suggest that the expression
patterns of MMP-2 and TIMP-2 may be different in these
two types of endometrial cancer. We conclude that high
MMP-2 and low TIMP-2 expression levels may be linked to
the aggressiveness of endometrial cancers. The number of
nonendometrioid type tumors was, however, too small for
further analyses. IncreasedMMP-2 expression has previously
been associated with serous histology [21]. Graesslin et al.
[22] are in line with our results who, reported lower TIMP-
2 expression levels in serous and clear cell carcinomas than

in endometrioid adenocarcinoma. In contrast, Monaghan et
al. observed significantly higher expressions of MMP-2 and
MMP-9 in endometrioid tumors compared to serous tumor
types [23]. We do not know the reason for the difference
between the findings.

To our knowledge, this is the largest MMP-2 and TIMP-
2 immunohistochemistry study of endometrial carcinoma
with a long followup published so far. Previously, Graesslin
et al. [22, 24] have suggested high MMP-2 and low TIMP-
2 immunoreactive protein expressions to define a subgroup
of endometrial tumors with a high risk of local and distant
spread. The patient material in their studies was quite small,
and no survival analyses were done. However, their findings
are in line with our present data linking these biochemical
markers to aggressiveness of endometrial cancer. Another
strength of the present study is that all the patients were
operated upon and treated in the same gynecological unit in
a university hospital. All the patients were surgically staged
according to the FIGO criteria and followed up systemically
and for a sufficiently long time to observe the possible
recurrences of the disease. Histological specimens were
evaluated by two independent observers blinded to clinical
data. However, evaluating immunohistochemical staining
is always subjective to some extent. Death was relatively
infrequent in our patient material, although the size of the
study group was quite large. This may affect the results or
at least makes it hard to establish differences between the
subgroups. Another weakness of our study is the fact that
the possible impact of treatment on survival could not be
evaluated.

Taken together, patients withMMP-2 negative immunos-
taining have a rather good prognosis. In contrast, patients
withMMP-2 positive staining form two groups with differing
prognoses. The prognosis of patients with positive TIMP-
2 immunostaining is significantly better compared to the
prognosis of patients with negative TIMP-2 staining. TIMP-
2 and especially MMP-2 may be useful for differentiating
patients at low risk from those at high risk, and thus
determining the need for adjuvant treatment.

5. Conclusions

Strong MMP-2 and weak TIMP-2 expression profiles define
a subgroup of endometrial cancers with a more aggressive
clinical course, suggesting that they may have prognostic
potential. Moreover, MMP-2 seems to be superior to TIMP-2
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in determining the prognosis in endometrial cancer, if used
separately.
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