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Abstract

Ovarian cancer is one of the most malignant genital cancers, with a high mortality rate. 
Despite decades of research, the survival rate of ovarian cancer patients is largely unchanged, 
and there is a pressing need for identifying novel therapeutic targets.

Many researchers have suggested that soluble matrix metalloproteinases (MMPs) have 
remarkably high expression in ovarian cancer tissues, and they are considered to be related to 
the occurrence, development, invasion and metastasis of ovarian cancer. Moreover, some studies 
have discovered that the unbalance between MMPs and tissue inhibitor of metalloproteinases 
(TIMPs) are associated with the malignant phenotype of tumors. In spite of this, there is a lack of 
information about the expression of membrane type –MMPs (without taking into account MT1-
MMP) in ovarian cancer. 

This report shows (using immunohistochemistry) an increase in the expression of MT3- and MT5-
MMPs especially in the most aggressive histological types (comparing with normal and benign 
tumors), which could suggest a possible biological role in the development of this pathology.

ABBREVIATIONS
ECM: Extracellular Matrix; GPI: Glycosylphosphatidylinositol; 

MT-MMP: Membrane Type-Matrix Metalloproteinase; TIMP: 
Tissue Inhibitor of Metalloproteinase; TM: Transmembrane

INTRODUCTION
Epithelial Ovarian Cancer (EOC) is ranked as the seventh most 

common cancer in women, and is the deadliest of gynecologic 
cancers  due to the asymptomatic profile in early stages and 
insensitive diagnostic methods [1,2] being its etiology still 
uncertain.

So, EOC is frequently diagnosed in final stages when massive 
ASCITES is all together and peritoneal spreading has already 
occurred, making difficult to thoroughly remove the tumor mass 
by surgery and  being  an stage that is usually unresponsive to 
classical treatments but only to aggressive treatment methods 
[3]. At these late stages of cancer development here is a poor 
prognosis and the survival rate is low at 30% [1,4]. Therefore, in 
order to timely and effectively diagnose and treat ovarian cancer, 
as well as to improve the prognosis and survival rate of patients, 

it is essential to identify ovarian cancer-specific tumor markers 
with high sensitivity [5-8].

EOC consists of a heterogeneous entity with distinct 
histopathological subtypes, being the more common serous, 
mucinous and endometrioid carcinomas; while the less common 
subtypes include clear cell, transitional, squamous, mixed, and 
undifferentiated subtypes [9].

MMPs are zinc-dependent endopeptidases that collectively 
have the potential to hydrolyze all protein components of 
the ECM.  In addition, MMPs cleave a wide range of cellular 
and secreted proteins known to play key roles in a variety of 
physiological functions and pathological conditions as cancer. 
In humans, the MMP family includes 24 members on the base of 
structural organization and substrate specificity and is further 
divided in two major subgroups: secreted and membrane-
anchored proteinases (referred to as MT-MMPs). The distinction 
is made upon the absence or presence of membrane anchoring 
domains.

To control their proteolytic activity, all MMPs are synthesized 
as latent pro-enzymes (referred to as pro-MMPs). Activation, the 
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acquisition of catalytic activity, is achieved by various proteinases 
or reactive oxygen species that disrupt the interaction between 
the active site zinc atom in the catalytic domain and a conserved 
cysteine within the pro-domain. Exposure of the zinc atom results 
in the autolytic cleavage of the pro-domain, a process known as 
the “cysteine switch” [11]. Once activated, MMPs catalytic activity 
is controlled in part by TIMPs, which act as specific proteinase 
inhibitors. Based on the structure of membrane anchoring 
domain and orientation, the MT-MMP subfamily comprises 
four type I TM proteases, two GPI-anchored proteinases, and 
one type II TM proteinase (Figure 1).  The type I TM proteases 
include: MT1- (MMP14), MT2- (MMP15), MT3- (MMP16), and 
MT5- (MMP24) MMP and GPI anchored MT-MMPs include MT4- 
(MMP17), and MT6- (MMP25) MMP.  MMP23 is the only known 
type II TM protein. Here we will focus on the type I MT-MMPs 
and GPI-anchored MT-MMPs and thus refer to them herein as 
MT-MMPs [10], (Figure 1)

Matrix metalloproteinases (MMPs) are frequently 
expressed in ovarian cancer, and play an important role in the 
metastatic process. MMPs mediate degradation of the basement 
membrane as a crucial step in epithelial transformation, ovarian 
tumorigenesis and intraperitoneal metastasis. Various preclinical 
and clinical studies have demonstrated that MMPs might provide 
a suitable therapeutic target [12-16].

Evidence has been reported supporting the strong association 
between different members of the soluble MMPs family members 
and the occurrence, development, and metastasis of ovarian 
cancer [17]. MMP14, also known as membrane-type 1 MMP (MT1-
MMP), plays an important role in the invasion and metastasis 
of a variety of cancers by activation of proMMP-2 and ECM 
degradation [18]. Higher expression of MMP14 is associated with 
lower progression and better prognosis of ovarian carcinoma 
[19]. Moreover, patients with double expression of MMP14 and 
CD44 have a poor prognosis [15]. However, no other component 
of the MT-MMP family has been reported to be expressed and/or 
play a role in this pathology. 

So, the aim of the present study is to detect the expression 
and possible distribution of MT (1-6) MMPs in normal and 
different histopathological subtypes of human ovarian cancer by 
immunohistochemistry.

MATERIALS AND METHODS

Patients and tissue specimens

Patients with diagnosis of Para Uterine Tumor (PUT) were 
recruited from the Hospital de Clínicas (Montevideo, Uruguay) in 
the period 2008-2016 (n = 180). Samples were obtained from: 
1) Tumor directly and 2) Tumor with adjacent tissue. During 
surgery, a 4x2x2 mm fragment of a cystic area and another 
fragment of a solid area, if any, will be taken fresh. Also a fragment 
of a normal sector of the ovary, if recognized.

A macroscopic study was performed according to the 
protocol of the American Pathologists College (CAP-2010). Part 
of the samples will be taken, average between 10 to 35 fragments 
of the tumor and fixed in buffered formalin. They were included 
in paraffin and cuts will be made with semiautomatic microtome 
between 4 to 6 microns. They were stained with Hematoxylin-

Eosin (H&E), PAS, PAS-Alcian Blue and Masson’s Trichrome. 
The latest WHO Ovarian Tumor Classification was used. (2002).
An experienced pathologist reviewed all H&E-stained slides of 
the paraffin-embedded tissue so to designate appropriate sites. 
Formalin-fixed and paraffin-embedded sections were removed 
from the selected sites and arranged into single slides.

The records of patients were reviewed in the context of 
clinicopathological and follow-up work. The EOC stage was 
classified according to the latest criteria of the International 
Federation of Gynecology and Obstetrics (FIGO) [20].

None of the patients received preoperative chemotherapy or 
radiation therapy.

Prior to this, informed consent was obtained from each 
patient and as well this study was approved by the Research 
Ethics Committee of the Medical University.

Immunohistochemistry

Sections were deparaffinized in xylene, and dehydrated 
with graded ethanol. Antigen retrieval was done by heating 
each section in a pressure cooker for 30 min in citrate buffer 
(pH 6.0).  After cooling for 20 min at room temperature (RT) 
and washing three times for 5 min with distilled water and then 
phosphate-buffered saline (PBS), sections were immersed in 3% 
hydrogen peroxide in methanol for 30 min at room temperature 
to suppress endogenous peroxidase activity. Sections were then 
washed again in PBS. To block non-specific binding sites slides 
were incubated with 2.5% normal horse serum for 20 minutes at 
room temperature. After this, they were incubated overnight at 
4°C with different primary antibodies diluted in PBS.

Figure 1 Domain structure of membrane-anchored MMPs. Most 
MMPs contain a propeptide domain (Pro), a catalytic domain (CAT), a 
linker (hinge- region) and a PEX domain. All the membrane-anchored 
MMPs have a basic RX (K/R) R motif at the C-terminal end of their 
prodomains. This motif can be cleaved inside the cells by furin-
like proteinases. Four of the six MT-MMPs are anchored to the cell 
membranes through a type I transmembrane (TM) domain and the 
other two through a glycosylphosphatidylinositol (GPI) moiety.  The 
seventh membrane-anchored MMP, MMP-23, has an N-terminal type 
II transmembrane (TM) domain. The two minimal domain MMPs and 
MMP-23 lack the PEX domain, and, in the latter enzyme, this domain is 
replaced by a C-terminal cystein array (Ca) and an immunoglobulin-
like (Ig) domain.
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Figure 2 Immunohistochemistry for MT (1-6)-MMPs in primary human ovarian cancers tissues.  (x10) A)  Serous high differenciated (low 
grade (LG)), B) Serous Poor differentiated (solid, high grade (HG)) and C) Mucinous EOC.
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Figure 3 Distribution of positive intensity by IHQ for MT-MMPs in different stages of serous ovarian cancer. Expression as percentage 
of stained cells per score for MT1-MMP, MT3-MMP, MT5-MMP and MMP2 in high differentiated (HD) and poor differentiated (PD) serous EOC. 
Statistical evaluation was performed using the free Prisma-Graph Pad software with Anova of one tail and Scheffe as post-hoc. P< 0.05 was 
considered as statistically significant.

Table 1: Demographic, clinic and histopathologic features of the patients.

Slides were washed three times in PBS (each wash for 5 
min). Sections were then incubated with ImmPRESS TM reagent 
(anti-rabbit (or mice) Ig [peroxidase] polymer) for 30 min at RT. 
After three additional washes, peroxidase activity was developed 
with diaminobenzidine at RT. Staining was done using prepared 
reagent (1 drop ImmPACTTM DAB Chromogen concentrate in 
1 ml Imm PACTTM DAB Diluent, according to manufacturer’s 
instructions) and then counterstained with Meyer’s Hematoxylin 
for 10 seconds. Subsequently, samples were dehydrated through 
an alcohol gradient, and samples were sealed onto slides with 
cover slips. 

Digital photomicrographs were captured using an optical 
microscope (Zeiss Axioplan 2; Zeiss, Gottingen, Germany) 
equipped with a software-controlled digital camera (Axiovision; 
Zeiss). Irrelevant rabbit or mice IgG (20 μg/ml) was used as 
isotype negative control (Santa Cruz Biotechnology, Santa Cruz, 
CA). In negative control experiments primary antibody was 
omitted, and a positive and negative control tissue was prepared 
for each antibody.

The immunohistochemistry technique was standardized for 
each of the antibodies to be studied (MT1-MT6-MMP, CA125, 
MMP-9 and -2) versus the suggested positive controls according 
with datasheets.

The commercial antibodies tested were: Abcam (USA) Rabbit 
polyclonal MMP16 (MT3-MMP) Cat.: ab 73877, Rabbit polyclonal 
MMP17 (MT4-MMP) Cat.: ab 39028, Rabbit polyclonalMMP24 
(MT5-MMP) Cat.: ab 135564 and Mouse monoclonal CA125 
(MUC16) (X325) Cat.: ab 10033. Santa Cruz (USA) Rabbit 
polyclonal IgG MMP14 (MT1-MMP) (H72) Cat.: sc-30074, mouse 
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monoclonal IgG1 MMP15 (MT2-MMP)(YZ12)Cat.: sc-80213, 
mouse monoclonal IgG1 MMP25 (MT6-MMP) (MM0029-2B5) 
Cat.: sc-101453 , mouse monoclonal IgG1MMP2  (4D3)Cat.: sc-
53630, and mouse monoclonal IgG1 MMP9 (7-11C)Cat.: sc-13520.

For immunohistochemical analysis, all the tumor areas were 
examined at low magnification (x10). For each antibody in the 
epithelial cells, at x20 magnification. The percentage of stained 
tumor cells, and at high magnification (x40), the intensity of tumor 
cells were determined semi quantitatively and subjectively.

Evaluation of immunoreactivity and histological appearance 
for all cases were examined and scored by two authors 
concurrently. The intensity of cytoplasmic and membrane 
immunostaining of tumor cells was scored on a scale of (0) 
absent (no staining), weak (1+), moderate (2+) to strong (3+) 
(strongest intensity), and the percentage of tumor cells (over 100 
cells) with cytoplasmic or membranous staining at each intensity 
was estimated for each sample.

Statistical analysis

Statistical evaluation was performed using the free Prisma-
Graph Pad software with Anova of one tail and Scheffe as post-
hoc. P< 0.05 was considered as statistically significant.

RESULTS AND DISCUSSION
A total of 186 samples were collected with clinical PUT 

diagnosis of ovarian tumor during the period described. 52% 
(n =96) were benign ovarian tumors, 42% (n=78) primitive 
ovarian cancer (POC), 3% (n=6) primary from another origin 
with ovarian metastasis and 3% (n=6) peritoneal carcinomatosis 
(data confirmed by deferred pathological anatomy in paraffin). Of 
the POC total cases: 90% (n=70) were found to be of the epithelial 
type (66% (n=46) serous and 34% (n=24) mucinous) and 8% 
(n=6) were non-epithelial (cords) while 2% (n=2) of cases were 
mesenchymal

In demographic records, the patients’ age, tumour’s location, 
diameter, type, grade and stage of the patients with POC were 
evaluated (Table 1). The median tumour diameter was 9.55 cm 
(range, 2.5 -25 cm). No statistical correlation was detected in the 
comparison between age and stage, tumour diameter, histological 
type either in benign or malignant tumors. 

 In the benign tumor group, the patients’ median age was 48 
years (range 20-79): 56% women were premenopausal. In the 
borderline tumor group, the median age of patients was 32 years 
(range 18-70) and 52% women were pre-menopausal. In the 
malignant tumor group, the median age of patients was 55 years 
(range 40-85) and 25% were pre-menopausal.

All the tumors were reviewed to confirm histological diagnosis. 
Histological typing followed the FIGO recommendations [21]. 
Borderline ovarian tumors were defined by serous or mucinous 
tumors, with proliferating activity of the epithelial cells and 
nuclear abnormalities, but with no infiltrative destructive growth.

Regarding EOC distribution according to the FIGO stage 
at the time of diagnosis, it was found that serous tumors were 
distributed in 17% (n=8) borderline, 22% (n=10) stage FIGO I 
and II and 61% (n=28) stage III and IV while mucinous tumors 

were 27% (n=6) borderline, 55% (n=14) stages I and II and 
18% (n=4) stages III and IV. All these data coincide with those 
reported in bibliography.

The results obtained so far show that in serous primitive 
EOC cases positive signal was found in the tumor area in 100% 
forCA125 and 83% for MMP2 mean while MMP9 was negative 
(in cell tumors) in the 100% of cases studied (Table 2). Normal 
ovaries (n= 50) were also tested not finding positive significative 
signal for the three markers in any case.

Regarding the expression of MT-MMPs, unlike normal and  
benign pathologies in ovaries (where it was not  detected specific 
expression) it was found that MT1-MMP (83%), MT3-MMP 
(74%) and MT5-MMP (83%) were highly expressed in serous 
carcinomas, meanwhile MT2-MMP (24%), MT4-MMP (43%) and 
MT6-MMP (17%) where less and erratic expressed for the same 
panel of study. Interestingly, MT6-MMP for its part begins to 
express itself in early FIGO stages (Table 2).

Regarding the primary cases of the mucinous type same 
results were obtained for CA125, MMP-9 y-2, MT3- and MT5-
MMP than with respect to serous. However MT2- and MT3-MMP 
were erratic. MT1- and MT4-MMP were expressed to the extent 
that the pathology was more advanced. (not shown).

It should be noted that in the case of the mucinous borderline 
tumors analyzed, MT1- and MT2-MMP showed no expression in 
either case, while MT3- and MT5-MMP they showed positivity 
in 100% of the cases.  CA125, MMP-9 and -2 showed the same 
results as for the mucinous ones described above. (not shown)

As for the primitive ovarian OC of the granulosa cell type, they 
showed a totally different expression owing to their not epithelial 
origin. The negative signal for the MT-MMPs tested, demonstrates 
behavior and evolution totally different from the previous ones 
(not shown). The expression of CA125, MMP9 and -2 was erratic. 
The results for the mesenchymal OC show in 100% of the cases 
positivity of mild to MT1- MT4- and MT5-MMP; which is also 
a different expression to the one shown by the serosous and 
mucinous since these originate from the mesenchyme and not 
of the epithelium. More cases should be tested for mesenchymal 
and granulosa OC to conclude a significant expression about MT-
MMPs.

In spite of the results above described, the presence of a 
positive signal was not identical in each of the EOC case. In 
Figure 2 it was represented the differences between a high 
differenciated (HD) (low grade) serous tumor (strong signal 
for MT1-,, MT3- and MT5-MMP) and a poor differenciated (PD) 
(high grade) serous tumor (weak and diffuse signal) mean while   
a moderate differentiated mucinous tumor presents a positive 
weak mark  for all the markers tested. So, a score of intensity was 
done to show expression differences in serous tumors (Figure 
3). We can conclude that MT1-MMP is highly expressed either in 
early as in late stages (HD and PD) of ovarian serous carcinomas 
with a moderate/high level (presenting the same result for 
MMP2) (Figure 3).

This correlation agree with the literature since MMP2 is 
cleaved and activated by MT1-MMP and reported to perform 
different functions at many steps of the progression of the disease.
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 By the other hand MT3- and MT5- MMP are highly expressed 
with strong intensity in high differentiated cases (HD) being 
weak in poor differentiated (PD) ovarian cancers.

In short, it is important to highlight the over expression of 
MT1-, MT3 – and MT5- specially in serous EOCs, which correspond 
to a more aggressive ovarian pathology, taking into account the 
maintenance of the strong signal for MT1-MMP (and MMP2) 
not having statistical difference between HD and PD cases, and 
the decrease of the MT3- and MT5-MMP expression as far the 
pathology advance, being weak in mucinous cases which are less 
aggressive. Also noteworthy is the difference in the expression of 
the MT-MMPs according to the origin of the tumor. They appear 
positive in tumors of epithelial origin, mild positivity in those of 
mesenchymal origin and are not expressed in those of the sexual 
cords and stroma. 

In summary, several lines of evidence indicate that soluble 
MMPs are frequently expressed in ovarian cancer having a key 
role in metastasis and also are described as potential prognostic 
markers. In spite of this, very few information is available about 
expression of MT-MMPs in this pathology. By virtue of their 
presence on the surface of the cell, all of the MT-MMPs are thought 
to participate in pericellular proteolysis to promote cell growth 
and migration which are hallmarks for cancer metastasis as to 
play a key role in the vascular changes or vasculogenic mimicry 
associated with ovarian tumor formation and growth[22]. But  
indeed only MT1-MMP by activating MMP2 was demonstrated to 
participate in these biological functions.  It is known that neither 
MT3-MMP nor MT5-MMP are able to activate it [23,24]

Additionally, emerging evidence suggests that MMPs may 
have non-proteolytic actions working through the hemopexin 
domain [25].

So, our results show for the first time over expression in 
EOC of MT3- and MT5-MMPs (besides MT1-MMP which was 
reported). More work should be done (including the expression 
of their specific inhibitors TIMP-2, TIMP-3,and TIMP-TIMP-3, 
and TIMP-4) to know the possible biological function for these 
MT-MMPs  and the role they could be playing in the development 
of ovarian cancer and their possible use as a therapeutic targets 
to complement conventional anticancer strategies.
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