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Abstract. Background/Aim: Ovarian cancer is the most
frequent cause of death in women among gynecological
cancers in Poland. MMP-2 and MMP-9 are frequently
dysregulated in cancers and they are considered as potential
biomarkers. Our goal was to assess the associations between
MMP-2 and MMP-9 mRNA expression, clinicopathological
parameters and patients’ response to chemotherapy. Materials
and Methods: We evaluated MMP-2 and MMP-9 mRNA
expression in epithelial ovarian cancer (EOC) tissues from 44
untreated patients, four ovarian cancer cell lines, and human
skin fibroblasts (HSF). The expression of both MMPs was
estimated using qPCR. Results: MMP-2 expression was
significantly higher (p=0.020) in EOCs sensitive to
chemotherapy compared to resistant and refractory tumors.
The highest MMP-2 expression was found in HSF and MMP-
9 expression was the highest in EOCs (p<0.001). The
expression of neither MMP was significantly associated with
patients’ overall survival (OS). Conclusion: MMP-2 may be
engaged in early stages of ovarian carcinogenesis. MMP-2
expression in EOCs may discriminate patients with a
favorable response to first line chemotherapy.

Ovarian cancer is still a serious diagnostic and therapeutic
problem all over the world. Among gynecological cancers in
Europe, ovarian cancer is estimated to be the second most
frequently diagnosed cancer with 67,771 new cases
(standardized incidence rate 9.5/100,000), and the most often
cause of death with 44,576 deaths (standardized mortality
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rate 5.1/100,000) in 2018 (1). Because of lack of effective
screening tests and early symptoms for most patients,
ovarian cancer is diagnosed at an advanced stage, which
leads to a short 5-year survival (2). Treatment strategies
include cytoreductive surgery and platinum-taxane
chemotherapy (3). In spite of good initial response to
therapy, within two years most patients relapse and due to
inefficient second line chemotherapy most of them die (3, 4).
For that reason, there is a need to look for new markers and
new targeted therapies.

Matrix metalloproteinases (MMPs) are proteolytic
enzymes that are engaged in cancer progression and
metastasis (5). MMPs digest extracellular matrix proteins
and release active growth factors that facilitate proliferation,
tissue invasion and spread of tumor cells. MMPs promote
tumor angiogenesis by degradation of capillary basal
membranes and detachment of angiogenic cytokines, as
VEGF. MMP-2 and MMP-9 are most frequently reported as
dysregulated in cancers and they are thought as potential
biomarkers. High MMP-2 expression has been found in lung
and prostate cancer, where it is associated with poor
prognosis. Patients with elevated MMP-9 expression in
breast, lung, and prostate cancer show worse survival (5).
There are also reports regarding MMP-2 and MMP-9
expression in ovarian cancer but there are still some
discrepancies regarding their role in tumorigenesis and their
prognostic value. Generally, MMP-9 is more often correlated
with poor prognosis compared to MMP-2 in ovarian cancer
patients, but most studies regarding both enzymes expressions
have been performed on protein level only (6, 7).

The aim of our study was to evaluate MMP-2 and MMP-9
mRNA expressions in epithelial ovarian cancer (EOC) tissues
from previously untreated patients and ovarian cancer cell
lines, as well as to investigate possible associations with
clinicopathological parameters, the response to primary
chemotherapy, and patients’ survival.
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Materials and Methods

Patients’ characteristics. Tumor tissues were obtained during
primary surgery before adjuvant therapy from 44 patients with
primary EOC (median age=54 years, range=37-85 years), and 5
patients with benign cystadenoma ovarian tumors (median age=65
years, range=48-74 years), who were diagnosed and treated between
2005 and 2010 at the First Department of Oncologic Gynecology
and Gynecology, Medical University of Lublin, Poland. EOCs were
classified as optimally debulked, when residual disease was not
larger than 1 cm (8). Following primary surgery, 35 patients (79.5%)
received adjuvant chemotherapy: i) paclitaxel-platinum (n=27), ii)
cyclophosphamide-platinum (n=7), or iii) carboplatin alone (n=1),
and iv) radiotherapy (n=1). The response of patients to
chemotherapy was evaluated according to RECIST criteria version
1.1 (9) and platinum sensitivity of tumors was determined according
to Eisenhauer et al. (8). Overall survival (OS) of EOC patients was
calculated from the date of primary surgery to the date of death or
the end of follow-up. The approval for this study was granted by
the Research Ethics Committee of the Medical University of Lublin
(KE-0254/244/2002 and KE-0254/137/2007).

Cell culture. Four ovarian cancer cell lines (TOV-112D, OV-90,
OVCAR-3 and Caov-3) were obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA). Human skin
fibroblasts (HSF) were obtained as a laboratory strain from patients
who underwent surgery (approved by Research Ethics Committee
of the Medical University of Lublin (KE-0254/298/2015), as
described previously (10). All cells were grown as monolayers at
37°C in a humidified air atmosphere with 5% CO, in appropriate
media with added 100 U/ml penicillin and 100ug/ml streptomycin
(Sigma-Aldrich, St. Louis, MO, USA). TOV-112D and OV-90 cell
lines were cultured in a mixture (1:1) of Medium 199 (PAA,
Pasching, Austria) and MCDB 105 (Sigma-Aldrich) supplemented
with 15% fetal bovine serum (FBS) Gold (PAA). OVCAR-3 cell
line was grown in RPMI-1640 medium (Sigma-Aldrich) with added
0.01mg/ml bovine insulin (Sigma-Aldrich) and 20% FBS Gold
(PAA). Caov-3 cell line was cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Sigma-Aldrich) modified to contain 1.5
g/l sodium bicarbonate, 0.584 g/l L glutamine, 4.5 g/l glucose, 0.11
g/l sodium pyruvate, and 10% FBS Gold (PAA). HSFs were grown
in RPMI-1640 medium (Sigma-Aldrich) supplemented with 10%
FBS Gold (PAA).

RNA isolation and quantitative real-time reverse transcription PCR
(gPCR). Total RNA from tissues was isolated using TRI Reagent
(Sigma-Aldrich), according to the manufacturer’s protocols, and
was subsequently digested using DNase I (Fermentas, Vilnius,
Lithuania). Total RNA from cultured cells was isolated and DNased
using High Pure RNA Isolation Kit (Roche Diagnostics, Mannheim,
Germany), according to the supplier’s instructions. The
concentration and purity of RNA was evaluated spectro-
photometrically at 260 nm, and 260 nm/280 nm respectively, and
samples with a ratio higher than 1.7 were qualified for further
analyses. RNA quality was checked electrophoretically on 2%
agarose gels stained with ethidium bromide. Reverse transcription
reaction was performed using Transcriptor High Fidelity cDNA
Synthesis Kit (Roche, Mannheim, Germany) with oligo(dT) primer,
according to the manufacturer’s manual. Obtained cDNA was used
as a template for qPCR reaction using LightCycler® 480 II
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Instrument and LightCycler® 480 Probes Master (Roche
Diagnostics) in the following steps: initial denaturation for 10
minutes at 95°C followed by 45 cycles of amplification: 10seconds
(s) at 95°C, 30s at 60°C, 10s at 72°C. The reaction was performed
in a triplicate using the Universal Probe Library (UPL) probes
(Roche Diagnostics) labelled with fluorescein amidite (FAM) and
primers sets for target genes: MMP-2 (UPL#29: 5°-CTTCTGCC-3’,
For: 5>-TACGACCGCGACAAGAAGTA-3’, Rev: 5’-AGTTCCCA
CCAACAGTGGAC-3’) or MMP-9 (UPL#6: 5’-CAGAGGAA-3’,
For: 5’-GAACCAATCTCACCGACAGG-3’, Rev: 5’-GCCACCC
GAGTGTAACCATA-3’), in duplex with UPL probe labelled with
Yellow 555 and primers set for the reference gene GAPD (Universal
Probe Library Human GAPD Gene Assay (Roche Diagnostics):
Probe: 5’-CTTTTGCGTCGC-3’, For: 5’-CTCTGCTCCTCCT
GTTCGAC-3’, Rev: 5’-GCCCAATACGACCAAATCC-3’). Primers
for target genes were purchased at http://oligo.pl (IBB Pan, Warsaw,
Poland). ¢cDNA obtained from TOV-112D cells was used as a
calibrator. Relative quantity (RQ) values were calculated using an
efficiency method with LightCycler 480 software ver. 1.5 SP3
(Roche Diagnostics).

Statistical analysis. The normality of MMP-2 and MMP-9 expression
was analyzed using Kolmogorov-Smirnov test. The differences
between groups were analyzed using Kruskal-Wallis and Mann—
Whitney tests, as the expression of both genes was non-normally
distributed. Spearman’s rank correlation test was used to evaluate
correlations between analyzed variables. p-Value equal to or lower
than 0.05 was considered statistically significant. Statistical analysis
was performed using Statistica 13.0 (Dell Inc., Tulsa, OK, USA).
Cut-off values for the expression of both MMPs used for survival
analysis were determined with Cut-off Finder version 2.1 (11).

Results

Table I shows MMP-2 and MMP-9 mRNA expression in
EOC patients’ tumors. MMP-2 expression was found in all
EOCs, while MMP-9 expression was found in 40 EOCs
(90.1%). MMP-2 expression was the highest in serous EOCs
compared to other histological subtypes (p=0.037, Kruskal-
Wallis test). MMP-2 expression was significantly higher
(»=0.020, Mann-Whitney test) in EOCs sensitive to
chemotherapy compared to resistant and refractory tumors.
MMP-9 expression was not significantly associated with any
of clinicopathological variables (Table I). In the group of
benign tumors MMP-2 expression was present in all cases,
while MMP-9 expression was found in 4 of 5 benign tumors
(80%). The highest MMP-2 expression was found in HSF and
it gradually decreased from benign tumors, EOCs, and
ovarian cancer cell lines (p<0.001, Kruskal-Wallis test,
Figure 1). MMP-9 expression was the highest in EOCs,
moderate in OV-90 and benign tumors, low in other ovarian
cancer lines, and the lowest in HSF (p<0.001, Kruskal-Wallis
test, Figure 1). We showed a direct and significant correlation
between the expression of MMP-2 and MMP-9 in EOCs
(R=0.384, p=0.010, Spearman’s rank correlation test).

EOC patients were followed for at least 6 years or until
death (median: 52 months, range: 1-117). At the end of the



Jeleniewicz et al: MMP-2 and MMP-9 in Ovarian Cancer

Table I. MMP-2 and MMP-9 mRNA expression in epithelial ovarian cancer patients’ tissues.

Variable N MMP-2 (RQ) MMP-9 (RQ)
Mean+tSEM  Median (min-max) p-Value Mean+SEM Median (min-max) p-Value
Age
<54 23 1.36+0.31 0.90 (0.03-6.69) 0.3852 886.22+282.18  289.10 (0.00-4775.00)  0.1552
>54 21 1.22+0.31 0.36 (0.04-4.25) 466.56+152.17  208.70 (0.00-2536.00)
Menopausal status
Pre 15 1.25+0.41 0.90 (0.03-6.69) 0.8432 1070.69+413.87  289.10 (0.00-4775.00)  0.2112
Post 29 1.31+0.26 0.56 (0.03-4.25) 486.92+124.62  208.70 (0.00-2536.00)
Histology
Serous 22 1.85+0.04 1.17 (0.07-6.69) 0.037° 765.55+242.73  316.65 (0.00-4770.00)  0.429b
Endometrioid 8 0.78+0.23 0.69 (0.03-2.14) 1023.80+574 .01 378.35 (0.00-4775.00)
Mucinous 4 1.04+0.78 0.41 (0.03-3.32) 758.11+440.62  584.87 (23.70-1839.00)
Other 10 0.57+0.24 0.36 (0.04-2.62) 211.59+83.37 109.14 (0.00-815.70)
Tumor grade
G1/G2 17 1.36+0.33 0.90 (0.03-3.83) 0.2844 660.48+284.28  217.10 (0.00-4775.00)  0.9692
G3 24 0.94+0.22 0.45 (0.03-4.25) 660.59+224.54  248.90 (0.00-4770.00)
NA 3
FIGO stage
171 14 1.52+0.38 0.89 (0.03-3.83) 0.5542 636.56+346.06  124.42 (0.00-4775.00)  0.3082
v 30 1.19+£0.27 0.55 (0.04-6.69) 708.97+186.02  327.55 (0.00-4770.00)
Debulking
Optimal <lcm 17 1.36+0.29 1.07 (0.03-3.83) 0.3862 999.81+382.10  217.10 (0.00-4775.00)  0.8662
Suboptimal >1cm 27 1.25+0.31 0.44 (0.04-6.69) 488.30+116.38  309.20 (0.00-2536.00)
Patient response to treatment
CR 17 1.45+0.27 1.08 (0.03-3.83) 0.0772 1066.42+375.71  324.10 (0.00-4775.00)  0.3472
PR, SD, and PD 18 0.99+0.30 0.39 (0.04-4.25) 449.41+149.57  235.30 (0.00-2536.00)
NA 9
Tumor sensitivity
Sensitive 25 1.44+0.25 1.08 (0.03-4.25) 0.0202 931.56+£272.39  324.10 (0.00-4775.000) 0.3242
Resistant and refractory 10 0.65+0.31 0.30 (0.04-3.32) 292.97+112.55 157.55 (0.00-1115.00)
NA 9

RQ: Relative quantity; SEM: standard error of mean; p-Value: ®Mann-Whitney test, PKruskal-Wallis test; FIGO: International Federation of
Gynecology and Obstetrics; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease.

follow-up 27 patients died (61.4%) and 17 were still alive
(38.6%). Survival analysis did not reveal significant
association of MMP-2 and MMP-9 mRNA expression with
patient OS. Among clinicopathological variables, advanced
stage (FIGO III and IV), suboptimal debulking, lack of
complete response to chemotherapy, and resistance of EOCs
to chemotherapy were significantly (p<0.05) associated with
patients’ shorter OS.

Discussion

Previous studies have demonstrated an unfavorable prognostic
value of MMP-2 and MMP-9 in patients with ovarian cancer
(12-15). In our study, MMP-2 and MMP-9 mRNA expression
was not significantly associated with OS. Similarly, other
reports have not shown a prognostic value of either MMP in
patients with advanced ovarian cancer (16). This observation
can be partially explained by the significantly higher
expression of MMP-2 mRNA in benign tumors compared to

EOC discovered in our study. Although, some authors have
reported elevated MMP-2 expression in ovarian cancers
compared to benign adenomas (17-19), other studies have
shown higher MMP-2 expression in benign tumors compared
to malignant ones (16, 20, 21). The higher MMP-2 expression
in benign ovarian adenomas and precancerous lesions
compared to ovarian cancers may emphasize the importance of
this MMP in the degradation of basement membranes, the key
process in transformation of epithelial cells and early stages of
tumorigenesis (20). However, the aforementioned studies did
not evaluate mRNA levels in ovarian cancer tissues. Therefore,
our finding completes the knowledge regarding MMP-2
function in ovarian cancer development and could be clinically
relevant. Moreover, similarly to work of Cai et al. (20), MMP-2
expression in our study was not related to tumor grade and
FIGO stage, which implicates low enzyme importance in
stabilized disease. It has been previously described that
silencing of MMP-2 mRNA or inhibiting MMP-2 enzymatic
activity counteracts the adhesion of ovarian cancer cells in vitro
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Figure 1. MMP-2 (A) and MMP-9 (B) mRNA expression in benign tumors and epithelial ovarian cancer tissues, ovarian cancer cell lines, and
human skin fibroblasts. RQ: Relative quantity; Benign: benign ovarian tumors; EOC: epithelial ovarian cancer; HSF: human skin fibroblasts.
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and in vivo and slows tumor growth and formation of
metastases, while MMP-2 silencing following peritoneal
implantation of tumor cells has only limited effect on their
metastatic potential (22). Importantly, here we detected a
significantly higher MMP-2 expression in EOCs sensitive to
chemotherapy. One of the cisplatin effects is reduced migration
and invasiveness of cancer cells, which has been shown to be
connected with decreased MMP-2 activity (23). In our study,
we measured MMPs expression in untreated patients, which
implies that the platinum drugs used in therapy of EOC
patients may be more effective in patients with initially higher
expression of MMP-2. Significantly higher MMP-2 expression
found in serous EOCs compared to other histological subtypes
may implicate the important role of this MMP in the
development of serous EOCs. On the other hand, MMP-2
immunoreactivity and mRNA expression measured by means
of semiquantitative RT-PCR was similar in serous versus other
histological subtypes of EOCs (15, 24). It seems that
conducting quantitative real-time PCR to find differences in
MMP-2 mRNA expression between various histological
subtypes of ovarian cancer could provide additional, clinically
useful information, as demonstrated in our present study.

We found a significant positive correlation between
MMP-2 and MMP-9 mRNA levels in EOC patients.
However, in our study, MMP-9 expression was not
significantly associated with any clinicopathological
variables of EOC or patients’ survival. Similar findings were
reported by other authors (16, 25). Our data, as well as other
reports question the prognostic value of both these MMPs
in ovarian cancer patients, which may result from additional
regulation of MMPs’ activity during tumor development by
TIMPs and diversified excretion by various cells in tumor
mass. Recently, it was discovered that an essential factor of
tumor initiation and progression may be related to activated
fibroblasts or myofibroblasts originating from epithelial
cells through EMT (26). In this study we found the highest
MMP-2 expression and the lowest MMP-9 expression of all
analyzed samples in cultured HSF cells. Our results are in
agreement with reports showing that fibroblasts co-cultured
with keratinocytes in vitro produce only MMP-2, and no
MMP-9 (27). In contrast, keratinocytes excrete mainly
MMP-9 and very low levels of MMP-2, whereas both types
of cells cooperate in the remodeling of ECM by regulation
of MMPs and their inhibitor TIMPs expression (27, 28). It
has also been shown that ovarian cancer cells could
stimulate the release of pro-MMP-2 and TIMP-2 by co-
culturing with fibroblasts (29). These findings seem to be
related to our study, because we detect only relatively low
or very low MMP-2 expression in ovarian cancer cell lines.
At the same time, we found MMP9 mRNA expression in all
analyzed ovarian cancer lines, however, in OV-90 its
expression level was considerably higher compared to the
rest. This suggests that MMP-9 may be engaged in the

induction or maintenance of the malignant phenotype,
because this cell line was established from metastatic cancer
cells present in ascites, from patients with advanced stage
ovarian cancer (30). It has been previously demonstrated
that MMP-2 is often expressed in normal ovarian lines,
while its expression is decreased in ovarian cancer lines
(20). It has also been reported that MMP-2 mRNA
expression in OVCAR-3 and Caov-3 lines may be induced
by the interaction between laminin and 67-kDa non-integrin
laminin receptor, which increase cancer cell invasion (31).
These findings suggest that MMP-2 expression in ovarian
cancer cells and therefore their invasiveness may be
elevated only after adhesion to ECM (20, 31). Additionally,
it has been found that MMP-2 immunoreactivity is stronger
in stromal cells adjacent to epithelial ovarian cancer cells
compared to tumor cells or distant stromal cells (24). In situ
hybridization has also revealed that MMP-2 mRNA
expression is mainly present in fibroblasts in the EOC
subepithelial stroma and that this may be implicated in
ECM remodeling (32). Moreover, Ekinici et al., have
indicated shorter OS in ovarian cancer patients with stromal
MMP-2 expression (33), even though, a meta-analysis
showed that higher MMP-2 expression in ovarian tumor
cells, but not in stromal cells, is involved with patients’
shorter survival (7). Interestingly, one study has
demonstrated that MMP-2 and MMP-9 proteins are mainly
expressed in ovarian tumor cells, while MMP-2 and MMP-
9 mRNAs are rather present in stromal part of EOCs (34).
These findings underline the important role of complex
interactions between normal and neoplastic cells in EOC
progression.

In conclusion, the lack of a correlation between MMP-9
mRNA and patients’ OS or clinicopathological variables
suggests that this is not a useful biomarker in EOC.
Interstingly, the high MMP-2 expression detected in benign
ovarian tumors may indicate its important role in early stages
of ovarian carcinogenesis. Higher MMP-2 expression in
EOC:s sensitive to platinum-based chemotherapy suggests
that this may become a novel predictive tool for personalized
chemotherapy, but it requires further investigation.

Conflicts of Interest

The Authors declare that there are no conflicts of interest.
Authors’ Contributions

Concept and design of the study was performed by WJ, supervision
by AS, sample collection by AN, BMK, clinical data collection by
AN, RNA isolation byASB, Cell culture and qPCR by WIJ,
statistical analysis by MC. Analysis and interpretation of results
were performed by WJ and MC, writing of manuscript by WJ and
MC, correction of draft by MG, literature review by WJ, MC and
MG, funding by MC and AS and critical review by AS and JK.

1825



ANTICANCER RESEARCH 39: 1821-1827 (2019)

Acknowledgements

This study was supported by the grants from the Ministry of Science
and Higher Education of Poland to MC (no. N407 092 32/3452) and
the Medical University of Lublin Grant, Poland to AS (no. DS 440).
We would like to thank Agnieszka Styczynska for the editorial
assistance and proofreading.

References

1 ECIS - European Cancer Information System. Available at:
https://ecis.jrc.ec.europa.eu. Last accessed on 14th February 2019.

2 Colombo PE, Fabbro M, Theillet C, Bibeau F, Rouanet P and
Ray-Coquard I: Sensitivity and resistance to treatment in the
primary management of epithelial ovarian cancer. Crit Rev
Oncol Hematol 89(2): 207-216, 2014. PMID: 24071502. DOI:
10.1016/j.critrevonc.2013.08.017

3 Kim A, Ueda Y, Naka T and Enomoto T: Therapeutic strategies
in epithelial ovarian cancer. J] Exp Clin Cancer 3I: 14, 2012.
PMID: 22330607. DOI: 10.1186/1756-9966-31-14

4 Giornelli GH: Management of relapsed ovarian cancer: A review.
Springerplus 5(7): 1197, 2016. PMID: 27516935. DOI:
10.1186/540064-016-2660-0

5 Alaseem A, Alhazzani K, Dondapati P, Alobid S, Bishayee A and
Rathinavelu A: Matrix metalloproteinases: A challenging
paradigm of cancer management. Semin Cancer Biol pii:S1044-
579X(17)30184-0, 2017. PMID: 29155240. DOI: 10.1016/
j.semcancer.2017.11.008

6 Al-Alem L and Curry TE Jr.: Ovarian cancer: Involvement of
the matrix metalloproteinases. Reproduction /50(2): R55-64,
2015. PMID: 25918438. DOI: 10.1530/REP-14-0546

7 Jia H, Zhang Q, Liu F and Zhou D: Prognostic value of mmp-2
for patients with ovarian epithelial carcinoma: A systematic
review and meta-analysis. Arch Gynecol Obstet 295(3): 689-696,
2017. PMID: 27995372. DOI: 10.1007/s00404-016-4257-9

8 Eisenhauer EL, Abu-Rustum NR, Sonoda Y, Aghajanian C,
Barakat RR and Chi DS: The effect of maximal surgical
cytoreduction on sensitivity to platinum-taxane chemotherapy and
subsequent survival in patients with advanced ovarian cancer.
Gynecol Oncol 708(2): 276-281, 2008. PMID: 18063020. DOI:
10.1016/j.ygyno.2007.10.022

9 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent
D, Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M,
Rubinstein L, Shankar L, Dodd L, Kaplan R, Lacombe D and
Verweij J: New response evaluation criteria in solid tumours:
Revised recist guideline (version 1.1). Eur J Cancer 45(2): 228-
247, 2009. PMID: 19097774. DOI: 10.1016/j.ejca.2008.10.026

10 Rzeski W, Stepulak A, Szymanski M, Juszczak M, Grabarska A,

Sifringer M, Kaczor J and Kandefer-Szerszen M: Betulin elicits

anti-cancer effects in tumour primary cultures and cell lines in

vitro. Basic Clin Pharmacol Toxicol 105(6): 425-432, 2009.

PMID: 19821831. DOI: 10.1111/j.1742-7843.2009.00471 .x

Budczies J, Klauschen F, Sinn BV, Gyorffy B, Schmitt WD,

Darb-Esfahani S and Denkert C: Cutoff finder: A comprehensive

and straightforward web application enabling rapid biomarker

cutoff optimization. PLoS One 7(12): e51862, 2012. PMID:

23251644. DOI: 10.1371/journal.pone.0051862

12 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, mtl-mmp and timp-2 mrna correlate with poor

1

—_

1826

survival in ovarian carcinoma. Clin Exp Metastasis /7(10): 799-
808, 1999. PMID: 11089877.

13 Demeter A, Sziller I, Csapo Z, Olah J, Keszler G, Jeney A, Papp
Z and Staub M: Molecular prognostic markers in recurrent and
in non-recurrent epithelial ovarian cancer. Anticancer Res 25(4):
2885-2889, 2005. PMID: 16080542.

14 Perigny M, Bairati I, Harvey I, Beauchemin M, Harel F, Plante
M and Tetu B: Role of immunohistochemical overexpression of
matrix metalloproteinases mmp-2 and mmp-11 in the prognosis
of death by ovarian cancer. Am J Clin Pathol 129(2): 226-231,
2008. PMID: 18208802. DOI: 10.1309/49LA9XCBGWIJ8F2KM

15 Hu X, Li D, Zhang W, Zhou J, Tang B and Li L: Matrix
metalloproteinase-9 expression correlates with prognosis and
involved in ovarian cancer cell invasion. Arch Gynecol Obstet
286(6): 1537-1543, 2012. PMID: 22832979. DOI: 10.1007/
s00404-012-2456-6

16 Brun JL, Cortez A, Lesieur B, Uzan S, Rouzier R and Darai E:
Expression of mmp-2, -7, -9, mtl-mmp and timp-1 and -2 has
no prognostic relevance in patients with advanced epithelial
ovarian cancer. Oncol Rep 27(4): 1049-1057, 2012. PMID:
22200690. DOI: 10.3892/0r.2011.1608

17 Wang L, Jin X, Lin D, Liu Z, Zhang X, Lu Y, Liu Y, Wang M,
Yang M, Li J and Quan C: Clinicopathologic significance of
claudin-6, occludin, and matrix metalloproteinases -2 expression
in ovarian carcinoma. Diagn Pathol &8: 190, 2013. PMID:
24245968. DOI: 10.1186/1746-1596-8-190

18 Schmalfeldt B, Prechtel D, Harting K, Spathe K, Rutke S, Konik
E, Fridman R, Berger U, Schmitt M, Kuhn W and Lengyel E:
Increased expression of matrix metalloproteinases (mmp)-2, mmp-
9, and the urokinase-type plasminogen activator is associated with
progression from benign to advanced ovarian cancer. Clin Cancer
Res 7(8): 2396-2404, 2001. PMID: 11489818.

19 Xu F, Si X, Wang J, Yang A, Qin T and Yang Y: Nectin-3 is a new
biomarker that mediates the upregulation of mmp2 and mmp9 in
ovarian cancer cells. Biomed Pharmacother 770: 139-144, 2019.
PMID: 30469078. DOI: 10.1016/ j.biopha. 2018.11.020

20 Cai KQ, Yang WL, Capo-Chichi CD, Vanderveer L, Wu H, Godwin

AK and Xu XX: Prominent expression of metalloproteinases in early

stages of ovarian tumorigenesis. Mol Carcinog 46(2): 130-143, 2007.

PMID: 17131304. DOI: 10.1002/mc.20273

Brun JL, Cortez A, Commo F, Uzan S, Rouzier R and Darai E:

Serous and mucinous ovarian tumors express different profiles of

mmp-2, -7, -9, mtl-mmp, and timp-1 and -2. Int J Oncol 33(6):

1239-1246, 2008. PMID: 19020757.

22 Kenny HA and Lengyel E: Mmp-2 functions as an early response
protein in ovarian cancer metastasis. Cell Cycle 8(5): 683-688,
2009. PMID: 19221481. DOI: 10.4161/cc.8.5.7703

23 Karam AK, Santiskulvong C, Fekete M, Zabih S, Eng C and
Dorigo O: Cisplatin and pi3kinase inhibition decrease invasion and
migration of human ovarian carcinoma cells and regulate matrix-
metalloproteinase expression. Cytoskeleton (Hoboken) 67(8): 535-
544, 2010. PMID: 20607860. DOI: 10.1002/ cm.20465

24 Grelewski PG and Bar JK: The role of p53 protein and mmp-2
tumor/stromal cells expression on progressive growth of ovarian
neoplasms. Cancer Invest 31(7): 472-479, 2013. PMID:
23915071. DOI: 10.3109/07357907.2013.820320

25 Lin CK, Chao TK, Yu CP, Yu MH and Jin JS: The expression of six
biomarkers in the four most common ovarian cancers: Correlation
with clinicopathological parameters. Apmis //7(3): 162-175, 2009.
PMID: 19245589. DOI: 10.1111/j.1600-0463.2008.00003 .x

2

—_



Jeleniewicz et al: MMP-2 and MMP-9 in Ovarian Cancer

26 Paraiso KH and Smalley KS: Fibroblast-mediated drug
resistance in cancer. Biochem Pharmacol 85(8): 1033-1041,
2013. PMID: 23376122. DOI: 10.1016/j.bcp.2013.01.018

27 Sawicki G, Marcoux Y, Sarkhosh K, Tredget EE and Ghahary
A: Interaction of keratinocytes and fibroblasts modulates the
expression of matrix metalloproteinases-2 and -9 and their
inhibitors. Mol Cell Biochem 269(1-2): 209-216, 2005. PMID:
15786734.

28 Tandara AA and Mustoe TA: Mmp- and timp-secretion by
human cutaneous keratinocytes and fibroblasts — impact of
coculture and hydration. J Plast Reconstr Aesthet Surg 64(1):
108-116, 2011. PMID: 20542748. DOI: 10.1016/j.bjps.
2010.03.051

29 Boyd RS and Balkwill FR: Mmp-2 release and activation in
ovarian carcinoma: The role of fibroblasts. In: Br j cancer. pp.
315-321, 1999. PMID: 10408832. DOI: 10.1038/sj.bjc.6690357

30 Provencher DM, Lounis H, Champoux L, Tetrault M, Manderson

EN, Wang JC, Eydoux P, Savoie R, Tonin PN and Mes-Masson

AM: Characterization of four novel epithelial ovarian cancer cell

lines. In Vitro Cell Dev Biol Anim 36(6): 357-361, 2000. PMID:

10949993. DOI: 10.1290/1071-2690(2000)036<0357: COFNEO>

2.0.CO;2

Poon SL, Klausen C, Hammond GL and Leung PC: 37-kda

laminin receptor precursor mediates gnrh-ii-induced mmp-2

expression and invasiveness in ovarian cancer cells. Mol

Endocrinol 25(2): 327-338, 2011. PMID: 21193558. DOI:

10.1210/me.2010-0334

3

—_

32 Afzal S, Lalani EN, Poulsom R, Stubbs A, Rowlinson G, Sato
H, Seiki M and Stamp GW: Mtl-mmp and mmp-2 mrna
expression in human ovarian tumors: Possible implications for
the role of desmoplastic fibroblasts. Hum Pathol 29(2): 155-165,
1998. PMID: 9490275.

33 Ekinci T, Ozbay PO, Yigit S, Yavuzcan A, Uysal S and Soylu F:
The correlation between immunohistochemical expression of
mmp-2 and the prognosis of epithelial ovarian cancer. Ginekol
Pol 85(2): 121-130, 2014. PMID: 24745158.

34 Davidson B, Reich R, Berner A, Givant-Horwitz V, Goldberg I,
Risberg B, Kristensen GB, Trope CG, Bryne M, Kopolovic J and
Nesland JM: Ovarian carcinoma cells in serous effusions show
altered mmp-2 and timp-2 mrna levels. Eur J Cancer 37(16):
2040-2049, 2001. PMID: 11597382.

Received March 6, 2019
Revised March 15, 2019
Accepted March 20, 2019

1827



