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Abstract 
Introduction. Endometrium undergoes regular, cyclic tissue remodeling mostly associated to the endocrine 
system status. It is well-known fact that steroid hormones are strongly responsible for changes in endometrium. 
The precise mechanism of their action is still under investigation. The aim of the study was to evaluate the 
expression of metalloproteinases 2 and 7 (MMP-2, -7) and tissue inhibitor of metalloproteinase 1 (TIMP-1) in 
human endometrium in relation to serum concentrations of estradiol and progesterone during different phases 
of menstrual cycle.
Material and methods. The study material consisted of 52 biopsy samples; 12 obtained in the proliferative 
phase, 11 in the secretory phase and 29 during menstruation. Expression of MMP-2, MMP-7 and TIMP-1 was 
assessed by immunohistochemistry. Serum concentrations of estradiol and progesterone at time of biopsy were 
evaluated by immunochemistry assay. Results of the study were statistically assessed by linear regression model. 
Results. Increased serum concentration of estradiol was associated with increased MMP-2 expression in prolif-
erative phase but decreased in secretory phase and during menstruation. No significant relationship was found 
between progesterone concentration and MMP-2 expression. Moreover, no difference in the expression of 
MMP-7 and TIMP-1 in the endometrium in relation to hormone levels and menstrual cycle phases were observed.
Conclusions. The results of the study indicate that estradiol influence MMP-2 expression in the endometrium 
depends on the phase of menstrual cycle. Such relationships were not found for MMP-7 and TIMP-1 and further 
tests clarifying association between estradiol and MMPs are needed. (Folia Histochemica et Cytobiologica 2018, 
Vol. 56, No. 3, 133–140)
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Introduction 

Endometrium is an inner layer of the uterus which 
consists of the simple columnar epithelium and con-
nective tissue stroma. A stroma develops and main-
tains its function under the influence of endocrine 
system, mostly ovarian hormones. In endometrium of 
women in reproductive age the functional layer and 
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the basal layer may be distinguished morphologically. 
Monthly during physiological cycle the functional 
layer undergoes proliferative and secretory changes 
preparing it for blastocyst implantation. However, it 
routinely exfoliates during menstruation; when ferti-
lization occurs this process does not take place. The 
basal layer remains intact during menstrual bleeding 
enabling regeneration of endometrium. In the prolif-
erative phase of the menstrual cycle, all the compo-
nents of the functional layer undergo proliferation, 
leading to the formation and expansion of uterine 
glands. After ovulation corpus luteum appears, re-
leasing progesterone which induces secretory changes. 
Glandular cores are expanding, becoming twisted 
and their epithelial cells release secretion containing 
significant amounts of glycogen, an important nutrient 
needed for embryo development. Steroid hormones 
like estradiol and progesterone have a strong influ-
ence on cell proliferation and their secretory function, 
whereas they are also responsible for the regulation 
of matrix metalloproteinases (MMPs) activity. The 
regulatory role of MMPs in the endometrium was 
investigated in both immunohistochemical and mo-
lecular studies [1–3]. 

MMPs are a family of proteolytic enzymes contain-
ing zinc ion in their active center. They are expressed 
in various tissues located in the extracellular matrix 
(EMC) as inactive proenzymes or remain attached to 
cell membranes [4]. Their primary role is degradation 
of EMC, facilitating cell migration during tissue re-
modeling. Moreover they affect other cell functions, 
e.g. induce release of growth factors controlling tissue 
restoration processes, and angiogenesis [5–9]. Their 
role in the menstrual cycle of endometrial changes 
in women of reproductive age as well their involve-
ment in embryo implantation has been studied [10, 
11]. Their activity influences the regeneration and 
organization of both endometrial components. While 
expression of many MMPs have been described in 
pathological states [12], significant differences in their 
expression and localization in the various phases of 
the physiological menstrual cycle are still not known. 
For instance, MMPs expression is present primarily in 
the stromal and vascular cells, but in-situ hybridization 
demonstrated that MMP-2 mRNA is also expressed 
in epithelial cells but MMP-7 mRNA and MMP-26 
mRNA only in the epithelial glandular cells [13–15]. 

Important regulators of MMPs activity are tissue 
inhibitors of metalloproteinases (TIMP-1 to TIMP-4)  
[16]. TIMP-1 is the main inhibitor of MMP-2 and 
MMP-9 [17, 18]. Although their significance for acti-
vation of proenzymes has been confirmed, studies on 
the role of TIMPs in the regulation of tissue activity 
and function are ongoing [19]. Moreover, immunohis-
tochemical analysis showed that TIMP-1 expression 

within the endometrium correlates with MMP-2 and 
MMP-7 expression [20]. 

Many studies describe the role of MMPs in the 
development of endometrial neoplasms [21], whereas, 
only a few focus on their expression in the normal 
endometrium, mostly in outer layer. It seems that 
finding of factors that influence proliferation and 
activity of epithelial cells may be useful for diagnostics 
and treatment of disorders caused by MMPs/TIMPs 
imbalance, e.g. abnormal uterine bleeding [20].

Most studies verify the effect of steroid hormones 
on MMP activity in endometrium in vitro (tissue 
explants cultures). For a more realistic assessment, 
in this investigation we evaluated MMP expression 
directly in the endometrium from particular days of 
menstrual cycle in regard to serum concentrations of 
estradiol and progesterone.

Material and methods

Patients. Fifty two premenopausal, healthy women aged 
25–40 with 25–30 days long menstrual cycles were qualified 
for the study. None of the participants was taking hormone 
treatment or hormonal contraception prior and during 
research. All participants signed informed consent prior 
the inclusion to the trial. The research was approved by the 
Bioethical Committee of the Medical University of Warsaw 
(KB/243/2012). Clinical data are presented in Table 1. 

Material sampling. Endometrial sampling was made in 
out-patient clinic with Pipelle de Cornier® (Laboratoire 
CCD, France). Indications for the biopsy were: “endome-
trial scratching” in 10 women with male factor infertility, 
cervical polyp in 13 women and 29 women voluntarily 
agreed for biopsy during menstruation. It was performed in 
12 women in the proliferative phase of the cycle (between 
day 8 and 13 of the cycle, mean age 34.5 years), in 11 in the 
secretory phase (day 18–23 of the cycle, mean age 36 years) 
and in 29 during bleeding (mean age 31.3 years). The ma-
terial was immediately placed in 10% formalin and sent to 
histopathological and immunohistochemical examination. 
Histopathological examination performed on hematoxylin 
and eosin stained paraffin sections did not show any abnor-
malities in microscopic image and was consistent with the 
phase of cycle in all cases. 

Additionally, in all women, 5 ml of venous blood sample 
was obtained on the day of biopsy; serum concentrations of 
estradiol and progesterone were determined by the electro-
chemiluminescence immunoassay (ECLIA; Elecsys, Cobas 
6000, Roche, Basel, Switzerland).

Immunohistochemistry. Immunohistochemical (IHC) re-
actions were carried out on 4 μm deparaffinized sections. 
All procedures were conducted according to running IHC 
protocols of Department of Pathology, Medical University 
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of Warsaw, (Dako AutostainerLink 48, Dako Omnis and 
Dako PT Link, Dako, Glostrup, Denmark). Direct mouse 
monoclonal antibodies against MMP-2 (clone 17B11, dilu-
tion 1:50; Novocastra, Leica Biosystems, Newcastle Upon 
Tyne, UK), MMP-7 (clone ID-2, dilution 1:75; Millipore, 
Billerica, MA, USA), and TIMP-1 (clone 6F6a, dilution 1:50; 
Novocastra) were used. For the detection of monoclonal 
antibodies, peroxidase-conjugated anti-mouse ImPress ™ 
reagent kit (Vector Laboratories, Burlingame, CA, USA) 
was used. 3,3-diaminobenzidine was used as chromogen. As 
internal control reactions with non-essential mouse IgG1 
(Sigma-Aldrich, St. Louis, MO, USA) instead of primary 
antibodies were performed.

Morphometric assessment. Expression of MMP-2, MMP-7  
and TIMP-1 was analyzed with a microscope (Nikon, Labo-
phot, Tokyo, Japan) equipped with a motorized stage and 
Image Pro Plus software (Medra Cybernetics Inc., Rockville, 
MD, USA). 10 random fields of each sample were photo-
graphed at × 10 magnification. Each image was thresholded, 
and the areas covered by MMP-2, MMP-7 and TIMP-1 
expression, as well as the average staining intensity, were 
quantified. Fields with histological artifacts or large areas of 
hemorrhage and necrosis were excluded. Total immunoreac-
tivity was approximated as the product of an area of a given 
field times expression intensity. As our goal was to analyze 
the expression in both the cells and the extracellular matrix 
(ECM was considered as an approximation of the total result, 
and displayed in arbitrary units (AU). This dimensionless 
quantity commonly serves in biological science to compare 
multiple measurements performed in similar environment 
and equipment. This modality of assessment gives opportunity 
to compare expression of proteins both inside of the cells and 
in the surrounding ECM. It is frequently used both clinically 
and in laboratory experiments [22].

Statistical analysis. In the analysis three response variables 
were considered: expression of MMP-2, MMP-7 and TIMP-1.  
A multiple linear regression using the ordinary least 

squares (OLS) estimator was used. This approach enables 
analysis of the isolated impact of the individual factors. 
Functional forms with non-transformed and logarithmically 
transformed response variables and hormone levels were 
considered. Additionally, for hormone levels polynomials 
and interactions with phase of the cycle were considered. 
The choice of the final functional form was based on  
a general-to-detail approach using the F test. For the final 
model diagnostics was performed to confirm its correctness 
(Ramsey test, Jarque-Bera test, Breusch-Pagan homoscedas-
ticity test). The variance inflation factor (VIF) measure of 
the co-linearity of the variables explained in the model was 
also performed for either non-transformed or logarithmic 
values. Isolation of the impact was crucial benefit of this 
study, making presented approach better comparing to 
using simple univariate analyzes such as Kruskall-Wallis or 
Spearman tests. All calculations were done using the STATA 
14 software (StataCorp LLC, College Station, Texas, USA). 
Unless otherwise indicated, the tests were carried out at  
a significance level of 5%.

Results

The IHC expressions of MMP-2, MMP-7 and TIMP-1 
were analyzed in cytoplasm of epithelial and stromal 
cells in proliferative, secretory and menstruation phas-
es (Fig. 1). In proliferative phase strong expression 
of MMP-2 was found in epithelial and stromal cells 
(Fig. 1A), whereas moderate expression of TIMP-1 
was observed only in epithelial cells (Fig. 1G). In 
secretory phase moderate expression of MMP-2 and 
weak expression of MMP-7 and TIMP-1 was found 
in epithelial cells (Fig. 1B, E, H). During menstrua-
tion stromal portion of endometrium was found to 
be relaxed as well strong expression of all analyzed 
markers was observed in cytoplasm of stromal cells 
(Fig. 1C, F, I). 

The results of expression of MMP-2, MMP-7 and 
TIMP-1 in endometrium are presented in Table 2. 

Table 1. Clinical data of 52 patients included in the study

Covariates Mean ± SD Range (min–max) Median 

Age [years] 33.02 ± 5.440 23–40 34

BMI [kg/m2] 24.55 ± 5.540 15.44–50.78 22.98

Length of bleeding [days] 18.12 ± 26.57 0–102 4.50

Estradiol conc. [pg/mL] 102.2 ± 84.03 22.37–450.7 79.56

Progesterone conc. [pg/mL] 4.88 ± 5.58 0.24–22.76 1.77

Estradiol/progesterone ratio 55.67 ± 74.18 5.7–367.1 23.41

Pregnancies [no.] 0.67 ± 0.76 0–2 0.50

Miscarriages [no.] 0.07 ± 0.43 0–3 0

SD — standard deviation
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There was a significant dependence between 
serum estradiol and MMP-2 expression in the endo-
metrium. It was different depending on the phase of 
the menstrual cycle. In the proliferative phase of the 
cycle, with 1% increase in serum estradiol levels, ex-
pression of MMP-2 in the endometrium also increased 
(on average by 0.11 AU). During the secretory phase 
of the cycle and during the menstruation, an increase 
in estradiol concentration of 1% was associated with 
a decrease in expression of MMP-2 (by 0.08 AU). Im-
munohistochemical expression of MMP-2 in different 
phases of the cycle is presented on Figures 1A–C. 

Linear regression results presented in Table 3 in-
dicate that MMP-2 expression is lower (by 64.6 AU) 
in the proliferative phase of the cycle compared to 
the secretory phase (p < 0.01; OLS results — t test). 
During the menstrual bleeding expression of MMP-2 
decreases with each day of bleeding (by an average of 
0.147 AU, p < 0.05; OLS results — T test). There were 
no significant differences in progesterone-dependent 
MMP-2 expression.

The expression of MMP-7 and TIMP-1 in the 
endometrium remained at a certain level and was 
not dependent on hormone levels or menstrual cycle 

Figure 1. Immunohistochemical expression of MMP-2 (A–C), MMP-7 (D–F) and TIMP-1 (G–I) in the human endometrium 
during different phases of menstrual cycle. Proliferative phase served as a reference (A, D, G), so that increased expression is 
seen in the glandular epithelium in secretory phase (B, E, I), and increased expression in stromal cells during menstruation 
(C, F, I). The immunohistochemical staining was performed as described in Methods. Total magnification 100×, space bars 
10 µm.

Table 2. Expression of metalloproteinases (MMP) 2 and 7 and tissue inhibitor of metalloproteinases 1 (TIMP-1) during 
successive phases of menstrual cycle assessed by immunohistochemistry in arbitrary units [AU]

MMP-2 MMP-7 TIMP-1

Secretory phase 141.38 ± 11.83 131.50 ± 11.53 139.38 ± 11.99

Proliferative phase 131.81 ± 10.06 133.81 ± 14.89 137.81 ± 5.51

Menstruation 141.86 ± 12.89 136.39 ± 11.49 143.47 ± 9.82

Menstrual cycle mean expression [range] 139.4 ± 12.58 
[54.64]

134.8 ± 12.26 
[61.72]

141.3 ± 9.6 
[49.97]

Values represent mean ± SD

A D G

B E H

C F I
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phases. Their immunohistochemical expressions are 
presented on Figures 1D–F and G–I, respectively. 

Discussion 

Expression of MMPs in human endometrium is 
uneven during subsequent phases of menstrual cy-
cle and most MMPs have much higher expression 
during menstruation [23]. Up to date there are very 
few original reports on MMPs expression in physio-
logical endometrium, as most studies concentrated 
on endometrial cancer cases. Defining the role of 
MMPs in the course of endometrial transformation, 
proliferation, secretional changes, exfoliation and 
re-growth is essential to understand how they work 
in pathological conditions. 

Knowing the interplay between MMPs and sex 
hormones concentration in the tissues may enhance 
the treatment of many disorders from abnormal uter-
ine bleeding (AUB) spectrum. 

Correlation between MMP-2 expression  
and steroid hormones concentration
At physiological concentrations estradiol stimulates 
MMP-2 activity by increasing production and release 
of MMP-2 protein in a receptor-mediated process 
[24]. 17b-estradiol has been shown to stimulate the 
release of MMP-2 from smooth muscle of coronary 
arteries as well as from muscle cells of umbilical artery 
wall [25]. Similarly Huang et al. showed a positive 
correlation between serum estradiol concentration 
and serum MMP-2 concentration in the first stage of 
the menstrual cycle [26].

Our results indicate that the expression of MMP-2  
in the endometrium was seen throughout the cycle 

both in stroma and epithelial cells and was depend-
ent on serum estradiol levels. Mutual correlations 
depend on the phase of the menstrual cycle. The 
immunohistochemical studies have shown that in the 
proliferative phase of the cycle, as the estradiol level 
increased, MMP-2 immunoreactivity in the endome-
trium also increased. It was reversed in the secretory 
phase since estradiol increase was accompanied by  
a decrease in MMP-2 expression. The role of MMP-2 
in the proliferative phase of the menstrual cycle seems 
to be stimulation of endometrial cell proliferation 
and angiogenesis [27, 28]. In the secretory phase the 
increase in the synthesis and release of estradiol and 
progesterone is almost parallel [29]. This may explain 
the negative relationship between estradiol levels in 
the blood and expression of MMP-2 in the endo-
metrium. In physiological conditions progesterone 
prevents endometrial breakdown by inhibiting MMPs 
via its nuclear receptor [30]. However, it was showed 
in vitro that adding RU486, progesterone receptor 
inhibitor, to the stromal cell culture increased MMP-2 
production which was dependent on de novo protein 
synthesis since it was suppressed by cycloheximide 
[31]. In other studies, also conducted in vitro, Zhang 
et al. have demonstrated that progesterone inhibited 
MMP-2 activation [32]. In another study conducted on 
ovariectomized monkeys, Brenner et al. demonstrated 
an increase in MMP-2 expression both by IHC and 
PCR after removal of progesterone-releasing implant; 
however, in subsequent days the MMP-2 expression 
decreased despite lack of progesterone [33]. 

Increased expression of MMP-2 in the secretory 
phase may be associated with increased synthesis of 
collagens type IV, V, fibronectin, and laminin by stro-
mal cells [34]. Balance between various components of 
the extracellular matrix during endometrial changes is 
regulated by the activity of MMPs and other enzymes. 
The reduction of steroid hormone levels strongly in-
duces MMP-2 activity leading to the degradation of 
basal membranes and stromal breakdown resulting 
in the onset of menstruation [31].

Correlation between MMP-7 expression  
and steroid hormones concentration
The expression of MMP-7 was found mainly in the ep-
ithelial cells. In contrast to MMP-2, MMP-7 expres-
sion within the endometrium remained at a certain 
level and did not differ between the proliferative and 
the secretory phase, and was irrespective of estradiol 
and progesterone concentrations. MMP-7 expression 
during proliferative and secretory phases suggests 
that MMP-7 participates not only in the extracel-
lular matrix breakdown but also in the remodeling 
processes ongoing in non-menstrual endometrium, 

Table 3. Factors that significantly affect MMP-2 expression 
in endometrium (linear regression model) 

Covariates Existence MMP-2  
Coef. (SE)

Menstrual cycle:

Proliferative phase –64.554** (22.735)

Length of bleeding –0.149* (0.061)

Hormones:

Log (Estradiol) –8.083*** (2.559)

Proliferative Phase ¥ Log (Estradiol) 11.758* (4.834)

Miscarriage:

3 times miscarriages 25.175* (10.645)

Constant 179.009*** (11.525)

SE — standard error
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such as epithelial cell migration, proliferation and 
apoptosis, which are needed to regenerate the en-
dometrium after menstruation. Berton et al. showed 
that MMP-7 targeting the plasma membrane of 
epithelial cell focally promotes its activity, a mech-
anism which could be important to allow MMP-7 
action on substrates associated to the epithelial cell 
membrane, such as E-cadherin, b4-integrin, TNF-a, 
Fas, Fas ligand, heparin-binding EGF, IGF binding 
proteins and plasminogen [35]. There are limited re-
cent studies concerning correlation between MMP-7 
expression and hormone levels, nevertheless, some 
classical experiments by Osteen’s and Rudolph-Ow-
en’s groups explain these dependences well. Osteen 
et al. demonstrated that epithelial cells treated with 
estradiol (proliferative phase conditions) produced 
only MMP-7 [36]. The lack of increased expression 
of MMP-7 along with an increase in estradiol levels 
possibly indicate the inhibitory effect of other factors, 
probably such as progesterone and local inhibiting 
factors that are released directly into the stroma 
[35]. Rudolph-Owen et al. demonstrated that endo-
metrial expression of MMPs, including MMP-7 in 
endometrial proliferative phase, is similar in regular 
proliferative phase as well in ovariectomized animal 
model. In their study increased expression of MMP-
7 occurred only until 2 days after discontinuation of 
progesterone and then decreased and persisted low 
for a further 9 days despite the absence of proges-
terone [37]. 

Physiologically, the increase in MMP-7 expression 
was found only in the first days of menstruation, indi-
cating the importance of this enzyme for the normal 
process of endometrial exfoliation. Regeneration of 
the endometrium usually begins at the second day of 
the cycle, whereas bleeding disappears when the endo-
metrium reepithelization process is complete [38, 39].

Correlation between TIMP-1 expression  
and concentrations of steroid hormones
The results of our study indicate that TIMP-1 may 
be important for maintaining endometrial stability. 
TIMP-1 expression was present in the endometrium 
throughout the whole cycle at a constant level and was 
not dependent on estradiol or progesterone concen-
trations. The lack of this dependence was shown in in 
vitro studies. Lockwood et al. showed by Northern-blot 
analysis that supplementation of cell culture with both 
steroid hormones or progesterone separately did not 
affect TIMP-1 mRNA expression [40]. There is an 
evidence for changes of TIMP-1 mRNA expression 
depending on the phase of menstrual cycle. Maatta 
et al. using in-situ hybridization and Northern-blot 
techniques showed decreased expression of TIMP-1 

mRNA in the proliferative phase, while increased 
expression was found in the late secretory phase [41]. 
Our results are similar to those of Rogers at al. and 
Lockwood et al., who in in-situ hybridization studies, 
showed lack of temporal regulation of TIMP-1 mRNA 
expression during menstrual cycle [42].

In our study TIMP-1 was expressed equally 
throughout the cycle. The slight increase at menstru-
ation was not statistically significant. TIMP-1 was im-
munolocalized in the epithelial, stromal and vascular 
compartments of the endometrium. Maatta et al. using 
in-situ hybridization and Northern-blot technique 
showed decreased expression of TIMP-1 mRNA in 
the proliferative phase, while increased expression was 
found in the late secretory phase [41]. Our results are 
similar to Lockwood et al., who in in-situ hybridization 
studies, showed lack of temporal regulation of TIMP-
1 mRNA expression during menstrual cycle [40, 42].

The TIMP-1 expression in the endometrium was 
not dependent neither on estradiol nor progesterone 
concentration. The lack of hormonal dependence was 
shown in other in vitro studies [40, 43]. The results of 
our study indicate that TIMP-1 may be important for 
maintaining endometrial stability and prevent tissue 
breakdown during the menstrual cycle. 

Conclusions

The mechanism by which estradiol and progesterone 
regulate expression of MMPs and TIMPs remains 
unclear. The results of our study confirm the in-
volvement of estrogens in the regulation of MMP-2 
expression in the endometrium. However, complex 
dependence on the hormone concentration as well 
on the phase of menstrual cycle strongly suggests 
interplay with other factors. Such relations were not 
found for MMP-7 and TIMP-1 and further studies 
should be focused on their evaluation. 

References
1.	 Ishikawa T, Harada T, Kubota T, et al. Testosterone inhi- 

bits matrix metalloproteinase-1 production in human endo-
metrial stromal cells in vitro. Reproduction. 2007; 133(6):  
1233–1239, doi: 10.1530/rep.1.01089, indexed in Pubmed: 
17636177.

2.	 Vassilev V, Pretto CM, Cornet PB, et al. Response of matrix 
metalloproteinases and tissue inhibitors of metalloproteinas-
es messenger ribonucleic acids to ovarian steroids in human 
endometrial explants mimics their gene- and phase-specific 
differential control in vivo. J Clin Endocrinol Metab. 2005; 
90(10): 5848–5857, doi: 10.1210/jc.2005-0762, indexed in Pu-
bmed: 16046583.

3.	 Konac E, Alp E, Onen HI, et al. Endometrial mRNA expres-
sion of matrix metalloproteinases, their tissue inhibitors and 
cell adhesion molecules in unexplained infertility and implan-
tation failure patients. Reprod Biomed Online. 2009; 19(3): 
391–397, indexed in Pubmed: 19778485.

http://dx.doi.org/10.1530/rep.1.01089
https://www.ncbi.nlm.nih.gov/pubmed/17636177
http://dx.doi.org/10.1210/jc.2005-0762
https://www.ncbi.nlm.nih.gov/pubmed/16046583
https://www.ncbi.nlm.nih.gov/pubmed/19778485


139MMPs and TIMP-1 expression in endometrium

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2018
10.5603/FHC.a2018.0017

www.fhc.viamedica.pl

4.	 Theocharis AD, Skandalis SS, Gialeli C, et al. Extracellular 
matrix structure. Adv Drug Deliv Rev. 2016; 97: 4–27, doi: 
10.1016/j.addr.2015.11.001, indexed in Pubmed: 26562801.

5.	 Stettner R, Bogusiewicz M, Rechberger T. [Matrix metallo-
proteinases and their inhibitors in ovarian cancer progres-
sion--diagnostic and therapeutic implications]. Ginekol Pol. 
2009; 80(1): 47–53, indexed in Pubmed: 19323060.

6.	 O’Sullivan S, Medina C, Ledwidge M, et al. Nitric oxide-ma-
trix metaloproteinase-9 interactions: biological and pharma-
cological significance-NO and MMP-9 interactions. Biochim 
Biophys Acta. 2014; 1843(3): 603–617, doi: 10.1016/j.bbam-
cr.2013.12.006, indexed in Pubmed: 24333402.

7.	 Wrzyszcz A, Wozniak M. On the origin of matrix metallo-
proteinase-2 and -9 in blood platelets. Platelets. 2012; 23(6): 
467–474, doi: 10.3109/09537104.2012.682103, indexed in Pu-
bmed: 22646815.

8.	 DeCoux A, Lindsey ML, Villarreal F, et al. Myocardial matrix 
metalloproteinase-2: inside out and upside down. J Mol Cell 
Cardiol. 2014; 77: 64–72, doi: 10.1016/j.yjmcc.2014.09.016, 
indexed in Pubmed: 25261607.

9.	 Jabłońska-Trypuć A, Matejczyk M, Rosochacki S. Matrix 
metalloproteinases (MMPs), the main extracellular matrix 
(ECM) enzymes in collagen degradation, as a target for an-
ticancer drugs. J Enzyme Inhib Med Chem. 2016; 31(sup1): 
177–183, doi: 10.3109/14756366.2016.1161620, indexed in 
Pubmed: 27028474.

10.	 Noguchi Y, Sato T, Hirata M, et al. Identification and charac-
terization of extracellular matrix metalloproteinase inducer in 
human endometrium during the menstrual cycle in vivo and 
in vitro. J Clin Endocrinol Metab. 2003; 88(12): 6063–6072, 
doi: 10.1210/jc.2003-030457, indexed in Pubmed: 14671212.

11.	 Kaneshiro B, Edelman A, Dash C, et al. Effect of oral contra-
ceptives and doxycycline on endometrial MMP-2 and MMP-
9 activity. Contraception. 2016; 93(1): 65–69, doi: 10.1016/j.
contraception.2015.09.006, indexed in Pubmed: 26408375.

12.	 Szymanowski K, Mikołajczyk M, Wirstlein P, et al. Matrix 
metalloproteinase-2 (MMP-2), MMP-9, tissue inhibitor of 
matrix metalloproteinases (TIMP-1) and transforming growth 
factor-b2 (TGF-b2) expression in eutopic endometrium of 
women with peritoneal endometriosis. Ann Agric Environ 
Med. 2016; 23(4): 649–653, doi: 10.5604/12321966.1226861, 
indexed in Pubmed: 28030938.

13.	 Goffin F, Munaut C, Frankenne F, et al. Expression pattern 
of metalloproteinases and tissue inhibitors of matrix-metal-
loproteinases in cycling human endometrium. Biol Reprod. 
2003; 69(3): 976–984, doi: 10.1095/biolreprod.103.015933, 
indexed in Pubmed: 12773401.

14.	 Isaka K, Nishi H, Nakai H, et al. Matrix metalloprotein-
ase-26 is expressed in human endometrium but not in endo-
metrial carcinoma. Cancer. 2003; 97(1): 79–89, doi: 10.1002/
cncr.11030, indexed in Pubmed: 12491508.

15.	 Yanaihara A, Otsuka Y, Iwasaki S, et al. Comparison in 
gene expression of secretory human endometrium using la-
ser microdissection. Reprod Biol Endocrinol. 2004; 2: 66, 
doi: 10.1186/1477-7827-2-66, indexed in Pubmed: 15373944.

16.	 Arpino V, Brock M, Gill SE. The role of TIMPs in regula-
tion of extracellular matrix proteolysis. Matrix Biol. 2015; 
44-46: 247–254, doi: 10.1016/j.matbio.2015.03.005, indexed 
in Pubmed: 25805621.

17.	 Skrzypczak J, Wirstlein P, Mikołajczyk M, et al. TGF super-
family and MMP2, MMP9, TIMP1 genes expression in the 
endometrium of women with impaired reproduction. Folia 
Histochem Cytobiol. 2007; 45 Suppl 1: S143–S148, indexed 
in Pubmed: 18292822.

18.	 Nagase H, Woessner J. Matrix Metalloproteinases. Journal 
of Biological Chemistry. 1999; 274(31): 21491–21494, doi: 
10.1074/jbc.274.31.21491.

19.	 Nagase H, Visse R, Murphy G. Structure and function of 
matrix metalloproteinases and TIMPs. Cardiovasc Res. 2006; 
69(3): 562–573, doi: 10.1016/j.cardiores.2005.12.002, indexed 
in Pubmed: 16405877.

20.	 Vincent AJ, Zhang J, Ostör A, et al. Decreased tissue inhibi-
tor of metalloproteinase in the endometrium of women using 
depot medroxyprogesterone acetate: a role for altered endo-
metrial matrix metalloproteinase/tissue inhibitor of metallo-
proteinase balance in the pathogenesis of abnormal uterine 
bleeding? Hum Reprod. 2002; 17(5): 1189–1198, indexed in 
Pubmed: 11980737.

21.	 Bogusiewicz M, Stryjecka-Zimmer M, Postawski K, et al. 
Activity of matrix metalloproteinase-2 and -9 and contents of 
their tissue inhibitors in uterine leiomyoma and corresponding 
myometrium. Gynecol Endocrinol. 2007; 23(9): 541–546, doi: 
10.1080/09513590701557416, indexed in Pubmed: 17943549.

22.	 Wilczek E, Rzepko R, Nowis D, et al. The possible role of 
factor H in colon cancer resistance to complement attack. Int 
J Cancer. 2008; 122(9): 2030–2037, doi: 10.1002/ijc.23238, in-
dexed in Pubmed: 18183578.

23.	 Grzechocińska B, Dąbrowski F, Cyganek A, et al. The role of 
metalloproteinases in endometrial remodelling during men-
strual cycle. Ginekol Pol. 2017; 88(6): 337–342, doi: 10.5603/ 
/GP.a2017.0063, indexed in Pubmed: 28727135.

24.	 Guccione M, Silbiger S, Lei J, et al. Estradiol upregulates  
mesangial cell MMP-2 activity via the transcription factor  
AP-2. Am J Physiol Renal Physiol. 2002; 282(1): F164– 
–F169, doi: 10.1152/ajprenal.0318.2000, indexed in Pubmed: 
11739124.

25.	 Wingrove CS, Garr E, Godsland IF, et al. 17beta-oestradiol 
enhances release of matrix metalloproteinase-2 from human 
vascular smooth muscle cells. Biochim Biophys Acta. 1998; 
1406(2): 169–174, indexed in Pubmed: 9573355.

26.	 Huang HF, Hong LH, Tan Yi, et al. Matrix metalloprotein-
ase 2 is associated with changes in steroid hormones in the 
sera and peritoneal fluid of patients with endometriosis. 
Fertil Steril. 2004; 81(5): 1235–1239, doi: 10.1016/j.fertn-
stert.2003.10.027, indexed in Pubmed: 15136083.

27.	 Furukawa Y, Kawano Y, Fukuda J, et al. The production of 
vascular endothelial growth factor and metalloproteinase via 
protease-activated receptor in human endometrial stromal 
cells. Fertil Steril. 2009; 91(2): 535–541, doi: 10.1016/j.fertn-
stert.2007.11.080, indexed in Pubmed: 18314110.

28.	 Evron A, Goldman S, Shalev E. Effect of primary human en-
dometrial stromal cells on epithelial cell receptivity and pro-
tein expression is dependent on menstrual cycle stage. Hum 
Reprod. 2011; 26(1): 176–190, doi: 10.1093/humrep/deq296, 
indexed in Pubmed: 21098625.

29.	 Kronenberg HM, Larsen PR, Melmed S, et al. Williams text-
book of endocrinology. 12th ed Philadelphia: Elsevier 2011.

30.	 Itoh H, Kishore AH, Lindqvist A, et al. Transforming growth 
factor b1 (TGFb1) and progesterone regulate matrix metal-
loproteinases (MMP) in human endometrial stromal cells.  
J Clin Endocrinol Metab. 2012; 97(6): E888–E897, doi: 
10.1210/jc.2011-3073, indexed in Pubmed: 22466340.

31.	 Irwin JC, Kirk D, Gwatkin RB, et al. Human endometrial 
matrix metalloproteinase-2, a putative menstrual proteinase. 
Hormonal regulation in cultured stromal cells and messenger 
RNA expression during the menstrual cycle. J Clin Invest. 
1996; 97(2): 438–447, doi: 10.1172/JCI118433, indexed in 
Pubmed: 8567965.

http://dx.doi.org/10.1016/j.addr.2015.11.001
https://www.ncbi.nlm.nih.gov/pubmed/26562801
https://www.ncbi.nlm.nih.gov/pubmed/19323060
http://dx.doi.org/10.1016/j.bbamcr.2013.12.006
http://dx.doi.org/10.1016/j.bbamcr.2013.12.006
https://www.ncbi.nlm.nih.gov/pubmed/24333402
http://dx.doi.org/10.3109/09537104.2012.682103
https://www.ncbi.nlm.nih.gov/pubmed/22646815
http://dx.doi.org/10.1016/j.yjmcc.2014.09.016
https://www.ncbi.nlm.nih.gov/pubmed/25261607
http://dx.doi.org/10.3109/14756366.2016.1161620
https://www.ncbi.nlm.nih.gov/pubmed/27028474
http://dx.doi.org/10.1210/jc.2003-030457
https://www.ncbi.nlm.nih.gov/pubmed/14671212
http://dx.doi.org/10.1016/j.contraception.2015.09.006
http://dx.doi.org/10.1016/j.contraception.2015.09.006
https://www.ncbi.nlm.nih.gov/pubmed/26408375
http://dx.doi.org/10.5604/12321966.1226861
https://www.ncbi.nlm.nih.gov/pubmed/28030938
http://dx.doi.org/10.1095/biolreprod.103.015933
https://www.ncbi.nlm.nih.gov/pubmed/12773401
http://dx.doi.org/10.1002/cncr.11030
http://dx.doi.org/10.1002/cncr.11030
https://www.ncbi.nlm.nih.gov/pubmed/12491508
http://dx.doi.org/10.1186/1477-7827-2-66
https://www.ncbi.nlm.nih.gov/pubmed/15373944
http://dx.doi.org/10.1016/j.matbio.2015.03.005
https://www.ncbi.nlm.nih.gov/pubmed/25805621
https://www.ncbi.nlm.nih.gov/pubmed/18292822
http://dx.doi.org/10.1074/jbc.274.31.21491
http://dx.doi.org/10.1016/j.cardiores.2005.12.002
https://www.ncbi.nlm.nih.gov/pubmed/16405877
https://www.ncbi.nlm.nih.gov/pubmed/11980737
http://dx.doi.org/10.1080/09513590701557416
https://www.ncbi.nlm.nih.gov/pubmed/17943549
http://dx.doi.org/10.1002/ijc.23238
https://www.ncbi.nlm.nih.gov/pubmed/18183578
http://dx.doi.org/10.5603/GP.a2017.0063
http://dx.doi.org/10.5603/GP.a2017.0063
https://www.ncbi.nlm.nih.gov/pubmed/28727135
http://dx.doi.org/10.1152/ajprenal.0318.2000
https://www.ncbi.nlm.nih.gov/pubmed/11739124
https://www.ncbi.nlm.nih.gov/pubmed/9573355
http://dx.doi.org/10.1016/j.fertnstert.2003.10.027
http://dx.doi.org/10.1016/j.fertnstert.2003.10.027
https://www.ncbi.nlm.nih.gov/pubmed/15136083
http://dx.doi.org/10.1016/j.fertnstert.2007.11.080
http://dx.doi.org/10.1016/j.fertnstert.2007.11.080
https://www.ncbi.nlm.nih.gov/pubmed/18314110
http://dx.doi.org/10.1093/humrep/deq296
https://www.ncbi.nlm.nih.gov/pubmed/21098625
http://dx.doi.org/10.1210/jc.2011-3073
https://www.ncbi.nlm.nih.gov/pubmed/22466340
http://dx.doi.org/10.1172/JCI118433
https://www.ncbi.nlm.nih.gov/pubmed/8567965


140 Barbara Grzechocinska et al.

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2018
10.5603/FHC.a2018.0017

www.fhc.viamedica.pl

32.	 Zhang J, Hampton AL, Nie G, et al. Progesterone inhibits 
activation of latent matrix metalloproteinase (MMP)-2 by 
membrane-type 1 MMP: enzymes coordinately expressed in 
human endometrium. Biol Reprod. 2000; 62(1): 85–94, in-
dexed in Pubmed: 10611071.

33.	 Brenner RM, Slayden OvD. Molecular and functional aspects 
of menstruation in the macaque. Rev Endocr Metab Disord. 
2012; 13(4): 309–318, doi: 10.1007/s11154-012-9225-5, indexed 
in Pubmed: 23108498.

34.	 Collier IE, Wilhelm SM, Eisen AZ, et al. H-ras onco-
gene-transformed human bronchial epithelial cells (TBE-
1) secrete a single metalloprotease capable of degrading 
basement membrane collagen. J Biol Chem. 1988; 263(14): 
6579–6587, indexed in Pubmed: 2834383.

35.	 Berton A, Selvais C, Lemoine P, et al. Binding of matrilysin-1 
to human epithelial cells promotes its activity. Cell Mol Life 
Sci. 2007; 64(5): 610–620, doi: 10.1007/s00018-007-6415-5, 
indexed in Pubmed: 17310281.

36.	 Osteen KG, Rodgers WH, Gaire M, et al. Stromal-epithelial 
interaction mediates steroidal regulation of metalloproteinase 
expression in human endometrium. Proc Natl Acad Sci U S 
A. 1994; 91(21): 10129–10133, indexed in Pubmed: 7937850.

37.	 Rudolph-Owen LA, Slayden OD, Matrisian LM, et al. Matrix 
metalloproteinase expression in Macaca mulatta endometri-
um: evidence for zone-specific regulatory tissue gradients. Biol 
Reprod. 1998; 59(6): 1349–1359, indexed in Pubmed: 9828178.

38.	 Curry TE, Osteen KG. Cyclic changes in the matrix metallo-
proteinase system in the ovary and uterus. Biol Reprod. 2001; 
64(5): 1285–1296, indexed in Pubmed: 11319131.

39.	 Dong JC, Dong H, Campana A, et al. Matrix metallopro-
teinases and their specific tissue inhibitors in menstruation. 
Reproduction. 2002; 123(5): 621–631, indexed in Pubmed: 
12006090.

40.	 Lockwood CJ. Mechanisms of normal and abnormal endo- 
metrial bleeding. Menopause. 2011; 18(4): 408–411, doi: 
10.1097/GME.0b013e31820bf288, indexed in Pubmed: 
21499503.

41.	 Määttä M, Soini Y, Liakka A, et al. Localization of MT1-
MMP, TIMP-1, TIMP-2, and TIMP-3 messenger RNA in 
normal, hyperplastic, and neoplastic endometrium. Enhanced 
expression by endometrial adenocarcinomas is associated with 
low differentiation. Am J Clin Pathol. 2000; 114(3): 402–411, 
indexed in Pubmed: 10989641.

42.	 Rodgers WH, Matrisian LM, Giudice LC, et al. Patterns of 
matrix metalloproteinase expression in cycling endometri-
um imply differential functions and regulation by steroid 
hormones. J Clin Invest. 1994; 94(3): 946–953, doi: 10.1172/ 
/JCI117461, indexed in Pubmed: 8083380.

43.	 Amalinei C, Păvăleanu I, Lozneanu L, et al. Endometriosis - 
insights into a multifaceted entity. Folia Histochem Cytobiol. 
2018; 56(2): 61–82, doi: 10.5603/FHC.a2018.0013, indexed in 
Pubmed: 29949181.

Submitted: 22 October, 2017 
Accepted after reviews: 26 July, 2018 

Available as AoP: 29 August, 2018

https://www.ncbi.nlm.nih.gov/pubmed/10611071
http://dx.doi.org/10.1007/s11154-012-9225-5
https://www.ncbi.nlm.nih.gov/pubmed/23108498
https://www.ncbi.nlm.nih.gov/pubmed/2834383
http://dx.doi.org/10.1007/s00018-007-6415-5
https://www.ncbi.nlm.nih.gov/pubmed/17310281
https://www.ncbi.nlm.nih.gov/pubmed/7937850
https://www.ncbi.nlm.nih.gov/pubmed/9828178
https://www.ncbi.nlm.nih.gov/pubmed/11319131
https://www.ncbi.nlm.nih.gov/pubmed/12006090
http://dx.doi.org/10.1097/GME.0b013e31820bf288
https://www.ncbi.nlm.nih.gov/pubmed/21499503
https://www.ncbi.nlm.nih.gov/pubmed/10989641
http://dx.doi.org/10.1172/JCI117461
http://dx.doi.org/10.1172/JCI117461
https://www.ncbi.nlm.nih.gov/pubmed/8083380
http://dx.doi.org/10.5603/FHC.a2018.0013
https://www.ncbi.nlm.nih.gov/pubmed/29949181

	bbb0210

