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ABSTRACT 

 
Matrix metalloproteinases comprise of several endopeptidases which have certain roles in 

physiological and pathological processes within various body parts. It has been suggested that their role is very 
important in endometriosis, recurrent implant failure, infertility and even gynecological malignancies. 
Therefore, we searched Pubmed in order to summarize already known data upon MMPs within female genital 
tract and 48 articles were included. It seems that matrix metalloproteinases might have role in the treatment 
of endometriosis and recurrent implantation failure as well as they could serve as markers in women with 
gynecological malignancies. However, there is a wide heterogeneity among so far published studies and 
results, and also among applied techniques. Further research of the role of specific MMPs is needed to verify 
the results. 
Keywords: matrix metalloproteinases; endopeptidases; markers; female reproductive system; gynecological 
health 
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INTRODUCTION 
 

Matrix metalloproteinases (MMPs) are a group of endopeptidases that are involved in numerous 
developmental and disease-related processes. They are a part of physiological and pathological tissue 
remodeling processes, such as bone development, vascular remodeling, wound healing and cancer, 
inflammation etc. [1]. In humans, the group of MMPs comprises of 28 enzymes divided into six groups, based 
on their substrate specificities. These are: collagenases (MMP-1, 8, and 13), gelatinases (MMP-2 and 9), 
stromelysins (MMP-3, 10, and 11), matrilysins (MMP-7), metalloelastase (MMP-12), and membrane type-
MMPs. Their activity is regulated by several groups of inhibitors, such as tissue inhibitors of metalloproteinases 
(TIMP). TIMP family comprises of four members. For physiologic tissue function, it is important that the activity 
of TIMP and MMPs is balanced [2, 3]. 
 

In the last few years, the activity of MMPs' has been investigated in various conditions. The aim of this 
article was to give an overview of MMPs’ role in physiological and pathological conditions of the female 
reproductive system.  
 

MATERIALS AND METHODS 
 

Pubmed we searched in order to summarize already known data upon MMPs within female genital 
tract and 48 articles were included. 
 

DISCUSSION 
 
Physiological conditions of the female reproductive system 
 
Menstrual cycle 
 

MMPs have important role in haemostasis, development of blood vessels and endometrium. They are 
crucial for regular endometrial changes during menstrual cycle-proliferation, secretion, exfoliation and re-
epithelisation [4,5]. Changes in the secretion of estradiol and progesteron directly influence activity of MMPs 
[6]. 
 

The expression of MMP 8 and MMP 12 in the endometrium  was first reported by Goffin et al. [7], 
using reverse transcription-polymerase reaction. Their expression during the menstrual phase coincides with 
infiltration of inflammatory cells, particularly neutrophils, eosinophils, and macrophages, that are known to 
produce these enzymes [8].  
 

The highest stromal and peri-arterial activity during menstrual bleeding is governed by MMP-1, MMP-
3, MMP-8, MMP-9, and MMP-12. Expression of MMP-1, -2, -3, -7 and -9, and TIMP-1 and -2 produced by 
endometral cells  is proven by use of immunocytochemistry [9,10] and  in situ hybridization [10,11]. MMPs' 
activity in both stromal and vascular compartments at the beginning  of menstruation indicates that bleeding 
results from degradation of both stromal components and vascular walls.  
 

It has been shown that the expression of TIMPs is elevated in the first days of menstrual bleeding,  
which suggests TIMP involvement in limiting the process of tissue exfoliation and the forthcoming 
endometrium regeneration [6].  
 

This expression and functions of MMPs and TIMPs in vascular structures is also found in other phases 
of menstrual cycle where they exhibit opposite functions. It seems that increased expression of MMP-2 and 
MMP-9 in the endometrial vessels during the proliferative and secretary periods is associated with vascular 
growth and angiogenesis. Conversely, expression of MMP-3 (stromelysin-1) in the vessels situated in the 
superficial endometrial layer during menstruation suggests that this metalloproteinase initiates vascular wall 
damage during menstrual breakdown. Finally, the finding of strong expression of TIMP-1 and TIMP-2 in the 
vessels during the menstruation where they separate necrotic from non-necrotic areas, might suggest that 
they reduce tissue damage and  allow regeneration of endometrium [12]. 
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Pregnancy 
 

MMPs play an important role in early pregnancy by controlling endometrial cells’ differentiation and 
decidual transformation, the key factors for implantation and development of placenta [4,5]. Unlike other 
adult tissues where the expression of MMPs is very low, their activity is significantly pronounced during the 
processes of active tissue remodeling. Results from the literature obtained in a mouse model implicate activity 
of MMP-3, TIMP-1, and MMP-10 during uterine extracellular matrix (ECM) remodeling[13].Proteolytic abilities 
of MMPs  are regulated by gene transcription, zymogen activation, and specific inhibition by physiologic tissue 
inhibitors (TIMPs). Therefore, MMP inhibitors show potential as useful blockers of endometrial remodeling 
and bleeding [14, 15]. Also, some results from the literature implicate that MMP-9 gene polymorphism is 
associated with increased lumbopelvic pain-intensity during pregnancy, due to tissue remodelling mechanism 
[16]. 
Non-complicated vaginal delivery and lowered uterus 
 

Matrix metalloproteinase 9 (MMP-9) is considered as a key vaginal elastase. High activity of MMP-9 in 
swabs of vaginal epithelial cells in first trimester of pregnancy correlates with non-complicated vaginal 
delivery, as shown by Oliphant et al. [17].Also, MMP-9 activity has been shown to increase postpartum. The 
same authors have shown that women with higher activity of MMP-9 postpartum  experience better recovery 
and more acute vaginal angulation relative to the levator plate, when compared with women with lower 
activity of MMP-9 during pregnancy and postpartum, who experienced complicated delivery and did not fully 
recover vaginal angulation [18]. 
 
Pathological conditions of the female reproductive system 
 
Preterm birth 
 

The association of MMP and/or TIMP gene polymorphism and pregnancy complications regarding 
spontaneous preterm birth[19-21] and preterm premature rupture of membranes[19, 22]has also been 
investigated in the literature. It seems that gene polymorphism for MMP-9 increases the risk for preterm birth, 
as shown by different authors[21, 22].  Frey et al.[19] have found that genetic variations in genome regions for 
MMP-1 and MMP-2 increase the risk for preterm birth earlier than 34 weeks. On the contrary, Pereza et al.[20] 
have not found enough evidence that gene polymorphisms for  MMP-1 and MMP-9 is correlated with 
spontaneous preterm birth, while Erzincan et al. [23]have not find a correlation of MMP-2 level in second-
trimester amniotic fluid with adverse pregnancy outcomes. 
 
Recurrent implantation failure 
 

Many studies have investigated the role of matrix metalloproteinases in embryo implantation, but the 
exact roles and levels of activity of MMPs in each step of embryo implantation are not yet known. Embryo 
implantation consist of three steps, apposition, adhesion of the blastocyst to the endometrial epithelium, and 
invasion of the endometrium by trophoblast cells.  It is still unknown which MMP is the most important for this 
process.  
 

The best-studied MMP in embryo implantation is MMP-9. Vu et al.[24] have shown that MMP-9 is a 
key regulator of invasive mechanism of cytotropfoblast cells in vitro. During the invasive process, trophoblast 
cells secrete many proMMPs, mainly proMMP-2 and proMMP-9 and thus enable  migration through matrix 
environment. In response, decidual cells produce high amount of TIMPs to inhibit MMP activity. Specific 
MMP/TIMP balance is very important for controlling the invasion and successful implantation[25].  
 

Since recurrent implantation failure (RIF) is one of the major causes of infertility in assisted 
reproduction treatment (ART), few studies have focused on the MMPs role in ART and their relation with RIF. 
The results from Pereza et al.[26] implicate that gene polymorphism for MMP-2 and MMP-9 might be 
associated with idiopathic recurrent spontaneous abortions. On the contrary, Singh et al.[27] have not found a 
correlation of maternal gene polymorphism for MMP-9 and idiopathic recurrent spontaneous abortions. Yoshii 
et al.[28] have shown elevated levels of activity of the gelatinases MMP-2 and MMP-9 in the uterine flushing 
fluid of women with RIF, relative to fertile women. They have proven that reducing MMPs activity by the use 
of antibiotics and corticosteroids can improve implantation in RIF women. Similar results have been presented 



ISSN: 0975-8585 

March–April  2019  RJPBCS 10(2)  Page No. 4 

byInagaki et al.[29], who have shown significantly higher activity of MMP-2 and MMP-9 in women with RIF 
relative to control group. On the contrary, Konac et al.[30] have observed a significant decrease in the 
endometrial expression of MMP-2 and TIMP-3 during the late secretary phase in women with RIF and 
unexplained infertility in regard to fertile women.  
 
Endometriosis 
 

MMPs activity is considered to be crucial in early stages of endometriosis development. Results from 
the literature implicate that MMP-9 is very important for development of endometriosis[31-34]. Its levels and 
activity have been increased in this condition, particularly at advanced stages of the disease[35]. Liu et al.[34] 
have found that MMP-9 concentrations are higher in the plasma and peritoneal fluids of patients with 
endometriosis than in those of healthy women. Yang et al.[33] suggested that MMP-9 could be involved in the 
tissue growth and breakdown cycle that occurs during endometriosis, enabling the migration and 
dissemination of endometrial cells outside the uterus. 
 

On the contrary, Syzmanowski et al.[36] did not find any statistical difference in endometrial 
expression of MMP-2, MMP-9, TIMP-1, and TGF-β2  between women with endometriosis and without visible 
signs of this illness. 
 
Infections of the female reproductive system 
 

Intrauterine infection during pregnancy initiates inflammatory process. This activates MMPs which 
can cause premature labor, as shown by Goldenberg et al.[37]. Literature results show that the levels of MMP-
3 and MMP-9 are elevated in amniotic fluid and fetal membranes[38, 39], and the levels of MMP-2 and MMP-3 
in placenta are higher in women delivering preterm birth[40].Also, Singh et al.[41] have shown  that Chlamydia 
trachomatis-infected females which have had recurrent spontaneous abortions have significant up regulation 
of MMP-2/MMP-9 and decreased TIMP-1/TIMP-3. 
 

Some authors have investigated the expression of different MMPs in Fallopian tubes (FT) during 
infection with Neisseria gonorrhoeae. Juica NE et al.[42]  have noticed a significant increase of MMP-8 
expression, while the expression of MMP-3, MMP-8, MMP-9 and TIMP-1 was not significantly changed. On the 
contrary, Rodas et al.[43] have noticed significantly increased levels of secreted MMP-9 in FT epithelial cells, 
during gonococcal infection. 
 
Endometrial and ovarian tumors 
 

Several MMPs have been investigated in patophysiology of endometrial and ovarian tumors[44, 45], 
since it is known that these enzymes degrade extracellular matrix components which serve as a barrier in 
tumor metastasis, together with the basement membrane. It is known that matrix metalloproteinases have 
important roles in invasion and angiogenesis of different types of tumors, such as lung cancer, bladder cancer, 
laryngeal cancer, oral cancer or breast cancer[46-49]. 
 

There are some articles in the literature which have observed the expression of MMP-2 in ovarian 
cancer, using immunohistochemistry or in situ hibridization[50, 51]. The evidence have pointed out that the 
expression of MMP-2 in cancer cells is associated with significant reduction in overall survival rate, while the 
expression of MMP-2 in stromal cells has no impact on survival of patients with ovarian cancer[52]. 
 

Although there are some limitations among results from different studies, these results point out the 
potential of evaluating MMP-2 expression in cancer cells for therapeutic or prognostic purpose or assessment 
of the disease spread. 
 

CONCLUSION 
 

Elucidating the role of specific MMPs in different physiological and pathological conditions of female 
reproductive system could lead to numerous health benefits. Inhibition or limitation of their activity in certain 
pathological conditions may be adequate therapy, for example in endometriosis or recurrent implantation 
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failure. Some MMPs show potential as cancer markers which could be applied in prognostic and therapeutic 
purposes in women with gynecological malignancies. 
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