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Abstract: Matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases 

(TIMPs) are expressed in the human endometrium during the menstrual cycle, in particular 

to induce substantial extracellular matrix breakdown underlying menstruation. Endometriosis 

(EM) is characterized by the presence of endometrial tissue at ectopic locations. Because EM 

is thought to often develop from retrograde menstruation followed by implantation of menstrual 

tissue fragments at ectopic sites, endometrial MMPs and TIMPs were rapidly suspected as 

contributors to EM development and progression, generating hope for their use as biomarkers to 

facilitate EM diagnosis and as potential targets for developing new therapies against EM. Here, 

we not only summarize a substantial literature supporting the presence of MMPs and TIMPs 

in eutopic and ectopic endometrium of EM patients but also highlight frequent controversies 

on expression changes and the difficulty in identifying systematic MMP/TIMP differential 

regulation associated with the disease. Moreover, by reanalyzing publicly available data from 

a whole genome transcriptomic study, we show that occasional and unexplained endometrial 

overexpression of selective MMPs regardless of the disease and phase of the menstrual cycle 

rather discourages the use of eutopic MMPs and TIMPs as diagnosis biomarkers. However, we 

also review multiple studies using rodent models that collectively provide strong support to the 

contribution of MMPs in EM development and progression, and therefore to further investigations 

aiming at targeting MMP activity, especially in light of recent advances in new MMP  

inhibitors.
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Introduction
Endometriosis (EM) is a common and nonmalignant gynecological condition char-

acterized by the presence of endometrial glands and stroma in ectopic locations, 

primarily the pelvic cavity, ovaries, and rectovaginal septum. EM affects 5%–10% of 

women of reproductive age and up to 50% of women experiencing pelvic pain and/or 

infertility, the two major symptoms leading to clinical presentation. Since confirmed 

EM diagnosis relies on surgical visualization of lesion, these numbers are probably 

underestimated, and so development of simple and reliable biomarkers is awaited with 

great anticipation.

Several theories have emerged to explain EM origin (reviewed in Burney and 

Giudice1 and Vercellini et al2 papers) and can be classified into two groups depending 

on whether lesions derive from uterine endometrium (eg, by “retrograde menstruation” 

of menstrual tissue fragments through the fallopian tubes, the most common theory) 
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or from tissues of nonuterine origin (eg, by metaplasia or 

development from embryonic remnants). Implantation at 

ectopic sites relies on mechanisms resembling limited tumor 

invasion and requires specific processes that include invasive-

ness, tissue remodeling by local extracellular matrix (ECM) 

degradation, and interaction of ectopic endometrium with 

surrounding tissue.3,4

EM is characterized by four major features – estro-

gen dependence, progesterone resistance,5 inflammatory 

response6,7 and dysregulation of the immune system8 – that 

are all potentially connected with matrix metalloproteinases 

(MMPs) and tissue inhibitors of metalloproteinases (TIMPs). 

MMPs and TIMPs are important players in the cyclic remod-

eling of the human endometrium and, interestingly, they 

appear to also contribute to EM development. The purpose of 

this review is to discuss our current understanding of MMP 

involvement in EM and whether they represent potential 

useful biomarkers for diagnosis and/or targets for therapy 

development.

Hormonal control of the menstrual 
cycle and of endometriosis
Between menarche and menopause, the human endometrium 

undergoes spontaneous cycles of tissue remodeling of its 

superficial layer, under the global control of ovarian steroids, 

estrogens and progesterone. During the postmenstrual prolif-

erative phase, estrogens, in particular estradiol, play a critical 

role in tissue reconstruction by triggering the proliferation of 

epithelial, stromal, and endothelial cells, thereby inducing 

thickening of the endometrial superficial layer. After ovula-

tion, progesterone produced by the corpus luteum orches-

trates the second phase of the menstrual cycle, the secretory 

phase, in combination with estradiol. Progesterone opposes 

the proliferative influence of estrogens and induces cell dif-

ferentiation to prepare for potential blastocyst implantation. 

Besides transient modifications of the luminal epithelium to 

acquire receptivity, progesterone also triggers transforma-

tion of the stromal cells into specialized secretory cells, 

the decidual cells. In the absence of embryo implantation, 

corpus luteum degeneration results in falling concentration 

of estrogen and progesterone and induction of menstruation. 

Of note, spontaneous decidualization (ie, without the need 

of mating), overt menstruation (with external bleeding) and 

endometriosis are restricted to a very limited number of 

mammalian species, essentially Catarrhini (humans, apes, 

and Old World monkeys).

Common therapies against EM aim at reducing pain 

and infertility issues.2,9–11 Besides surgical resection of the 

lesions, primary treatments consist of administration of drugs 

targeting hormone control and/or inflammation. Growth of 

endometrial cells in ectopic locations still responds to, and 

depends on, estradiol stimulation. It has been proposed that 

cells in EM lesions are subjected to additional estradiol 

supply resulting from local synthesis. In healthy patients, 

estradiol essentially originates from the ovaries by aroma-

tase-mediated conversion of androstenedione into estrone, 

followed by a conversion of estrone into estradiol catalyzed 

by 17β-hydroxysteroid dehydrogenase type 1 (17B-HSD1). 

Induction of aromatase expression in the eutopic endome-

trium and ectopic lesions of women with EM, leading to 

increased local estradiol concentration favoring lesion growth 

and implantation,12,13 remains controversial.14

Most common pharmacological treatments against 

EM include drugs aimed at reducing estrogen production 

(danazol) and/or inducing pseudo-menopause (gonadotro-

pin-releasing hormone agonists and antagonists, oral con-

traceptives, and progestins). In addition, anti-inflammatory 

actions of progestins help in reducing EM-associated pain. 

However, danazol in the long-term has hyperandrogenic 

side effects and, globally, these treatments are inappropri-

ate for patients who want to become pregnant. Moreover, 

these therapies are not efficient in all patients, in part due 

to progesterone resistance,5 which is interconnected with 

inflammation. Indeed, EM is characterized by increased 

production of proinflammatory cytokines, in particular  

TNF-α, not only by cells of the EM lesions but also by cells 

of the immune system. Enhanced cytokine production is also 

partially explained by altered progesterone responsiveness 

resulting from local dysregulation of progesterone recep-

tors.15 Moreover, local menstrual-like bleeding of EM lesions 

also generates an inflammatory response that progressively  

exacerbates pain.

MMPs and TIMPs in the 
endometrium of healthy patients
Most MMPs are expressed in human endometrium.16,17 

Their functions range from fine tissue remodeling during 

the proliferative and secretory phases, and in particular 

during blastocyst implantation, to massive albeit spatially 

contained ECM breakdown during menstruation. Levels of 

MMP-1, MMP-3, MMP-8, and MMP-12 mRNAs increase 

strikingly at the onset of menstruation in response to drop-

ping concentrations of estradiol and progesterone (reviewed 

by Gaide Chevronnay et al18). Expression of MMP-10 

increases throughout the mid–late secretory phase to peak at 

menstruation.16,17,19 MMP-1, MMP-3, MMP-8, and MMP-10 
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are present essentially in stromal cells, and MMP-1 mRNA 

is restricted to stromal breakdown foci.17,20,21 MMP-1 and 

MMP-3 proteins localize focally to stromal cells and vascu-

lar structures at menstruation.22,23 MMP-9 mRNA increases 

in stromal cells during the menstrual phase, but the protein 

is found throughout the cycle in stromal, epithelial, and 

inflammatory cells.16,20,22,24–27 MMP-7 and MMP-11 mRNA 

levels strongly increase at menstruation and subsequently 

remain elevated during the proliferative phase.16,17,20,28 How-

ever, while MMP-11 is expressed by stromal cells, MMP-7 

is predominantly localized in epithelial cells, but is also 

found in decidualized cells during the late secretory phase 

and in stromal foci at menstruation.28 In contrast with these 

MMPs, MMP-2 and MMP-14 mRNA levels are substantial 

throughout the menstrual cycle and slightly increase at 

menstruation.16,21,22,29 MMP-16 mRNA levels increase during 

the proliferative phase, whereas expression of MMP-15 and 

MMP-19 does not vary throughout the cycle.16,17 Expression 

of MMP-26 peaks around ovulation and is strongly decreased 

at menstruation.16,30,31 Expression of TIMP-1 and TIMP-2 

is rather constant throughout the cycle, whereas TIMP-3 

mRNA is transiently increased during the late secretory and 

early menstrual phases.16,17,19 Temporal regulation of TIMP-4 

expression parallels that of MMP-26 and culminates around 

ovulation.31

Progesterone plays a complex role during the secretory 

phase by preventing expression of MMP-inducing factors 

(such as cytokines); repressing transcription of MMPs such 

MMP-1, MMP-3, MMP-7, MMP-8, and MMP-10; and 

moderately inhibiting MMP-2 and MMP-9 expression, as 

demonstrated in cultured cells, tissue explants, and in vivo 

in ovariectomized rhesus monkeys.17,24,32–37 Two complemen-

tary approaches suggest that MMPs are crucial for initiat-

ing menstruation. First, MMP inhibitors, but not inhibitors 

of other classes of proteases, prevent menstrual-like ECM 

breakdown in explant culture of human endometrium. 

Second, adding back progesterone 12 or 24 hours after its 

withdrawal in ovariectomized rhesus monkeys subjected to 

artificial menstrual cycle with hormonal implants suppressed 

expression of (at least) MMP-1, MMP-2, and MMP-3 and 

blocked menstruation.37

However, MMP regulation may locally escape general 

progesterone repression and generate foci of ECM break-

down and abnormal uterine bleeding, such as in patients on 

long-term progestin-only contraceptives. Indeed, irregular 

dysfunctional bleeding episodes are linked with local 

expression, activation, and uncontrolled activity of several 

menstrual-associated MMPs including MMP-1, MMP-2, 

MMP-3, and MMP-9, as well as with a decreased TIMP-1 

expression.38–40

MMP and TIMP expression in 
endometrium and ectopic lesions 
of endometriotic patients
Ectopic EM lesions can respond to circulating or locally pro-

duced ovarian steroids and grow, differentiate, and undergo 

menstrual-like tissue breakdown and repair, comparable 

to the superficial layer of the eutopic endometrium. Since 

endometrial MMPs play a key role in cyclic menstrual break-

down, and because invasion of endometriotic cells resembles 

cancer progression, their contribution to disease development 

was rapidly suspected. During the last 20 years, dozens of 

studies have consistently reported the presence of MMPs in 

endometriotic tissue. However, the issue of whether MMP/

TIMP expression is altered in the eutopic endometrium 

and/or in ectopic lesions of EM patients is still confusing 

due to the multiplicity of factors that can create diversity in 

data collection and affect MMP/TIMP expression. Some of 

these factors are

•	 The phase of the menstrual cycle at which the sample is 

collected

•	 The precise nature of the sample: eutopic endometrium, 

ectopic endometrium, peritoneal fluid, serum, etc

•	 The staging of the disease: The American Society for 

Reproductive Medicine distinguishes four EM stages 

depending on location, extent, and depth of EM implants; 

the presence and severity of adhesions; and the presence 

and size of ovarian EM cysts.41 Most women have stage I 

(minimal) or II (mild) EM, characterized by superficial 

implants and mild adhesions, whereas stage III (moder-

ate) and IV (severe) EM is characterized by chocolate 

cysts and more severe adhesions. Infertility is frequent 

with stage IV EM.

•	 The location of the ectopic lesion: ovarian, peritoneal, 

rectovaginal, bowel, etc

•	 The medical record, especially regarding other uterine 

disease/symptoms (eg, abnormal bleeding) and (in)fertil-

ity issues

•	 Any drug received by the patient, in particular compounds 

interfering with ovarian steroids (eg, treatments against 

EM or infertility, contraception);

•	 The ability (or not) to experimentally discriminate the 

various cell types present in the sample (epithelial cells, 

fibroblasts, endothelial cells, immune/inflammatory cells) 

and estimate their respective proportions.
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MMP expression in the eutopic 
endometrium of EM patients
Rigorous comparison of all publications reporting endome-

trial MMP expression in EM and non-EM patients would 

therefore be required to take into account each of these fac-

tors of diversity. Here, we rather illustrate the difficulty in 

identifying systematic changes in MMP/TIMP expression in 

EM patients that could be used as simple markers to facilitate 

EM diagnosis.

The most investigated MMPs in the context of EM are 

MMP-2 and MMP-9. While several studies have reported 

increased MMP-2 mRNA levels in eutopic endometrium 

of EM patients in comparison with non-EM patients,42–44 

others have found similar45 or even decreased46 MMP-2 

immunostaining in eutopic endometrium of EM patients. 

Most authors have reported increased MMP-9 protein in 

the eutopic endometrium of EM patients43,47,48 but disagreed 

on the mRNA levels, which were either also increased43 

or similar47,49 in comparison with non-EM patients. Malik 

et al50 did not find difference of MMP-2 or MMP-9 activity 

in menstrual effluent between women with and without EM.

Other MMPs have received more limited attention, and 

so reports of differential expression should be considered 

with caution. MMP-3 protein was increased in the eutopic 

endometrium of EM patients for Gilabert-Estelles et al51 but 

decreased for Uzan et al.46 MMPs reported to be increased 

in endometrium of EM patients are MMP-1 (mRNA and 

protein43), MMP-14/MT1-MMP (mRNA42), MMP-16/MT3-

MMP,52 and MMP-7 (in patients with deep infiltrating EM 

in comparison with patients with superficial peritoneal EM 

and non-EM patients53,54).

Accounts on changes in TIMP expression are also contro-

versial, sometimes between publications from a same team, 

as exemplified by Collette et al,47 reporting similar TIMP-1 

mRNA and protein levels in the eutopic endometrium of 

EM patients in disagreement with their previous report of 

a significant TIMP-1 protein decrease in cultured eutopic 

endometrium of EM patients,55 supported by another study.42 

Other groups did not evidence differences in TIMP-146,51 or 

TIMP-246 protein levels, whereas decreased expression of 

TIMP-3 was also reported.49

New insights from whole genome 
transcriptomic analyses
Comparisons of whole genome transcriptomes of the eutopic 

endometrium between EM and non-EM patients have shed 

new light on potential correlation between the disease and 

endometrial regulation of MMP expression. A recent study 

by Tamaresis et al56 is of particular interest. The general aims 

were to identify molecular differences between endometrium 

of EM and non-EM patients in order to help in developing 

new diagnosis biomarkers and/or new strategies for the treat-

ment of associated infertility and pain. After using genomic 

data from 148 patients categorized according to the phase of 

the menstrual cycle, and presence and stage of the disease 

(also distinguishing women with EM from women with uter-

ine/pelvic pathologies different from EM), the authors pro-

posed a diagnosis tree that included three successive binary 

decisions to separate: 1) controls vs uterine diseases (EM or 

non-EM); 2) EM vs non-EM uterine diseases; and 3) stage I/II 

vs stage III/IV EM. Surprisingly, at first look, only two mem-

bers of the MMP/TIMP family are mentioned in the main 

publication, both for differential expression during the mid-

secretory phase. MMP-26 is pinpointed for downregulation 

in EM patients, and TIMP-1 for downregulation in patients 

with moderate/severe EM in comparison with patients with 

minimal/mild EM.56 Decrease in MMP-26 expression was 

previously observed in a similar but more limited study by 

the same group.57 Since primary data are publicly available 

(Gene Expression Omnibus Database: entry GSE51981), we 

selectively reanalyzed values for the MMP and TIMP probe 

sets and compared the 4 disease groups (control, non-EM 

uterine/pelvic disease, stage I/II EM, and stage III/IV EM) 

separately for each cycle phase documented (proliferative, 

early secretory, and mid-secretory). We made two striking 

observations (Figures 1 and 2). First, statistical analysis 

(ANOVA followed by Dunn’s multiple comparison) did 

not provide support to differential expression of common 

endometrial MMPs (MMP-1, MMP-2, MMP-3, MMP-7, 

MMP-9, MMP-10, MMP-14) in the eutopic endometrium 

of EM patients in comparison with non-EM patients 

(Figure 1). However, we acknowledge that segregation of 

patients according to multiple parameters drastically reduced 

group sizes and negatively influenced statistical evaluation. 

Second, and most importantly, comparing the individual 

profiles of MMP expression highlighted the presence of 

remarkable outlier patients in most groups regardless of the 

disease and of the cycle phase (Figure 2). These patients 

present substantial and often coordinated overexpression of  

MMP-1, MMP-3, MMP-7, MMP-9, MMP-10, and/or 

MMP-12, similar to expression peaks observed in normal 

menstrual endometrium,16,17 therefore suggesting that the 

eutopic endometrium of these patients is undergoing (or 

prepared to undergo) an episode of (local) ECM breakdown 

that escaped clinical evaluation.
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Although the exact cause of such a surge in expression 

of selected MMPs remains to be explained, it is obviously 

not correlated with presence of a specific uterine dis-

ease, EM stage, or phase of the menstrual cycle (outside 

menstruation).

As previously reported,30 MMP-26 expression is elevated 

in most samples during the proliferative and early secretory 

phases. However, the mid-secretory phase is characterized 

by larger individual variations, regardless of the disease 

(Figure 2), suggesting progressive reduction toward mini-

mal values reached during the late secretory phase.30 Most 

interestingly, MMP-26 expression seems to inversely cor-

relate with expression of MMP-1 and MMP-3, and this is 

particularly emphasized by the outlier samples for which 

unexplained peaking expression of MMP-1 and MMP-3 

is accompanied with striking downregulation of MMP-26 

expression, again regardless of the phase or the disease.

In conclusion, due to the absence of systematic dysregula-

tion of MMP/TIMP mRNA levels associated with EM, and 

in fear of confusion with yet unexplained occasional strong 

MMP dysregulation, we strongly recommend not to use 

values of MMP expression in the eutopic endometrium as 

classifiers to identify EM patients.

MMP expression in ectopic lesions
Differential expression of MMPs and TIMPs in ectopic 

lesions is also subject to conflicting reports. Most publica-

tions describe increased MMP expression by comparison with 
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Figure 1 Comparison of eutopic MMP and TIMP expression between EM and non-EM patients. 
Notes: Values from selected MMP and TIMP probe sets were retrieved from Gene Expression Omnibus Database entry GSE51981 and were grouped according to phases of 
the menstrual cycle and type and stage of the disease. Data are presented as mean ± SD. For more information about the experimental procedure, refer to Gene Expression 
Omnibus. Available from: https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE51981. Accessed July 25, 2016,121 data from Tamaresis et al.56

Abbrevations: UNE, uterine/pelvic disease, no EM; NUNE, no uterine/pelvic disease, no EM; LSE, low stage EM; HSE, high stage EM; PE, proliferative endometrium; ESE, 
early secretory endometrium; MSE, mid-secretory endometrium; MMPs, matrix metalloproteinases; TIMPs, tissue inhibitors of metalloproteinases; SD, standard deviation.
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eutopic endometrium, eg, for MMP-1,43,58–60 MMP-2,43–45,60 

and MMP-943,49,60 and decreased expression of TIMP-1 and 

TIMP-2.59 However, other studies report low or decreased 

ectopic expression of MMP-2,42,46 MMP-3,46,51 increased 

expression of TIMP-151 and TIMP-2,46 or absence of signifi-

cant difference between eutopic and ectopic endometrium 

for MMP-2, MMP-3, MMP-9,48,59 and MMP-7.53 MMP 

expression seems to vary according to the location of the 

lesion. For instance, we localized MMP-1 mRNA in foci of 

ECM breakdown in red peritoneal and ovarian endometrio-

sis irrespective of the menstrual cycle but did not detect it 

in black peritoneal and rectovaginal lesions.61 Uzan et al46 

found more abundant immunostaining of MMP-2, MMP-3, 

and MMP-11 in colorectal EM than in peritoneal and ovarian 

EM and increased TIMP-2 immunostaining in peritoneal EM 

in comparison with ovarian EM cysts and colorectal EM. For 

Matsuzaki et al,54 MMP-7 protein levels were significantly 

higher in red peritoneal lesions in comparison with deep 

infiltrating EM, ovarian EM, and black peritoneal lesions in 

all phases of the menstrual cycle. MMP-2 immunostaining 

was increased in invasive colorectal EM in comparison with 

superficial peritoneal EM.62 Recently, we found MMP-27 

immunolabeling in superficial peritoneal and ovarian lesions 

but not in deep infiltrating rectovaginal lesions.63

At least three studies compared whole genome transcrip-

tomes between paired ectopic and eutopic endometrium 

from EM patients.64–66 Regarding MMP expression, the most 

striking and reproducible differences only point to MMP-26 

and MMP-23. Indeed MMP-26 is systematically expressed 

at very low levels in peritoneal and ovarian ectopic lesions, 

even when its mRNA levels are elevated in the correspond-

ing eutopic endometrium. These analyses also suggest sub-

stantial increase of MMP-23 expression in ectopic lesions 

(not shown; see MMP-26 and MMP-23 expression profile 

in Gene Expression Omnibus Database entries GDS2825 

and GDS3092).

MMP expression in peritoneal fluid 
and serum
Studies were performed to determine whether levels of 

MMPs in body fluids could help our understanding of disease 

progression (peritoneal fluid) and/or facilitate EM diagnosis 

(serum). They suggest increased levels of MMP-267,68 and 

total MMP-969 and decreased TIMP-2 levels68 in the perito-

neal fluid of EM patients, without significant difference for 

MMP-3 and TIMP-1 levels.51 Increased levels of MMP-268,70 

or MMP-371 were also detected in the serum of EM patients. 

However, these results need to be confirmed with larger 

patient numbers. Moreover serum values of MMPs in EM 

patients must be compared to values collected from outlier 

patients (Figure 2) at the time of exceptional MMP expres-

sion in their endometrium.

Genetic polymorphism
The exact causes of EM are still unknown but could be due 

to multiple factors. Canis et al72 recently questioned whether 

endometriosis is a progressive and/or inevitably recurrent 

disease. They collected a series of clinical evidences provid-

ing additional support to a previous hypothesis that trauma 

may induce or contribute to EM.73 Indeed, wound healing 

resulting from severe trauma (postsurgery) or minimal 

trauma (eg, ovarian ovulation scar) involves local mechanical 

stress; MMP-mediated ECM remodeling;74,75 and production 

of growth factors, PGE
2
, and aromatase, all of which may 

together facilitate lesion implantation and growth.

Higher rates of EM among relatives of EM patients sug-

gest that genetic variants confer inheritable susceptibility to 

develop the disease. Hypothesis-based and hypothesis-free 

methods were used for the identification and investigation 

of genetic variants underlying EM (reviewed in Rahmio-

glu et al76 and Trovó de Marqui77 papers). Hypothesis-free 

approaches, targeting the whole genome without gene prese-

lection, have not retained genes encoding MMPs and TIMPs 

thus far. On the other hand, hypothesis-based approaches 

focused on genes encoding MMPs underlined a short list 

of genetic variants, alleles, and haplotypes associated with 

increased risk for developing EM for MMP-1,78 MMP-2,79 

MMP-9,79,80 and TIMP-2.81 Other studies identified variants 

or haplotypes associated with reduced risk for MMP-281 and 

TIMP-2.81,82

Three studies suggest association between genetic vari-

ants at the interleukin-1α (IL-1α) gene locus and endome-

triosis risk.83–85 Further investigation should definitely address 

whether these mutations involve changes in MMP expression 

since we have previously shown that 1) IL-1α is upregulated 

in the endometrium during menstruation or abnormal uterine 

bleeding episodes and 2) at menstruation, IL-1α secreted by 

epithelial cells induces MMP-1 expression by stromal fibro-

blasts.38,86,87 Moreover, IL-1α and MMP-1 are coexpressed in 

the stroma of endometriotic foci.58

Potential association between EM and genetic variants 

in MMP genes or their potential regulators requires further 

validation with larger cohorts. Moreover, the mechanisms 

by which these mutations would affect MMP expression 

and/or activity during EM development remains to be 

clarified.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Metalloproteinases In Medicine 2016:3submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

88

Henriet et al

MMPs and TIMPs in animal models 
of artificial endometriosis
As illustrated in Figure 2, whole genome characterization 

of endometrial transcriptomes indicates that individual 

variations overcome systematic differential expression of 

endometrial MMPs between EM and non-EM patients. 

However, since MMPs are physiologically expressed in the 

endometrium, their contribution to EM pathogenesis does not 

specifically require differential expression and just depends 

on opportune production. Proinvasive and proangiogenic 

roles of MMPs in endometriosis have been demonstrated 

in cell culture, in particular by culturing on chorioallantoic 

membrane of chick embryos.88–90 But above all, in vivo 

animal models have allowed advances in our understanding 

of the regulation and role of MMPs during lesion develop-

ment.91 In common rodent models, fragments of human or 

self-endometrium are injected into the peritoneal cavity 

or implanted onto the peritoneum of ovariectomized and 

immune-deprived animals. Functional involvement of MMPs 

in artificial EM was suggested in the early days of MMP 

investigation, two decades ago, when Bruner et al92 showed 

that pretreatment of endometrial fragments and/or in vivo 

injection of recombinant TIMP-1 significantly reduced the 

development of induced ectopic lesions in mice.

Since then, numerous studies using rodent models have 

largely and repeatedly recorded local and transient (over) 

expression of MMPs during the development of ectopic 

lesions, in particular MMP-2,44,93–101 MMP-9,97,99,101–107 and 

MMP-3.93,94,100,103,108,109 MMP-2 overexpression was often 

associated with reduced expression of TIMP-2,44,93,104 but not 

systematically.98 Progestins can repress MMP expression in 

ectopic lesions.94 Moreover, in a model of human endome-

trium transplanted subcutaneously in ovariectomized mice, 

we have shown that menstrual-like MMP expression and 

ECM breakdown are induced in xenografts after removal of 

pellets delivering estradiol and progesterone.110,111

Due to the urgent need for alternative and more focused 

treatments against EM, with less adverse secondary effects, 

novel nonhormonal drugs have been tested and have been 

shown to be effective in the reduction of EM implants in rodent 

models. These drugs essentially target pathways involved in 

inflammation and angiogenesis (reviewed by Platteeuw and 

D’Hooghe112). Some studies have simultaneously questioned 

MMP expression and the ability of drugs to reduce EM devel-

opment in these animal models of artificial EM.

Administration of curcumin, a natural polyphenol with 

anti-inflammatory properties, delayed endometriotic progres-

sion, inhibited NF-κB translocation, accelerated apoptosis, 

and downregulated MMP-3 and MMP-14 expression and 

proMMP-2 activation.93,113

The p38 MAPK is a regulator of inflammation and may 

play a role in EM pathogenesis. In a mouse model of intra-

peritoneal injection of endometrium fragments, p38 phos-

phorylation was increased in peritoneal cells. SB203580, a 

p38 inhibitor, decreased mRNA and protein levels of MMP-2 

and MMP-9 and reduced the size and weight of EM lesions.97 

Bentamapimod (AS602801), a JNK pathway inhibitor, 

reduced inflammatory cytokine production in two rodent 

EM models, and, when combined with medroxyprogesterone 

acetate, caused regression of the lesions in vivo and reduced 

MMP-3 production in explants.109

Expression of macrophage migration inhibitory factor 

(MIF) is markedly increased in the eutopic endometrium, the 

peritoneal fluid, and the peripheral blood of women with EM 

and in early, vascularized, and active EM lesions.114 Adminis-

tration of ISO-1, a MIF inhibitor, decreased the number and 

size of induced peritoneal EM lesions and reduced expression 

of MMP-2, MMP-9, VEGF, IL-8, and COX2.96

EM is often associated with a pelvic immune-inflamma-

tory process and with imbalance between IL-1 and its natural 

inhibitor IL1R2. It was shown that soluble IL1R2 (sIL1R2) 

interferes with the capability of EM tissue to invade, grow, 

disseminate, and stimulate angiogenesis in the host tissue 

in an in vivo model in which human endometrial tissue was 

inoculated into nude mice. Of particular interest, sIL1R2 

downregulated  MMP-2, MMP-9, and VEGF and upregulated 

TIMP-1 and TIMP-2.95

Metformin, a widely used antidiabetic drug inhibiting 

proliferation, proinflammatory cytokine production, and aro-

matase activation in endometriotic stromal cells,115 reduced 

endometriotic implants volume and MMP-9 production in a 

rat model, while increasing TIMP-2 levels.104

Targeted intravenous delivery of interleukin-4 in a mouse 

model of EM reduced expression of MMP-3 and MMP‑9, 

and the number and volume of lesions.103 Resveratrol 

(a  polyphenol) and leuprolide acetate (an agonist of the 

gonadotrophin-releasing hormone) reduced implant volume 

and immunoreactivity for MMP-2, MMP-9, and VEGF in a 

rat EM model.99 Statins have antiproliferative, antiangiogenic, 

antioxidant, and anti-inflammatory properties, in addition to 

their ability to inhibit MMPs.116 Two studies with simvastatin 

showed reduction of MMP-2 and/or MMP-3 expression 

in induced EM lesions100,117 whereas atorvastatin reduced 

expression of MMP-9 and VEGF and increased TIMP-2 in 

a rat model.118 Propranolol (a β-adrenergic receptor-blocker) 

reduced implant size and MMP-2, MMP-9, and VEGF 
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immunoreactivity in a rat model.101 Lipoxin A4 (arachidonic 

acid derivative with immunomodulatory and anti-inflamma-

tory actions) attenuated the invasive activity of EM stromal 

cells by suppressing expression and activity of MMP-9 and 

inhibited EM progression in vivo.105,106 Administration of 

vitamin 1,25(OH)
2
D3 reduced implant size and MMP-9 

and VEGF immunoreactivity, while increasing TIMP-2 

immunoreactivity in a mouse model.107 Gene therapy with 

the antiangiogenic endostatin (transfection by intralesional 

injection) in a rat model reduced lesion size and MMP-2  

levels.119

Although initial infatuation for the development of thera-

peutic MMP inhibitors, especially against cancer, strongly 

declined due to the deleterious side effects of broad-spectrum 

peptidomimetic inhibitors, there is now renewed interest for 

novel, highly selective agents, ranging from small molecules 

to antibodies, antisense inhibitors, and engineered N-terminal 

tissue inhibitors of metalloproteinase domain (remarkably 

reviewed by Mohan et al120). To gain further insight into the 

precise role of MMPs in EM and to better evaluate their 

potential as therapeutic targets, future investigations aimed 

at testing the effects of these new substances on EM develop-

ment or progression are urgently needed.

In conclusion, MMPs and TIMPs are present in eutopic 

and ectopic endometrium of EM patients, but the difficulty 

in identifying systematic MMP/TIMP differential regula-

tion associated with the disease, combined with occasional 

and unexplained eutopic overexpression of selective MMPs 

regardless of the disease and phase of the menstrual cycle, 

does not support their use as diagnosis biomarkers. On the 

other hand, MMP contribution to EM development and pro-

gression is strongly supported by animal models and clearly 

deserves further investigation, especially in light of the recent 

advances on new MMP inhibitors.
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