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Metallopeptidases (MMP-2 and -9) are enzymes involved in ECM remodeling. The modulation of elastase-induced

deleterious effect on ECM and MMPs could be important for the prevention of fibrosis development. The selective

inhibitor sivelestat is known to inhibit elastase activity.
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1. Introduction

After breeding, mares develop a transient physiological endometritis, which resolves shortly in healthy uteri. The

semen-induced uterine inflammation is characterized by a fast arrival of neutrophils into the uterine lumen.  The

influx of inflammatory cells in the mare’s uterus empowers the inflammatory reaction, resulting in the removal of

unnecessary spermatozoa, contaminating bacteria, and debris.   In addition, active neutrophils at the

inflammation site also release their DNA and cytoplasm proteins to the extracellular environment, such as histones,

and proteases as elastase (ELA), cathepsin G (CAT), and myeloperoxidase (MPO), forming neutrophil extracellular

traps (NETs).  Equine neutrophils produce NETs in the mare endometrium in the presence of Escherichia coli

and Streptococcus equi subspecies zooepidemicus , or in contact with equine semen.    However, the

proteases found in NETs might also induce a pro-fibrotic response in the endometrium of mares susceptible to

chronic endometritis (endometrosis), characterized by the accumulation of collagen type I (COL1), which may link

these proteases to endometrosis pathogenesis.

After tissue injury, for extracellular matrix (ECM) reorganization, and especially in the presence of continuous

stimuli, the parenchymal tissue is replaced by connective tissue components, such as interstitial COL1.  If the

balance between ECM synthesis and degradation fails, it leads to fibrosis and to an increase in ECM components’

deposition and/or a reduction of its degradation. Metallopeptidases (MMPs) are proteases involved in ECM balance

maintenance. Among them, MMP-2 and MMP-9 are enzymes that denature collagens (gelatins) and other ECM

substrates.  However, it has been documented that MMPs can have both stimulatory or inhibitory effects in

fibrosis and can act differently among organs.  Our previous studies showed that the endometrial expression of

MMPs and their tissue inhibitors (TIMPs) is altered at the different stages of endometrosis, and in response to

interleukins.
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Elastase is a serine protease that has been reported to be increased in neutrophils retrieved from the sputum of

cystic fibrosis patients , and to induce in vitro lung fibroblast proliferation and myofibroblast differentiation.   

Recently, we have found that ELA induced COL1A2 mRNA transcripts  and COL1 relative abundance  in

equine endometrium explants, suggesting ELA´s involvement in the development of equine endometrosis.

The use of sivelestat sodium salt (SIV), which is a selective inhibitor of ELA retrieved from neutrophils, has shown

beneficial effects on fibrosis impairment, either during in vitro studies or in clinical trials. Sivelestat has been

reported to reduce pulmonary deposition of COL and fibrosis in mice , and to diminish the in vitro COL1A2

transcription in equine endometrium .  In addition, SIV administration in human patients with acute lung injury

has improved their clinical condition and prognosis . Altogether, the inhibition of the pro-fibrotic effects of ELA

by SIV in several fibrotic diseases in a number species substantiate the use of SIV as a potential therapeutic

approach for equine endometrosis. Thus, the aim of this in vitro study was to evaluate the inhibitory effect of SIV on

ELA induced COL1 protein relative abundance in equine endometrial explants, and the effect of ELA and SIV on

the expression and activity of MMP-2 and MMP-9.

2. Results

The present study showed that ELA is capable of inducing COL1A2 mRNA transcription by mare endometrial

tissue in vitro, in both FP and MLP. Moreover, the inhibitory effect of SIV on ELA-induced COL1A2 transcripts was

observed in FP and MLP equine endometrium. Thus, SIV might be a helpful inhibitor of ELA induced COL1

production in equine endometrium by reducing COL1A2 gene transcription, and its use in fighting fibrosis may be

considered as a putative therapeutic approach.

Endometria with mild/moderate endometrosis lesions (category IIA/IIB) showed different MMP2 and MMP9 mRNA

levels and protein activity in response to ELA or SIV treatments, either alone or combined, depending on the

treatment length. These findings suggest that hormonal changes and duration of the stimulus can affect the

endometrial response.

3. Conclusion

The present data support the hypothesis that the protease ELA present in NETs is capable of inducing COL1

mRNA transcription in equine endometrium and might be an important player in the regulatory cascade of the

pathogenesis of endometrosis in mares. This fibrogenic action is inhibited by ELA selective inhibitor SIV, which may

provoke a reduction in COL1 production by the mare endometrium. Moreover, further studies are needed to

understand the cellular mechanisms and pathways leading to endometrosis, and the process in which MMP-2 and

MMP-9 are involved. The complexity of equine endometrosis suggests that effective therapeutic interventions may

require the administration of more than one agent, capable of inhibiting fibrosis in a nonspecific way. The promising

results of the present work might be the basis for future development of putative therapeutic means to impair

endometrosis.
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