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Matrix metalloproteinase (MMP)-9 (also known as gelatinase B) is a
member of the MMP family of endopeptidases (zinc-dependent) that
has been connected with tumor cell invasion and metastasis and tumor-
induced angiogenesis, through its ability to remodel the extracellular
matrix. Under physiological conditions, MMP-9 provides tissue
homeostasis by controlling matrices degradation involved in different
types of physiological processes such as wound healing process,
angiogenesis, immune cell migration and regulation of tissue repair
activity. On the contrary, deregulated expression and excessive
activation of MMP-9 have been implicated in the pathogenesis of many
diseases such as chronic inflammatory disorders, cardiovascular
diseases, neurodegenerative disease. fibroses and cancers. MMP-9 is
implicated in leukocyte infiltration and activation of inflammatory
cytokines, disruption of basement membrane integrity, and increased
pathological tissue remodeling. In oncology, up-regulation of MMP-9
expression is closely relatedto the tumor invasion/metastasis/angiogene
sis and poor clinical prognosis which makes it an attractive diagnostic
and therapeutic target. In a similar manner, elevated MMP-9 activity
has been associated with the exacerbation of rheumatoid arthritis,
inflammatory bowel disease, chronic obstructive pulmonary disease,
diabetic complications and neurological disorders involving continuous
degradation of the extracellular matrix and persistent inflammation. In
addition to its pathological roles, MMP-9 has emerged as a potential
biomarker for disease diagnosis, prognosis and monitoring of
therapeutic responses because of its close association with severity/exte
ntofpathological processesand tissue remodeling.
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Improved understanding of the biology of macrophage MMP-9 has enabled recent advances in molecular biology
for a selective approach to MMP-9 inhibition (e.g. monoclonal antibodies, RNA-based therapeutics and
nanotechnology-assisted drug delivery systems) for curbing pathological MMP-9 but at the same time not
interfering with physiological functions. However, difficulties still exist concerning selective inhibition, potential
off-target effects and the fact that MMP-9 has context-dependent biological functions in various tissues at distinct
time points during disease. Investigation of the molecular mechanisms underlying MMP-9 regulation with both
inflammatory cytokines, growth factors, and tissue inhibitors of metalloproteinases (TIMPs) will enhance our
understanding of its biological relevance, and allow the development of rationally designed, targeted therapies for
inflammatory, fibrotic, and neoplastic disease states.

Introduction:-

Matrix metalloproteinase-9 (MMP-9),is a Zn*? dependent endopeptidase that is synthesized and secreted in
monomeric form as zymogen. It belongs to the MMPfamily, which is a large family of structurally similar enzymes
that degrade substrates of extracellular matrix (ECM) (Patil & Kundu, 2006). The MMP-9 is released from different
cell types like neutrophils, macrophages, fibroblasts, keratinocytes and endothelial cells; it significantly influences
both physiological tissue homeostasis and pathophysiological processes associated with inflammation, fibrosis and
tumorigenesis (Kessenbrock et al., 2010). It has been shown that under normal conditions, MMP-9 plays a critical
role in embryonic development, wound healing and immune surveillance by tightly regulating its proteolytic
activity. Dysregulation of it has been implicated in the pathogenesis of several diseases, such as cardiovascular
disorders, neurodegenerative diseases, autoimmune diseases and malignancies; therefore, there is great interest
within the biomedical research community (Rashid &Bardaweel, 2023).

The MMP-9 consists of complex protein with three functional domains: the N-terminal propeptide domain, the
catalytic domain, and the C-terminal, the hemopexin-like domain. MMP-9 is synthesized in an inactive form, also
known as zymogen (pro-MMP-9), and has to be cleaved by additional proteases, including MMP-2 kPlasmin or
trypsin-like proteases for activation (Mathpalet al., 2022). Upon activation, MMP-9 cleaves ECM proteins such as
type IV collagen, gelatin, and elastin to promote cell migration, tissue invasion, and angiogenesis. In addition to its
canonical ECM-degrading functions, MMP-9 performs pleiotropic effects by cleaving a wide variety of non-ECM
substrates, including cytokines, chemokines, growth factors and cell surface receptors in such a way that multiplies
its ability to regulate pathways associated with cell signaling and inflammation(Kessenbrock et al., 2010; Mondal et
al., 2020).

In cardiovascular disease (CVD), MMP-9 is recognized as an important mediator of pathological remodeling
(Halade et al., 2013). Serum MMP-9 levels are a poor outcome predictor in acute inflammatory syndromes
(examples: COVID-19); with ranges (most extreme vs non-extreme patients give large difference (Ding et al.,
2023). Chronically elevated levels of MMP-9 and MMP-9/TIMP-1 ratios in patients with chronic obstructive
pulmonary disease (COPD) have been associated with the FEV1 level (estimated by HDM challenge) supporting a
role for MMP—9 in airway remodeling leading to functional decline (Dimic-Janjic et al., 2023). All data for this
meta-analysis and Mendelian randomization analysis, demonstrating a causal, and thus likely direct, association of
MMP-9 expression with thoracic and abdominal aortic aneurysm risk, support the potential for proteolytic
imbalance as a mechanism for structural vascular failure. Hence, these data effectively place MMP-9 into dual roles
as a marker of matrix repair turnover and a mechanistic effector for acute injury, chronic remodeling and
progressive organ dysfunction(Qin et al., 2024).

MMP-9 has a strong clinical relevance, especially in oncology and cancer therapy. MMP-9 has been found to be
strongly overexpressed in a variety of malignant tumors including colorectal cancer, breast cancer, gastric cancer
and melanoma where it aids tumor angiogenesis, interrupts intercellular ECM bind, and helps in invasion &
metastasis of the cancer cell (Kessenbrock et al., 2010; Rashid &Bardaweel, 2023). The expression of MMP-9
mRNA and protein in cancer tissue was significantly higher than that in pericardial carcinoma tissue, and the
intensity of MMP-9 expression increased with lymphatic metastasis and tumor pathological stage in head and neck
cancers such as hypopharyngeal carcinoma (Chen & Xu, 2022). Moreover, MMP-9 plays a role in psoriatic
pathogenesis via activating vascular endothelial cells, recruiting inflammatory cells and modulating keratinocyte
proliferation through ERK-1/2 and p38/MAPK signaling pathway (Baran et al., 2022). MMP-9 has been repeatedly
shown to promote adaptation of tumor cells to the microenvironment of distant tissues by mediating infiltration of
tumor cells into foreign tissue and release from the ECM of protumorigenic factors (Deryugina& Quigley, 2015).



ISSN(O)-3107-7889 Volume:02 Issue 09, September-2026 01-08

The MMP-9 is positioned as a central catalyst of remodeling extracellular matrix (ECM), due to its extracellular
localization and enzymatic accessibility, in comparison to conventional intracellular kinases or transcription factors
(Wolosowicz et al., 2025). The approachability of its catalytic pocket and auxiliary domains permits therapeutic
modalities such as small-molecule zinc chelators, domain-selective inhibitors, engineered TIMPs, and monoclonal
antibodies (Rashid &Bardaweel, 2023). Moreover, in case of MMP-9 activity quantification; biofluids including
plasma and CSF provide basic resources for non-invasive monitoring of MMP-9 levels, which may facilitate its
investigation as a putative biomarker in disease severity, prognosis and therapy response. However, although MMP-
9 has been evaluated as a promising therapeutic target for cancer due to its pro-tumorigenic properties, several
challenges regarding specificity of inhibitors and off-target toxicity as well as context-specific functions of MMP-9
in different microenvironments in the same tissue have limited preclinical and clinical translation (Mondal et al.,
2020). We summarize the biochemical properties, pathophysiology and clinical relevance of MMP-9 in the context
of its increased recognition as a diagnostic biomarker and therapeutic target in numerous diseases.

MMP-9 in Tissue Homeostasis and Pathological RemodelingMany pathological conditions are related to MMP-9
such as tumor-induced angiogenesis, metastasis and invasion of tumor cells (Vandooren et al., 2013). The MMP-9
has an N-terminal propeptide domain with the cysteine-switch motif, a zinc-binding catalytic domain, three
fibronectin type Il repeats binding denatured collagen and elastin substrates and a hemopexin-like C-terminal
domain governing substrate specificity and inhibition by tissue inhibitors of metalloproteinases (TIMPs) (de
Almeida et al., 2022). The structural basis of MMP-9 presents the opportunity to cleave connective tissue substrates
including type IV/V collagens, gelatin and fibronectin; all of which are essential aspects of physiological process
such as embryonic development, wound healing, angiogenesis and leukocyte trafficking (Chakrabarti et al., 2005).
The MMP-9 expression and activation is well-regulated, through transcription regulation, zymogen latency, and
inhibition by tissue inhibitors of metalloproteinases (TIMPs), so as a result, the ECM remodeling occurs spatially
and temporally restricted(Caley et al., 2015).

MMP-9 is involved in the regulated proteolytic turnover of matrix to maintain epithelial and vascular integrity in
tissue homeostasis. MMP9 is upregulated during wound healing for a brief period to clear fibrin clots and also
coordinates the mobilization of keratinocytes from the wound bed margin across the clot in an essential step for re-
epithelialization (Caley et al., 2015). MMP-9 localized at synapses in neurons influences glutamatergic transmission
by remodeling dendritic spines during synaptic plasticity processes in the CNS and is essential for learning,
memory, and cortical plasticity (Rekos¢ et al., 2024). The enzyme further regulates angiogenesis through the release
of matrix-bound vascular endothelial growth factor (VEGF) and in generating conditions for the migration and
lumen formation of endothelial cells (Dimic-Janjic et al., 2023). These key homeostatic processes underscore the
necessity of tight control of MMP-9 activity for normal physiology of the tissues.

Conversely MMP-9 can become a pathological effector instead of a physiological mediator when its regulation is
disturbed. Ongoing or exaggerated MMP-9 activity causes maladaptive tissue remodelling defined by excessive
ECM degradation, barrier dysfunction and chronic inflammation. Notably, both increased serum levels of MMP-9
and increased MMP-9/TIMP-1 ratios correlate with decreased values of FEV1, a crucial measure that represents
airway wall thickening, subepithelial fibrosis and further airflow limitation in chronic obstructive pulmonary disease
(COPD) patients [9] (Dimic-Janjic et al., 2023). Similarly, alveolar macrophages in asthma overexpress MMP-9
compared to its inhibitor TIMP-1 in a manner that enhances airway hyperresponsiveness and predicts rapid lung
function decline over time (Lommatzsch et al., 2019). In a 2024 Mendelian randomized analysis, the authors provide
evidence that increased MMP-9 expression is causally associated with thoracic and abdominal aortic aneurysm,
suggesting a role for proteolytic imbalance in the structural failure of vascular tissue that is central to cardiovascular
disease. These data are being that MMP-9 is a marker of matrix turnover not only during but also plays an active
role on disease progression(Qin et al., 2024).

atrix metalloproteinases (MMPs), and specifically MMP-9, have well-established functional roles in normal
physiology and in the pathobiology of a number of diseases. In fact, it is the dysregulation of MMP activity, for
example during fibrotic disorders, that has been proposed as a cause of progressive tissue destruction, leading to the
notion of a vicious in maintaining inflammation and scar tissue formation. In pulmonary fibrosis, MMP-9 promotes
pathological fibroblast activation and disorganized alveolar remodeling and transitions adaptive repair into
progressive organ failure (Shen et al., 2025). In rheumatoid arthritis, synovial fibroblasts and infiltrating neutrophils
release high amounts of MMP-9, leading to accelerated cartilage erosion and joint destruction (Rashid &Bardaweel,
2023). Thereby, the enzyme also produces bioactive ECM fragments which is called (matrikines)and propagates
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inflammatory signaling and fibroblast recruitment, thus creating a self-sustained loop of tissue damage (Maatta et
al., 2025). Dysregulated MMP-9 in the central nervous system (CNS) promotes blood-brain barrier injury, and is
involved in leukocyte trafficking and neuroinflammation in diseases such as multiple sclerosis, stroke, traumatic
brain injury (Rekos¢ et al., 2024).

Although MMP-9 is a key player in homeostasis, dysregulated activity may lead to destruction of both normal and
neoplastic tissues which presents enormous obstacles for future therapeutic targeting. Broad-spectrum, non-selective
MMP inhibitors have endeavored and failed in clinical trials due to a myriad of factors that include lack of
selectivity, toxicity, tolerability issues with systemic therapy, and interference with natural physiological tissue
repair (Rashid &Bardaweel, 2023). Consequently, this has shifted an interest toward indirect modulation
strategies—statins, angiotensin Il receptor blockers, sub-antimicrobial dose doxycycline and glucocorticoids—that
target the upstream signaling (+) pathways that attenuate MMP-9 expression while maintaining its transient
reparative functions (Maatta et al., 2024).

MMP-9 as a Driver of Cancer Invasion, Metastasis, and Angiogenesis:-

One of the most differentially important aspects of cancer biology is the way in which non-invasive malignant
tumors move into invasive tumor metastasis. Matrix metalloproteinase-9 (MMP-9) has been defined to be the
catalyzing enzyme of this metastatic process, known to drive the migration and invasion of tumor cells(Xu et al.,
2010). The MMP9 promotes the invasion of cancer cells by degrading components of basement membranes
(Collagen, gelatin and last but not least laminin) that are actually physical barriers that restrict epithelial cells to its
processing tissue (Kessenbrock et al., 2010). This proteolytic activity not only spares structural matrix components
but MMP-9 also processes a wide variety of non-matrix substrates including cytokines, chemokines, growth factors
and adhesion molecules which together alter the tumor microenvironment thus promoting dissemination of cancer
cells (Deryugina& Quigley, 2015). The MMP-9 expression is elevated in malignant tumors including breast,
colorectal, lung, cervical and melanoma and high level of MMP-9 expression correlate with advanced tumor stage,
lymph node metastasis and poor prognosis(Sharma et al., 2018; Rashid &Bardaweel, 2023).

The subsequent metastatic process includes several interdependent steps of local invasion, intravasation, circulation,
extravasation and colonization, all of which are supported by proteolysis mediated throughMMP-9. Secreted by
tumor cells, as well as macrophages and neutrophils within the tumor-associated stroma, MMP-9 produces tracks in
the extracellular matrix allowing migration of cancer cells during local invasion (Deryugina& Quigley, 2015).
Overexpression of MMP-9 mRNA and protein in head and neck cancers has been reported, particularly
hypopharyngeal carcinoma (Huang et al., 2020), compared to normal tissues; the expression intensity is associated
with lymphatic metastasis degree and pathological tumor stage. This clinical evidence validates the association
between MMP-9 activity and the invasive potential of cancer cells(Chen & Xu, 2022).

Angiogenesis is defined as the process of new blood vessel formation from pre-existing vasculature. This process is
necessary for tumors to grow beyond approximately 1-2 mms? and represents a fundamental step in the metastatic
cascade. Multiple mechanisms by which MMP-9 facilitates angiogenesis include degradation of the basement
membrane of pre-existing vessels to allow for endothelial cell sprouting, liberation of matrix-bound vascular
endothelial growth factor (VEGF) in a bioactive soluble form and mobilization into circulation of bone marrow-
derived endothelial progenitor cells to incorporate into nascent tumor vasculatures (Deryugina& Quigley, 2015;
Rashid &Bardaweel, 2023). Tumor-coordinated MMP-9 favors VEGF utilization in CD45* cells from bone marrow
facilitating angiogenesis and controlling tumor invasion in glioblastoma (Long et al., 2023). Likewise, in melanoma,
tumor-released MMP-9 enhances vascular permeability and aids the recruitment of pro-tumor granulocytic myeloid-
derived suppressor cells to the lungs where they make a pre-metastatic niche that establishes after metastatic
colonization (Long et al., 2023). In colorectal cancer, the elevation of MMP-9 and its inhibitors TIMP-1 and TIMP-2
along with angiogenin is persistent, the TIMP-1/TIMP-2/MMP-9 axis correlates to angiogenesis and invasion;
importantly, MMP-9 inhibits natural killer cell activity leading to inhibition of anti-tumor immune surveillance and
tumor escape (Bruno et al., 2023).

The MMP-9 shapes the immune microenvironment of tumors towards a pro-metastatic state, in addition to its direct
proteolytic activities. Proteolytic cleavage of chemokines such as CXCL9, CXCL10 and CXCL11 by MMP-9
restricts tumor-infiltrating lymphocytes trafficking which facilitates escape from the immune system (Rashid
&Bardaweel, 2023). The MMP-9 also cleaves interleukin-2 receptor o (IL-2Ra/CD25) to produce a soluble
antagonistic form of the receptor that inhibits tumor-reactive cytotoxic lymphocytes. These immune regulatory
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effects position MMP-9 as a multifunctional regulator of the tumor-stroma-immune axis, rather than just a matrix-
degrading enzyme(Rashid &Bardaweel, 2023).

The MMP-9 has been validated as a clinically relevant biomarker for metastatic disease across cancer types. MMP-9
expression is markedly upregulated in triple-negative and HER2-positive subtypes of breast cancer, and its
overexpression in lymph nodes with metastases obviously plays a role in lymphatic dissemination (Sharma et al.,
2018). The MMP-9 is significantly higher in serum of non-small cell lung cancer patients as compared to healthy
controls and also when combined with clinical parameters such age, gender and smoking history shows diagnostic
utility for early detection (Sharma et al., 2018). MMP-9 immunohistochemistry is an independent predictor of poor
overall survival in cervical cancer patients, consolidating its value as a predictive biomarker (Sharma et al., 2018).
The MMP-9 has an important role in invasion, angiogenesis and immune escapism, features which exaggerate its
appeal as a therapeutic target for anti-metastatic therapy.

Nonetheless, the selective targeting of MMP-9 has been labor-intensive due to the significant conservation of the
active site among all MMPs and therefore treated with higher doses in clinical studies where broad spectrum
inhibitors resulted in dose-limiting musculoskeletal toxicity (Rashid &Bardaweel, 2023). More recent advancements
have focused on more selective strategies such as the monoclonal antibody andecaliximab (GS-5745), which targets
MMP-9 distally from the active site, inhibiting its activity via a non-competitive mechanism. Andecaliximab
decreased tumor growth and metastatic incidence in preclinical models of gastric and colorectal cancer, without the
toxicity associated with small-molecule inhibitors and is being tested in phase Il clinical trials. These discoveries
provide a translation of the efficacy of targeting MMP-9 in the metastatic cascade and potential for improving
outcomes for patients with advanced malignancies(Rashid &Bardaweel, 2023).

Clinical Applications of MMP-9:-

Matrix metalloproteinases-9 (MMP-9) has received considerable attention as a clinically relevant biomarker for
various diseases because of its extracellular residence, potential to be cleaved by other enzymes, and strong
correlations with harmful remodeling of tissue. According to the National Institutes of Health, a biomarker is
defined as any characteristic that can be objectively measured and evaluated as an indicator of normal biological
processes, pathological processes or pharmacological response (Lindsey et al., 2013). MMP-9 thus acts as a
proximal biomarker—directly linked to specific disease mechanisms such as cardiac remodeling or tumor
invasion—and distal biomarkers. It is an indicatorof generalized inflammatory status that predict non-targeted
disease outcomes. The ability to quantify its concentrations in serum, plasma and other human biofluids has allowed
the introduction of this marker into routine diagnostic, prognostic and therapeutic follow-up (Huang, 2018).

MMP-9 is a well-described strong predictor of adverse remodeling in the setting of myocardial infarction (MI) in
cardiovascular disease. Acute increases in plasma MMP-9 levels post-MlI, peaking within the first week, correlate
with left ventricular volumes and ejection fraction (Kelly et al., 2007; van den Borne et al., 2009), as well as the risk
for cardiac rupture. In the Framingham Heart Study, plasma MMP-9 linked to clinical cardiovascular risk factors
and echocardiographic left ventricular measures, therefore, confirms its value in risk stratification (Sundstrom et al.,
2004). In addition, increased MMP-9 in patients with acute coronary syndromes has been shown to correlate with
poorer long-term outcomes and conventional therapeutic agents for heart failure (e.g. aldosterone antagonists, ACE
inhibitors, and beta-blockers) have been shown to decrease circulating levels of MMP-9 implying a potential role for
its monitoring as guidance for the therapeutic decision-making process. Because high MMP-9 levels are associated
with joint destruction, cartilage erosion and disease activity in rheumatoid arthritis, synovial fluid MMP-9 might
serve as a surrogate marker of therapeutic response (Tchetverikov et al., 2003).

Equally compelling oncological utility of MMP-9 as a biomarker. Higher levels of serum and tissue MMP-9 have
been consistently reported to be associated with poor prognosis as reflected by tumor stage and lymph node
metastasis, while lower overall survival rates can further be correlated in several malignancies including breast,
colorectal, lung, cervical and head neck cancers (Sharma et al., 2018). MMP-9 is associated with the prognosis of
various cancers as well, such as hypopharyngeal carcinoma, in which a stronger expression of MMP-9 is positively
correlated with the clinicopathological stage and lymphatic metastasis (Chen & Xu, 2022). Higher serum MMP-9
concentrations in the patients with non-small cell lung cancer over healthy controls, also has been found to be
significant and MMP-9 adds diagnostic value to clinical parameters (age, sex and smoking history) pertaining to
early detection of disease . A unique versatile biomarker which can both reflect tumor burden and inflammatory
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profile of the host, this is relevant not only in theory but has potential in practice as a means to monitor disease
[progression] and/or response to therapy (Blanco-Prieto et al., 2017).

MMP-9 may therefore have prospective biomarker relevance for multiple disease outside of cancer and heart
disease, particularly neurological diseases and inflammation. Owing to its biological role in the pathogenesis of
DMD, serum MMP-9 levels are significantly higher in the poorly regenerative, degenerative muscle of DMD
patients than healthy controls, with MMP-9 also being associated with age and disease severity, distinguishing
between ambulant and non-ambulant patient subgroups (Nadarajah et al., 2011). In contrast, the MMP-9 but not
TIMP-1 levels were elevated with age, as shown longitudinally over 4 years (Nadarajah et al., 2011), leading to the
proposal that MMP-9 serves as a convenient biomarker to monitor disease progression and therapeutic response in
DMD. We have found notable associations between MMP-9 serum levels and major depressive disorder and bipolar
disorder and schizophrenia in patients with psychiatric and neurodevelopmental disorders, as serum MMP-9
correlates with clinical measure of disease severity and may be one of the biomarker for impairment of blood-brain
barrier function/neuroinflammation. These findings expand the clinical potential of MMP-9 to systemic and central
nervous system pathology beyond root conceptions of organ-specific disease (Vendrusculo et al., 2023).

However, while it is indeed an exciting area of investigation, the clinical implementation of MMP-9 as biomarker is
not without its challenges. The main factor limiting comparability of studies as well as clinical laboratories is the
absence or vice versa, non-unified approaches in the stages of pre-analytical, analytical and post-analytical processes
(Lindsey et al., 2013). MMP-9 is also displayed in three different conformations proMMP-9, active MMP-9 and
MMP-9TIMP-1 complexes, which have distinct biological importance and are rarely individually separated in
common laboratory assays. Assays designed for MMP-9 that is active, and not total MMP-9, could increase clinical
specificity (Rashid &Bardaweel, 2023). Additionally, the inclusion of MMP-9 into multi-biomarker panels along
with established markers of cardiac injury and failure (troponins, B-Type Natriuretic Peptide [BNP] and CRP)
should allow us to achieve a higher diagnostic and prognostic accuracy over that possible with a single marker. In
further studies it needs prospective validation to assess the advantages of MMP-9 compared with the gold standard
with reference ranges establishing in other populations/diseases (Vorovich et al., 2008).

Conclusion:-

Matrix metalloproteinase-9 (MMP-9 or gelatinase B) is a zinc-dependent endopeptidase that contributes to
homeostasis of normal tissues and pathological remodeling, and its dysregulation has been associated with the
development of cancer, cardiovascular disease and inflammatory disorders. With its multi-domain structure
(propeptide, catalytic domain, fibronectin-like and hemopexin-like domain), MMP-9 possesses a large substrate
specificity that enables it to degrade matrixes broadly and process non-matrix proteins as well. The MMP-9
mediates cancer progression by promoting basement membrane degradation, angiogenesis and immune evasion. Its
overexpression correlates with advanced stage and overall poor prognosis. Clinical studies reported increased serum
and tissue MMP-9 levels are true clinical biomarkers for the severity of diseases, the therapeutic response of some
malignant tumors, cardiovascular diseases and neuromuscular disorders as well as prognostic stratification.

The MMP—-9/TIMP—1 imbalance is an important pathophysiological mechanism in several chronic diseases, such as
COPD and heart failure, and acts as a quantitative index of disease activity and tissue destruction. While MMP-9
inhibitors could be established therapeutic targets, the clinical translation is hampered by candidate agents with poor
selectivity and high off-target musculoskeletal toxicity as well as a lack of understanding of how the functions of
these promiscuous enzymes depend on their context. Novel strategies for targeting monocyte-derived MMP-9,
including monoclonal antibodies (e.g., andecaliximab) as well as selective small-molecule inhibitors and indirect
modulators may offer more targeted knockdown of MMP-9 release with improved safety profiles.
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