
© 2016 Pujada et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Metalloproteinases In Medicine 2016:3 19–29

Metalloproteinases In Medicine Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
19

R e v i e w

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/MNM.S52956

Matrix metalloproteinases as potential fecal 
biomarkers for ulcerative colitis – a function 
beyond their proteolytic activity

Adani Pujada1

Lewins Walter2

Tanvi Dhere3

Pallavi Garg1

1Department of Biology, 2Center for 
Inflammation, Immunity, and Infection, 
Institute of Biomedical Sciences, 
Georgia State University, 3Division of 
Digestive Diseases, Emory University, 
Atlanta, GA, USA

Correspondence: Pallavi Garg 
Department of Biology, Georgia State 
University, 100 Piedmont Avenue SE, 
Petit Science Center, Room 516, Atlanta, 
GA, USA 
Tel +1 404 413 5416 
Fax +1 404 413 3580 
Email pgarg@gsu.edu

Abstract: Specific, sensitive, and noninvasive biomarkers are the most relevant tools to monitor 

activity, early stage detection, and the treatment management of ulcerative colitis (UC). Although, 

there is no single “Gold Standard” test for the diagnosis of UC, clinicians utilize a combination 

of clinical score, histological score, and colonoscopy index to assess disease activity and to 

predict the outcome of the disease. Over a decade, different biomarkers from body fluids have 

been considered to assess UC. The disadvantage of these biomarkers (as for example, serum or 

blood) is that they can be influenced by other inflammatory diseases. Feces formation mainly 

occurs in colon; therefore, fecal biomarkers could be the most sensitive and specific ones for UC 

assessment compared to any other body-fluid biomarkers. Fecal biomarkers are the proteins that 

either secreted out or are generated by the inflamed intestinal mucosa. The main advantage of 

them is their use in diagnosing and assessing disease activity in difficult cases, especially when 

invasive strategies can be very stressful for the patients. In this review, we validate a panel of 

matrix metalloproteinases (MMPs) as fecal biomarkers demonstrating not only their capacity as 

inflammatory markers but also their specificity to colonic inflammation. Based on our literature 

search, we also identify MMP9 as the most promising fecal biomarker for UC activity.

Keywords: Cytokines, calprotectin, lipocalin, inflammatory bowel disease, UC therapy, MMP1, 

MMP3, MMP7, MMP10, MMP14

Introduction
Inflammatory bowel disease (IBD) is a broad term that describes conditions with 

chronic or recurring immune response and inflammation of the gastrointestinal (GI) 

tract. The two most common IBDs are ulcerative colitis (UC) and Crohn’s disease 

(CD). The human matrix metalloproteinases (MMPs) are a family of 24 zinc-dependent 

endopeptidases.1 There is mounting evidence that MMPs are the predominant proteases 

in gut mucosa during active IBD and play an important role in ulceration and tissue 

remodeling.2,3 They are known to be upregulated in IBD and other inflammatory condi-

tions by degrading extracellular matrix and proteolytic cleavage of bioactive proteins 

such as cytokines, chemokines, receptors, proteases, and adhesion molecules.3,4

IBD is a complex disease that arises as a result of the interaction of environmental 

and genetic factors; hence, it is a substantial public health problem. In this scenario, 

efficient assessments and early prognosis are not only important but also very chal-

lenging. The most common approach for clinical evaluations is colonoscopy, comple-

mented with blood markers and/or serological markers.5 Although colonoscopy is a 

gold standard for monitoring disease activity,6 it needs a good communication between 

gastroenterologist and histopathologist for the interpretation of the colonoscopy 
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assessment.7 Additionally, colonoscopy might fail to detect 

early inflammatory stages or localized inflammatory areas.8 

On the other hand, blood markers or serum markers can be 

elevated under any inflammatory conditions, and therefore 

cannot be significantly specific for IBD assessment. The sig-

nificance of a biomarker is to gain an objective measurement 

of disease activity (as symptoms are often subjective) and 

being a noninvasive procedure (unlike colonoscopy). In this 

review, we discuss fecal MMPs (especially MMP9) as a new 

diagnostic tool for measuring colonic inflammation (UC in 

particular). Fecal markers fulfill all the criteria of being 

noninvasive, simple, cost-effective, as well as specific and 

sensitive for assessing colonic inflammation.5,8

Crohn’s disease
Although both CD and UC share similar symptoms, there 

are remarkable differences in their location as well as their 

progression in the GI tract. CD affects anywhere from mouth 

to anus. According to recent studies, the prevalence of CD 

ranges from 100 to 200 cases/100,000 people annually in 

the US.9 The primary symptoms of CD include continuous 

diarrhea, fever, and weight loss.10,11 CD is characterized by 

the patchy lesions throughout the GI tract, specifically in both 

small and large intestines, including the most affected regions 

as terminal ileum and/or the perianal regions.3 CD penetrates 

the deep layers of the intestine; therefore, transmural 

inflammations are common among CD-affected patients 

and prolong exposure causes ulcerations.10,11 CD-associated 

complications can lead to intestinal blockage, bleeding 

intestine, perforation of the bowel, fistula, abscess, and toxic 

megacolon. Chronic CD patients are at an increased risk of 

developing small-bowel cancer, colon cancer, and colorectal 

cancer (CRC).12–14

Although the etiology for CD is unknown, recent research 

suggests that in addition to genetic and environmental fac-

tors, imbalance of the gut microbiota also contributes to its 

development.15 Commensal bacteria in the host intestine 

epithelial monolayer are diffused through mucosal layers 

and are able to perform or aid in multiple important func-

tions such as digestion, metabolizing nutrients, preventing 

infections caused by invasion of foreign pathogens, and 

maintaining the homeostasis of mucosal immune system. 

In CD, both the epithelial monolayer and the mucosal layer 

are disrupted, inducing an imbalance in gut microbiota 

population. This results in a decrease of intestinal protective 

bacterial population such as Lactobacillus and an increase in 

harmful intestinal bacterial population such as Escherichia 

coli. Thus, the balance between host microbiota and invading 

pathogens plays an important role and is very critical in the 

development of CD and is favored in genetically susceptible 

host. Furthermore, different biological pathways such as 

autophagy, apoptosis, and necrosis can also play a role in the 

development and the maintenance of the intestinal bacteria 

balance in patients with CD.13

The ulcerations caused by CD can be mediated by differ-

ent pathways resulting in a large amount of proinflammatory 

cytokines, chemokines, reactive oxygen radicals, and metal-

loproteinases, suggesting their participation in the develop-

ment of the inflammatory response to CD.15,16 Recent studies 

suggest that a large range of cell types secreting MMPs 

during CD reflects a higher correlation to the activity of this 

form of IBD. The higher concentration of these MMPs is due 

to cytokines such as tumor necrosis factor alpha (TNFα), 

interleukin-1 beta (IL-1β), and interferon gamma that are 

secreted by monocytes, neutrophils, and lymphocytes. Over 

the years, histological investigations based on tissues obtained 

from affected or CD inflamed region samples showed promi-

nent and consistent upregulations of MMP1, MMP2, MMP3, 

and MMP9.15–18 It has been observed that MMP1 degrades 

insulin-like growth factor binding protein, thus releasing IGF; 

and MMP3 inactivates α2-antiplasmin, thus favoring local 

plasmin-mediated proteolysis during CD. MMP9 potentiates 

proinflammatory interleukin-8 (IL-8) by removing the first 

six amino-terminal amino acids and processes IL-1 into an 

active form. Both MMP2 and MMP9 degrade substance P, 

an important neurokine, and are associated with increased 

levels of the angiogenic factor, vascular endothelial growth 

factor, and factor VIII-related antigen.19 Overall, this suggests 

that MMPs play an important role in CD as key regulators 

of cell function by maintaining the intestinal homeostasis, 

remodeling the structural damage of tissue, and propagating 

the excessive immune response.16

Ulcerative colitis
UC is a form of IBD causing inflammation and ulcers in the 

colon either in segments or completely. The main symptom of 

active disease is usually constant diarrhea mixed with blood. 

UC, as its name suggests, affects only the colon and rectum, 

leaving the rest of the GI tract unscathed, and hence, it is very 

different from CD (another form of IBD). Although it has no 

known cause, presumed genetic component and susceptibil-

ity to western diet and lifestyle increases the prevalence of 

this disease. The disease may be triggered in a susceptible 

person by environmental factors, although dietary modifica-

tions may reduce the discomfort of a person with the disease. 

Recent studies of migrant populations as well as populations 
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of developing countries have demonstrated a slow but steady 

increase in the incidence of UC.8 The incidence of UC is 

higher than that of CD in USA and several areas of Europe 

(except in Canada). Interestingly, the occurrence of UC 

preceded that of CD in the countries with rare incidences, 

such as South Korea, People’s Republic of China, India, Iran, 

Lebanon, Thailand, the French West Indies, and North Africa. 

Prevalence of UC has increased in the past 50 years, up to 

120–200/100,000 persons.

Epidemiologic studies of migrant populations indicate 

that genetic and environmental factors interact to determine 

risk for UC. Environmental factors include mainly the 

modern lifestyle: improved home amenities, widespread use 

of antibiotics, consumption of fat- and protein-rich diets, 

refrigeration, and industrial pollution.

UC occurs in the top layers of the colon and inflamma-

tory lesions are generally diffuse and superficial, while deep 

ulcerations are observed only in patients with severe disease.8 

Interestingly, in recent years, an increase in mortality is 

observed among newly diagnosed patients as well as patients 

with extensive disease.20,21 UC often develops complications 

such as toxic megacolon, massive colonic hemorrhage, stric-

tures, fistulas, and abscesses.22,23 Prolong-term UC involves 

an increased risk of liver disease and CRC.22 Increased 

mortality is observed in the perioperative period in patients 

with severe disease, which contributes to increased death 

rate among newly diagnosed patients. Furthermore, with the 

prolong exposure, there is an increased risk of dying from 

UC-related causes such as liver disease and CRC.

Colonic epithelium has different protective mechanisms 

against inflammatory stimulations and important ones among 

those are elaboration and secretion of mucus through goblet 

cells. UC-associated inflammation arises due to imbalance 

between the environment, the immune system, and the associ-

ated susceptible genes and remains confined to the mucosal 

portion of the colon. Further, feces analyses make it easy to 

assess the host microbiome and the ingested virus, bacteria, 

or fungi, which play crucial roles by triggering inflammation 

directly or indirectly through immune dysregulation,24 and 

therefore could be good resource for efficient biomarkers. 

These microorganisms execute different important cellular 

functions such as protecting from invading pathogens, assist-

ing in digestion and releasing nutrients, as well as maintaining 

the colonic immunity.13 Moreover, gut microbial products 

also can initiate inflammation as well as regulate immune 

cells and immune response in colonic epithelium. Hence, 

the dysregulation of immune response to enteric bacteria 

induces sustained, overproduction of multiple inflammatory 

cytokines and reactive oxygen and nitrogen species that 

directly or indirectly damage colonic tissues, leading to ero-

sions, ulcerations fibrosis, and edema.25

Matrix metalloproteinases
MMPs are a large family of calcium-dependent, zinc-

containing endopeptidases. They are classified mainly based 

on their substrate specificity (collagenases, gelatinases, 

stromelysins, matrilysins) and membrane type, while their 

MMP number has been assigned in order of discovery.26 Their 

expressions are regulated at different checkpoints, including 

transcriptional regulation, activation of the proenzymes, and 

the binding to endogenous tissue inhibitors (called tissue 

inhibitors of MMPs).27,28 Initially, they have been considered 

to be involved mainly with tissue remodeling and degradation 

of extracellular matrix. Although over a period of time, their 

multifaceted roles at almost all the junctures of inflammation 

as well as cancer have been recognized.29 MMPs uniquely 

modulate the biological activity of the first set of molecules 

that are released with the onset of inflammation, namely, 

cytokines, chemokines and serine proteases. MMPs are also 

involved in the adhesion and migration of leukocytes from 

blood vessels to the site of inflammation during the signaling 

cascade as an inflammatory response.

Secretion of MMPs is important for facilitating tissue 

damage as well as wound healing or tissue repair during 

IBD.2,3,30,31 In UC, ulceration of mucosa can be mediated by 

different pathways, resulting in large influx of neutrophils27 

and marked by the secretion of neutrophil collagenase 

(MMP8). UC is also associated with upregulation of MMPs 

secreted by macrophages and fibroblasts, MMP1, MMP2, 

MMP3, MMP7, MMP9, MMP10, MMP12, and MMP142,27 

in particular.

MMPs are well-established proteins associated with 

colonic inflammation,2,27 and most of them are mainly 

secreted by epithelial cells or neutrophil in the colonic lumen; 

hence, they can be considered as promising fecal biomarkers 

for UC. Many of these MMPs are expressed by inflammatory 

cells; however, in inflammation during tissue damage and 

repair, they are also secreted by epithelial cells and stromal 

cells.32 In general, human feces are a mixture of water, undi-

gested food, microorganisms, and epithelial cells’ shedding of 

GI tract.33 In the setting of inflammation, GI tract homeostasis 

is dysregulated and colon plays an important role in fecal 

formation; hence, colonic inflammation will be reflected in 

fecal composition. Moreover, during inflammation, feces 

will also have neutrophil-derived proteins, lymphocytes, 

and plasma cells. These substances do not degrade in feces 
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and hence can be a measure of colonic inflammation or UC 

as biomarkers.8,34

MMP1 (collagenase 1)
MMP1 is undetectable in normal tissues and during GI inflam-

mation is mainly secreted by myofibroblasts, macrophages, 

mononuclear cells, and smooth muscle cells.2 It is also 

secreted by epithelial cells and inflammatory cells in damaged 

tissues.32 It is one of the most important MMPs regulating 

the chemokine signaling by their complete degradation and 

creating receptor antagonists.32 It is known to cleave TNFα, 

monocyte chemoattractant protein (MCP).35 It has been 

found through patient’s study that MMP1 gene expression 

is directly associated with UC patients and if left untreated 

may cause the expansion of UC to small bowel.36 It has also 

been found to be a key marker of epithelial mesenchymal 

transition during progression of UC to colon cancer.37 MMP1 

has already been established as a blood biomarker for chronic 

progressive fibrotic lung disease38 and as a urinary biomarker 

for bladder cancer,39 supporting its stability as a secretory 

protein in different human body fluids; hence, we propose it 

as a potential candidate for fecal biomarker of UC.

MMP2 (gelatinase A)
In normal GI tract, MMP2 is secreted by epithelial cells and 

lamina propria of colon, fibroblasts, and immune cells, while 

during inflammation, it is also produced by subepithelial 

and pericryptal fibroblasts/myofibroblasts, mononuclear 

cells, epithelial cells, and vascular endothelial cells.2 Down-

regulation of MMP2 is found to be directly associated with 

endostatin and angiostatin production (the two important 

antiangiogenic factors), resulting in delayed wound healing 

in experimental UC.40 MMP2 has also been linked with 

cleaving of endothelin-1 to a peptide that binds to endothe-

lin receptor signaling the upregulation of CD11/CD18 on 

neutrophil surfaces via mitogen-activated protein kinase 

pathways. This results in leukocyte adhesion and neutrophil 

trafficking to the inflamed tissues and initiating the healing 

process.35,41 The role of MMP2 as a novel, highly sensitive, 

diagnostic biomarker in the body fluid of patients with 

metastatic breast cancer has been described.42 This suggests 

the stability and sensitivity of MMP2 as a promising fecal 

biomarker for UC.

MMP3 (stromelysin-1)
In normal tissues, MMP3 is primarily expressed by fibro-

blasts and epithelial cells, while during inflammation in the 

GI tract, it is also expressed by lamina propria, stromal cells, 

and mononuclear macrophage cells.2 Serum levels of it were 

observed to be positively correlated with UC disease activity 

scale in children.43 It also activates multifunctional cytokine 

transforming growth factor β (TGF-β) that regulates impor-

tant cellular functions such as proliferation, apoptosis during 

inflammation, and wound healing.35,44 MMP3 was observed 

to be upregulated along with the upregulation of cytokines 

and chemokines in chemical-induced murine colitis model.45 

It regulates chemokine signaling by facilitating the cleavage 

of MCP1, MCP2, MCP3, and MCP4.32,35 However cleav-

age of these chemokines result in an increase of associated 

chemokine antagonist and or inhibits leukocyte invasion by 

other mechanisms is not clear indicating the less pronounced 

anti-inflammatory effect of these products. Very recently, a 

study with both groups of patients affected by CD and UC 

showed that proteolytic degradation of TNFα-neutralizing 

agents such as infliximab and adalimumab by MMP3 may 

contribute to nonresponsiveness of patients to anti-TNF 

agents.46 Biomarker potential of MMP3 in body fluids like 

serum is reported for IBD46 and rheumatoid arthritis,47,48 and its 

role as a blood biomarker in other diseases such as idiopathic 

pulmonary fibrosis has also been reported.49 This suggests that 

MMP3 could also be a reliable fecal biomarker for UC.

MMP7 (matrilysin)
MMP7 is detectable in normal epithelial cells; however, 

during colonic inflammation, it is produced by epithelial 

cells and colonic mucosa.2,50 It is known to cleave TNFα 

during inflammation.35 Studies have shown that mucosal 

biopsy tissues of UC patients had higher MMP7 expression 

compared to those of CD patients, indicating a positive cor-

relation between its expression and disease activity.27,51,52 

It has been suggested that MMP7 contributes to intestinal 

wound closure but overexpression may delay epithelial wound 

healing.53,54 It may also aid the growth of myofibroblasts 

and their functions53, and stromal MMP7 may take part in 

maintaining mucosal homeostasis. Importance of MMP7 

as a biomarker in body fluids like blood has been shown in 

idiopathic pulmonary fibrosis.38,55 Urinary MMP7 level, as 

a strong noninvasive surrogate biomarker for chronic kidney 

diseases, has also been reported56 due to its direct correlation 

with Wnt/β-catenin signaling. Serum MMP7 is shown to be 

an independent prognostic factor in patients with locally 

advanced and/or metastatic bladder cancers57 as well as 

pancreatic cancer.58 Study done by Takai et al with Japanese 

population for screening the CRC patients showed the high 

sensitivity and specificity of it as a fecal marker, especially 

in combination with fecal cyclooxygenase2 (COX2), and 
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sensitivity was as high as 90%.59 Therefore, based on its 

proven stability in other secretory body fluids as well as in 

feces, MMP7 could be a good candidate as a fecal biomarker 

for UC.

MMP9 (gelatinase B)
MMP9 is undetectable in normal tissues but highly expressed 

by epithelial cells, immune cells, as well as neutrophils and 

some by macrophages during colonic inflammation.2 Among 

all the MMPs, MMP9 is the most divergent one for being 

involved with a variety of signaling molecules and pathways. 

MMP9 shares homology with promoter of NFκB and activa-

tor protein 1 and thereby activates proinflammatory cytokines 

such as IL-1 and TGF-β.35 MMP9 is reported to be involved 

in the migration of T lymphocytes, leukocyte invasion, and 

transendothelial migration and functions as a regulator and 

effector of inflammation.35,60,61 Studies have shown that 

MMP9 can cleave proinflammatory cytokine TNFα affecting 

its binding affinity to its receptor and manipulates inflam-

mation.35,62 MMP9 can also cleave chemokine IL-8 in a 

positive feedback loop manner via chemokine receptor 1.35,63 

Other chemokines that are proteolytically cleaved by MMP9 

are granulocyte chemotactic protein 2 and epithelial cell-

derived neutrophil-activating peptide 78.35,64 Generation 

and perpetuation of inflammation in UC has been reported 

due to dysregulated MMP9 expression and activity27,43,65,66 

and its ability to cleave proinflammatory cytokines and 

destruct basement membrane (BM). Degradation of BM is 

a unique feature reflecting the severity of UC and can result 

into epithelial cell apoptosis, affecting normal barrier func-

tion and mucosal integrity. Damaged BM can also facilitate 

lymphocyte and neutrophil transmigration to the inflamma-

tory site.66 Advantages of MMP9 as a serum biomarker in 

different malignancies have been reported, for example, in 

CD,67 Duchenne muscular dystrophy,68 and pulmonary tuber-

culosis.69 It has also been presented as a biomarker for UC 

as a buccal swab or in the peripheral blood for UC patients.27 

MMP9 has also been successfully used as a urinary protein 

biomarker for bladder cancer.70 In fact, its efficacy as a fecal 

marker has been already displayed in pediatric IBD71 as well 

as while screening UC patients.72 These together implicate 

stability of MMP9 in different body fluids including feces. 

Therefore, it could be a very reliable fecal biomarker to 

understand the invasiveness of UC.

MMP10 (stromelysin-2)
In noninflamed tissues, MMP10 is expressed in stromal 

cells, while during inflammation, it is also expressed by 

macrophages, lymphocytes, and epithelial cells.2 The 

mechanism of its precise role in UC is not well understood. 

It has been shown that MMP10, produced by infiltrating 

myeloid cells, promotes mucosal healing in murine colitis. 

It plays a role in disease resolution by downregulating the 

leukocyte migration.73 In the absence of this enzyme, colonic 

inflammation persists and eventually results in the develop-

ment of dysplastic lesions. Single nucleotide polymorphism 

study with UC patients displayed strong association of 

MMP10 expression with disease activity.27 Even though not 

much is known about the functionality of MMP10, it has been 

used as a biomarker in different malignancies. In bladder 

cancer, it has been shown as a urinary pharmacodynamic 

biomarker.39 Its efficiency as a cerebrospinal fluid has been 

demonstrated in Alzheimer’s disease.74 Thus, MMP10 may 

be worth considering as a fecal biomarker.

MMP12
In GI tract, MMP12 is normally expressed by macrophages, 

while during inflammation, it can also be expressed by plump 

macrophage-like cells of lamina propria.2 MMP12 expression 

was observed in inflamed IBD mucosa when induced by the 

cytokine TNFα.75 However, not much is known about the 

mechanistic pathway by which it modulates the gut inflam-

mation. Similar to MMP3, among the patients affected by CD 

and UC, it is observed to be associated with the proteolytic 

degradation of TNFα-neutralizing agents such as infliximab 

and adalimumab, contributing to nonresponsiveness of 

patients to anti-TNF agents.46 However, a significant evidence 

of any correlation between MMP12 expression and UC is 

still lacking.27 Sputum levels of MMP12 and bronchioalveolar 

lavage fluid concentrations of MMP12 have been considered 

as biomarkers in a variety of lung malignancies such as 

chronic obstructive pulmonary disease76 and lung cancer due 

to chronic inflammation.77

MMP14 (membrane type 1 MMP)
MMP14 is expressed by osteoclasts in the normal tissues 

and myofibroblasts during inflammation.2 It is one of the 

important MMPs in IBD.2,78 It activates other MMPs and 

regulates their activity by site-specific anchoring. It also 

participates in maintaining levels of other MMPs either by 

activating or by degrading them.27,79 MMP14 can also cleave 

proinflammatory cytokines TNFα and TGF-β,35 and thereby 

controls cellular inflammation and wound healing by modu-

lating apoptosis and proliferation. It has also been reported 

to cleave chemokine MCP3.35 It cleaves the N-terminus of 

MCP3 to form its antagonist,80 although, the stability and 
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efficacy of MMP14 as a biomarker in different body fluids 

is not evident so far. However, serum levels of MMP14 were 

found to be elevated among female patients with malignant 

ovarian tumors.81 Peripheral blood or a buccal swab suggested 

a positive correlation between MMP14 expression and UC 

activity.27 Considering MMP14 as a fecal biomarker might 

be naïve, but its potential cannot be ignored.

Other fecal markers
UC, which is an inflammatory condition of colon, is associ-

ated with the migration of leucocytes to the site of inflam-

mation and is mediated by a variety of proteins, which can 

be detected in human feces. In UC, chronic inflammation 

is perpetuated by lymphocytes and plasma cells, while 

neutrophil migration and degranulate substances such 

as myeloperoxidase (MPO), lactoferrin, and eosinophil 

chemotactic factors mark acute inflammation. MPO, which 

is a direct measure of inflammation, is a very stable enzyme 

secreted by activated neutrophils, and its activity correlates 

with cell numbers as low as 500.8 MPO levels in feces of 

active UC patients corroborated with endoscopic grade 

of  inflammation and also went down with the resolution 

of disease. This suggests that fecal MPO is a simple, non-

invasive, and efficient biomarker for UC.82 Sensitivity and 

efficacy of MPO to measure inflammatory activity in UC 

is very high compared to other similar fecal markers, such 

as eosinophilic cationic protein and eosinophil peroxidase 

granule.83 Lactoferrin, an iron binding protein, secreted by 

intestinal mucosa and other body fluids is another fecal 

marker to measure disease activity and was observed to have 

90% specificity with UC patients.8,84–86 Calprotectin, which 

is another common fecal biomarker to assess disease activity 

in UC patients, is a calcium-binding protein that inhibits 

MMPs.61 Although studies have shown that it can differentiate 

between UC and irritable bowel syndrome, it is used as a 

complementary test because its fecal levels are affected by 

intake of nonsteroidal anti-inflammatory drug, bleeding 

volume, and malignancy.8 Ahmed et al also suggested fecal 

miRNA as a promising sensitive and specific biomarker for 

UC screening;87 however, reliability of it is still questionable 

due to the presence of relatively abundant class of transcripts 

and tissues, specifically neutrophil gelatinase-associated 

lipocalin and its murine homolog. Lipocalin 2 (Lcn2) 

belongs to a family of small, secreted proteins expressed 

by a variety of cells, the richest source being neutrophils. 

Both fecal neutrophil gelatinase-associated lipocalin (in a 

clinical study) and fecal Lcn2 (in murine model of colitis) 

were observed to be a sensitive and noninvasive biomarker 

of colonic inflammation.88,89 Interestingly, fecal markers are 

also finding their way as biomarkers for CRC. Patients with 

UC are more susceptible to CRC. Takai et al have shown 

that a combination of fecal COX2 (an enzyme expressed 

only during inflammation) along with MMP7 had 100% 

specificity in CRC screening.59

Limitations
Past studies have shown a weak correlation of fecal bio-

markers and clinical activity indices for CD while a better 

correlation for UC and have emphasized on including the 

endoscopic and histological assessments into consider-

ation.90 The main disadvantage of fecal biomarker is the 

“positive predictive value”, which means a positive fecal 

biomarker test is less specific or indicative of the disease 

advancement.91 A positive value can correlate with colonic 

inflammation or lesions but is difficult to predict that it is 

due to UC only. Patients under the treatment can also have 

false-positive result of MMP activation due to antibiotic 

or nonsteroidal anti-inflammatory drug treatments. Thus, 

a positive test result will probably prompt further evalu-

ation, while a negative test would imply that there is no 

inflammation, in which case additional anti-inflammatory 

drugs could be avoided. Therefore, fecal biomarkers can 

substitute invasive, expensive, time consuming, and not 

always available “endoscopy procedure”, which is often not 

very well accepted by patients (especially, among children 

due to fasting and bowel preparation)90 but cannot replace 

the endoscopies completely. In modern UC treatment, 

mucosal healing is the primary therapeutic target, despite the 

existence of clinically valid definition for it, which creates 

another limitation for the use of MMPs as fecal biomarkers 

due to the fact that some MMPs (Figure 1) such as MMP2, 

MMP3, MMP7, and MMP12 are expressed by normal tis-

sues. Other than the difference between their quantitative 

expression levels in normal versus inflamed UC tissues, 

sources of the cells that express these MMPs are also criti-

cal. For example, in normal tissues, MMP2 is secreted by 

macrophage mainly, while it is expressed by epithelial cells, 

macrophages, as well as dendritic cells (Figure 1) during UC. 

Therefore, it will be hard to conclude that elevated levels 

of it during the healing phase is a true picture of healing or 

failure of the therapy, unless it is supported by histology or 

endoscopy or fecal specimen of the patient has been exam-

ined at regular intervals. This implies the importance of 

either repetitive endoscopic examinations or necessity of the 

use of surrogate markers.90 Hence, fecal biomarkers, which 

are undoubtedly an emerging field with a lot of promise and 
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ease, need more validation for their success. Therefore, in 

the present scenario, fecal markers could successfully be 

used as an assessment tool for the treatment success and as 

a monitoring tool during UC therapy.

Conclusion
Indisputably, fecal biomarkers represent the new and specific 

class of biomarkers for the early detection of UC, allowing the 

easy assessment of disease status and personalized therapeu-

tic interventions for individual patients. We introduce MMPs 

that are secreted by a variety of cells during inflammation 

or healing phases and play an active role in mucositis as the 

most promising fecal biomarker (Figure 1). Table 1 displays 

their stability in different human body fluids as well as their 

recognition as efficient biomarkers to evaluate different 

malignancies. A comprehensive assessment of literature 

recommends that specificity and sensitivity of MMPs com-

pared to other fecal biomarkers are very high, especially 

for MMP9 in UC. Clinical studies have also shown that 

fecal MMP9 is a reliable marker to understand UC activity. 

The most striking feature of MMP9 is that it is secreted by 

the inflamed cells only, not by normal healthy tissues, and 

is hence undetectable in normal subjects. MMP7 could 

have been another plausible candidate as a fecal biomarker. 

Its credibility as a biomarker has been well established in 

different body fluids for a variety of diseases. However, 

one concern with MMP7 is its presence in normal tissues, 

which might give a false-positive value unless the screen-

ing is performed at regular intervals for its validation. On 

the other hand, a trace of MMP9 would correlate well with 

the onset of UC. Furthermore, MMP9 has also proven to 

be more specific and sensitive to differentiate between CD 

and UC patients. Therefore, among MMPs as a fecal bio-

marker, MMP9 seems to be the most preferred one. Further, 

we suggest the initial screening of MMPs in feces as UC 

biomarkers as a noninvasive strategy for the clinical care of 

the patients. As discussed in the “Limitations” section, the 

only drawback with this approach is the nonavailability of 

established inflammatory score or grading with MMPs levels 

in feces. However, this could be resolved by performing rou-

tine colonoscopy only for those patients reflecting significant 

levels of MMPs to identify the inflamed areas and further 

monitoring to avoid development of colon cancer. Therefore, 

future studies correlating inflammatory score with MMP 

levels are needed to completely avoid invasive screening by 

colonoscopy. Using MMPs as fecal biomarkers, healing after 

Mucosal layer

N
or

m
al

U
C

 in
fla

m
m

at
io

n

TJ
TJ 

Leaky TJs
TJ 

Lamina propria

Epithelial cells

Normal lumen

Mucosal layer

Epithelial cells

Lamina propria

M14
M1

M2 M3

M9

M12M10
M7

M322
M7 99

M1010

MMM9M9

M12
M144

M2 M7 M12

M

M2 M122

4MMM2M2
99MM9

M100 M122

M1M1

Inflamed lumen

Leaky TJs

Myofibroblast

Neutrophil

Macrophage

T-cell

M3

M7

M9

M10

M1

M12

M2

M14

MMP1

MMP2

MMP3

MMP7

MMP9

MMP10

MMP12

MMP14

M7

TJ
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treatment can also be monitored in a noninvasive manner. 

This would be advantageous in determining relapses and 

can avert repeated colonoscopy.
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