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Abstract

Inflammatory bowel diseases (IBD), which include Crohn’s disease and ulcerative colitis, are chronic inflammatory disorders
of the Gl tract. The etiology is unclear, and most clinical symptoms are nonspecific, making the diagnosis and prognosis of IBD
challenging as there is no gold-standard diagnostic test. Both endoscopy and imaging are essential diagnostic tools for deter-
mining disease state, location, and severity. However, the high cost and invasive nature of these tests make them unrealistic
for frequent assessment. Given these limitations, laboratory testing of blood and feces has proven to be a viable alternative
for routine disease monitoring. To integrate more efficient and personalized treatment strategies, new studies are consistently
emerging to develop minimally invasive testing that can predict disease severity and response to available treatments. The goal
is to develop better predictors of disease course, response to therapy, and therapy-related adverse events, thereby establishing
a more efficient and personalized treatment strategy. This review aimed to delve into existing literature to assemble a collec-
tion of currently used biomarkers that aid in monitoring treatment response, as well as highlight select novel and combined
biomarkers that hold promise for future management of IBD.

Introduction

Inflammatory bowel disease (IBD) affects about one in 200 people
in developed countries and has begun to show a rising incidence in
developing and newly industrialized countries.! A rising incidence
has been noted in South America, Eastern Europe, Asia, and Af-
rica as populations move from rural to urban settings, which could
cause strain on healthcare systems not previously exposed to this
chronic, complex, and costly disease.”? IBD can cause a lifetime
of debilitating symptoms, which frequently affect psychosocial
well-being, such as limiting academic attainment, making it dif-
ficult to sustain employment, and nurturing relationships. The two
major forms of IBD are Crohn’s disease (CD), which can cause
transmural inflammation of any region of the GI tract,* and ulcera-
tive colitis (UC), which produces continuous mucosal inflamma-
tion in the innermost layers of the colon and rectum.’

Due to the relative unpredictability of treatment response and
symptom relapses, it is imperative to have reliable and widely avail-
able methods for monitoring disease activity. It can also be chal-
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lenging to differentiate between IBD and colitis of other etiologies.
A recent study by Porter ef al. utilizes an IBD pre-disease cohort
study, drawing on unique data from a multinational specimen reposi-
tory entitled “Proteomic Evaluation and Discovery in an IBD Co-
hort of Tri-service Subjects (PREDICTS)”. This study combines re-
sources and expertise to advance novel discoveries and translational
research. Similar data repositories are utilized in the COMPASS and
OSCCAR cohorts to collect longitudinal data on individuals with
IBD.”# A delayed or inaccurate diagnosis can adversely affect treat-
ment by reducing treatment efficacy® which can hinder recovery and
cause unnecessary harm. In the future, optimal IBD management
will involve personalized treatment plans requiring better methods
for predicting disease onset and response to therapy.

The purpose of this article is to review biomarkers used in IBD
management, from classical biomarkers (Table 1),'17 which are
well-established and widely available, to new and innovative bio-
markers (Table 2), as well as biomarker panels and ratios that hold
promise in directing disease management in the years to come.

Established biomarkers that are widely available
Serum biomarkers

C-reactive protein (CRP)

CRP is one of the most ubiquitously used biomarkers given its
low cost, ease of testing, and well-established protocols regard-
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Table 1. Established biomarker uses and threshold values
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Clinical Use

Threshold Values

Special Considerations

CRP Surveillance of disease activity,
indicator of active disease,
predicting clinical response

ESR Surveillance of disease activity,
indicator of active disease

Vitamin D Prediction of disease recurrence,
hospitalizations, surgeries,

response to anti-TNFa therapy

Platelets Disease surveillance,

prediction of disease severity,

<1 mg/L- normal
> 5 mg/L - sensitivity of 70% to predict IBD®
>20 mg/L - predictive of short-term relapse?®

< 15-20 mm/hour - normal
> 15 mm/hour - predictive of short-term relapse'®

< 50 nmol/L - insufficiency*?
> 50 nmol/L - supplementation goal*?

> 450 x 10%/L - indicative of
reactive thrombocytosis*3

Elevation is not
specific for IBD

Variable based on age/sex

Can be variable based
on time of year and
sun exposure

Other dysfunctions seen in
IBD include decreased mean

inflammatory mediators

Fecal Surveillance of disease activity,
calprotectin indicator of active disease,
predicting clinical response

> 150-250 ug/g indicative of active disease'!
> 140 pg/g had 83% sensitivity and 93%
specificity to predict disease recurrence'®

platelet volume, increased
activation in peripheral
circulation, spontaneous
aggregation, and mucosal
microvascular thrombi*3

Some debate about
where “normal” cutoffs
should be set

< 82 ug/g predicted sustained clinic response
to maintenance treatment on anti-TNFa'4

Fecal Surveillance of disease activity,
lactoferrin indicator of active disease,
predicting clinical response

< 7.25 pg/g indicates lack of intestinal inflammation
> 125 pg/g had a diagnostic accuracy of 65%%7
> 140 pg/g had sensitivity of 67% and specificity

of 71% to predict disease recurrence'’

CRP, C-reactive protein; ESR, Erythrocyte sedimentation rate; IBD, Inflammatory bowel disease; TNF, Tumor necrosis factor.

ing its usage. It is one of the body’s acute-phase reactants, and
its production is stimulated in hepatocytes by pro-inflammatory
cytokines.!®1? Its utility as an indicator of inflammation is related
to its relatively short half-life of 19 hours compared to other acute-
phase proteins.!’ Though CRP is widely used as a biomarker for
IBD, its diagnostic value is limited by its lack of specificity. Eleva-
tions in CRP can also be caused by other inflammatory conditions
such as autoimmune disorders, infections, and malignancies.'®
Thus, CRP levels cannot be diagnostic of IBD in isolation but must
be interpreted along with the clinical picture.?

In the absence of inflammation, serum CRP is typically low (<
1 mg/L) but can increase over 1,000-fold in the setting of acute
inflammation.? Prior studies on CD have found a significant as-
sociation between CRP elevation and moderate to severe clinical
activity and evidence of active disease on ileocolonoscopy. How-
ever, due to unclear causes, there has not been a strong correla-

Table 2. Novel biomarkers

tion between CRP levels and disease activity in UC.!%2! Possible
explanations include the difference in IL-6 production in UC and
CRP production by mesenteric adipocytes in patients with CD.?2

Conversely, normal CRP does not rule out active IBD." Prior
studies have found a subset of patients with Crohn’s disease har-
boring genetic variations that limit CRP elevations.?* Based on the
ACCENT! trial, patients with elevated baseline CRP and those
whose CRP normalized by week 14 of treatment with infliximab
were more likely to maintain clinical remission and treatment re-
sponse. Thus, CRP can be a useful biomarker?* in those whose
CRP levels correspond to their disease activity.

Recent guidelines for UC management suggest monitoring CRP
and fecal calprotectin in asymptomatic individuals to avoid more
costly and invasive testing, such as endoscopy, for routine disease
activity assessment.?S Similar guidelines were released follow-
ing the CALM study, which showed improved clinical and endo-

Disease Assessment

Treatment Response

Sample Type

MAdCAM-1 Elevation corresponds

with inflammation

Oncostatin M Elevation could predict risk

of IBD development

NOD-2 Mutations could be predictive

of fibrostenotic disease in CD
Anti-Integrin Useful for diagnosis and predicting
avp6 disease severity in UC

May be predictive of response to vedolizumab

Possibly predictive of nonresponse to
vedolizumab or corticosteroids

May predict severe ileal disease but not specific for
treatment response to biologics or corticosteroids

Predictive of severe disease but not specific for
treatment response to biologics or corticosteroids

Tissue biopsy or
blood sample
Tissue biopsy

Genetic analysis

Blood sample

CD, Crohn's disease; IBD, Inflammatory bowel disease; MadCAM-1, Mucosal addressin cell-adhesion molecule — 1; NOD2, Nucleotide oligmerization domain 2; UC, Ulcerative colitis.
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scopic outcomes in patients with CD when therapy decisions were
based on clinical symptoms and biomarkers rather than symptoms
alone.?® A large prospective observational study of CD patients in
a tertiary referral center showed that asymptomatic patients with
elevated CRP levels were over twice as likely to be hospitalized
over a two-year follow-up period.?’ This study provides real-world
evidence that CRP is a useful biomarker for predicting clinical out-
comes in CD patients.

Salivary CRP also presents an intriguing alternative to typical
serum sampling as an even more easily obtainable biomarker of
IBD activity for disease tracking in select patients. Future studies
are needed to establish optimal clinical applications for this alter-
native to venous sampling.28

ESR

Erythrocyte sedimentation rate (ESR) is commonly tested in con-
junction with CRP. It is a measure of inflammation based on how
quickly erythrocytes sediment through plasma in a column. A
higher sedimentation rate indicates inflammation. Like CRP, el-
evations in ESR are not specific to IBD and can occur in response
to any inflammatory stimulus. It differs from CRP in that it peaks
more slowly and takes longer to return to normal. Additionally, it
does not show the same variability with UC that CRP does and
tends to respond similarly to the inflammation seen in UC and in
CD."?

It is important to remember that ESR can be affected by other
physiological factors such as pregnancy, age, and gender, as well
as changes in hematocrit seen in patients with anemia and poly-
cythemia.!® Additionally, changes in the size of erythrocytes can
also affect ESR values, such as those seen in certain disease states
or as a side effect of some medications.?? This becomes particular-
ly important when monitoring ESR in patients on azathioprine or
6-mercaptopurine, as these medications have been shown to cause
elevated ESR despite normal CRP and no clinical evidence of ac-
tive disease.3?

Vitamin D

Vitamin D is an immune modulator involved in both innate and
adaptive immunity. It is primarily produced in the skin upon expo-
sure to sunlight (UVB) or absorbed by the small intestine following
food intake.'? Vitamin D deficiency in IBD patients is associated
with an increased risk of disease recurrence, hospitalizations, and
surgeries.” Vitamin D deficiency is common in the general popula-
tion due to inadequate exposure to sunlight, impaired enzymatic
activation, lower bioavailability, insufficient physical activity, and
smoking. In addition to these common risks, IBD patients have an
increased risk of osteopenia and osteoporosis due to malabsorption
of calcium and vitamin D caused by disease flares or prior surgery,
dietary restrictions, and frequent use of medications that inhibit
bone formation or increase bone turnover.?’

Serum vitamin D levels are lower in IBD patients compared to
those with IBS. In patients with CD, vitamin D levels negatively
correlate with disease activity and inflammatory markers such as
CRP.2 Multiple studies have even suggested a role for vitamin D
deficiency in the pathogenesis of CD, not simply as a consequence
of the disease itself. Thus, robust supplementation of vitamin D
may be of therapeutic benefit.3! Similar effects have been demon-
strated in UC, with vitamin D interacting with anti-inflammatory
serum cytokines.? Patients with active IBD and those who have
required over three months of steroid treatment should have their
calcium and vitamin D levels monitored. Physicians should have
a low threshold to start supplements to prevent low bone mineral
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density.!? Studies investigating therapeutic effects of vitamin D
related to IBD are limited, and further research is needed to de-
termine the optimal range and therapeutic potential of vitamin D.

Platelets

Platelets are a commonly tested lab value yet are often overlooked
in the evaluation of IBD patients. Evidence has increasingly shown
that, in addition to their primary hemostatic function, platelets also
play an active role in multiple inflammatory processes. “Reactive
thrombocytosis” is now a well-established phenomenon in the
setting of inflammation.?* Many changes in platelet structure and
function occur in IBD, especially in the setting of active disease.
Inflamed bowel tissue secretes platelet activation factor, which
affects circulating platelet levels and coagulation.?* Compared to
healthy controls, the platelets of those with IBD are more sensitive
to activation, even in clinically silent disease.’® Some small studies
have even suggested that increased platelet counts in patients who
have UC with mucosal healing could be predictive of relapse.*

Mucosal capillary thrombi have been identified in rectal biop-
sies of patients with CD and UC, suggesting that platelets may be
involved in chronic intestinal inflammation. This finding does not
appear to correlate with disease severity or the extent of inflam-
mation in IBD patients, but these microthrombi are consistently
absent in the mucosa of normal subjects.®?

Fecal biomarkers

Fecal biomarkers, primarily composed of fecal leukocyte proteins,
are commonly used to assess disease severity in patients with
IBD). They may be preferred over blood samples at times due to
ease of sample accessibility and higher specificity for gastrointes-
tinal inflammation.'® Fecal biomarkers are likely to be the most ac-
curate in individuals who have previously manifested an elevation
and those whose biomarker activity correlates with endoscopic
disease severity.2s

However, studies indicate that compliance rates rarely exceed
60% for various reasons®® including forgetfulness, lack of per-
ceived benefit, and reluctance to handle feces.3” Despite being an
invasive procedure, blood collection is typically more readily ac-
cepted by most patients and can be completed expeditiously during
routine follow-up visits. Current studies are underway to assess
the viability of home fecal calprotectin tests akin to home testing
for diabetes and hypertension, with patient reporting.’® However,
further studies supporting the utility and reliability of these tests
are needed.

Fecal calprotectin

Calprotectin is released by activated innate immune cells in re-
sponse to cell damage or stress.?? It belongs to the S100 family of
proteins and serves to regulate protein phosphorylation, intracel-
lular calcium regulation, and protection against oxidative cell dam-
age within neutrophils. Its extracellular functions include antimi-
crobial and antifungal activities, as well as regulation of apoptosis
and inflammation.!*

Causes of elevated fecal calprotectin (FC) other than IBD in-
clude NSAID enteropathy, pancreatic insufficiency, alcoholic en-
teropathy, colorectal cancer, and microscopic colitis. Since neutro-
phils are relatively scarce in normal intestinal mucosa, FC levels
are low in healthy individuals.?® For this reason, it is also useful
for distinguishing between functional and organic diseases, espe-
cially in the setting of known IBD who may also have IBS overlap
symptoms despite adequate control of inflammation.*’ The sen-
sitivity and specificity of FC for Crohn’s disease are 100% and
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97%, respectively, compared to IBS.2%#" Fecal calprotectin also
has the potential to differentiate between perianal fistulas due to
CD and cryptoglandular perianal fistulas,*! which is a common
benign anorectal disorder that is mainly managed with surgery.*?
A meta-analysis indicated that FC testing could reduce endoscopy
by 67% in adults, although it could lead to treatment delays in 6%
of patients due to false negatives when used as a screening tool for
IBD.29’43

Fecal calprotectin is valuable for assessing active disease and
monitoring treatment response, as FC levels decrease with mu-
cosal healing. Persistently high levels in IBD patients in remission
could predict a higher risk of disease relapse within the next 12
months.** This correlation may have a higher predictive value for
UC than for CD, likely due to differences in inflammatory pat-
terns.*S In UC, an FC level < 250 ug/g following biologic induc-
tion was associated with a higher probability of achieving clini-
cal, endoscopic, and histologic remission by week 52, as well as a
decreased probability of colectomy within 7 years.*® Elevated FC
in UC patients in clinical and endoscopic remission has also been
associated with the risk of relapse.*’

Nevertheless, recent studies have shown that FC remains a use-
ful tool for evaluating active disease in isolated small bowel CD
with both inflammatory and stenotic disease but may not be as ef-
fective for monitoring penetrating disease.*® The combined evalu-
ation of FC, hemoglobin, and CRP at least once may improve CD
monitoring and management through risk matrices.*’ Notably, FC
from ileostomy output demonstrates high sensitivity and specific-
ity for monitoring small bowel inflammation and disease recur-
rence in post-operative CD patients.>

Establishing baseline FC levels has been challenging due to dif-
ferences in extraction methods and variable baseline levels among
certain populations. For example, individuals from areas with poor
sanitation may have elevated baseline FC levels.!! Children also
have a lower reference range for FC than adults.?® There may also
be variability depending on the time of sample collection through-
out the day. Therefore, it is generally recommended to collect
samples in the morning to standardize testing and reduce variabil-
ity.51:52 Despite these variations, most studies agree that FC levels
of 150-250 pg/g indicate active disease.!!

Fecal lactoferrin

Lactoferrin is an iron-binding glycoprotein found in neutrophil
granulocytes and is activated during acute inflammation.!® The
diagnostic accuracy of fecal lactoferrin is similar to that of fecal
calprotectin and is superior to CRP.?? Like fecal calprotectin, fecal
lactoferrin may be influenced by the extent and location of the in-
flamed mucosa. However, there is limited data regarding its prog-
nostic value.?s

Novel biomarkers

Mucosal addressin cell adhesion molecule-1 (MAdCAM-1)

MAdJCAM-1 is expressed by endothelial cells and stimulates in-
testinal inflammation by binding adhesion molecules on immune
cells. Elevated MAdCAM-1 expression in tissue correlates with
endoscopic and histologic evidence of inflammation. Higher levels
are also noted in patients with a Mayo Endoscopic Score of one
who subsequently relapse.>® These associations make it a promis-
ing biomarker for monitoring disease and stratifying relapse risk.
Vedolizumab, a biologic used to treat UC and CD, blocks the
interaction of MAdCAM-1 with its integrin receptor to reduce in-
flammation. Vedolizumab is considered a “slow-acting” biologic
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due to its relatively delayed onset of action. Therefore, identifying
biomarkers that could predict response to vedolizumab would be
particularly helpful in avoiding long periods of ineffective treat-
ment. MAdCAM-1, particularly its adhesion to CD4+ T cells in
the peripheral blood of IBD patients, correlates with subsequent
clinical response to vedolizumab therapy in small studies.>* On
the other hand, if intestinal endothelial cells do not express MAd-
CAM-1, there will likely be no clinical response to vedolizumab.

The OPERA study evaluated a monoclonal antibody directed
against MAdCAM-1 as a potential treatment option for moderate-
to-severe CD but did not achieve a greater treatment effect than
placebo.5¢ Some suggest this finding may be related to dose effect
or drug delivery methods, as vedolizumab, which utilizes a similar
pathway, has proven effective in treating CD patients.3”

Oncostatin M (OSM)

Oncostatin M belongs to the IL-6 cytokine family and is involved
in liver repair, cardiac tissue remodeling, osteoclastogenesis, and
hematopoiesis. However, excessive OSM production can contrib-
ute to skin and lung inflammation, atherosclerosis, and various
cancers.>® Both OSM and its receptor, OSMR, consistently show
elevated levels in both the blood and inflamed mucosa of IBD
patients.”>® A single nucleotide polymorphism on chromosome 5
in the human OSM locus is strongly associated with the risk of
IBD development.58:6%-61 Therefore, serum OSM testing could be
a promising diagnostic biomarker for identifying IBD patients, es-
pecially those with a first-degree relative.’

Hematopoietically derived OSM appears to promote inflam-
matory responses by enhancing the production of chemokines,
cytokines, and adhesion factors by intestinal stromal cells. Over-
expression of OSM in intestinal mucosa is consistently associated
with an increased risk of resistance to anti-tumor necrosis factor
(TNF) therapy.>® Since up to 40% of patients do not respond to
anti-TNF agents, identifying alternative therapeutic targets could
reduce corticosteroid usage.-*! Because mucosal OSM correlates
closely with histopathological disease severity, it raises the ques-
tion of whether OSM signal is truly predictive for lack of response
to anti-TNF agents specifically or is simply a marker of a more
refractory and difficult-to-treat disease. The routine use of OSM in
predicting clinical response is currently limited by the fact that the
mucosal signal of OSM could not be reliably translated into either
whole blood or serologic OSM biomarker levels.>®

In tissues with increased extracellular matrix protein deposi-
tion, such as those observed in chronic inflammation and fibro-
sis, OSM’s effects may be amplified due to its increased stability
in such environments.3® Up to 15% of CD patients will develop
fibrostenotic disease with strictures within a decade after initial
diagnosis.%? Despite the widespread knowledge of this common
phenomenon, there are no available therapeutic agents targeting
intestinal fibrosis. Data in mouse models suggest that OSM exerts
significant fibrogenic activity. However, its potential as a target
for stricturing CD has not been investigated and no data have yet
proven that neutralizing OSM can reverse fibrosis.®%63 Interest-
ingly, OSM levels are also elevated in the colonic mucosa of pa-
tients with UC despite UC not being as strongly associated with
fibrosis.8

OSM has been identified as a potential mediator of nocicep-
tion and is associated with common comorbidities of IBD, such
as psoriasis and arthritis. Thus, OSM blockage could be beneficial
for IBD patients, not only in reducing gut inflammation but also in
alleviating various comorbid conditions.*® Recent studies suggest
that OSM may sensitize sensory afferents in IBD patients, lead-
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ing to increased colonic afferent discharge. These findings suggest
that OSM may contribute to the severity of abdominal pain in IBD
and could be a potential target for managing chronic pain in IBD
patients.

OSM thresholds have not been established and may differ be-
tween UC and CD. This should be investigated in future studies.®!
Additionally, OSM may not be predictive of disease response in
pediatric patients.®> As a newly discovered biomarker, the poten-
tial value of OSM has garnered significant attention, but its poten-
tial uses and reliability in IBD require further evaluation.’

Nucleotide-binding oligomerization domain protein 2 (NOD2)

First identified in 1996 on chromosome 16, NOD?2 is expressed by
many leukocytes as well as Paneth cells, fibroblasts, and epithelial
cells. NOD2 acts as a positive regulator of immune defense, partly
by regulating autophagy.®” NOD2 is one of several susceptibility
loci recognized in relation to IBD risk, but it is associated with CD
risk alone.?® It has the highest expression in terminal ileal Paneth
cells, supporting its role in the development of ileal disease.%” One
of the crucial pathogenic mechanisms of NOD2 may involve im-
paired bacterial clearance. This leads to increased bacterial inva-
sion into the mucosa, activating inflammatory pathways that con-
tribute to the deeper, often transmural, inflammation seen in ileal
CD.%6:67 The intestinal microbiome may play a key role as a trigger
for the inflammation seen in NOD2-related CD. Knockout NOD2
[-/—] mice did not develop spontaneous colitis in sterile conditions
but only developed inflammation when introduced to bacteria.®®

Interestingly, the most common NOD2 mutations occur in
Caucasians, and NOD2 mutations associated with CD are not ob-
served in Asian or sub-Saharan African populations.®® Therefore,
sequencing for NOD2 variants could have important impacts for
Caucasians as it could correlate with CD risk, but it is controver-
sial for other ethnicities.?? Between 30-50% of CD patients in the
Western hemisphere carry disease-causing mutations in at least
one NOD?2 allele. Patients with double-dose mutations typically
experience disease onset at a younger age than those with no muta-
tion.®

However, it is worth noting that normal, healthy individuals
may have NOD2 mutations on both chromosomes with no evi-
dence of active disease.®” Smoking has been proposed as a possible
modulator of NOD2 mRNA expression and function, suggesting
that epigenetic modification of NOD2 may confer an increased
risk of developing CD through gene-environment interaction.”®
NOD?2 variants have been associated with a familial CD with a
predisposition to stricturing disease.?’ However, some studies sug-
gest that NOD2 may not be directly associated with stricturing it-
self after accounting for disease location in the ileum.”! Establish-
ing a timely diagnosis of NOD2-associated disease could allow for
more targeted treatment with either new or existing therapies to
prevent irreversible fibrosis or the need for surgery. However, the
utility of this strategy remains hypothetical as there have been no
studies to date investigating this specific use of NOD?2 as a treat-
ment decision tool.®7

Anti-integrin avp6

Integrins are cell surface glycoprotein receptor heterodimers com-
posed of a and B subunits. They are involved in cell signaling,
proliferation, adhesion, and migration.”? Integrin avf6 appears
to be exclusive to epithelial cells and functions to maintain the
epithelial barrier. It also attenuates the innate immune system’s
surveillance of the GI tract through its interaction with the extra-
cellular matrix.373 Loss of epithelial barrier integrity could be an
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early feature of UC pathogenesis, making the appearance of anti-
avf6 autoantibodies a potential preclinical biomarker of disease.”
While previous studies have noted reduced av6 expression in the
mucosa of CD patients,’* the majority of studies have focused on
the correlation with UC.

Anti-avB6 autoantibodies were significantly higher among indi-
viduals who developed UC compared with controls up to 10 years
before diagnosis in PREDICTS. The increasing prevalence of anti-
avfB6 autoantibodies is superior to that of pANCA in diagnosing
and predicting disease outcomes.” The presence of anti-integrin
avf6 autoantibodies showed a sensitivity of 92% and a specificity
of 94.8% for diagnosing UC in adult patients compared to healthy
controls. Ten years before diagnosis, the anti-avp6 autoantibody
seropositivity was 12.2%, increasing to 54% at UC diagnosis,
compared to 2.7% seropositivity across multiple time points in
healthy controls. Those with recently diagnosed UC and elevated
anti-avB6 autoantibodies were at an increased risk of adverse out-
comes, including hospitalization, disease extension, colectomy,
systemic steroid use, and/or escalation to biologic therapy.”® These
findings have been supported in multiple studies in various popu-
lations, including Japan, the United States, Sweden, and pediatric
populations as well. 3673

Epigenetics

MicroRNAs (miRNAs)

MiRNAs are short, non-coding RNAs that negatively regulate
gene expression at the post-transcriptional level.”> The imbal-
ance of miRNAs could explain the pathophysiologic processes of
multiple diseases, such as arrhythmias, schizophrenia, cancer, and
immune-related diseases. An ever-expanding number of serologi-
cal miRNAs appear to be upregulated or downregulated in IBD.?*

Deciphering this variability could serve as a non-invasive measure

of disease activity. Recent studies have shown that miRNAs medi-

ate inflammatory responses and intestinal barrier function in the
pathogenesis of IBD as well as playing an important role in endo-
plasmic reticulum stress and interactions with gut microbiota.®76-77

There are multiple miRNA sequences that tend to be overex-
pressed in patients with IBD compared to healthy controls, and
some may eventually be useful in distinguishing between CD and

UC for those with unspecified IBD.%7® Comprehensive microar-

ray profiling and quantitative PCR have been used to determine

the different miRNA profiles in CD, UC, and non-IBD subjects.””

Several miRNAs that show promise in the identification and treat-

ment of IBD include:

* miRNA-192: It appears to be downregulated in the colonic mu-
cosa of patients with active UC. It is an important inhibitory
mediator of the expression of a pro-inflammatory chemokine,
macrophage inflammatory peptide 2a;7%80

* miRNA-223: It has been associated with increased inflamma-
tion of the colonic mucosa in IBD patients. It targets claudin-8,
a crucial protein of the tight junctions in the intestinal mucosa,
through the IL-23 pathway and impairs intestinal barrier func-
tion.8! Increased levels in circulation correlate closely with dis-
ease activity in CD and UC;

* miRNA-16: Serum expression of miRNA-16 correlates with
CD localized to the small bowel as well as stenosis and pen-
etrating forms of the disease. The activity also appears to corre-
spond with the Crohn’s Disease Activity Index. Increased levels
can also be found in extensive UC. However, miRNA-16 levels
did not correlate with any treatment given in CD or UC.%2
The most extensively studied miRNAs with respect to the
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pathogenesis of intestinal fibrosis are the miRNA-200 family,
which may induce the epithelial-to-mesenchymal transition,?* and
the miRNA-29 family, whose downregulation has been associated
with pulmonary, cardiac, and hepatic fibrosis as well as stricturing
phenotypes.$*

Several research studies have shown that certain miRNAs de-
termine the extent of glucocorticoid response in multiple diseases,
including hematologic neoplasms and airway hyperresponsive-
ness. Further research could establish the specific roles of miR-
NAs in predicting glucocorticoid resistance in IBD and determine
whether miRNAs could be adopted as biomarkers and/or therapeu-
tic targets in these patients.

The utilization of miRNAs as therapeutic targets would neces-
sitate the identification of all miRNA targets and those that are
consistently dysregulated. The uptake of miRNAs beyond the tar-
get organ presents a challenging obstacle to initiating miRNA as a
therapeutic intervention in diseases like IBD. Additionally, the lack
of consistency between experimental processes and improper con-
trols for normal miRNA levels present significant barriers to the
utilization of miRNAs as disease biomarkers.” Any given miRNA
can regulate multiple genes, consequently, targeting a single miR-
NA could affect several different disease processes. Because of
this, therapeutic use of miRNAs is limited due to the potential for
off-target effects as well as the possibility of undesirable on-target
effects.®> Many studies have investigated gut/colonic expression of
miRNAs in IBD, but few have examined serum miRNAs, which
will determine if they will actually be useful biomarkers in clinical
practice.? To increase the feasibility of miRNA-based therapeutics,
the field needs to address miRNA-regulated genes and gene net-
works, efficient miRNA delivery, and develop animal models that
mimic critical aspects of IBD to enable testing the physiological
role of miRNA and the impact of miRNA-targeted interventions.

DNA methylation

The study of epigenetics aims to define heritable changes in phe-
notype that affect gene expression and cannot be explained by
changes in the fundamental DNA sequence.®® Various forms of
epigenetic modifications include DNA methylation, non-coding
RNAs, histone modification, and the positioning of nucleosomes,
each of which is influenced by the interplay between the environ-
ment and the genome. DNA methylation is a chemical modifica-
tion of DNA involving the covalent bonding of a methyl group
to cytosine, which primarily occurs at cytosine-phosphate-guanine
(CpG) dinucleotides. Regions with a relatively high concentration
of CpG dinucleotide clusters are named CpG islands. These is-
lands lead to decreased transcriptional activity in that region. Com-
pared to genetic biomarkers, DNA methylation incorporates the
influence of age as well as cumulative environmental experiences
such as smoking and diet. Furthermore, DNA biomarkers remain
stable in the bloodstream, body tissues, and stool, making them
advantageous for detection and preservation.8’

The importance of lifestyle in disease susceptibility is support-
ed by the rising incidence of CD in newly industrialized countries
in Aftrica, Asia, and South America.?%-38 Epigenetic modifications
shaped by environmental factors may help to explain the increas-
ing incidence of IBD. The dynamic and reversible nature of epige-
netic gene modifications gives them potential as novel therapeutic
targets.?® The methylation of genes changes their transcriptional
activity, and in the context of IBD, these gene alterations could
impact disease risk and progression. Varied methylation status also
appears to correlate with endoscopic disease severity. However,
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there are limited studies comparing DNA methylation signatures
in peripheral blood compared to mucosal biopsies in active and
inactive disease states.®’

Distinct methylation patterns were identified in genome analy-
sis of treatment-naive UC patients, which identified hypermeth-
ylation of genes involved in homeostasis and defense, and hypo-
methylation of genes for cytokines and chemokines involved in
the immune response.®® Joustra et al.! recently reported on three
validated panels of highly stable epigenetic biomarkers that could
be used to predict clinical and endoscopic response in CD patients
treated with adalimumab, vedolizumab, or ustekinumab. They
identified distinct CpG loci that, in combination, accurately pre-
dicted clinical and endoscopic responses. Notably, for these CpG
loci, methylation levels remained stable during both induction and
maintenance of treatment, regardless of inflammatory status and
therapeutic intervention.'5

Different mucosal methylation changes of several genes in IBD
patients have been used to distinguish between CD and UC as well
as differentiate from healthy controls. However, there are limita-
tions due to differences in methylation profiles in different cell
types and sites, as well as technical limitations and high cost.®
Single-cell profiling could circumvent the problem of cellular con-
tamination by cell types with differing DNA methylation. Recent
studies have begun to develop cutting-edge methodologies demon-
strating the achievability of performing genome-wide epigenetic
profiling on a single-cell level 861

Combined biomarkers

Panels

Given the variability of disease presentation in IBD, several prior
studies have suggested that utilizing a panel of multiple biomark-
ers for disease assessment could be more useful than applying each
biomarker individually. These “composite biomarkers” can consist
of multiple values that may then be incorporated into an algorithm
to interpret data based on various aspects of this complex and het-
erogeneous disease.”?

Plevy et al.®® developed a tool composed of 8 serological mark-
ers, 4 genetic markers, and 5 inflammatory markers, all previously
described in association with IBD, to accurately identify IBD pa-
tients and differentiate between CD and UC. This panel is current-
ly in use in clinical practice and has proven useful for establishing
a diagnosis when it is otherwise unclear.”

Integrating multiple biomarkers into clinical decision-making is
especially useful in circumstances where the biomarker may be in
a “gray” or “indeterminate” zone. For example, FC levels between
100-250 ng/g may be difficult to interpret in isolation. However,
adding CRP and clinical scoring indices (Simple Clinical Colitis
Activity index for UC and Harvey-Bradshaw score for CD) could
aid in the correct classification and treatment of IBD patients, as
well as predict the clinical course following remission.??

Scores that incorporate patient-reported symptoms are prone
to subjective biases. Thus, the incorporation of objective data can
mitigate bias and produce more reliable results. An example of this
is seen in the Utrecht Activity Index, which combines the patient-
reported frequency of liquid stools with CRP, FC, platelet count,
and platelet mean volume. This index shows promise in predict-
ing endoscopic activity in CD patients, with a cutoff score of 3.0
demonstrating a sensitivity of 80% and a specificity of 92% in pre-
dicting active disease (defined as a Crohn’s Disease Endoscopic
Severy Score of 3 or more).**

Biomarker panels were created to aid in predicting clinical re-
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sponse and mucosal healing to limit delays in effective treatment
and undue harm from ineffective treatments. Obraztsov et al.®®
created a panel of 7 cytokines (TNF-a, IL-12, IL-8, IL-2, IL-5,
IL1-B, and IFN-y), which individually have limited predictive
value but, in combination, were able to correctly classify nearly
90% of UC patients as responders or non-responders to anti-TNF
therapy.”® Likewise, Bertani et al. observed that a significant de-
crease in IL-6 and IL-8 from baseline to 6 weeks after starting UC
patients on vedolizumab could predict mucosal healing and clini-
cal remission.”

The Endoscopic Healing Index is another panel composed of 13
biomarkers known to be involved in the proinflammatory cascade
of CD. It was comparable to FC and superior to CRP in predicting
endoscopic inflammation, aiming to reduce the need for repeat-
ing endoscopy or collecting stool samples to assess responses to
treatment. A score of 20 points could rule out the presence of large
ulcers with a sensitivity of 93%. Conversely, a score of 50 points
could rule in the presence of large ulcers with a specificity of 87%.
However, there is variability in results for those with isolated ileal
disease, necessitating further research to guide adaptation of the
index for these patients.*

Ratios

Current research has expanded to incorporate ratios based on com-
monly acquired labs, specifically the complete blood count with
differential, which is nearly universally monitored at a relatively
low cost compared to other biomarkers.’” The inflammation of
IBD causes characteristic changes in circulating white blood cells,
resulting in increased recruitment of neutrophils and monocytes
to sites of inflammation, as well as thrombocytosis, lymphocyte
dysfunction, and reduced responsiveness. This results in increased
circulating neutrophils, monocytes, and platelets, and a decrease in
lymphocytes at both the peripheral and mucosal level.’

The neutrophil-to-lymphocyte ratio (NLR)

NLR has been studied for its potential utility in multiple diseases,
in addition to IBD.>% Higher NLR values are observed in CD
(range of 2.13-2.85) and UC (range of 2.26-4.70), which can reli-
ably differentiate from healthy controls (range of 1.65-1.7).%%8 A
related meta-analysis showed that NLR was elevated during active
disease in UC and CD patients compared to those in remission.*’
Furthermore, various studies documented a decreased NLR over
time following initiation of treatment with infliximab, which could
be used to predict loss of response to infliximab in UC and CD
patients.”®

Lymphocyte-to-monocyte ratio (LMR)

The LMR, conversely to NLR, has been shown to decrease in UC
and CD patients compared to healthy controls. Although variable
cutoffs have been reported, in one study, UC patients with clini-
cally active disease had LMR levels around 2.1, while the level in
quiescent disease was around 2.9, and healthy controls typically
had levels around 3.5.°7 An LMR of 2.88 or less could indicate ac-
tive UC with both a sensitivity and specificity of 90%.5

Platelet-to-lymphocyte ratio (PLR)

The PLR also shows promise in monitoring response to therapy
and predicting long-term treatment response for patients with UC
and CD, although the research on this ratio is less robust. PLR
values, like NLR, were higher for UC patients presenting with mu-
cosal ulceration at baseline endoscopy. Patients with an elevation
of NLR and PLR at baseline, > 2 and > 183, respectively, were
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unlikely to achieve mucosal healing after 54 weeks of anti-TNF
therapy.'%? Continued research in this area with larger sample sizes
would be needed to strengthen these findings.

CRP-to-lymphocyte ratio (CLR)/CRP-to-albumin ratio (CAR)

Con et al.'"" used a similar approach, utilizing ratios of commonly
collected biomarkers to predict the risk of colectomy for patients
with acute severe UC following infliximab salvage therapy. They
specifically focused on the CLR and CAR. Of the two, CLR ap-
peared to offer superior risk stratification. A value > 6.0 mg/10°
obtained on day 3 following infliximab salvage therapy achieved a
sensitivity and specificity of 84% and a negative predictive value
0f 96% for predicting colectomy within 1 year.!?! A recent abstract
has even suggested that the CAR correlates well with endoscopic
disease activity in patients with UC and could serve as a cost-ef-
fective and practical biomarker.102

Additional cutting-edge diagnostics

Alongside advancements in biomarker research, the area of endo-
scopic diagnosis has also expanded to include the development of
confocal laser endomicroscopy and endoscopic visualization of
biofilms. Confocal laser endomicroscopy was introduced in 2004
with the idea of creating “optical biopsies” to obtain targeted biop-
sies with higher diagnostic yield.!%31% [t requires the integration
of a miniature confocal microscope into a conventional colono-
scope, along with the addition of a topical or systemic contrast
agent, typically acriflavine or fluorescein, respectively. This tech-
nique can be used to provide real-time microscopic analysis of in-
flammatory activity and rapid differentiation between neoplastic
and non-neoplastic lesions, which is particularly valuable for dys-
plasia surveillance in CD and UC.1%4

Confocal laser endomicroscopy has also proven beneficial in as-
sessing biofilms in the digestive tract. Biofilms appear as yellow-
green adherent layers lining the intestinal wall and are commonly
dismissed as stool remnants on routine colonoscopies. However,
previous studies have confirmed these adherent structures as bio-
films containing abundant bacteria protected by an exopolysac-
charide matrix.'5:1% Biofilms were more prevalent in patients
with irritable bowel syndrome (57%), UC (34%), and CD (22%)
compared to healthy controls (6%). In UC patients, biofilms were
associated with increased disease extent, histologic inflammation,
and elevated fecal calprotectin.!’® This connection could provide
new opportunities for diagnostic and treatment approaches with
ongoing research focusing on biofilm eradication, particularly in
the prosthetics industry as well as bioactive compounds, such as
Punica Granatum derived from pomegranates, which could reduce
biofilm formation in [BD.107:108

Conclusion

There is no single gold-standard test for diagnosing IBD, much
less differentiating between Crohn’s disease and ulcerative colitis.
Therefore, diagnosis is commonly made through multiple modali-
ties with varying availability, cost, and complexity. Biomarkers
for inflammatory bowel disease have long been sought as poten-
tial non-invasive indicators of gastrointestinal tract inflammation.
They can help distinguish between IBD and functional gut symp-
toms, aiding in disease monitoring for prompt diagnosis while
avoiding unnecessary invasive examinations and harmful treat-
ment delays.

In addition to older markers such as CRP, ESR, and fecal bio-
markers, recent studies have identified genes and epigenetic modi-
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fications to recognize at-risk populations. Further evaluations are
required to elucidate the best test(s) for assessing mucosal healing
and predicting the risk of future relapse. The concept of disease
interception is emerging as a treatment paradigm aimed at early
detection through the identification of at-risk individuals in a pre-
disease state when pathologic molecular changes can be detected
but the patient has not yet developed symptoms. Individualized
interventions can then commence aimed at preventing irreversible
damage from delayed or ineffective therapy.

Despite significant progress, no single biomarker can be used in
isolation for the diagnosis of IBD. However, many show promise
when incorporated into matrices of predictive tools for diagnosis,
management, and prediction of disease severity and relapse. None-
theless, while advanced genetic testing improves our understand-
ing of IBD and individual variability, it’s not yet widely used in
clinical practice.

Acknowledgments

None.

Funding

None.

Conflict of interest

The authors have no conflict of interests.

Author contributions

Article conception and design, writing, and editing (ML, CMJ).
Both authors have approved the final manuscript.

References

[1] Molodecky NA, Soon IS, Rabi DM, Ghali WA, Ferris M, Chernoff G,
et al. Increasing incidence and prevalence of the inflammatory
bowel diseases with time, based on systematic review. Gastroen-
terology 2012;142(1):46-54.e42. doi:10.1053/j.gastr0.2011.10.001,
PMID:22001864.

[2] Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol El, et
al. Worldwide incidence and prevalence of inflammatory bowel dis-
ease in the 21st century: a systematic review of population-based
studies. Lancet 2017;390(10114):2769-2778. doi:10.1016/S0140-
6736(17)32448-0, PMID:29050646.

[3] Kaplan GG. The global burden of IBD: from 2015 to 2025. Nat Rev
Gastroenterol Hepatol 2015;12(12):720-727. doi:10.1038/nrgas-
tro.2015.150, PMID:26323879.

[4] Holmer AK, Boland BS, Singh S, Neill J, Le H, Miralles A, et al. A Se-
rum Biomarker Panel Can Accurately Identify Mucosal Ulcers in Pa-
tients With Crohn’s Disease. Inflamm Bowel Dis 2023;29(4):555-562.
doi:10.1093/ibd/izac117, PMID:35704691.

[S] Okba AM, Amin MM, Abdelmoaty AS, Ebada HE, Kamel AH, Allam AS,
et al. Neutrophil/lymphocyte ratio and lymphocyte/monocyte ratio
in ulcerative colitis as non-invasive biomarkers of disease activity and
severity. Auto Immun Highlights 2019;10(1):4. doi:10.1186/s13317-
019-0114-8, PMID:32257060.

[6] Porter CK, Riddle MS, Gutierrez RL, Princen F, Strauss R, Telesco SE,
et al. Cohort profile of the PRoteomic Evaluation and Discovery in
an IBD Cohort of Tri-service Subjects (PREDICTS) study: Rationale,
organization, design, and baseline characteristics. Contemp Clin Tri-
als Commun 2019;14:100345. doi:10.1016/j.conctc.2019.100345,
PMID:30989149.

DOI: 10.14218/JTG.2023.00086 | Volume 2 Issue 2, June 2024

[7]

(8]

19l

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

J Transl Gastroenterol

Revés J, Ungaro RC, Torres J. Unmet needs in inflammatory bowel dis-
ease. Curr Res Pharmacol Drug Discov 2021;2:100070. doi:10.1016/j.
crphar.2021.100070, PMID:34988431.

Shapiro JM, Zoega H, Shah SA, Bright RM, Mallette M, Moniz H,
et al. Incidence of Crohn’s Disease and Ulcerative Colitis in Rhode
Island: Report from the Ocean State Crohn’s and Colitis Area Reg-
istry. Inflamm Bowel Dis 2016;22(6):1456-1461. doi:10.1097/
MIB.0000000000000745, PMID:26926039.

Chen P, Zhou G, Lin J, Li L, Zeng Z, Chen M, et al. Serum Biomarkers
for Inflammatory Bowel Disease. Front Med (Lausanne) 2020;7:123.
doi:10.3389/fmed.2020.00123, PMID:32391365.

Vermeire S, Van Assche G, Rutgeerts P. C-reactive protein as a marker
for inflammatory bowel disease. Inflamm Bowel Dis 2004;10(5):661—
665. doi:10.1097/00054725-200409000-00026, PMID:15472532.
Porter AC, Aubrecht J, Birch C, Braun J, Cuff C, Dasgupta S, et al.
Biomarkers of Crohn’s Disease to Support the Development of New
Therapeutic Interventions. Inflamm Bowel Dis 2020;26(10):1498—
1508. doi:10.1093/ibd/izaa215, PMID:32840322.

Caviezel D, Maissen S, Niess JH, Kiss C, Hruz P. High Prevalence of Vita-
min D Deficiency among Patients with Inflammatory Bowel Disease.
Inflamm Intest Dis 2018;2(4):200-210. doi:10.1159/000489010,
PMID:30221147.

Forbes A, Escher J, Hébuterne X, Ktek S, Krznaric Z, Schneider S, et
al. ESPEN guideline: Clinical nutrition in inflammatory bowel disease.
Clin  Nutr 2017;36(2):321-347. do0i:10.1016/j.clnu.2016.12.027,
PMID:28131521.

Lopez RN, Leach ST, Lemberg DA, Duvoisin G, Gearry RB, Day AS. Fe-
cal biomarkers in inflammatory bowel disease. J Gastroenterol Hepa-
tol 2017;32(3):577-582. doi:10.1111/jgh.13611, PMID:27723123.
Joustra V, Li Yim A, Hageman |, Levin E, Noble A, Chapman T, et al.
OPO03 Highly stable epigenome-wide peripheral blood DNA meth-
ylation signatures accurately predict endoscopic response to adali-
mumab, vedolizumab and ustekinumab in Crohn’s disease patients:
The EPIC-CD study. J Crohn’s Colitis 2023;17(Supplement_1):i6—i8.
doi:10.1093/ecco-jcc/jjac190.0003.

Consigny Y, Modigliani R, Colombel JF, Dupas JL, Lémann M, Mary JY,
et al. A simple biological score for predicting low risk of short-term
relapse in Crohn’s disease. Inflamm Bowel Dis 2006;12(7):551-557.
doi:10.1097/01.ibd.0000225334.60990.5b, PMID:16804391.
Yamamoto T, Shiraki M, Bamba T, Umegae S, Matsumoto K. Faecal
calprotectin and lactoferrin as markers for monitoring disease activity
and predicting clinical recurrence in patients with Crohn’s disease af-
ter ileocolonic resection: A prospective pilot study. United European
Gastroenterol J 2013;1(5):368-74. doi:10.1177/2050640613501818,
PMID:24917985.

Black S, Kushner I, Samols D. C-reactive Protein. J Biol Chem 2004;
279(47):48487-48490.d0i:10.1074/jbc.R400025200, PMID:15337754.
Alghoul Z, Yang C, Merlin D. The Current Status of Molecular Biomark-
ers for Inflammatory Bowel Disease. Biomedicines 2022;10(7):1492.
doi:10.3390/biomedicines10071492, PMID:35884797.

Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J
Clin Invest 2003;111(12):1805-1812. doi:10.1172/JCI18921, PMID:
12813013.

Solem CA, Loftus EV Jr, Tremaine WJ, Harmsen WS, Zinsmeister AR,
Sandborn WJ. Correlation of C-reactive protein with clinical, endo-
scopic, histologic, and radiographic activity in inflammatory bowel
disease. Inflamm Bowel Dis 2005;11(8):707-712. doi:10.1097/01.
mib.0000173271.18319.53, PMID:16043984.

Peyrin-Biroulet L, Gonzalez F, Dubuquoy L, Rousseaux C, Dubu-
quoy C, Decourcelle C, et al. Mesenteric fat as a source of C reac-
tive protein and as a target for bacterial translocation in Crohn’s
disease. Gut 2012;61(1):78-85. doi:10.1136/gutjnl-2011-300370,
PMID:21940721.

Moran CJ, Kaplan JL, Winter HS. Genetic Variation Affects C-Re-
active Protein Elevations in Crohn’s Disease. Inflamm Bowel Dis
2018;24(9):2048-2052. doi:10.1093/ibd/izy100, PMID:29718222.
Reinisch W, Wang Y, Oddens BJ, Link R. C-reactive protein, an in-
dicator for maintained response or remission to infliximab in pa-
tients with Crohn’s disease: a post-hoc analysis from ACCENT I.
Aliment Pharmacol Ther 2012;35(5):568-576. d0i:10.1111/j.1365-
2036.2011.04987.x, PMID:22251435.

97


https://doi.org/10.14218/JTG.2023.00086
https://doi.org/10.1053/j.gastro.2011.10.001
http://www.ncbi.nlm.nih.gov/pubmed/22001864
https://doi.org/10.1016/S0140-6736(17)32448-0
https://doi.org/10.1016/S0140-6736(17)32448-0
http://www.ncbi.nlm.nih.gov/pubmed/29050646
https://doi.org/10.1038/nrgastro.2015.150
https://doi.org/10.1038/nrgastro.2015.150
http://www.ncbi.nlm.nih.gov/pubmed/26323879
https://doi.org/10.1093/ibd/izac117
http://www.ncbi.nlm.nih.gov/pubmed/35704691
https://doi.org/10.1186/s13317-019-0114-8
https://doi.org/10.1186/s13317-019-0114-8
http://www.ncbi.nlm.nih.gov/pubmed/32257060
https://doi.org/10.1016/j.conctc.2019.100345
http://www.ncbi.nlm.nih.gov/pubmed/30989149
https://doi.org/10.1016/j.crphar.2021.100070
https://doi.org/10.1016/j.crphar.2021.100070
http://www.ncbi.nlm.nih.gov/pubmed/34988431
https://doi.org/10.1097/MIB.0000000000000745
https://doi.org/10.1097/MIB.0000000000000745
http://www.ncbi.nlm.nih.gov/pubmed/26926039
https://doi.org/10.3389/fmed.2020.00123
http://www.ncbi.nlm.nih.gov/pubmed/32391365
https://doi.org/10.1097/00054725-200409000-00026
http://www.ncbi.nlm.nih.gov/pubmed/15472532
https://doi.org/10.1093/ibd/izaa215
http://www.ncbi.nlm.nih.gov/pubmed/32840322
https://doi.org/10.1159/000489010
http://www.ncbi.nlm.nih.gov/pubmed/30221147
https://doi.org/10.1016/j.clnu.2016.12.027
http://www.ncbi.nlm.nih.gov/pubmed/28131521
https://doi.org/10.1111/jgh.13611
http://www.ncbi.nlm.nih.gov/pubmed/27723123
https://doi.org/10.1093/ecco-jcc/jjac190.0003
https://doi.org/10.1097/01.ibd.0000225334.60990.5b
http://www.ncbi.nlm.nih.gov/pubmed/16804391
https://doi.org/10.1177/2050640613501818
http://www.ncbi.nlm.nih.gov/pubmed/24917985
https://doi.org/10.1074/jbc.R400025200
http://www.ncbi.nlm.nih.gov/pubmed/15337754
https://doi.org/10.3390/biomedicines10071492
http://www.ncbi.nlm.nih.gov/pubmed/35884797
https://doi.org/10.1172/JCI18921
http://www.ncbi.nlm.nih.gov/pubmed/12813013
https://doi.org/10.1097/01.mib.0000173271.18319.53
https://doi.org/10.1097/01.mib.0000173271.18319.53
http://www.ncbi.nlm.nih.gov/pubmed/16043984
https://doi.org/10.1136/gutjnl-2011-300370
http://www.ncbi.nlm.nih.gov/pubmed/21940721
https://doi.org/10.1093/ibd/izy100
http://www.ncbi.nlm.nih.gov/pubmed/29718222
https://doi.org/10.1111/j.1365-2036.2011.04987.x
https://doi.org/10.1111/j.1365-2036.2011.04987.x
http://www.ncbi.nlm.nih.gov/pubmed/22251435

J Transl Gastroenterol

[25]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

(34]

[35]

(36]

[37]

[38]

(39]

[40]

[41]

[42]

98

Singh S, Ananthakrishnan AN, Nguyen NH, Cohen BL, Velayos FS,
Weiss JM. AGA Clinical Practice Guideline on the Role of Biomark-
ers for the Management of Ulcerative Colitis. Gastroenterology
2023;164(3):344-372. doi:10.1053/j.gastro.2022.12.007, PMID:368
22736.

Colombel JF, Panaccione R, Bossuyt P, Lukas M, Baert F, Vandasek
T, et al. Effect of tight control management on Crohn’s disease
(CALM): a multicentre, randomised, controlled phase 3 trial. Lancet
2017;390(10114):2779-2789. doi:10.1016/50140-6736(17)32641-7,
PMID:29096949.

Click B, Vargas EJ, Anderson AM, Proksell S, Koutroubakis IE, Ra-
mos Rivers C, et al. Silent Crohn’s Disease: Asymptomatic Patients
with Elevated C-reactive Protein Are at Risk for Subsequent Hospi-
talization. Inflamm Bowel Dis 2015;21(10):2254-2261. doi:10.1097/
MIB.0000000000000516, PMID:26197446.

Rotondo-Trivette S, Tu J, Castelan VOC, Liang J. M0o1749 Salivary
C-reactive protein correlates with serum C-reactive protein across
a range of disease activity among patients with inflammatory
bowel disease: A pilot study. Gastroenterology 2023;164(6):5-892.
doi:10.1016/S0016-5085(23)03059-7.

Fengming Y, Jianbing W. Biomarkers of inflammatory bowel dis-
ease. Dis Markers 2014;2014:710915. doi:10.1155/2014/710915,
PMID:24963213.

Barnes BH, Borowitz SM, Saulsbury FT, Hellems M, Sutphen JL. Dis-
cordant erythrocyte sedimentation rate and C-reactive protein in
children with inflammatory bowel disease taking azathioprine or
6-mercaptopurine. J Pediatr Gastroenterol Nutr 2004;38(5):509—
512. doi:10.1097/00005176-200405000-00009, PMID:15097439.
White JH. Vitamin D deficiency and the pathogenesis of Crohn’s dis-
ease. J Steroid Biochem Mol Biol 2018;175:23-28. doi:10.1016/j.js-
bmb.2016.12.015, PMID:28025175.

Gubatan J, Mitsuhashi S, Longhi MS, Zenlea T, Rosenberg L, Robson
S, et al. Higher serum vitamin D levels are associated with protective
serum cytokine profiles in patients with ulcerative colitis. Cytokine
2018;103:38-45. doi:10.1016/j.cyt0.2017.12.023, PMID:29324259.
Danese S, Motte Cd Cde L, Fiocchi C. Platelets in inflammatory
bowel disease: clinical, pathogenic, and therapeutic implications.
Am J Gastroenterol 2004;99(5):938-945. do0i:10.1111/j.1572-
0241.2004.04129.x, PMID:15128364.

Derkacz A, Olczyk P, Komosinska-Vassev K. Diagnostic Mark-
ers for Nonspecific Inflammatory Bowel Diseases. Dis Markers
2018;2018:7451946. doi:10.1155/2018/7451946, PMID:29991970.
Nakarai A, Kato J, Hiraoka S, Takashima S, Inokuchi T, Takahara M, et
al. An Elevated Platelet Count Increases the Risk of Relapse in Ulcera-
tive Colitis Patients with Mucosal Healing. Gut Liver 2018;12(4):420—
425. doi:10.5009/gnl17236, PMID:29945423.

Rydell N, Ekoff H, Hellstrom PM, Movérare R. Measurement of Serum
1gG Anti-Integrin avB6 Autoantibodies Is a Promising Tool in the Diag-
nosis of Ulcerative Colitis. J Clin Med 2022;11(7):1881. doi:10.3390/
jecm11071881, PMID:35407486.

Maréchal C, Aimone-Gastin I, Baumann C, Dirrenberger B, Guéant
JL, Peyrin-Biroulet L. Compliance with the faecal calprotectin test in
patients with inflammatory bowel disease. United European Gas-
troenterol J 2017;5(5):702-707. doi:10.1177/2050640616686517,
PMID:28815034.

Allen K, Munuswamy P. P511 Evaluation of home faecal calprotec-
tin testing to aid remote management and enhanced self-man-
agement of inflammatory bowel disease. J Crohn’s Colitis 2023;
17(Supplement_1):i641-i641. doi:10.1093/ecco-jcc/jjac190.0641.
Poullis A, Foster R, Mendall MA, Fagerhol MK. Emerging role of calpro-
tectin in gastroenterology. J Gastroenterol Hepatol 2003;18(7):756—
762. doi:10.1046/j.1440-1746.2003.03014.x, PMID:12795745.
Tibble J, Teahon K, Thjodleifsson B, Roseth A, Sigthorsson G, Bridger
S, et al. A simple method for assessing intestinal inflammation in
Crohn’s disease. Gut 2000;47(4):506—513. d0i:10.1136/gut.47.4.506,
PMID:10986210.

Becker drs M, Stevens T, De Voogd F, Wildenberg M, Gecse K,
Buskens C. P166 Calprotectin in patients with perianal fistula: the
CANALS study. . J Crohn’s Colitis 2023;17(Supplement_1):i324-i325.
doi:10.1093/ecco-jcc/jjac190.0296.

Witodarczyk M, Wtodarczyk J, Sobolewska-Wtodarczyk A, Trzcinski R,

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

Lewis et al: Use of biomarkers in the management of IBD

Dziki t, Fichna J. Current concepts in the pathogenesis of cryptoglan-
dular perianal fistula. J Int Med Res 2021;49(2):300060520986669.
doi:10.1177/0300060520986669, PMID:33595349.

van Rheenen PF, Van de Vijver E, Fidler V. Faecal calprotectin for
screening of patients with suspected inflammatory bowel disease:
diagnostic meta-analysis. BMJ 2010;341:c3369. doi:10.1136/bmj.
¢3369, PMID:20634346.

Rgseth AG, Aadland E, Jahnsen J, Raknerud N. Assessment of dis-
ease activity in ulcerative colitis by faecal calprotectin, a novel
granulocyte marker protein. Digestion 1997;58(2):176-180.
doi:10.1159/000201441, PMID:9144308.

Costa F, Mumolo MG, Ceccarelli L, Bellini M, Romano MR, Sterpi C,
et al. Calprotectin is a stronger predictive marker of relapse in ul-
cerative colitis than in Crohn’s disease. Gut 2005;54(3):364—-368.
doi:10.1136/gut.2004.043406, PMID:15710984.

Dulai PS, Feagan BG, Sands BE, Chen J, Lasch K, Lirio RA. Prognostic
Value of Fecal Calprotectin to Inform Treat-to-Target Monitoring in
Ulcerative Colitis. Clin Gastroenterol Hepatol 2023;21(2):456-466.
e7.doi:10.1016/j.cgh.2022.07.027, PMID:35934286.

Buisson A, Carpentier C, Minet-Quinard R, Pereira B. M01732 fae-
cal calprotectin to predict the risk of relapse in patients with ulcera-
tive colitis in clinical remission and endoscopic Mayo score 0 or 1:
results of the CALPRODICT-UC. Gastroenterology 2023;164(6):5—-884.
doi:10.1016/5S0016-5085(23)03042-1.

Rafael MA, Bordalo Ferreira F, Oliveira AM, Nassauer Modnica A, San-
tos L. P195 Is fecal calprotectin truly valuable in the management of
isolated small bowel Crohn’s disease? J Crohn’s Colitis 2023;17(Supp
lement_1):i348. doi:10.1093/ecco-jcc/jjac190.0325.

Magro F, Estevinho MM, Catalano G, Patita M, Arroja B, Lago P, et
al. P734 A single measurement of fecal calprotectin, particularly
if combined with hemoglobin and C-reactive protein levels, pre-
dicts Crohn’s disease prognosis - a prospective study. J Crohn’s
Colitis  2023;17(Supplement_1):i863-i863. doi:10.1093/ecco-jcc/
jjac190.0864.

Park JB, Seo J, Song S, Shi S, Park S, Hong SW, et al. Mo1746 fecal
calprotectin from ileostomy output in patients with Crohn’s dis-
ease. Gastroenterology 2023;164(6):5-890. doi:10.1016/S0016-
5085(23)03056-1.

Reenaers C, Bossuyt P, Hindryckx P, Vanpoucke H, Cremer A, Baert
F. Expert opinion for use of faecal calprotectin in diagnosis and
monitoring of inflammatory bowel disease in daily clinical prac-
tice. United European Gastroenterol J 2018;6(8):1117-1125.
doi:10.1177/2050640618784046, PMID:30288273.

Brookes MJ, Whitehead S, Gaya DR, Hawthorne AB. Practical guidance
on the use of faecal calprotectin. Frontline Gastroenterol 2018;9(2):87—
91. doi:10.1136/flgastro-2016-100762, PMID:29588834.

Uchiyama K, Takagi T, Mizushima K, Hirai Y, Asaeda K, Sugaya T, et
al. Mucosal Addressin Cell Adhesion Molecule 1 Expression Reflects
Mucosal Inflammation and Subsequent Relapse in Patients with Ul-
cerative Colitis. J Crohns Colitis 2023;17(5):786—794. doi:10.1093/
ecco-jcc/jjacl182, PMID:36511086.

Allner C, Melde M, Becker E, Fuchs F, Miihl L, Klenske E, et al. Base-
line levels of dynamic CD4(+) T cell adhesion to MAdCAM-1 correlate
with clinical response to vedolizumab treatment in ulcerative coli-
tis: a cohort study. BMC Gastroenterol 2020;20(1):103. doi:10.1186/
$12876-020-01253-8, PMID:32293299.

Zelinkova Z, Podmanicky D, Berakova K, Kadleckova B. P655 MAd-
CAM1 negativity of lamina propria endothelial cells is associated
with non-response to vedolizumab in inflammatory bowel dis-
ease patients. J Crohn’s Colitis 2023;17(Supplement 1):i783-i784.
doi:10.1093/ecco-jcc/jjac190.0785.

Sandborn WJ, Lee SD, Tarabar D, Louis E, Klopocka M, Klaus J, et al. Phase
Il evaluation of anti-MAdCAM antibody PF-00547659 in the treatment
of Crohn’s disease: report of the OPERA study. Gut 2018;67(10):1824—
1835. doi:10.1136/gutjnl-2016-313457, PMID:28982740.
Hassan-Zahraee M, Banerjee A, Cheng JB, Zhang W, Ahmad A, Page K,
et al. Anti-MAdCAM Antibody Increases B7+ T Cells and CCR9 Gene
Expression in the Peripheral Blood of Patients With Crohn’s Disease.
J Crohns Colitis 2018;12(1):77-86. doi:10.1093/ecco-jcc/jjx121,
PMID:28961803.

West NR, Hegazy AN, Owens BMJ, Bullers SJ, Linggi B, Buonocore

DOI: 10.14218/JTG.2023.00086 | Volume 2 Issue 2, June 2024


https://doi.org/10.14218/JTG.2023.00086
https://doi.org/10.1053/j.gastro.2022.12.007
http://www.ncbi.nlm.nih.gov/pubmed/36822736
http://www.ncbi.nlm.nih.gov/pubmed/36822736
https://doi.org/10.1016/S0140-6736(17)32641-7
http://www.ncbi.nlm.nih.gov/pubmed/29096949
https://doi.org/10.1097/MIB.0000000000000516
https://doi.org/10.1097/MIB.0000000000000516
http://www.ncbi.nlm.nih.gov/pubmed/26197446
https://doi.org/10.1016/S0016-5085(23)03059-7
https://doi.org/10.1155/2014/710915
http://www.ncbi.nlm.nih.gov/pubmed/24963213
https://doi.org/10.1097/00005176-200405000-00009
http://www.ncbi.nlm.nih.gov/pubmed/15097439
https://doi.org/10.1016/j.jsbmb.2016.12.015
https://doi.org/10.1016/j.jsbmb.2016.12.015
http://www.ncbi.nlm.nih.gov/pubmed/28025175
https://doi.org/10.1016/j.cyto.2017.12.023
http://www.ncbi.nlm.nih.gov/pubmed/29324259
https://doi.org/10.1111/j.1572-0241.2004.04129.x
https://doi.org/10.1111/j.1572-0241.2004.04129.x
http://www.ncbi.nlm.nih.gov/pubmed/15128364
https://doi.org/10.1155/2018/7451946
http://www.ncbi.nlm.nih.gov/pubmed/29991970
https://doi.org/10.5009/gnl17236
http://www.ncbi.nlm.nih.gov/pubmed/29945423
https://doi.org/10.3390/jcm11071881
https://doi.org/10.3390/jcm11071881
http://www.ncbi.nlm.nih.gov/pubmed/35407486
https://doi.org/10.1177/2050640616686517
http://www.ncbi.nlm.nih.gov/pubmed/28815034
https://doi.org/10.1093/ecco-jcc/jjac190.0641
https://doi.org/10.1046/j.1440-1746.2003.03014.x
http://www.ncbi.nlm.nih.gov/pubmed/12795745
https://doi.org/10.1136/gut.47.4.506
http://www.ncbi.nlm.nih.gov/pubmed/10986210
https://doi.org/10.1093/ecco-jcc/jjac190.0296
https://doi.org/10.1177/0300060520986669
http://www.ncbi.nlm.nih.gov/pubmed/33595349
https://doi.org/10.1136/bmj.c3369
https://doi.org/10.1136/bmj.c3369
http://www.ncbi.nlm.nih.gov/pubmed/20634346
https://doi.org/10.1159/000201441
http://www.ncbi.nlm.nih.gov/pubmed/9144308
https://doi.org/10.1136/gut.2004.043406
http://www.ncbi.nlm.nih.gov/pubmed/15710984
https://doi.org/10.1016/j.cgh.2022.07.027
http://www.ncbi.nlm.nih.gov/pubmed/35934286
https://doi.org/10.1016/S0016-5085(23)03042-1
https://doi.org/10.1093/ecco-jcc/jjac190.0325
https://doi.org/10.1093/ecco-jcc/jjac190.0864
https://doi.org/10.1093/ecco-jcc/jjac190.0864
https://doi.org/10.1016/S0016-5085(23)03056-1
https://doi.org/10.1016/S0016-5085(23)03056-1
https://doi.org/10.1177/2050640618784046
http://www.ncbi.nlm.nih.gov/pubmed/30288273
https://doi.org/10.1136/flgastro-2016-100762
http://www.ncbi.nlm.nih.gov/pubmed/29588834
https://doi.org/10.1093/ecco-jcc/jjac182
https://doi.org/10.1093/ecco-jcc/jjac182
http://www.ncbi.nlm.nih.gov/pubmed/36511086
https://doi.org/10.1186/s12876-020-01253-8
https://doi.org/10.1186/s12876-020-01253-8
http://www.ncbi.nlm.nih.gov/pubmed/32293299
https://doi.org/10.1093/ecco-jcc/jjac190.0785
https://doi.org/10.1136/gutjnl-2016-313457
http://www.ncbi.nlm.nih.gov/pubmed/28982740
https://doi.org/10.1093/ecco-jcc/jjx121
http://www.ncbi.nlm.nih.gov/pubmed/28961803

Lewis et al: Use of biomarkers in the management of IBD

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

S, et al. Oncostatin M drives intestinal inflammation and predicts
response to tumor necrosis factor-neutralizing therapy in patients
with inflammatory bowel disease. Nat Med 2017;23(5):579-589.
doi:10.1038/nm.4307, PMID:28368383.

Nguyen A, Sturm G, Plattner C, et al. P247 Oncostatin M and its re-
ceptor are markers of endoscopic and histological disease activity
in Inflammatory Bowel Disease. Journal of Crohn’s and Colitis 2023;
17(Supplement_1):i397-i399. doi:10.1093/ecco-jcc/jjac190.0377.
Verstockt S, Verstockt B, Vermeire S. Oncostatin M as a new diagnos-
tic, prognostic and therapeutic target in inflammatory bowel disease
(IBD). Expert Opin Ther Targets 2019;23(11):943-954. doi:10.1080/1
4728222.2019.1677608, PMID:31587593.

Guo A, Ross C, Chande N, Gregor J, Ponich T, Khanna R, et al. High
oncostatin M predicts lack of clinical remission for patients with
inflammatory bowel disease on tumor necrosis factor a antago-
nists. Sci Rep 2022;12(1):1185. doi:10.1038/s41598-022-05208-9,
PMID:35075155.

Thia KT, Sandborn WJ, Harmsen WS, Zinsmeister AR, Loftus EV Jr.
Risk factors associated with progression to intestinal complications
of Crohn’s disease in a population-based cohort. Gastroenterology
2010;139(4):1147-1155. doi:10.1053/j.gastro.2010.06.070, PMID:
20637205.

Kim WM, Kaser A, Blumberg RS. A role for oncostatin M in inflam-
matory bowel disease. Nat Med 2017;23(5):535-536. doi:10.1038/
nm.4338, PMID:28475567.

Aktar R, Rutlin M, Sak NG, Harris P, Peiris M. Sul744 increased neu-
ronal activity in human colonic IBD tissue may be mediated by oncos-
tatin M. Gastroenterology 2023;164(6):5-662. doi:10.1016/S0016-
5085(23)02542-8.

Ezirike Ladipo J, He Z, Chikwava K, Robbins K, Beri J, Molle-Rios Z.
Oncostatin-M Does Not Predict Treatment Response in Inflamma-
tory Bowel Disease in a Pediatric Cohort. J Pediatr Gastroenterol
Nutr 2021;73(3):352-357. doi:10.1097/MPG.0000000000003201,
PMID:34117193.

Cho JH, Brant SR. Recent insights into the genetics of inflamma-
tory bowel disease. Gastroenterology 2011;140(6):1704-1712.
doi:10.1053/j.gastro.2011.02.046, PMID:21530736.

Ashton JJ, Seaby EG, Beattie RM, Ennis S. NOD2 in Crohn’s Dis-
ease-Unfinished Business. J Crohns Colitis 2023;17(3):450-458.
doi:10.1093/ecco-jcc/jjac124, PMID:36006803.

Kobayashi KS, Chamaillard M, Ogura Y, Henegariu O, Inohara N,
Nufiez G, et al. Nod2-dependent regulation of innate and adaptive
immunity in the intestinal tract. Science 2005;307(5710):731-734.
doi:10.1126/science.1104911, PMID:15692051.

Yamamoto S, Ma X. Role of Nod2 in the development of Crohn’s
disease. Microbes Infect 2009;11(12):912-918. doi:10.1016/j.
micinf.2009.06.005, PMID:19573617.

Helbig KL, Nothnagel M, Hampe J, Balschun T, Nikolaus S, Schreiber S,
et al. A case-only study of gene-environment interaction between ge-
netic susceptibility variants in NOD2 and cigarette smoking in Crohn’s
disease aetiology. BMC Med Genet 2012;13:14. doi:10.1186/1471-
2350-13-14, PMID:22416979.

Cleynen |, Boucher G, Jostins L, Schumm LP, Zeissig S, Ahmad T, et al.
Inherited determinants of Crohn’s disease and ulcerative colitis phe-
notypes: a genetic association study. Lancet 2016;387(10014):156—
167. doi:10.1016/S0140-6736(15)00465-1, PMID:26490195.

Hynes RO. Integrins: bidirectional, allosteric signaling machines.
Cell 2002;110(6):673-687. do0i:10.1016/s0092-8674(02)00971-6,
PMID:12297042.

Livanos AE, Dunn A, Fischer J, Ungaro RC, Turpin W, Lee SH, et al.
Anti-Integrin avB6 Autoantibodies Are a Novel Biomarker That An-
tedate Ulcerative Colitis. Gastroenterology 2023;164(4):619-629.
doi:10.1053/j.gastro.2022.12.042, PMID:36634824.

Feng BS, Chen X, Li P, Zheng PY, Chong J, Cho DB, et al. Expression of
integrin alphavbeta6 in the intestinal epithelial cells of patients with
inflammatory bowel disease. N Am J Med Sci 2009;1(4):200-204.
doi:10.4297/najms.2009.4200, PMID:22666696.

O’Connell RM, Rao DS, Chaudhuri AA, Baltimore D. Physiological and
pathological roles for microRNAs in the immune system. Nat Rev Im-
munol 2010;10(2):111-122. doi:10.1038/nri2708, PMID:20098459.
Li M, Zhang S, Qiu Y, He Y, Chen B, Mao R, et al. Upregulation of miR-

DOI: 10.14218/JTG.2023.00086 | Volume 2 Issue 2, June 2024

[77]

[78]

[79]

[80]

(81]

(82]

(83]

[84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

J Transl Gastroenterol

665 promotes apoptosis and colitis in inflammatory bowel disease
by repressing the endoplasmic reticulum stress components XBP1
and ORMDL3. Cell Death Dis 2017;8(3):e2699. doi:10.1038/cd-
dis.2017.76, PMID:28333149.

Williams MR, Stedtfeld RD, Tiedje JM, Hashsham SA. MicroRNAs-
Based Inter-Domain Communication between the Host and Members
of the Gut Microbiome. Front Microbiol 2017;8:1896. doi:10.3389/
fmicbh.2017.01896, PMID:29021788.

Pallikkunnath James J, Riis LB, Malham M, Hggdall E, Langholz E,
Nielsen BS. PO03 MicroRNAs as biomarkers in Inflammatory Bowel
Disease unclassified (IBDU) patient samples may predict the devel-
opment from IBDU to Crohn’s Disease or Ulcerative Colitis. J Crohn’s
Colitis  2023;17(Supplement_1):i171-i173. doi:10.1093/ecco-jcc/
jjac190.0133.

Alamdari-PalangiV, Vahedi F, Shabaninejad Z, Dokeneheifard S, Move-
hedpour A, Taheri-Anganeh M, et al. microRNA in inflammatory bow-
el disease at a glance. Eur J Gastroenterol Hepatol 2021;32(2):140—
148. doi:10.1097/MEG.0000000000001815, PMID:32558695.

Iborra M, Bernuzzi F, Correale C, Vetrano S, Fiorino G, Beltran B, et
al. Identification of serum and tissue micro-RNA expression profiles
in different stages of inflammatory bowel disease. Clin Exp Immunol
2013;173(2):250-258. doi:10.1111/cei.12104, PMID:23607522.
Wang H, Chao K, Ng SC, Bai AH, Yu Q, Yu J, et al. Pro-inflammatory
miR-223 mediates the cross-talk between the IL23 pathway and
the intestinal barrier in inflammatory bowel disease. Genome Biol
2016;17:58. doi:10.1186/s13059-016-0901-8, PMID:27029486.
Atanassova A, Georgieva AC. P101 circulating microRNA-16 in in-
flammatory bowel disease patients - potential biomarker to assess
inflammation. J Crohn’s Colitis 2023;17(Supplement_1):i263—-i265.
doi:10.1093/ecco-jcc/jjac190.0231.

Zidar N, Bostjanci¢ E, Jerala M, Kojc N, Drobne D, Stabuc B, et al. Down-
regulation of microRNAs of the miR-200 family and up-regulation of
Snail and Slug in inflammatory bowel diseases - hallmark of epitheli-
al-mesenchymal transition. J Cell Mol Med 2016;20(10):1813-1820.
doi:10.1111/jcmm.12869, PMID:27113480.

Nijhuis A, Biancheri P, Lewis A, Bishop CL, Giuffrida P, Chan C, et
al. In Crohn’s disease fibrosis-reduced expression of the miR-
29 family enhances collagen expression in intestinal fibroblasts.
Clin Sci (Lond) 2014;127(5):341-350. doi:10.1042/CS20140048,
PMID:24641356.

Suri K, Bubier JA, Wiles MV, Shultz LD, Amiji MM, Hosur V. Role of
MicroRNA in Inflammatory Bowel Disease: Clinical Evidence and the
Development of Preclinical Animal Models. Cells 2021;10(9):2204.
doi:10.3390/cells10092204, PMID:34571853.

G N, Zilbauer M. Epigenetics in IBD: a conceptual framework for dis-
ease pathogenesis. Frontline Gastroenterol 2022;13(el):e22-e27.
doi:10.1136/flgastro-2022-102120, PMID:35812027.

Zeng Z, Mukherjee A, Zhang H. From Genetics to Epigenetics,
Roles of Epigenetics in Inflammatory Bowel Disease. Front Genet
2019;10:1017. doi:10.3389/fgene.2019.01017, PMID:31737035.
Hornschuh M, Wirthgen E, Wolfien M, Singh KP, Wolkenhauer O,
Débritz J. The role of epigenetic modifications for the pathogenesis
of Crohn’s disease. Clin Epigenetics 2021;13(1):108. doi:10.1186/
$13148-021-01089-3, PMID:33980294.

Taman H, Fenton CG, Hensel IV, Anderssen E, Florholmen J, Paulssen
RH. Genome-wide DNA Methylation in Treatment-naive Ulcerative
Colitis. J Crohns Colitis 2018;12(11):1338-1347. doi:10.1093/ecco-
jec/ijyl17, PMID:30137272.

Annese V. Genetics and epigenetics of IBD. Pharmacol Res
2020;159:104892. doi:10.1016/j.phrs.2020.104892, PMID:32464322.
Clark SJ, Lee HJ, Smallwood SA, Kelsey G, Reik W. Single-cell epig-
enomics: powerful new methods for understanding gene regulation
and cell identity. Genome Biol 2016;17:72. doi:10.1186/s13059-016-
0944-x, PMID:27091476.

Dragoni G, Innocenti T, Galli A. Biomarkers of Inflammation in Inflam-
matory Bowel Disease: How Long before Abandoning Single-Marker
Approaches? Dig Dis 2021;39(3):190-203. doi:10.1159/000511641,
PMID:32942275.

Plevy S, Silverberg MS, Lockton S, Stockfisch T, Croner L, Stachel-
ski J, et al. Combined serological, genetic, and inflammatory mark-
ers differentiate non-IBD, Crohn’s disease, and ulcerative colitis

99


https://doi.org/10.14218/JTG.2023.00086
https://doi.org/10.1038/nm.4307
http://www.ncbi.nlm.nih.gov/pubmed/28368383
https://doi.org/10.1093/ecco-jcc/jjac190.0377
https://doi.org/10.1080/14728222.2019.1677608
https://doi.org/10.1080/14728222.2019.1677608
http://www.ncbi.nlm.nih.gov/pubmed/31587593
https://doi.org/10.1038/s41598-022-05208-9
http://www.ncbi.nlm.nih.gov/pubmed/35075155
https://doi.org/10.1053/j.gastro.2010.06.070
http://www.ncbi.nlm.nih.gov/pubmed/20637205
https://doi.org/10.1038/nm.4338
https://doi.org/10.1038/nm.4338
http://www.ncbi.nlm.nih.gov/pubmed/28475567
https://doi.org/10.1016/S0016-5085(23)02542-8
https://doi.org/10.1016/S0016-5085(23)02542-8
https://doi.org/10.1097/MPG.0000000000003201
http://www.ncbi.nlm.nih.gov/pubmed/34117193
https://doi.org/10.1053/j.gastro.2011.02.046
http://www.ncbi.nlm.nih.gov/pubmed/21530736
https://doi.org/10.1093/ecco-jcc/jjac124
http://www.ncbi.nlm.nih.gov/pubmed/36006803
https://doi.org/10.1126/science.1104911
http://www.ncbi.nlm.nih.gov/pubmed/15692051
https://doi.org/10.1016/j.micinf.2009.06.005
https://doi.org/10.1016/j.micinf.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/19573617
https://doi.org/10.1186/1471-2350-13-14
https://doi.org/10.1186/1471-2350-13-14
http://www.ncbi.nlm.nih.gov/pubmed/22416979
https://doi.org/10.1016/S0140-6736(15)00465-1
http://www.ncbi.nlm.nih.gov/pubmed/26490195
https://doi.org/10.1016/s0092-8674(02)00971-6
http://www.ncbi.nlm.nih.gov/pubmed/12297042
https://doi.org/10.1053/j.gastro.2022.12.042
http://www.ncbi.nlm.nih.gov/pubmed/36634824
https://doi.org/10.4297/najms.2009.4200
http://www.ncbi.nlm.nih.gov/pubmed/22666696
https://doi.org/10.1038/nri2708
http://www.ncbi.nlm.nih.gov/pubmed/20098459
https://doi.org/10.1038/cddis.2017.76
https://doi.org/10.1038/cddis.2017.76
http://www.ncbi.nlm.nih.gov/pubmed/28333149
https://doi.org/10.3389/fmicb.2017.01896
https://doi.org/10.3389/fmicb.2017.01896
http://www.ncbi.nlm.nih.gov/pubmed/29021788
https://doi.org/10.1093/ecco-jcc/jjac190.0133
https://doi.org/10.1093/ecco-jcc/jjac190.0133
https://doi.org/10.1097/MEG.0000000000001815
http://www.ncbi.nlm.nih.gov/pubmed/32558695
https://doi.org/10.1111/cei.12104
http://www.ncbi.nlm.nih.gov/pubmed/23607522
https://doi.org/10.1186/s13059-016-0901-8
http://www.ncbi.nlm.nih.gov/pubmed/27029486
https://doi.org/10.1093/ecco-jcc/jjac190.0231
https://doi.org/10.1111/jcmm.12869
http://www.ncbi.nlm.nih.gov/pubmed/27113480
https://doi.org/10.1042/CS20140048
http://www.ncbi.nlm.nih.gov/pubmed/24641356
https://doi.org/10.3390/cells10092204
http://www.ncbi.nlm.nih.gov/pubmed/34571853
https://doi.org/10.1136/flgastro-2022-102120
http://www.ncbi.nlm.nih.gov/pubmed/35812027
https://doi.org/10.3389/fgene.2019.01017
http://www.ncbi.nlm.nih.gov/pubmed/31737035
https://doi.org/10.1186/s13148-021-01089-3
https://doi.org/10.1186/s13148-021-01089-3
http://www.ncbi.nlm.nih.gov/pubmed/33980294
https://doi.org/10.1093/ecco-jcc/jjy117
https://doi.org/10.1093/ecco-jcc/jjy117
http://www.ncbi.nlm.nih.gov/pubmed/30137272
https://doi.org/10.1016/j.phrs.2020.104892
http://www.ncbi.nlm.nih.gov/pubmed/32464322
https://doi.org/10.1186/s13059-016-0944-x
https://doi.org/10.1186/s13059-016-0944-x
http://www.ncbi.nlm.nih.gov/pubmed/27091476
https://doi.org/10.1159/000511641
http://www.ncbi.nlm.nih.gov/pubmed/32942275

J Transl Gastroenterol

patients. Inflamm Bowel Dis 2013;19(6):1139-1148. doi:10.1097/
MIB.0b013e318280b19¢, PMID:23518807.

[94] Minderhoud IM, Steyerberg EW, van Bodegraven AA, van der Woude
CJ, Hommes DW, Dijkstra G, et al. Predicting Endoscopic Disease Ac-
tivity in Crohn’s Disease: A New and Validated Noninvasive Disease
Activity Index (The Utrecht Activity Index). Inflamm Bowel Dis 2015;
21(10):2453-2459. doi:10.1097/MIB.0000000000000507, PMID:261
81428.

[95] Obraztsov IV, Shirokikh KE, Obraztsova Ol, Shapina MV, Wang MH,
Khalif IL. Multiple Cytokine Profiling: A New Model to Predict Re-
sponse to Tumor Necrosis Factor Antagonists in Ulcerative Colitis
Patients. Inflamm Bowel Dis 2019;25(3):524-531. doi:10.1093/ibd/
izy358, PMID:30544140.

[96] Bertani L, Baglietto L, Antonioli L, Fornai M, Tapete G, Albano E,
et al. Assessment of serum cytokines predicts clinical and endo-
scopic outcomes to vedolizumab in ulcerative colitis patients. Br J
Clin Pharmacol 2020;86(7):1296—-1305. doi:10.1111/bcp.14235,
PMID:32027388.

[97] Cherfane CE, Gessel L, Cirillo D, Zimmerman MB, Polyak S. Mono-
cytosis and a Low Lymphocyte to Monocyte Ratio Are Effective
Biomarkers of Ulcerative Colitis Disease Activity. Inflamm Bowel
Dis 2015;21(8):1769-1775. doi:10.1097/MIB.0000000000000427,
PMID:25993688.

[98] Langley BO, Guedry SE, Goldenberg JZ, Hanes DA, Beardsley JA,
Ryan JJ. Inflammatory Bowel Disease and Neutrophil-Lymphocyte
Ratio: A Systematic Scoping Review. J Clin Med 2021;10(18):4219.
doi:10.3390/jcm10184219, PMID:34575330.

[99] Fu W, Fu H, Ye W, Han Y, Liu X, Zhu S, et al. Peripheral blood neu-
trophil-to-lymphocyte ratio in inflammatory bowel disease and dis-
ease activity: A meta-analysis. Int Immunopharmacol 2021;101(Pt
B):108235. d0i:10.1016/j.intimp.2021.108235, PMID:34678692.

[100] Bertani L, Rossari F, Barberio B, Demarzo MG, Tapete G, Albano
E, et al. Novel Prognostic Biomarkers of Mucosal Healing in Ulcera-
tive Colitis Patients Treated With Anti-TNF: Neutrophil-to-Lympho-
cyte Ratio and Platelet-to-Lymphocyte Ratio. Inflamm Bowel Dis

100

Lewis et al: Use of biomarkers in the management of IBD

2020;26(10):1579-1587. d0i:10.1093/ibd/izaa062, PMID:32232392.

[101] Con D, Andrew B, Nicolaides S, van Langenberg DR, Vasudevan
A. Biomarker dynamics during infliximab salvage for acute severe
ulcerative colitis: C-reactive protein (CRP)-lymphocyte ratio and
CRP-albumin ratio are useful in predicting colectomy. Intest Res
2022;20(1):101-113. d0i:10.5217/ir.2020.00146, PMID:33902267.

[102] Tomasic V, Biscanin A, Caci¢ P, Palac L, Dorosulic Z, Kralj D, et al.
P177 C-reactive protein/albumin ratio: a novel biomarker for moni-
toring of the disease activity in Ulcerative Colitis patients. Journal of
Crohn’s and Colitis 2023;17(Supplement_1):i330-i332. doi:10.1093/
ecco-jcc/jjac190.0307.

[103] Neumann H, Kiesslich R, Wallace MB, Neurath MF. Confocal la-
ser endomicroscopy: technical advances and clinical applications.
Gastroenterology 2010;139(2):388-392.e1-2. doi:10.1053/j.gas-
tr0.2010.06.029, PMID:20561523.

[104] Kiesslich R, Goetz M, Vieth M, Galle PR, Neurath MF. Confocal laser
endomicroscopy. Gastrointest Endosc Clin N Am 2005;15(4):715—-
731. doi:10.1016/j.giec.2005.08.010, PMID:16278135.

[105] Srivastava A, Gupta J, Kumar S, Kumar A. Gut biofilm forming bac-
teria in inflammatory bowel disease. Microb Pathog 2017;112:5-14.
doi:10.1016/j.micpath.2017.09.041, PMID:28942174.

[106] Baumgartner M, Lang M, Holley H, Crepaz D, Hausmann B, Pje-
vac P, et al. Mucosal Biofilms Are an Endoscopic Feature of Ir-
ritable Bowel Syndrome and Ulcerative Colitis. Gastroenterol-
ogy 2021;161(4):1245-1256.€20. doi:10.1053/j.gastro.2021.06.024,
PMID:34146566.

[107] Verderosa AD, Totsika M, Fairfull-Smith KE. Bacterial Biofilm Eradica-
tion Agents: A Current Review. Front Chem 2019;7:824. doi:10.3389/
fchem.2019.00824, PMID:31850313.

[108] Rizzo G, Pineda Chavez SE, Vandenkoornhuyse E, Cardenas Rincon
CL, Cento V, Garlatti V, et al. Pomegranate Extract Affects Gut Bio-
film Forming Bacteria and Promotes Intestinal Mucosal Healing
Regulating the Crosstalk between Epithelial Cells and Intestinal Fi-
broblasts. Nutrients 2023;15(7):1771. doi:10.3390/nu15071771,
PMID:37049615.

DOI: 10.14218/JTG.2023.00086 | Volume 2 Issue 2, June 2024


https://doi.org/10.14218/JTG.2023.00086
https://doi.org/10.1097/MIB.0b013e318280b19e
https://doi.org/10.1097/MIB.0b013e318280b19e
http://www.ncbi.nlm.nih.gov/pubmed/23518807
https://doi.org/10.1097/MIB.0000000000000507
http://www.ncbi.nlm.nih.gov/pubmed/26181428
http://www.ncbi.nlm.nih.gov/pubmed/26181428
https://doi.org/10.1093/ibd/izy358
https://doi.org/10.1093/ibd/izy358
http://www.ncbi.nlm.nih.gov/pubmed/30544140
https://doi.org/10.1111/bcp.14235
http://www.ncbi.nlm.nih.gov/pubmed/32027388
https://doi.org/10.1097/MIB.0000000000000427
http://www.ncbi.nlm.nih.gov/pubmed/25993688
https://doi.org/10.3390/jcm10184219
http://www.ncbi.nlm.nih.gov/pubmed/34575330
https://doi.org/10.1016/j.intimp.2021.108235
http://www.ncbi.nlm.nih.gov/pubmed/34678692
https://doi.org/10.1093/ibd/izaa062
http://www.ncbi.nlm.nih.gov/pubmed/32232392
https://doi.org/10.5217/ir.2020.00146
http://www.ncbi.nlm.nih.gov/pubmed/33902267
https://doi.org/10.1093/ecco-jcc/jjac190.0307
https://doi.org/10.1093/ecco-jcc/jjac190.0307
https://doi.org/10.1053/j.gastro.2010.06.029
https://doi.org/10.1053/j.gastro.2010.06.029
http://www.ncbi.nlm.nih.gov/pubmed/20561523
https://doi.org/10.1016/j.giec.2005.08.010
http://www.ncbi.nlm.nih.gov/pubmed/16278135
https://doi.org/10.1016/j.micpath.2017.09.041
http://www.ncbi.nlm.nih.gov/pubmed/28942174
https://doi.org/10.1053/j.gastro.2021.06.024
http://www.ncbi.nlm.nih.gov/pubmed/34146566
https://doi.org/10.3389/fchem.2019.00824
https://doi.org/10.3389/fchem.2019.00824
http://www.ncbi.nlm.nih.gov/pubmed/31850313
https://doi.org/10.3390/nu15071771
http://www.ncbi.nlm.nih.gov/pubmed/37049615

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿﻿﻿Established biomarkers that are widely available﻿

	﻿﻿Serum biomarkers﻿

	﻿﻿﻿﻿Novel biomarkers﻿

	﻿﻿﻿﻿Epigenetics﻿


	﻿﻿﻿﻿﻿DNA methylation﻿

	﻿﻿Combined biomarkers﻿

	﻿﻿﻿﻿Ratios﻿


	﻿﻿﻿﻿﻿Conclusion﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


