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Diagnosis and prognosis of inflammatory bowel disease (IBD)—a chronic inflammation that affects the
gastrointestinal tract of patients—are challenging, as most clinical symptoms are not specific to IBD, and are often
seen in other inflammatory diseases, such as intestinal infections, drug-induced colitis, and monogenic diseases.
Laboratory testing of blood or feces has the advantage of being non-invasive, rapid, cost-effective, and
standardizable. Although the specificity and accuracy of laboratory testing alone need to be improved, it is
increasingly used to monitor disease activity or to diagnose suspected IBD cases in combination with endoscopy
and/or imaging.

IBD biomarkers

| 1. Introduction

Inflammatory bowel disease (IBD) is a set of chronic and idiopathic inflammatory conditions that affect more than
3.5 million patients worldwide. The two major forms of IBD are Crohn’s disease (CD), in which inflammation affects
any segment of the gastrointestinal (Gl) tract i1, and ulcerative colitis (UC), in which inflammation affects the inner
lining of the colon or rectum 2. Patients with IBD are up to six times more likely to develop colorectal cancer than
the general population B4, |n addition to the molecular alterations (such as chromosomal instability, microsatellite
instability, and hypermethylation) that contribute to sporadic colorectal cancer, IBD-related colorectal cancer is
linked to inflammation that induces the transcription of mutated cancer genes . Loss-of-function mutations in
tumor-suppressor protein p53 occur in both sporadic and IBD-related colorectal cancer, but they occur earlier in the
non-dysplastic mucosa of IBD-related colorectal cancer than in sporadic colorectal cancer [4IBl, Another mutation
observed in both types of cancer is the nonfunctional adenomatous polyposis coli (APC) gatekeeper gene. Unlike
the p53 mutation, APC mutation occurs just prior to carcinoma in IBD-related colorectal cancer, but at a much
earlier stage in sporadic colorectal cancer . Other gene mutations linked to IBD-related colorectal cancer include
p27, k-Ras (12p12) oncogene, human mismatch repair genes (e.g., h(MLH1, hMSH2), and p16 4.

CD and UC are both characterized by mucosal inflammation, with occasional flares and remittance. Inflammation in
CD can affect any segment of the Gl tract, and spreads in a non-continuous pattern 8. CD commonly involves
the formation of strictures, abscesses, and fistulas . Its histological features include thickened submucosa,
fissuring ulceration, transmural inflammation, and non-caseating granulomas 8. Inflammation in UC affects the
inner lining of the colon or rectum, and spreads in a continuous pattern (28 |t shows superficial inflammatory

changes in the mucosa and submucosa, and involves the formation of cryptitis and crypt abscesses (8. The clinical
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symptoms of IBD include abdominal pain, diarrhea, rectal bleeding, weight loss, nausea, intestinal pain and, in
some cases, fever 8, As these symptoms are not specific to IBD, the clinical diagnostic process must consist of
using a combination of endoscopic, radiological, clinical, histological, and laboratory tests & a single technique is

often insufficient for the diagnosis.

Endoscopy and imaging are essential techniques for the diagnosis, management, and treatment of IBD. They are
used in the initial evaluation of patients with suspected IBD, as well as in making a differential diagnosis of UC
versus CD in confirmed IBD cases 19, The strength of endoscopy as a diagnostic tool lies primarily in its ability to
visually observe different bowel segments, allowing clinicians to assess disease severity and monitor disease
activity over time. lleocolonoscopy has traditionally been the most used form of endoscopy in IBD. The initial
evaluation of patients presenting with clinical symptoms suggestive of IBD should be carried out with
ileocolonoscopy, as recommended by the American Society for Gastrointestinal Endoscopy (ASGE) Standards of
Practice Committee (111, In addition to providing a visual of the colon and the terminal ileum, ileocolonoscopy can
be used to obtain biopsy specimens for further analysis. The ASGE suggests obtaining at least two biopsy
specimens from five sites throughout the bowel during the initial evaluation 2. However, the invasiveness and

high cost of ileocolonoscopy are major drawbacks that have limited its frequent use for monitoring disease activity.

New, less-invasive endoscopic technigues that can more accurately diagnose IBD, while also providing a
differential diagnosis of CD and UC, have emerged in the past few years. These include video capsule endoscopy
(VCE), confocal laser endomicroscopy (CLE), and single- or double-balloon-assisted enteroscopy (SBE and DBE,
respectively). VCE provides imaging of the whole bowel via ingestion of a wireless capsule endoscope 13, This
technique is particularly useful for inspecting areas in the Gl tract that cannot be visualized by colonoscopy 141,
Although the risk of capsule retention is low, it remains the primary concern in patients with suspected or known
IBD 3, VCE is less invasive and more cost-effective than ileocolonoscopy, but it cannot be used in performing
biopsies. In CLE, a confocal laser microscope is used in vivo to obtain living tissue images during colonoscopy 181,
CLE has the advantage of offering a faster diagnosis than a traditional colonoscopy. Enteroscopy in both of its
forms (SBE and DBE) allows access to small bowel areas that standard endoscopy cannot reach. Additionally,
enteroscopy can be used in performing histological analysis. However, due to its technical complexity and time-

consuming preparation, enteroscopy is not recommended for the initial evaluation of suspected IBD cases 17,

In confirmed IBD cases, clinical symptoms alone are insufficient for clinicians to determine the extent of mucosal
inflammation, or to make a differential diagnosis between UC and CD. There has been a growing interest in the
use of cross-sectional imaging modalities such as magnetic resonance enterography (MRE), ultrasonography (US),
and computed tomography (CT) as tools to supplement endoscopy in the diagnosis and monitoring of IBD 18,
These techniques are instrumental in detecting mural and extramural complications and assessing laminal
inflammation in areas affected by CD in the small bowel that are beyond the reach of colonoscopy 22, Due to their
ability to diagnose CD with high accuracy, cross-sectional imaging modalities are used to make differential
diagnoses in suspected cases of UC [29, This aspect is critical because these diseases differ in their prognosis and

required treatments.
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Although imaging techniques offer highly accurate IBD diagnosis, they require experienced personnel,
sophisticated instruments, and high costs, hampering their routine application. Laboratory testing’s advantage lies
in the fact that these tests can be standardized, rapid, and cost-effective, but they can also be applied to the
already established patient sample libraries to process independent investigations. An increasing number of
laboratory tests, combined with endoscopy or imaging, are used to monitor disease activity or diagnose suspected
IBD cases. As good laboratory test results rely on the proper use of molecular biomarkers from the patients’ tissue,

blood (serum), or fecal samples.

| 2. Non-Invasive Molecular Biomarkers of IBD

Biomarkers play critical roles in the early detection and monitoring of disease progression and therapeutic
responses. Disease activity can be monitored with laboratory tests that measure circulating biomarkers in the blood
(serum or plasma), tissue, or feces. A biomarker is defined as “a characteristic that is objectively measured and
evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacological responses to
a therapeutic intervention” 21l |dentifying a biomarker or several biomarkers of a given condition’s pathologies
might help to diagnose, prognose, and assess therapeutic responses. For a biomarker to be effective, it should
possess several attributes, such as being non-invasive, inexpensive, convenient for sampling, reproducible, and
disease-specific (i.e., accurate and precise). An ideal biomarker also needs to have a rapid test-to-result
turnaround time, be standardizable to provide comparable test results across different assays, be widely available
and stable for storage, have a wide dynamic range, use defined thresholds to determine the absence/presence or

extent of inflammation, and be responsive to changes in the state of inflammation 22,

2.1. Serum Biomarkers

Several inflammatory serum biomarkers have become part of routine laboratory testing for the diagnosis of IBD.
Although they are not specific to IBD, these serum biomarkers are commonly used for initial diagnosis due to their
ease of use, low cost, and well-established protocols. The most common of these tests are those for C-reactive

protein (CRP) and the erythrocyte sedimentation rate (ESR).

CRP is a pentameric protein that is produced in the liver by hepatocytes. It is found in serum at <1 mg/L under
physiological conditions. Its concentration increases during an acute-phase response, as pro-inflammatory
cytokines such as IL-6, tumor necrosis factor a (TNF-a), and IL-1f stimulate its production in the hepatocytes [231124]
(23] CRP has a relatively short half-life (about 19 h) [28 making it a better indicator of inflammation than most
acute-phase proteins. Elevated CRP levels are observed in most active CD cases, whereas the CRP levels of UC
patients show little-to-no increase in the case of active disease 22271, This may reflect the production of CRP by
mesenteric adipocytes in patients with CD 28 Although CRP is widely used as a biomarker for IBD, it lacks

specificity; elevated CRP levels are also observed in autoimmune disorders, infections, and malignancies 23],

ESR is a measure of how quickly erythrocytes sediment through plasma in a column, with a higher rate taken as

indicating more inflammation. ESR values are affected by physiological factors such as pregnancy, age, and

https://encyclopedia.pub/entry/25539 3/9



Molecular Biomarkers for Inflammatory Bowel Disease | Encyclopedia.pub

gender, as well as changes in hematocrit levels in patients with anemia and polycythemia 2. Medications that
cause changes in the size of erythrocytes can also affect ESR values 29, Changes in ESR values are not specific
to IBD, and can be due to any inflammatory stimulus. Unlike CRP, ESR values are altered in both UC and CD, and
it cannot distinguish them. ESR values peak more slowly than CRP, and take longer to return to normal after the

end of an inflammatory flare (28],

CRP and ESR have been studied long enough to become established in IBD diagnosis. While both tests lack the
specificity and accuracy to be considered a gold-standard diagnosis, CRP has some advantages over ESR. For
example, the CRP concentration changes faster than the ESR value upon a change in disease activity, CRP has a

broader range of abnormal values than ESR, and (unlike ESR) CRP does not show age-related variation 11,

Leucine-rich alpha-2 glycoprotein (LRG) is a 50 kD protein that is secreted by hepatocytes, neutrophils,
macrophages, and intestinal epithelial cells [22l33134] |t has recently emerged as a novel serological biomarker for
IBD and rheumatoid arthritis. Studies have found that levels of LRG are elevated in patients with active UC, and
decrease with a decline in disease activity 3236l Notably, elevated levels of LRG correlate better than CRP with
clinical and endoscopic scores in patients with active UC and CD [28I37I28] | RG has been also found to predict

mucosal healing in both UC and CD patients with normal CRP levels B2,

2.2. Serological Antibodies

Serological testing is a well-established diagnostic tool for a variety of immune diseases. Its use in IBD has been
mainly focused on patients with a confirmed diagnosis; little work has been done on its potential as a primary
diagnostic tool in patients with suspected IBD. Perinuclear anti-neutrophil cytoplasmic antibodies (p-ANCAs) and
anti-Saccharomyces cerevisiae antibodies (ASCAs) are the two primary antibodies currently examined in IBD
studies. ANCAs are a group of antibodies produced against antigens in the cytoplasm of neutrophils. ASCAs are
produced against mannan and other yeast cell wall components. Both have been reported to provide clinically
useful positive or negative predictive values: p-ANCA+/ASCA- is reported in patients with UC, while p-
ANCA-/ASCA+ is seen in patients with CD. Although each of these biomarker antibodies can be used to
discriminate UC from CD, they both have low accuracy and sensitivity 49, Positive results for either antibody are
not unique to IBD, and may be related to several other Gl and inflammatory conditions, such as celiac disease,

Behcet's disease, cystic fibrosis, and rheumatoid arthritis 4241,

2.3. Fecal Biomarkers

Fecal biomarkers are the proteins that are explicitly found in stool samples of patients with IBD. The fecal
biomarkers for IBD reported to date are mainly fecal leukocyte proteins. These include calprotectin, calgranulin C,
lactoferrin, and lipocalin-2. They have several advantages over blood biomarkers, including the ease of sample
accessibility, high biomarker concentration due to the direct contact of the fecal sample with the site of
inflammation, and higher specificity for IBD because they reflect Gl inflammation (unlike serum biomarkers, which

are increased by various types of inflammation) 421,

https://encyclopedia.pub/entry/25539 4/9



Molecular Biomarkers for Inflammatory Bowel Disease | Encyclopedia.pub

Calprotectin is the most widely used fecal biomarker for IBD. It is a calcium- and zinc-binding protein that is
abundant in neutrophils, eosinophils, and macrophages. Changes in its concentration are observed in various
secretory and excretory products in the body upon activation of granulocytes and mononuclear phagocytes 43!,
Elevated fecal calprotectin levels are expected in patients with active IBD, due to the presence of a high number of
neutrophils in the Gl tract, which is characteristic of the disease [28]. Calprotectin is resistant to degradation, and is
stable for 7 days in fecal samples stored at room temperature 4. Changes in fecal calprotectin levels are not

exclusive to IBD; alterations are also observed in various colon and intestine diseases 421,

Calgranulin C (S100A12) belongs to the S100 family of low-molecular-weight calcium-binding proteins, which
activate the NF-kB pathway and increase cytokine release during pro-inflammatory processes 22, The serum
concentration of calgranulin C is high in IBD 8, but the fecal concentration is higher, making the fecal assay more
sensitive to IBD. Elevated levels of calgranulin C have been reported in other inflammatory conditions, such as
arthritis 471,

Lactoferrin is another biomarker whose levels are significantly elevated in active IBD. It is an iron-binding
glycoprotein that is found specifically in neutrophils; in this respect, it contrasts with calprotectin, which is found in

several types of cells. Lactoferrin has high specificity and sensitivity for diagnosing active IBD 48,

Lipocalin-2 (LCN-2), also known as neutrophil gelatinase-associated lipocalin (NGAL) or siderocalin (Scn), is a
bacteriostatic protein stored in neutrophil granules 259 | CN-2 is involved in innate immunity by secluding iron
from pathogenic bacteria, limiting their invasion. It is a highly stable protein whose elevated expression by gut
epithelial cells has been demonstrated in colonic biopsies from inflamed areas of patients with IBD. Serum LCN-2
has been proven to be an active biomarker in UC patients, and it is widely used as a fecal biomarker of acute
inflammation in the animal model of UC, indicating that it can potentially be used as a fecal biomarker of human
UC. Upregulation of LCN-2 is believed to be induced by IL-22 and IL-17A B4,

References

1. Baumgart, D.C.; Sandborn, W.J. Crohn’s disease. Lancet 2012, 380, 1590-1605.

2. Ordas, I.; Eckmann, L.; Talamini, M.; Baumgart, D.C.; Sandborn, W.J. Ulcerative colitis. Lancet
2012, 380, 1606—-1619.

3. Ekbom, A.; Helmick, C.; Zack, M.; Adami, H.O. Ulcerative colitis and colorectal cancer. A
population-based study. N. Engl. J. Med. 1990, 323, 1228-1233.

4. Mattar, M.C.; Lough, D.; Pishvaian, M.J.; Charabaty, A. Current management of inflammatory
bowel disease and colorectal cancer. Gastrointest Cancer Res. 2011, 4, 53-61.

5. Keller, D.S.; Windsor, A.; Cohen, R.; Chand, M. Colorectal cancer in inflammatory bowel disease:
Review of the evidence. Tech. Coloproctol. 2019, 23, 3-13.

https://encyclopedia.pub/entry/25539 5/9



Molecular Biomarkers for Inflammatory Bowel Disease | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Khor, B.; Gardet, A.; Xavier, R.J. Genetics and pathogenesis of inflammatory bowel disease.

Nature 2011, 474, 307-317.

. Gomollon, F,; Dignass, A.; Annese, V.; Tilg, H.; Van Assche, G.; Lindsay, J.O.; Peyrin-Biroulet, L.;

Cullen, G.J.; Daperno, M.; Kucharzik, T.; et al. 3rd European Evidence-based Consensus on the
Diagnosis and Management of Crohn’s Disease 2016: Part 1: Diagnosis and Medical
Management. J. Crohn’s Colitis 2017, 11, 3-25.

. Rubin, D.T.; Ananthakrishnan, A.N.; Siegel, C.A.; Sauer, B.G.; Long, M.D. ACG Clinical Guideline:

Ulcerative Colitis in Adults. Am. J. Gastroenterol. 2019, 114, 384-413.

. Gecse, K.B.; Vermeire, S. Differential diagnosis of inflammatory bowel disease: Imitations and

complications. Lancet Gastroenterol. Hepatol. 2018, 3, 644—653.

Simpson, P.; Papadakis, K.A. Endoscopic evaluation of patients with inflammatory bowel disease.
Inflamm. Bowel Dis. 2008, 14, 1287-1297.

Shergill, A.K.; Lightdale, J.R.; Bruining, D.H.; Acosta, R.D.; Chandrasekhara, V.; Chathadi, K.V.;
Decker, G.A.; Early, D.S.; Evans, J.A.; Fanelli, R.D.; et al. The role of endoscopy in inflammatory
bowel disease. Gastrointest. Endosc. 2015, 81, 1101-1121.e1113.

Lamb, C.A.; Kennedy, N.A.; Raine, T.; Hendy, P.A.; Smith, P.J.; Limdi, J.K.; Hayee, B.H.; Lomer,
M.C.E.; Parkes, G.C.; Selinger, C.; et al. British Society of Gastroenterology consensus guidelines
on the management of inflammatory bowel disease in adults. Gut 2019, 68 (Suppl. 3), s1-s106.

Iddan, G.; Meron, G.; Glukhovsky, A.; Swain, P. Wireless capsule endoscopy. Nature 2000, 405,
417.

Mustafa, B.F.; Samaan, M.; Langmead, L.; Khasraw, M. Small bowel video capsule endoscopy:
An overview. Expert Rev. Gastroenterol. Hepatol. 2013, 7, 323—-329.

Rezapour, M.; Amadi, C.; Gerson, L.B. Retention associated with video capsule endoscopy:
Systematic review and meta-analysis. Gastrointest. Endosc. 2017, 85, 1157-1168.e1152.

Kiesslich, R.; Burg, J.; Vieth, M.; Gnaendiger, J.; Enders, M.; Delaney, P.; Polglase, A.; McLaren,
W.; Janell, D.; Thomas, S.; et al. Confocal laser endoscopy for diagnosing intraepithelial
neoplasias and colorectal cancer in vivo. Gastroenterology 2004, 127, 706—713.

Bharadwaj, S.; Narula, N.; Tandon, P.; Yaghoobi, M. Role of endoscopy in inflammatory bowel
disease. Gastroenterol. Rep. 2018, 6, 75-82.

Maaser, C.; Sturm, A.; Vavricka, S.R.; Kucharzik, T.; Fiorino, G.; Annese, V.; Calabrese, E.;
Baumgart, D.C.; Bettenworth, D.; Borralho Nunes, P.; et al. ECCO-ESGAR Guideline for
Diagnostic Assessment in IBD Part 1: Initial diagnosis, monitoring of known IBD, detection of
complications. J. Crohn’s Colitis 2018, 13, 144-164.

https://encyclopedia.pub/entry/25539 6/9



Molecular Biomarkers for Inflammatory Bowel Disease | Encyclopedia.pub

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Panes, J.; Jairath, V.; Levesque, B.G. Advances in Use of Endoscopy, Radiology, and Biomarkers
to Monitor Inflammatory Bowel Diseases. Gastroenterology 2017, 152, 362—-373.e363.

Walsh, A.J.; Bryant, R.V.; Travis, S.P.L. Current best practice for disease activity assessment in
IBD. Nat. Rev. Gastroenterol. Hepatol. 2016, 13, 567-579.

Biomarkers Definitions Working Group; Atkinson, A.J., Jr.; Colburn, W.A.; DeGruttola, V.G.;
DeMets, D.L.; Downing, G.J.; Hoth, D.F.; Oates, J.A.; Peck, C.C.; Spilker, B.A.; et al. Biomarkers
and surrogate endpoints: Preferred definitions and conceptual framework. Clin. Pharmacol. Ther.
2001, 69, 89-95.

Sands, B.E. Biomarkers of Inflammation in Inflammatory Bowel Disease. Gastroenterology 2015,
149, 1275-1285.e1272.

Pepys, M.B.; Hirschfield, G.M. C-reactive protein: A critical update. J. Clin. Investig. 2003, 111,
1805-1812.

Darlington, G.J.; Wilson, D.R.; Lachman, L.B. Monocyte-conditioned medium, interleukin-1, and
tumor necrosis factor stimulate the acute phase response in human hepatoma cells in vitro. J.
Cell Biol. 1986, 103, 787-793.

Vermeire, S.; Van Assche, G.; Rutgeerts, P. C-Reactive Protein as a Marker for Inflammatory
Bowel Disease. Inflamm. Bowel Dis. 2004, 10, 661—-665.

Vermeire, S.; Van Assche, G.; Rutgeerts, P. Laboratory markers in IBD: Useful, magic, or
unnecessary toys? Gut 2006, 55, 426.

Saverymuttu, S.H.; Hodgson, H.J.; Chadwick, V.S.; Pepys, M.B. Differing acute phase responses
in Crohn’s disease and ulcerative colitis. Gut 1986, 27, 809-813.

Peyrin-Biroulet, L.; Gonzalez, F.; Dubuquoy, L.; Rousseaux, C.; Dubuquoy, C.; Decourcelle, C.;
Saudemont, A.; Tachon, M.; Béclin, E.; Odou, M.-F.; et al. Mesenteric fat as a source of C reactive
protein and as a target for bacterial translocation in Crohn’s disease. Gut 2012, 61, 78-85.

Mendoza, J.L.; Abreu, M.T. Biological markers in inflammatory bowel disease: Practical
consideration for clinicians. Gastroentérologie Clin. Biol. 2009, 33, S158-S173.

Barnes, B.H.; Borowitz, S.M.; Saulsbury, F.T.; Hellems, M.; Sutphen, J.L. Discordant Erythrocyte
Sedimentation Rate and C-reactive Protein in Children with Inflammatory Bowel Disease Taking
Azathioprine or 6-Mercaptopurine. J. Pediatric Gastroenterol. Nutr. 2004, 38, 509-512.

Gabay, C.; Kushner, |. Acute-phase proteins and other systemic responses to inflammation. N.
Engl. J. Med. 1999, 340, 448-454.

O’Donnell, L.C.; Druhan, L.J.; Avalos, B.R. Molecular characterization and expression analysis of
leucine-rich alpha2-glycoprotein, a novel marker of granulocytic differentiation. J. Leukoc. Biol.
2002, 72, 478-485.

https://encyclopedia.pub/entry/25539 7/9



Molecular Biomarkers for Inflammatory Bowel Disease | Encyclopedia.pub

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Shirai, R.; Hirano, F.; Ohkura, N.; Ikeda, K.; Inoue, S. Up-regulation of the expression of leucine-
rich alpha(2)-glycoprotein in hepatocytes by the mediators of acute-phase response. Biochem.
Biophys. Res. Commun. 2009, 382, 776—779.

Naka, T.; Fujimoto, M. LRG is a novel inflammatory marker clinically useful for the evaluation of
disease activity in rheumatoid arthritis and inflammatory bowel disease. Immunol. Med. 2018, 41,
62-67.

Serada, S.; Fujimoto, M.; Terabe, F.; lijima, H.; Shinzaki, S.; Matsuzaki, S.; Ohkawara, T.; Nezu,
R.; Nakajima, S.; Kobayashi, T.; et al. Serum leucine-rich alpha-2 glycoprotein is a disease activity
biomarker in ulcerative colitis. Inflamm. Bowel Dis. 2012, 18, 2169-2179.

Shinzaki, S.; Matsuoka, K.; lijjima, H.; Mizuno, S.; Serada, S.; Fujimoto, M.; Arai, N.; Koyama, N.;
Morii, E.; Watanabe, M.; et al. Leucine-rich Alpha-2 Glycoprotein is a Serum Biomarker of
Mucosal Healing in Ulcerative Colitis. J. Crohn’s Colitis 2017, 11, 84-91.

Kawamoto, A.; Takenaka, K.; Hibiya, S.; Ohtsuka, K.; Okamoto, R.; Watanabe, M. Serum
Leucine-Rich alpha2 Glycoprotein: A Novel Biomarker For Small Bowel Mucosal Activity in
Crohn’s Disease. Clin. Gastroenterol. Hepatol. 2022, 20, e1196—e1200.

Kawamura, T.; Yamamura, T.; Nakamura, M.; Maeda, K.; Sawada, T.; Ishikawa, E.; lida, T.;
Mizutani, Y.; Ishikawa, T.; Kakushima, N.; et al. Accuracy of Serum Leucine-Rich Alpha-2
Glycoprotein in Evaluating Endoscopic Disease Activity in Crohn’s Disease. Inflamm. Bowel Dis.
2022; Epub Ahead of Print.

Yasutomi, E.; Inokuchi, T.; Hiraoka, S.; Takei, K.; Igawa, S.; Yamamoto, S.; Ohmori, M.; Oka, S.;
Yamasaki, Y.; Kinugasa, H.; et al. Leucine-rich alpha-2 glycoprotein as a marker of mucosal
healing in inflammatory bowel disease. Sci. Rep. 2021, 11, 11086.

Sellin, J.H.; Shah, R.R. The Promise and Pitfalls of Serologic Testing in Inflammatory Bowel
Disease. Gastroenterol. Clin. N. Am. 2012, 41, 463-482.

Iskandar, H.N.; Ciorba, M.A. Biomarkers in inflammatory bowel disease: Current practices and
recent advances. Transl. Res. 2012, 159, 313-325.

Lopez, R.N.; Leach, S.T.; Lemberg, D.A.; Duvoisin, G.; Gearry, R.B.; Day, A.S. Fecal biomarkers
in inflammatory bowel disease. J. Gastroenterol. Hepatol. 2017, 32, 577-582.

Johne, B.; Fagerhol, M.K.; Lyberg, T.; Prydz, H.; Brandtzaeg, P.; Naess-Andresen, C.F.; Dale, I.
Functional and clinical aspects of the myelomonocyte protein calprotectin. Mol. Pathol. 1997, 50,
113-123.

R@seth, A.G.; Fagerhol, M.K.; Aadland, E.; Schjgnsby, H. Assessment of the Neutrophil
Dominating Protein Calprotectin in Feces: A Methodologic Study. Scand. J. Gastroenterol. 1992,
27, 793-798.

https://encyclopedia.pub/entry/25539 8/9



Molecular Biomarkers for Inflammatory Bowel Disease | Encyclopedia.pub

45.

46.

47.

48.

49.

50.

51.

Poullis, A.; Foster, R.; Mendall, M.A.; Fagerhol, M.K. Emerging role of calprotectin in
gastroenterology. J. Gastroenterol. Hepatol. 2003, 18, 756—-762.

Foell, D.; Kucharzik, T.; Kraft, M.; Vogl, T.; Sorg, C.; Domschke, W.; Roth, J. Neutrophil derived
human S100A12 (EN-RAGE) is strongly expressed during chronic active inflammatory bowel
disease. Gut 2003, 52, 847-853.

Perera, C.; McNeil, H.P.; Geczy, C.L. S100 Calgranulins in inflammatory arthritis. Immunol. Cell
Biol. 2010, 88, 41-49.

Kane, S.V.; Sandborn, W.J.; Rufo, P.A.; Zholudev, A.; Boone, J.; Lyerly, D.; Camilleri, M.; Hanauer,
S.B. Fecal lactoferrin is a sensitive and specific marker in identifying intestinal inflammation. Am.
J. Gastroenterol. 2003, 98, 1309-1314.

Krzystek-Korpacka, M.; Kempinski, R.; Bromke, M.; Neubauer, K. Biochemical Biomarkers of
Mucosal Healing for Inflammatory Bowel Disease in Adults. Diagnostics 2020, 10, 367.

Buisson, A.; Vazeille, E.; Minet-Quinard, R.; Goutte, M.; Bouvier, D.; Goutorbe, F.; Pereira, B.;
Barnich, N.; Bommelaer, G. Fecal Matrix Metalloprotease-9 and Lipocalin-2 as Biomarkers in
Detecting Endoscopic Activity in Patients With Inflammatory Bowel Diseases. J. Clin.
Gastroenterol. 2018, 52, e53—-e62.

Stallhofer, J.; Friedrich, M.; Konrad-Zerna, A.; Wetzke, M.; Lohse, P.; Glas, J.; Tillack-Schreiber,
C.; Schnitzler, F.; Beigel, F.; Brand, S. Lipocalin-2 Is a Disease Activity Marker in Inflammatory
Bowel Disease Regulated by IL-17A, IL-22, and TNF-alpha and Modulated by IL23R Genotype
Status. Inflamm. Bowel Dis. 2015, 21, 2327-2340.

Retrieved from https://encyclopedia.pub/entry/history/show/61708

https://encyclopedia.pub/entry/25539 9/9



