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Abstract

Mucosal healing in Crohn’s disease (CD) has been established as a crucial target of
treatment, leading to long term remission and decrease in complication rates.
Endoscopy still serves as the gold standard for assessment, particularly in the
small bowel where balloon or capsule enteroscopy is frequently needed. How-
ever, these modalities are often unavailable, expensive, and invasive, posing risks
to patients. Consequently, the identification of accessible and reliable biomarkers,
especially in small intestinal CD, remains a challenge. The study by Ohno et al,
published in this issue, further illuminates this field. It confirms the potential role
of fecal biomarker leucine-rich o2 glycoprotein (LRG) and validates findings from
previous smaller trials. Comparing to other markers LRG showed a much higher
predictive value for mucosal healing of the small bowel, making it a useful option
for small intestinal CD follow up. In this editorial, we explore the optimal marker
of inflammation or mucosal healing in CD, particularly in the small bowel. We
provide an overview of available conventional biomarkers and introduce several
novel biomarkers, including an update on emerging technologies and innova-
tions.

Key Words: Biomarker; C-reactive protein; Crohn’s disease; Diagnosis; Fecal calprotectin;
Inflammatory bowel disease; Leucine-rich a2 glycoprotein
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Core Tip: Small bowel Crohn’s disease can be challenging to monitor during treatment. Balloon endoscopy is an invasive
procedure, and capsule enteroscopy is costly. The identification of the optimal biomarker remains an ongoing research area.
Leucine-rich a2 glycoprotein presents a promising solution, which is discussed in the trial conducted by Ohno et al.
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INTRODUCTION

Crohn’s disease (CD) is a chronic relapsing inflammatory condition that primarily affects the digestive tract. The
underlying pathogenesis remains largely undefined, despite numerous theories proposed over the years. Recent data
indicates a continuous and steady rise in CD cases, with a prevalence approaching 1%[1]. CD can potentially impact the
entire gastrointestinal tract, causing transmural inflammation of the bowel wall[2]. The primary objective of therapeutic
interventions is to induce and maintain remission, while simultaneously preventing long-term complications such as
hospitalizations and surgery. Ultimately, the goal is to enhance the overall quality of life. Significant efforts have been
invested over the past decade in identifying appropriate and relevant therapeutic targets[3]. The Treat-To-Target
approach has gained widespread acceptance and has successfully defined specific therapeutic endpoints within a
predetermined time frame[4,5]. Among these targets, mucosal healing (MH) appears to be of paramount importance.
Data suggests that mucosal normalization leads to long-term clinical remission and a reduction in intestinal resection
rates[6,7].

Nonetheless, the complexity of this issue is further compounded by the absence of a universally accepted definition of
MH. Only recently has there been a proposal to include histologic healing in the definition[8]. In a recent trial, Sands et al
[9] conducted a systematic review of 5530 patients diagnosed with CD, confirming that MH offered patients long-term
clinical remission and a reduction in surgery and hospitalization rates. Traditionally, MH has been assessed through
ileocolonoscopy, enteroscopy, or small bowel capsule endoscopy[5]. However, these procedures are expensive, invasive,
and not readily accessible. Thus, a simpler, cost-effective, and more accessible MH marker is needed.

Biomarkers for CD

The National Institute of Health defines biomarkers as “a characteristic that is objectively measured and evaluated as an
indication of normal biological processes, pathogenic processes or pharmacologic responses to a therapeutic intervention”
[10]. Ideally, biomarkers should possess simplicity, accessibility, non-invasiveness, cost-effectiveness, sensitivity, and
specificity to the relevant disease[11]. All biomarkers have advantages and limitations; therefore, a concise summary of
the available molecules and those potentially useful in the near future is provided below (Table 1).

Conventional biomarkers

C-reactive protein: Discovered in the 1930s, C-reactive protein (CRP) is an acute phase reactant produced in the liver by
interleukin (IL)-6 and secreted during inflammation[12,13]. Widely available in most medical centers, CRP results can be
obtained rapidly. While CRP levels increase with inflammation, they also correlate with various other disorders,
including infections, autoimmune diseases, and cardiovascular conditions. The accuracy of disease monitoring and MH
varies, with stronger correlations observed in CD rather than ulcerative colitis (UC)[14]. Sensitivity of up to 79.5% has
been reported[15], although a recent study suggests that this value is primarily applicable to ileocolonic and colonic
disease, with significantly lower sensitivity in isolated small bowel CD[16]. Hence, based on the available data, CRP does
not appear to be a reliable marker for CD of the small intestine.

Erythrocyte sedimentation rate: Erythrocyte sedimentation rate is a well-established and one of the oldest diagnostic
markers, dating back to the 1820s. It has been utilized since then to identify subacute and chronic inflammation[17].
However, its slow regulation in the body and lack of specificity (as it increases during pregnancy, anemia, and various
other conditions) render it unsuitable for monitoring CD progression[18].

Fecal calprotectin: Calcium-binding protein, discovered in the 1980s and released by intestinal epithelial cells during
inflammation[19,20], is a highly stable molecule. Its secretion in the gut makes it a valuable tool for measuring intestinal
inflammation rather than systemic inflammation. Fecal calprotectin (FCP) has been shown to correlate well with gut infla-
mmation, particularly in the colon, with low levels observed during endoscopic and histologic remission[21,22]. Com-
pared to CRP, FCP has demonstrated superior diagnostic accuracy in inflammatory bowel disease (IBD), leading to its
increased use in monitoring treatment responses[23]. The International Organization for the Study of IBD recommends an
FCP level below 150 micg/g as a reasonable indicator of MH[5]. However, this threshold remains controversial, and no
consensus has been reached. A recent systematic review demonstrated the sensitivity and specificity of FCP for
endoscopic remission to be 89.7% and 93.3%, respectively, when using a strict cutoff level of 58 micg/g[24]. Another
extensive review involving over 1000 patients further confirmed the positive correlation between histologic remission and
FCP levels, although the authors emphasized the need for further clarification regarding the optimal cutoff level[25].
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Table 1 Biomarkers and their attributes in inflammatory bowel disease

Marker

Advantages

Limitations

Conventional markers ~ CRP

Readily available. Cheap. Sensitive for inflammation

Not disease specific. More sensitive for CD than
UC. Lower sensitivity for small bowel disease

ESR Readily available. Cheap. Sensitive for inflammation Not disease specific. Elevated in non-inflammatory
conditions. More relevant for subacute than acute
FCP Readily available. Cheap Sensitive for gut inflammation.  Not specific for IBD. Influenced by external factors
Can be used to monitor treatment response (exercise...). Lower sensitivity for small bowel
disease
FIT Readily available. Cheap. Fair sensitivity for gut inflam- ~ Low specificity for IBD. Low accuracy for small
mation bowel disease
LRG Independent of IL-6. More sensitive for intestinal inflam- Not very cheap. Limited availability
mation than CRP. Acceptable correlation with small
bowel disease
Novel markers OM Correlates with inflammation. Can be useful in IBD Not readily available yet. Not studied for small
bowel disease
M Correlates with inflammation. Can be useful in IBD Not readily available yet. More useful in UC than
CD. Not studied for small bowel disease
F mRNA Correlates with inflammation. Can be useful in IBD Expensive. Not tested for small bowel disease
BAF Can be useful in IBD. Available data in both UC and CD. Expensive. Not tested for small bowel disease. Not

Potential role in treatment specific to IBD

CRP: C-Reactive protein; ESR: Erythrocyte sedimentation rate; FCP: Fecal calprotectin; FIT: Fecal immunohistochemical test; LRG: Leucine-rich a2
glycoprotein; OM: Oncosttatin M; FM: Fecal myeloperoxidase; Fm RNA: Fecal microRNA; BAF: B-cell activating factor; IBD: Inflammatory bowel disease:
UC: Ulcerative colitis; CD: Crohn’s disease; IL-6: Interleukin 6.

Conversely, studies have suggested that the accuracy of FCP in predicting MH may be higher for UC compared to CD
[24], and even lower for isolated small bowel disease[26]. Furthermore, FCP levels exhibit inter-individual variability,
prompting experts to suggest that multiple samples may be necessary on different days[27]. Additionally, dietary factors
and exercise can influence FCP levels[28]. So despite its common use and advantages FCP remains far from optimal for
use in CD.

Fecal immunohistochemical test: The fecal immunohistochemical test (FIT), commonly employed in primary care as a
screening tool for colorectal cancer, detects hemoglobin in the stool[29]. Notably, its additional capability to discern
inflammation suggests its potential use as a marker for IBD[30,31]. FIT demonstrated a high sensitivity for diagnosing
MH in CD (0.96), although this sensitivity decreased to 0.4 in CD confined to the small bowel[32]. An intriguing
hypothesis proposed combining FIT with FCP, which is favored due to its cost-effectiveness. While this combination
yielded a robust predictive score for MH, it exhibited a significantly higher predictive value for UC compared to CD[33].
However, it is important to acknowledge the limitations of this approach, including low specificity and questionable
accuracy for the small bowel[34].

Leucine rich o2 glycoprotein: A protein that has garnered significant attention and momentum in recent years is leucine-
rich a2 glycoprotein (LRG). Secreted by hepatocytes, macrophages, and neutrophils in response to elevated cytokines,
LRG has been shown to be elevated in various inflammatory conditions, including primary biliary cirrhosis, rheumatoid
arthritis, systemic lupus erythematosus, and IBD during clinical or endoscopic flare-ups[35-38]. Unlike CRP, LRG is not
solely dependent on IL-6, suggesting a stronger correlation with intestinal inflammation[39]. Numerous published
studies have demonstrated the role of LRG in IBD, with encouraging and positive outcomes[38].

Despite initial conflicting results, more recent studies have confirmed the utility of LRG in CD. One study from Japan
validated the predictive ability of LRG for MH with a cut-off value of 16 micg/mL, achieving near-perfect accuracy when
the value is below 13 micg/mL[40]. While FCP is an acceptable marker of inflammation in CD, its utility is limited in the
small bowel, as previously discussed. This appears not to be the case for LRG, as evidenced by a well-designed trial
conducted by Saiki ef al[41]. In this trial, a small number of CD patients with isolated small bowel disease were identified
through gastroscopy, colonoscopy, and capsule enteroscopy. The study found a strong correlation between LRG levels
and the extent of mucosal damage in the small intestine. Moreover, the patient population had mild to moderate disease,
suggesting that LRG can be utilized in the absence of severe disease.

The current study, published in this issue by Ohno et al[42], further reinforces the significance of this marker. Although
it employs a retrospective design, the authors include a substantially larger sample size compared to previously
published trials. This study reiterates the utility of LRG, particularly in small bowel CD, where other markers demon-
strate limitations. Furthermore, it confirms the cut-off level, which appears to be within the range of 12-13 micg/mL
(consistent with previous data). While well-designed randomized controlled trials are still necessary, the available data
suggest a strong correlation between LRG levels and MH in the small bowel, suggesting it might currently be the most
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acceptable marker for this patient population.

Novel biomarkers

Oncostatin M: The cytokine family encompasses oncostatin M (OSM), which regulates a diverse range of factors,
including IL-6[43]. Elevated OSM levels have been observed in patients with IBD and may correlate with the severity of
the disease and the level of inflammation[44]. OSM can be detected in fecal samples and has been demonstrated to be
useful in conjunction with FCP[45]. However, to date, there has been no verification of a correlation between OSM levels
and isolated small bowel CD.

Fecal myeloperoxidase: Similar to FCP, this fecal neutrophil marker plays a significant role in defending against bacteria
while also promoting inflammation[46]. Previous small-scale studies have suggested a role in IBD, particularly in UC[47,
48]. A larger study that included both UC and CD patients demonstrated a correlation between disease severity and the
marker’s performance, comparable to that of FCP[49]. However, the study did not stratify patients based on disease
location.

Fecal micoRNAs: Small, non-coding RNAs are present in extracellular fluids and are believed to contribute to inflam-
mation in IBD. Studies have demonstrated their elevated level in the stool of patients with active inflammation[50,51].
Ongoing research suggests a correlation between the level of these RNAs and disease activity in CD patients[52].

B-cell activating factor: A cytokine belonging to the tumor necrosis factor family, B-cell activating factor (BAFF), plays a
role in the development of immune cells[53]. Several autoimmune diseases, such as rheumatoid arthritis and Sjogren’s
syndrome, are associated with elevated BAFF levels[54]. BAFF has been demonstrated to correlate with inflammation in
IBD patients, including both UC and CD, with high expression in the intestinal mucosa[55,56]. It is present in feces,
serum, and colonic tissues[57]. Furthermore, studies have shown a correlation between BAFF levels and disease activity
[55]. Fu et al[58] conducted a noteworthy trial in which BAFF was compared to FCP and fecal occult blood test for the
prediction of IBD from irritable bowel syndrome (IBS). The results demonstrated that BAFF (levels > 227.3 pg/mL)
exhibited superior accuracy in distinguishing IBD from IBS, as well as a higher correlation with the endoscopic inflam-
matory score in both UC and CD patients. More recent publications have also suggested the potential therapeutic role of
BAFF blockade in the management of IBD[59,60]. It appears that this marker will play a significant role in the future
diagnosis and potentially treatment of CD patients, although data for small bowel disease remains pending.

Future trends

New markers need proper validation through both large scale pre-clinical and clinical trials to establish and confirm their
usefulness. In addition to these novel molecules being studied, newer methods of measuring older markers are currently
being developed. For instance, one advancement includes a rapid point-of-care (POC) test for FCP that replaces the time-
consuming ELISA technique. A study has demonstrated the rapidity and reasonable agreement of this test with the
conventional test[61]. Another novel approach involves a smartphone application that can scan stool and calculate FCP
concentration, enabling results for patients at the comfort of their own home[62]. An additional innovation includes a
sensor bracelet that can measure CRP and IL-1B levels through sweat gland secretions and provide continuous
monitoring throughout the day[63]. Furthermore, there is growing interest in urinary markers as a method for measuring
inflammation in IBD, which may provide patients with a more convenient option compared to stool tests, which can often
be cumbersome[64].

Artificial intelligence (Al) and machine learning (ML) are revolutionizing various fields, including healthcare. The
utilization of Al in the diagnosis and management of IBD has demonstrated remarkable diversity and efficacy[65]. Novel
Al-powered programs possess the capability to analyze a comprehensive range of variables, including biomarkers, symp-
toms, radiologic, and endoscopic images, with the aim of predicting flare-ups and subsequently generating precise, perso-
nalized treatment plans tailored to individual patients[66]. One notable example is the application of support vector mac-
hines (SVM), an Al model capable of predicting the disease course and response to therapy by analyzing a multitude of
subjective and objective variables. Consequently, personalized medical protocols are generated[67]. Several ML models
have been developed, but the SVM model appears to be particularly impressive, exhibiting notable performance in predi-
cting inflammation scores among patients with CD, with sensitivity of 0.95, specificity of 0.92, and accuracy of 0.93[68].
As with any innovation or technological advancement, including the development of new devices, it is imperative to ack-
nowledge the potential limitations, particularly ethical and patient privacy concerns. Consequently, it is crucial to draft
appropriate legislation and enforce rigorous validation studies to ensure the safety and efficacy of these technologies.

CONCLUSION

The treatment of CD has undergone significant advancements over the past decade, resulting in improved outcomes and
increased rates of remission with reduced disease-related morbidity. However, follow-up of patients with small bowel
CD remains challenging for physicians. The available modalities are invasive and costly, and the current biomarkers are
not yet optimal. LRG offers a novel potential, sensitive, and specific option for this subtype of patient population. The
study by Ohno et al[42] confirms previous encouraging results and defines the suspected cut-off level in a retrospective
trial with a relatively large patient cohort. Nevertheless, prospective randomized trials are still necessary to validate this
marker and incorporate it into our diagnostic arsenal. With the advent of Al and deep learning models, the progression of
methods for diagnosing and managing IBD patients will be highly exciting to observe in the coming years.

Bisnideng> VVIGE | https://www.wjgnet.com 4 April 16,2025 | Volume17 | Issue4 |



Issa IA et al. Usefulness of biomarkers in small bowel CD

FOOTNOTES

Author contributions: Issa IA and Issa T contributed to this paper; Issa IA designed the overall concept and outline of the manuscript;
Issa T contributed to the discussion and design of the manuscript; Issa IA and Issa T contributed to the writing, and editing the
manuscript, illustrations, and review of literature. All authors have read and approved the final manuscript.

Conflict-of-interest statement: The authors declare no conflict of interest.

Open Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: United Arab Emirates
ORCID number: Iyad A Issa 0000-0003-2050-2617.

Corresponding Author's Membership in Professional Societies: European Society of Gastrointestinal Endoscopy, 31040693; Emirates
Gastroenterology and Hepatology Society; Lebanese Society of Gastroenterology.

S-Editor: Liu H
L-Editor: A
P-Editor: Zhang L

REFERENCES

1 Ng SC, Shi HY, Hamidi N, Underwood FE, Tang W, Benchimol EI, Panaccione R, Ghosh S, Wu JCY, Chan FKL, Sung JJY, Kaplan GG.
Worldwide incidence and prevalence of inflammatory bowel disease in the 21st century: a systematic review of population-based studies.
Lancet 2017; 390: 2769-2778 [PMID: 29050646 DOL: 10.1016/S0140-6736(17)32448-0]

Seyedian SS, Nokhostin F, Malamir MD. A review of the diagnosis, prevention, and treatment methods of inflammatory bowel disease. J Med

Life 2019; 12: 113-122 [PMID: 31406511 DOI: 10.25122/jml-2018-0075]

Neurath MF. Current and emerging therapeutic targets for IBD. Nat Rev Gastroenterol Hepatol 2017; 14: 269-278 [PMID: 28144028 DOI:

10.1038/nrgastro.2016.208]

4 Peyrin-Biroulet L, Sandborn W, Sands BE, Reinisch W, Bemelman W, Bryant RV, D'Haens G, Dotan I, Dubinsky M, Feagan B, Fiorino G,

Gearry R, Krishnareddy S, Lakatos PL, Loftus EV Jr, Marteau P, Munkholm P, Murdoch TB, Ordas I, Panaccione R, Riddell RH, Ruel J,

Rubin DT, Samaan M, Siegel CA, Silverberg MS, Stoker J, Schreiber S, Travis S, Van Assche G, Danese S, Panes J, Bouguen G, O'Donnell S,

Pariente B, Winer S, Hanauer S, Colombel JF. Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE): Determining

Therapeutic Goals for Treat-to-Target. Am J Gastroenterol 2015; 110: 1324-1338 [PMID: 26303131 DOI: 10.1038/ajg.2015.233]

Turner D, Ricciuto A, Lewis A, D'Amico F, Dhaliwal J, Griffiths AM, Bettenworth D, Sandborn WJ, Sands BE, Reinisch W, Scholmerich J,

Bemelman W, Danese S, Mary JY, Rubin D, Colombel JF, Peyrin-Biroulet L, Dotan I, Abreu MT, Dignass A; International Organization for

the Study of IBD. STRIDE-II: An Update on the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) Initiative of the

International Organization for the Study of IBD (IOIBD): Determining Therapeutic Goals for Treat-to-Target strategies in IBD.

Gastroenterology 2021; 160: 1570-1583 [PMID: 33359090 DOI: 10.1053/j.gastro.2020.12.031]

6 Shah SC, Colombel JF, Sands BE, Narula N. Systematic review with meta-analysis: mucosal healing is associated with improved long-term
outcomes in Crohn's disease. Aliment Pharmacol Ther 2016; 43: 317-333 [PMID: 26607562 DOI: 10.1111/apt.13475]

7 Freoslie KF, Jahnsen J, Moum BA, Vatn MH; IBSEN Group. Mucosal healing in inflammatory bowel disease: results from a Norwegian
population-based cohort. Gastroenterology 2007; 133: 412-422 [PMID: 17681162 DOI: 10.1053/j.gastr0.2007.05.051]

8 Peyrin-Biroulet L. Mucosal Healing in Crohn's Disease and Ulcerative Colitis. Gastroenterol Hepatol (N Y) 2020; 16: 206-208 [PMID:
35422679]

9 Sands BE, Danese S, Chapman JC, Gurjar K, Grieve S, Thakur D, Griffith J, Joshi N, Kligys K, Dignass A. Mucosal and Transmural Healing
and Long-term Outcomes in Crohn's Disease. Inflamm Bowel Dis 2025; 31: 857-877 [PMID: 39083264 DOI: 10.1093/ibd/izae159]

10 Aronson JK, Ferner RE. Biomarkers-A General Review. Curr Protoc Pharmacol 2017;76: 9.23.1-9.23.17 [PMID: 28306150 DOI:
10.1002/cpph.19]

11 Sakurai T, Saruta M. Positioning and Usefulness of Biomarkers in Inflammatory Bowel Disease. Digestion 2023; 104: 30-41 [PMID:
36404714 DOI: 10.1159/000527846]

12 Sproston NR, Ashworth JJ. Role of C-Reactive Protein at Sites of Inflammation and Infection. Front Immunol 2018; 9: 754 [PMID: 29706967
DOI: 10.3389/fimmu.2018.00754]

13 Ballou SP, Kushner I. C-reactive protein and the acute phase response. Adv Intern Med 1992; 37: 313-336 [PMID: 1558000]

14 Fagan EA, Dyck RF, Maton PN, Hodgson HJ, Chadwick VS, Petrie A, Pepys MB. Serum levels of C-reactive protein in Crohn's disease and
ulcerative colitis. Eur J Clin Invest 1982; 12: 351-359 [PMID: 6814926 DOI: 10.1111/j.1365-2362.1982.tb02244 x]

15 Krzystek-Korpacka M, Kempinski R, Bromke M, Neubauer K. Biochemical Biomarkers of Mucosal Healing for Inflammatory Bowel
Disease in Adults. Diagnostics (Basel) 2020; 10: 367 [PMID: 32498475 DOI: 10.3390/diagnostics10060367]

16 Yang DH, Yang SK, Park SH, Lee HS, Boo SJ, Park JH, Na SY, Jung KW, Kim KJ, Ye BD, Byeon JS, Myung SJ. Usefulness of C-reactive
protein as a disease activity marker in Crohn's disease according to the location of disease. Gut Liver 2015; 9: 80-86 [PMID: 25170056 DOI:
10.5009/gn113424]

17 Breda L, Nozzi M, De Sanctis S, Chiarelli F. Laboratory tests in the diagnosis and follow-up of pediatric rheumatic diseases: an update. Semin
Arthritis Rheum 2010; 40: 53-72 [PMID: 19246077 DOI: 10.1016/j.semarthrit.2008.12.001]

o

w

W

Bisnideng> VVIGE | https://www.wijgnet.com 5 April 16,2025 | Volume17 | Issued |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-2050-2617
http://orcid.org/0000-0003-2050-2617
http://www.ncbi.nlm.nih.gov/pubmed/29050646
https://dx.doi.org/10.1016/S0140-6736(17)32448-0
http://www.ncbi.nlm.nih.gov/pubmed/31406511
https://dx.doi.org/10.25122/jml-2018-0075
http://www.ncbi.nlm.nih.gov/pubmed/28144028
https://dx.doi.org/10.1038/nrgastro.2016.208
http://www.ncbi.nlm.nih.gov/pubmed/26303131
https://dx.doi.org/10.1038/ajg.2015.233
http://www.ncbi.nlm.nih.gov/pubmed/33359090
https://dx.doi.org/10.1053/j.gastro.2020.12.031
http://www.ncbi.nlm.nih.gov/pubmed/26607562
https://dx.doi.org/10.1111/apt.13475
http://www.ncbi.nlm.nih.gov/pubmed/17681162
https://dx.doi.org/10.1053/j.gastro.2007.05.051
http://www.ncbi.nlm.nih.gov/pubmed/35422679
http://www.ncbi.nlm.nih.gov/pubmed/39083264
https://dx.doi.org/10.1093/ibd/izae159
http://www.ncbi.nlm.nih.gov/pubmed/28306150
https://dx.doi.org/10.1002/cpph.19
http://www.ncbi.nlm.nih.gov/pubmed/36404714
https://dx.doi.org/10.1159/000527846
http://www.ncbi.nlm.nih.gov/pubmed/29706967
https://dx.doi.org/10.3389/fimmu.2018.00754
http://www.ncbi.nlm.nih.gov/pubmed/1558000
http://www.ncbi.nlm.nih.gov/pubmed/6814926
https://dx.doi.org/10.1111/j.1365-2362.1982.tb02244.x
http://www.ncbi.nlm.nih.gov/pubmed/32498475
https://dx.doi.org/10.3390/diagnostics10060367
http://www.ncbi.nlm.nih.gov/pubmed/25170056
https://dx.doi.org/10.5009/gnl13424
http://www.ncbi.nlm.nih.gov/pubmed/19246077
https://dx.doi.org/10.1016/j.semarthrit.2008.12.001

Issa IA et al. Usefulness of biomarkers in small bowel CD

18 Sox HC Jr, Liang MH. The erythrocyte sedimentation rate. Guidelines for rational use. Ann Intern Med 1986; 104: 515-523 [PMID: 3954279
DOI: 10.7326/0003-4819-104-4-515]

19 Jukic A, Bakiri L, Wagner EF, Tilg H, Adolph TE. Calprotectin: from biomarker to biological function. Guz 2021; 70: 1978-1988 [PMID:
34145045 DO 10.1136/gutjnl-2021-324855]

20 Nakashige TG, Zhang B, Krebs C, Nolan EM. Human calprotectin is an iron-sequestering host-defense protein. Nat Chem Biol 2015; 11: 765-
771 [PMID: 26302479 DOI: 10.1038/nchembio.1891]

21 Lin JF, Chen JM, Zuo JH, Yu A, Xiao ZJ, Deng FH, Nie B, Jiang B. Meta-analysis: fecal calprotectin for assessment of inflammatory bowel
disease activity. Inflamm Bowel Dis 2014; 20: 1407-1415 [PMID: 24983982 DOI: 10.1097/MIB.0000000000000057]

22 Zittan E, Kelly OB, Kirsch R, Milgrom R, Burns J, Nguyen GC, Croitoru K, Van Assche G, Silverberg MS, Steinhart AH. Low Fecal
Calprotectin Correlates with Histological Remission and Mucosal Healing in Ulcerative Colitis and Colonic Crohn's Disease. Inflamm Bowel
Dis 2016; 22: 623-630 [PMID: 26829408 DOI: 10.1097/MIB.0000000000000652]

23 Mosli MH, Zou G, Garg SK, Feagan SG, MacDonald JK, Chande N, Sandborn WJ, Feagan BG. C-Reactive Protein, Fecal Calprotectin, and
Stool Lactoferrin for Detection of Endoscopic Activity in Symptomatic Inflammatory Bowel Disease Patients: A Systematic Review and Meta-
Analysis. Am J Gastroenterol 2015; 110: 802-19; quiz 820 [PMID: 25964225 DOI: 10.1038/ajg.2015.120]

24 State M, Negreanu L, Voiosu T, Voiosu A, Balanescu P, Mateescu RB. Surrogate markers of mucosal healing in inflammatory bowel disease:
A systematic review. World J Gastroenterol 2021; 27: 1828-1840 [PMID: 33967560 DOI: 10.3748/wjg.v27.116.1828]
25 D'Amico F, Bonovas S, Danese S, Peyrin-Biroulet L. Review article: faecal calprotectin and histologic remission in ulcerative colitis. Aliment

Pharmacol Ther 2020; 51: 689-698 [PMID: 32048751 DOI: 10.1111/apt.15662]

26 Sipponen T, Savilahti E, Kolho KL, Nuutinen H, Turunen U, Farkkild M. Crohn's disease activity assessed by fecal calprotectin and
lactoferrin: correlation with Crohn's disease activity index and endoscopic findings. Inflamm Bowel Dis 2008; 14: 40-46 [PMID: 18022866
DOI: 10.1002/ibd.20312]

27 Cremer A, Ku J, Amininejad L, Bouvry MR, Brohet F, Liefferinckx C, Deviére J, van Gossum A, Smet J, Stordeur P, Franchimont D.
Variability of Faecal Calprotectin in Inflammatory Bowel Disease Patients: An Observational Case-control Study. J Crohns Colitis 2019; 13:
1372-1379 [PMID: 30944925 DOI: 10.1093/ecco-jcc/jjz069]

28 Poullis A, Foster R, Shetty A, Fagerhol MK, Mendall MA. Bowel inflammation as measured by fecal calprotectin: a link between lifestyle
factors and colorectal cancer risk. Cancer Epidemiol Biomarkers Prev 2004; 13: 279-284 [PMID: 14973103 DOI:
10.1158/1055-9965.epi-03-0160]

29 Park DI, Ryu S, Kim YH, Lee SH, Lee CK, Eun CS, Han DS. Comparison of guaiac-based and quantitative immunochemical fecal occult
blood testing in a population at average risk undergoing colorectal cancer screening. Am J Gastroenterol 2010; 105: 2017-2025 [PMID:
20502450 DOI: 10.1038/aj2.2010.179]

30 Inokuchi T, Kato J, Hiraoka S, Takashima S, Nakarai A, Takei D, Sugihara Y, Takahara M, Kawano S, Harada K, Okada H. Fecal
Immunochemical Test Versus Fecal Calprotectin for Prediction of Mucosal Healing in Crohn's Disease. Inflamm Bowel Dis 2016; 22: 1078-
1085 [PMID: 26891256 DOI: 10.1097/MIB.0000000000000728]

3] Nakarai A, Kato J, Hiraoka S, Kuriyama M, Akita M, Hirakawa T, Okada H, Yamamoto K. Evaluation of mucosal healing of ulcerative colitis

by a quantitative fecal immunochemical test. Am J Gastroenterol 2013; 108: 83-89 [PMID: 23007005 DOI: 10.1038/aj2.2012.315]

Takashima S, Kato J, Hiraoka S, Nakarai A, Takei D, Inokuchi T, Sugihara Y, Takahara M, Harada K, Okada H, Tanaka T, Yamamoto K.

Evaluation of Mucosal Healing in Ulcerative Colitis by Fecal Calprotectin Vs. Fecal Immunochemical Test. Am J Gastroenterol 2015; 110:

873-880 [PMID: 25823769 DOI: 10.1038/aj2.2015.66]

33 Ma C, Lumb R, Walker EV, Foshaug RR, Dang TT, Verma S, Huang VW, Kroeker KI, Wong K, Dieleman LA, Fedorak RN, Halloran BP.
Noninvasive Fecal Immunochemical Testing and Fecal Calprotectin Predict Mucosal Healing in Inflammatory Bowel Disease: A Prospective
Cohort Study. Inflamm Bowel Dis 2017; 23: 1643-1649 [PMID: 28644184 DOI: 10.1097/MIB.0000000000001173]

34 Noh CK, Lee E, Park B, Ahn SS. A positive faecal immunochemical test result and its association with the incidence of rheumatoid arthritis,
systemic lupus erythematosus, and psoriatic arthritis: an analysis of one-million national colorectal cancer screening programme results. BMC
Med 2022; 20: 226 [PMID: 35786411 DOI: 10.1186/s12916-022-02416-y]

35 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 [PMID: 30938267 DOI: 10.1080/13497413.2018.1481582]

36 Serada S, Fujimoto M, Terabe F, lijima H, Shinzaki S, Matsuzaki S, Ohkawara T, Nezu R, Nakajima S, Kobayashi T, Plevy SE, Takehara T,
Naka T. Serum leucine-rich alpha-2 glycoprotein is a disease activity biomarker in ulcerative colitis. Inflamm Bowel Dis 2012; 18: 2169-2179
[PMID: 22374925 DOI: 10.1002/ibd.22936]

37 Shinzaki S, Matsuoka K, Iijima H, Mizuno S, Serada S, Fujimoto M, Arai N, Koyama N, Morii E, Watanabe M, Hibi T, Kanai T, Takehara T,
Naka T. Leucine-rich Alpha-2 Glycoprotein is a Serum Biomarker of Mucosal Healing in Ulcerative Colitis. J Crohns Colitis 2017; 11: 84-91
[PMID: 27466171 DOT: 10.1093/ecco-jcc/jjw132]

38 Yasutomi E, Inokuchi T, Hiraoka S, Takei K, Igawa S, Yamamoto S, Ohmori M, Oka S, Yamasaki Y, Kinugasa H, Takahara M, Harada K,
Furukawa M, Itoshima K, Okada K, Otsuka F, Tanaka T, Mitsuhashi T, Kato J, Okada H. Leucine-rich alpha-2 glycoprotein as a marker of
mucosal healing in inflammatory bowel disease. Sci Rep 2021; 11: 11086 [PMID: 34045529 DOI: 10.1038/541598-021-90441-x]

39 Mitsuyama K, Toyonaga A, Sasaki E, Ishida O, Ikeda H, Tsuruta O, Harada K, Tateishi H, Nishiyama T, Tanikawa K. Soluble interleukin-6
receptors in inflammatory bowel disease: relation to circulating interleukin-6. Gut 1995; 36: 45-49 [PMID: 7890234 DOI: 10.1136/gut.36.1.45]

40 Kawamura T, Yamamura T, Nakamura M, Maeda K, Sawada T, Ishikawa E, Tida T, Mizutani Y, Ishikawa T, Kakushima N, Furukawa K,
Ohno E, Honda T, Kawashima H, Ishigami M. Accuracy of Serum Leucine-Rich Alpha-2 Glycoprotein in Evaluating Endoscopic Disease
Activity in Crohn's Disease. Inflamm Bowel Dis 2023; 29: 245-253 [PMID: 35436345 DOI: 10.1093/ibd/izac076]

41 Saiki T, Torisu T, Harada A, Kajiya Y, Taniguchi Y, Morisaki S, Umeno J, Suekane H, Kitazono T. Usefulness of Serum Leucine-Rich Alpha-
2 Glycoprotein as a Surrogate Marker of Small Bowel Mucosal Injury in Crohn's Disease. Inflamm Intest Dis 2023; 8: 69-76 [PMID: 37901342
DOI: 10.1159/000531622]

42 Ohno M, Nishida A, Otsuki A, Yokota Y, Imai T, Bamba S, Inatomi O. Leucine-rich alpha-2 glycoprotein as a superior biomarker to C-
reactive protein for detecting small bowel lesions in Crohn's disease. World J Gastrointest Endosc 2025; 17: 100793 [PMID: 39989852 DOI:
10.4253/wjge.v17.i2.100793]

43 Wijelath ES, Carlsen B, Cole T, Chen J, Kothari S, Hammond WP. Oncostatin M induces basic fibroblast growth factor expression in
endothelial cells and promotes endothelial cell proliferation, migration and spindle morphology. J Cell Sci 1997; 110 (Pt 7): 871-879 [PMID:

(9%}
(8]

3%9@) WIGE | https://www.wjgnet.com 6 April 16,2025 | Volume17 | Issued |


http://www.ncbi.nlm.nih.gov/pubmed/3954279
https://dx.doi.org/10.7326/0003-4819-104-4-515
http://www.ncbi.nlm.nih.gov/pubmed/34145045
https://dx.doi.org/10.1136/gutjnl-2021-324855
http://www.ncbi.nlm.nih.gov/pubmed/26302479
https://dx.doi.org/10.1038/nchembio.1891
http://www.ncbi.nlm.nih.gov/pubmed/24983982
https://dx.doi.org/10.1097/MIB.0000000000000057
http://www.ncbi.nlm.nih.gov/pubmed/26829408
https://dx.doi.org/10.1097/MIB.0000000000000652
http://www.ncbi.nlm.nih.gov/pubmed/25964225
https://dx.doi.org/10.1038/ajg.2015.120
http://www.ncbi.nlm.nih.gov/pubmed/33967560
https://dx.doi.org/10.3748/wjg.v27.i16.1828
http://www.ncbi.nlm.nih.gov/pubmed/32048751
https://dx.doi.org/10.1111/apt.15662
http://www.ncbi.nlm.nih.gov/pubmed/18022866
https://dx.doi.org/10.1002/ibd.20312
http://www.ncbi.nlm.nih.gov/pubmed/30944925
https://dx.doi.org/10.1093/ecco-jcc/jjz069
http://www.ncbi.nlm.nih.gov/pubmed/14973103
https://dx.doi.org/10.1158/1055-9965.epi-03-0160
http://www.ncbi.nlm.nih.gov/pubmed/20502450
https://dx.doi.org/10.1038/ajg.2010.179
http://www.ncbi.nlm.nih.gov/pubmed/26891256
https://dx.doi.org/10.1097/MIB.0000000000000728
http://www.ncbi.nlm.nih.gov/pubmed/23007005
https://dx.doi.org/10.1038/ajg.2012.315
http://www.ncbi.nlm.nih.gov/pubmed/25823769
https://dx.doi.org/10.1038/ajg.2015.66
http://www.ncbi.nlm.nih.gov/pubmed/28644184
https://dx.doi.org/10.1097/MIB.0000000000001173
http://www.ncbi.nlm.nih.gov/pubmed/35786411
https://dx.doi.org/10.1186/s12916-022-02416-y
http://www.ncbi.nlm.nih.gov/pubmed/30938267
https://dx.doi.org/10.1080/13497413.2018.1481582
http://www.ncbi.nlm.nih.gov/pubmed/22374925
https://dx.doi.org/10.1002/ibd.22936
http://www.ncbi.nlm.nih.gov/pubmed/27466171
https://dx.doi.org/10.1093/ecco-jcc/jjw132
http://www.ncbi.nlm.nih.gov/pubmed/34045529
https://dx.doi.org/10.1038/s41598-021-90441-x
http://www.ncbi.nlm.nih.gov/pubmed/7890234
https://dx.doi.org/10.1136/gut.36.1.45
http://www.ncbi.nlm.nih.gov/pubmed/35436345
https://dx.doi.org/10.1093/ibd/izac076
http://www.ncbi.nlm.nih.gov/pubmed/37901342
https://dx.doi.org/10.1159/000531622
http://www.ncbi.nlm.nih.gov/pubmed/39989852
https://dx.doi.org/10.4253/wjge.v17.i2.100793

Issa IA et al. Usefulness of biomarkers in small bowel CD

9133674 DOI: 10.1242/jcs.110.7.871]

44 West NR, Hegazy AN, Owens BMJ, Bullers SJ, Linggi B, Buonocore S, Coccia M, Gortz D, This S, Stockenhuber K, Pott J, Friedrich M,
Ryzhakov G, Baribaud F, Brodmerkel C, Cieluch C, Rahman N, Miiller-Newen G, Owens RJ, Kiihl AA, Maloy KJ, Plevy SE; Oxford IBD
Cobhort Investigators, Keshav S, Travis SPL, Powrie F. Oncostatin M drives intestinal inflammation and predicts response to tumor necrosis
factor-neutralizing therapy in patients with inflammatory bowel disease. Nat Med 2017; 23: 579-589 [PMID: 28368383 DOI:
10.1038/nm.4307]

45 Cao Y, Dai Y, Zhang L, Wang D, Hu W, Yu Q, Wang X, Yu P, Liu W, Ping Y, Sun T, Sang Y, Liu Z, Chen Y, Tao Z. Combined Use of Fecal
Biomarkers in Inflammatory Bowel Diseases: Oncostatin M and Calprotectin. J Inflamm Res 2021; 14: 6409-6419 [PMID: 34880643 DOI:
10.2147/JIR.S342846]

46 Winterbourn CC, Kettle AJ, Hampton MB. Reactive Oxygen Species and Neutrophil Function. Annu Rev Biochem 2016; 85: 765-792 [PMID:
27050287 DOLI: 10.1146/annurev-biochem-060815-014442]

47 Masoodi I, Kochhar R, Dutta U, Vaishnavi C, Prasad KK, Vaiphei K, Hussain S, Singh K. Evaluation of fecal myeloperoxidase as a biomarker
of disease activity and severity in ulcerative colitis. Dig Dis Sci 2012; 57: 1336-1340 [PMID: 22350781 DOI: 10.1007/s10620-012-2027-5]

48 Peterson CG, Lampinen M, Hansson T, Lidén M, Hillgren R, Carlson M. Evaluation of biomarkers for ulcerative colitis comparing two
sampling methods: fecal markers reflect colorectal inflammation both macroscopically and on a cellular level. Scand J Clin Lab Invest 2016;
76: 393-401 [PMID: 27223407 DOI: 10.1080/00365513.2016.1185145]

49 Swaminathan A, Borichevsky GM, Edwards TS, Hirschfeld E, Mules TC, Frampton CMA, Day AS, Hampton MB, Kettle AJ, Gearry RB.
Faecal Myeloperoxidase as a Biomarker of Endoscopic Activity in Inflammatory Bowel Disease. J Crohns Colitis 2022; 16: 1862-1873
[PMID: 35803583 DOI: 10.1093/ecco-jcc/jjac098]

50 Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogosova-Agadjanyan EL, Peterson A, Noteboom J, O'Briant KC, Allen A, Lin
DW, Urban N, Drescher CW, Knudsen BS, Stirewalt DL, Gentleman R, Vessella RL, Nelson PS, Martin DB, Tewari M. Circulating
microRNAs as stable blood-based markers for cancer detection. Proc Natl Acad Sci U S A 2008; 105: 10513-10518 [PMID: 18663219 DOI:
10.1073/pnas.0804549105]

51 Verdier J, Breunig IR, Ohse MC, Roubrocks S, Kleinfeld S, Roy S, Streetz K, Trautwein C, Roderburg C, Sellge G. Faecal Micro-RNAs in
Inflammatory Bowel Diseases. J Crohns Colitis 2020; 14: 110-117 [PMID: 31209454 DOI: 10.1093/ecco-jcc/jjz120]

52 Zhang J, Guo Z, Wang Z, Zhu W, Li Q. Fecal miR-223 is a noninvasive biomarker for estimating Crohn's disease activity. Immun Inflamm Dis
2023; 11: e1131 [PMID: 38156390 DOI: 10.1002/iid3.1131]

53 Sun M, He C, Cong Y, Liu Z. Regulatory immune cells in regulation of intestinal inflammatory response to microbiota. Mucosal Immunol
2015; 8: 969-978 [PMID: 26080708 DOI: 10.1038/mi.2015.49]

54 Blair HA, Duggan ST. Belimumab: A Review in Systemic Lupus Erythematosus. Drugs 2018; 78: 355-366 [PMID: 29396833 DOI:
10.1007/s40265-018-0872-z]

55 Zhang P, Liu X, Guo A, Xiong J, Fu'Y, Zou K. B Cell-Activating Factor as a New Potential Marker in Inflammatory Bowel Disease. Dig Dis
Sci 2016; 61: 2608-2618 [PMID: 27056038 DOI: 10.1007/s10620-016-4136-7]

56 Demchenko YN, Kuehl WM. A critical role for the NFkB pathway in multiple myeloma. Oncotarget 2010; 1: 59-68 [PMID: 20890394 DOI:
10.18632/oncotarget.109]

57 Kumric M, Zivkovic PM, Ticinovic Kurir T, Vrdoljak J, Vilovic M, Martinovic D, Bratanic A, Lizatovic IK, Bozic J. Role of B-Cell
Activating Factor (BAFF) in Inflammatory Bowel Disease. Diagnostics (Basel) 2021; 12 [PMID: 35054212 DOI:
10.3390/diagnostics12010045]

58 FuY, Wang L, Xie C, Zou K, Tu L, Yan W, Hou X. Comparison of non-invasive biomarkers faeccal BAFF, calprotectin and FOBT in
discriminating IBS from IBD and evaluation of intestinal inflammation. Sci Rep 2017; 7: 2669 [PMID: 28572616 DOI:
10.1038/s41598-017-02835-5]

59 Zhang Y, Tao M, Chen C, Zhao X, Feng Q, Chen G, Fu Y. BAFF Blockade Attenuates DSS-Induced Chronic Colitis via Inhibiting NLRP3
Inflammasome and NF-kB Activation. Front Immunol 2022; 13: 783254 [PMID: 35320937 DOI: 10.3389/fimmu.2022.783254]

60 Quan R, Chen C, Yan W, Zhang Y, Zhao X, Fu Y. BAFF Blockade Attenuates Inflammatory Responses and Intestinal Barrier Dysfunction in
a Murine Endotoxemia Model. Front Immunol 2020; 11: 570920 [PMID: 33324396 DOI: 10.3389/fimmu.2020.570920]

61 Kok L, Elias SG, Witteman BJ, Goedhard JG, Muris JW, Moons KG, de Wit NJ. Diagnostic accuracy of point-of-care fecal calprotectin and
immunochemical occult blood tests for diagnosis of organic bowel disease in primary care: the Cost-Effectiveness of a Decision Rule for
Abdominal Complaints in Primary Care (CEDAR) study. Clin Chem 2012; 58: 989-998 [PMID: 22407858 DOI:
10.1373/clinchem.2011.177980]

62 Vinding KK, Elsberg H, Thorkilgaard T, Belard E, Pedersen N, Elkjaer M, Marker D, Carlsen K, Burisch J, Munkholm P. Fecal Calprotectin
Measured By Patients at Home Using Smartphones--A New Clinical Tool in Monitoring Patients with Inflammatory Bowel Disease. Inflamm
Bowel Dis 2016; 22: 336-344 [PMID: 26535869 DOI: 10.1097/MI1B.0000000000000619]

63 Jagannath B, Lin KC, Pali M, Sankhala D, Muthukumar S, Prasad S. A Sweat-based Wearable Enabling Technology for Real-time
Monitoring of IL-1B and CRP as Potential Markers for Inflammatory Bowel Disease. Inflamm Bowel Dis 2020; 26: 1533-1542 [PMID:
32720974 DOIL: 10.1093/ibd/izaal91]

64 Baldan-Martin M, Chaparro M, Gisbert JP. Systematic Review: Urine Biomarker Discovery for Inflammatory Bowel Disease Diagnosis. /nt J
Mol Sci 2023; 24: 10159 [PMID: 37373307 DOI: 10.3390/ijms241210159]

65 Da Rio L, Spadaccini M, Parigi TL, Gabbiadini R, Dal Buono A, Busacca A, Maselli R, Fugazza A, Colombo M, Carrara S, Franchellucci G,
Alfarone L, Facciorusso A, Hassan C, Repici A, Armuzzi A. Artificial intelligence and inflammatory bowel disease: Where are we going?
World J Gastroenterol 2023; 29: 508-520 [PMID: 36688019 DOI: 10.3748/wjg.v29.13.508]

66 Pinton P. Impact of artificial intelligence on prognosis, shared decision-making, and precision medicine for patients with inflammatory bowel
disease: a perspective and expert opinion. Ann Med 2023; 55: 2300670 [PMID: 38163336 DOI: 10.1080/07853890.2023.2300670]

67 Javaid A, Shahab O, Adorno W, Fernandes P, May E, Syed S. Machine Learning Predictive Outcomes Modeling in Inflammatory Bowel
Diseases. Inflamm Bowel Dis 2022; 28: 819-829 [PMID: 34417815 DOI: 10.1093/ibd/izab187]

68 Cai W, XuJ, Chen Y, Wu X, Zeng Y, Yu F. Performance of Machine Learning Algorithms for Predicting Disease Activity in Inflammatory
Bowel Disease. Inflammation 2023; 46: 1561-1574 [PMID: 37171693 DOIL: 10.1007/s10753-023-01827-0]

3%9@) WIGE | https://www.wjgnet.com 7 April 16,2025 | Volume17 | Issued |


http://www.ncbi.nlm.nih.gov/pubmed/9133674
https://dx.doi.org/10.1242/jcs.110.7.871
http://www.ncbi.nlm.nih.gov/pubmed/28368383
https://dx.doi.org/10.1038/nm.4307
http://www.ncbi.nlm.nih.gov/pubmed/34880643
https://dx.doi.org/10.2147/JIR.S342846
http://www.ncbi.nlm.nih.gov/pubmed/27050287
https://dx.doi.org/10.1146/annurev-biochem-060815-014442
http://www.ncbi.nlm.nih.gov/pubmed/22350781
https://dx.doi.org/10.1007/s10620-012-2027-5
http://www.ncbi.nlm.nih.gov/pubmed/27223407
https://dx.doi.org/10.1080/00365513.2016.1185145
http://www.ncbi.nlm.nih.gov/pubmed/35803583
https://dx.doi.org/10.1093/ecco-jcc/jjac098
http://www.ncbi.nlm.nih.gov/pubmed/18663219
https://dx.doi.org/10.1073/pnas.0804549105
http://www.ncbi.nlm.nih.gov/pubmed/31209454
https://dx.doi.org/10.1093/ecco-jcc/jjz120
http://www.ncbi.nlm.nih.gov/pubmed/38156390
https://dx.doi.org/10.1002/iid3.1131
http://www.ncbi.nlm.nih.gov/pubmed/26080708
https://dx.doi.org/10.1038/mi.2015.49
http://www.ncbi.nlm.nih.gov/pubmed/29396833
https://dx.doi.org/10.1007/s40265-018-0872-z
http://www.ncbi.nlm.nih.gov/pubmed/27056038
https://dx.doi.org/10.1007/s10620-016-4136-z
http://www.ncbi.nlm.nih.gov/pubmed/20890394
https://dx.doi.org/10.18632/oncotarget.109
http://www.ncbi.nlm.nih.gov/pubmed/35054212
https://dx.doi.org/10.3390/diagnostics12010045
http://www.ncbi.nlm.nih.gov/pubmed/28572616
https://dx.doi.org/10.1038/s41598-017-02835-5
http://www.ncbi.nlm.nih.gov/pubmed/35320937
https://dx.doi.org/10.3389/fimmu.2022.783254
http://www.ncbi.nlm.nih.gov/pubmed/33324396
https://dx.doi.org/10.3389/fimmu.2020.570920
http://www.ncbi.nlm.nih.gov/pubmed/22407858
https://dx.doi.org/10.1373/clinchem.2011.177980
http://www.ncbi.nlm.nih.gov/pubmed/26535869
https://dx.doi.org/10.1097/MIB.0000000000000619
http://www.ncbi.nlm.nih.gov/pubmed/32720974
https://dx.doi.org/10.1093/ibd/izaa191
http://www.ncbi.nlm.nih.gov/pubmed/37373307
https://dx.doi.org/10.3390/ijms241210159
http://www.ncbi.nlm.nih.gov/pubmed/36688019
https://dx.doi.org/10.3748/wjg.v29.i3.508
http://www.ncbi.nlm.nih.gov/pubmed/38163336
https://dx.doi.org/10.1080/07853890.2023.2300670
http://www.ncbi.nlm.nih.gov/pubmed/34417815
https://dx.doi.org/10.1093/ibd/izab187
http://www.ncbi.nlm.nih.gov/pubmed/37171693
https://dx.doi.org/10.1007/s10753-023-01827-0

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2025 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	Biomarkers for CD
	Conventional biomarkers
	Novel biomarkers
	Future trends

	CONCLUSION
	FOOTNOTES
	REFERENCES

