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Individual Biomarkers 
1. Biological relevance 
2. Assay  
3. Clinical data 

 

Calprotectin (S100A8/S100A9) 

1. Biological relevance 
1. Expressed in neutrophils (60% of total cytosolic protein) (Lopez et al., 2017) 

i. Plasma levels elevated in alcohol-related liver disease, colorectal cancer, CF, 
rheumatoid arthritis and IBD 

ii. Elevated in serum, mucosa and feces in IBD 
iii. Fecal levels more specific to IBD 

2. 36 kDa Ca2+ and zinc binding protein expressed by neutrophils, (and potentially 
monocytes and maybe epithelial cells (Iskandar and Ciorba, 2012)) 

3. Elevated levels in CD family members and marker of relapse (Mendall et al., 2016) 
2. Assay 

1. Commercial ELISA (Phical, Calprest); Roseth is an in-house ELISA (Roseth X5 =Phical)  
3. Clinical data 

1. Meta-analysis (van Rheenen et al., 2010) 
i. 13 studies of diagnostic accuracy, 6 adult and 7 children, teenagers 

ii. 670 adults and 371 children or teenagers (10 months to 19.9 years) 
iii. Commercial ELISA (Phical, Calprest); Roseth is an in-house ELISA (Roseth X5 =Phical) 
iv. Fecal calprotectin testing then endoscopy 
v. False negative = no treatment and continued symptoms 

vi. False positive = unnecessary endoscopy 
2. “For adults the sensitivity was 0.93 (0.85 to 0.97) and specificity 0.96 (0.79 to 0.99), and 

the corresponding values for children and teenagers were 0.92 (0.84 to 0.96) and 0.76 
(0.62 to 0.86). The difference between specificities of the two groups was significant 
(P=0.048)”  

3. *Fecal calprotectin and lactoferrin appear to be equally recommendable as 
inflammatory disease markers in patients with lower gastrointestinal symptoms (D’inca, 
et al., 2007) 

4. *The calprotectin and lactoferrin rapid tests are as good as the ELISA tests in detecting 
colonic inflammation. Given their simple use, FRTs can support the non-invasive 
exclusion of IBD, notably in primary care (Otten et al., 2008) 

5. One hundred and forty-four patients were evaluated, with mean age of 38.4 years. Of 
these, 13 (9%) had a relapse during the follow-up period. The mean FC value was 
significantly lower for non-relapsers (203.2 μg/g) than for relapsers (871.3 μg/g), 
p < .001. The AUC for predicting relapse by using FC values was 0.924. The optimal cutoff 
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FC value to predict relapse was 327 μg/g; with values of sensitivity, specificity, negative 
predictive value and positive predictive value were 92.3%, 82.4%, 99.1% and 34.3%, 
respectively (Monteiro et al., 2019) 

6. CUT OFF LEVELS: 200 µg/g correlates best with endoscopically active disease; sensitivity 
was 70%, specificity 92%, positive predictive value (PPV) 94%, and negative predictive 
value (NPV) 61% in predicting endoscopically active disease (CDEIS >/= 3) (Sipponen et 
al., 2008a) 
i. Manufacturer recommended cut-offs (Health Technology Assessment, NIHR UK) 

A. 50 µg/g (for ELISA tests) 
B. 15 µg/g (for PreventID POCT) 
C. ~50 µg/g ‘Threshold for action’ (50–150 µg/g borderline need FC monitoring) 

7. STABILITY: Calprotectin is resistant to bacterial degradation in the gut and is stable in 
stool for up to one week at room temperature and is readily measured using 
immunochemical techniques; Distinguishing functional from organic bowel disease and 
predicting relapse in IBD; Disease nonspecific, Affected by age, comorbidities, NSAIDs 
use (Siddiqui et al., 2017) 

8. In patients with Crohn's disease (CD), the 4-day fecal excretion of 111indium-labeled 
white blood cells (WBCs) correlates with 4-day excretion of calprotectin and even the 
concentration of calprotectin in a single fecal specimen. (Tibble et al., 2000) 111indium-
labeled WBC excretion id described as the “gold standard” of disease activity in IBD 
(Røseth et al., 2004) 

9. SPECIFICITY TO CD: Higher rate of increased calprotectin in CD versus UC; reason 
unknown (Lewis, 2011) 

10. COST: Introduction of FC into routine IBD care aided changes in clinical management in 
a similar proportion, yet at potentially half the total cost, compared to a historical 
colonoscopy-only cohort at the same centre. (Motaganahalli et al., 2018) 

11. EVIDENCE OF RELAPSE: During the follow-up, 15/49 (31%) relapsed, whereas 34 (69%) 
remained in remission. Patients relapsing showed constantly elevated FC levels for a 
median of 94 (13-317) days before the relapse. Significant increase in median FC levels 
was seen 2 (p = 0.0014), 4 (p = 0.0056), and 6 (p = 0.0029) months before endoscopic 
relapse. Constantly normal FC concentrations during the follow-up were highly 
predictive for clinical and endoscopic remission. Normal FC concentrations in patients 
with remission were associated with histological remission (Molander et al., 2015) 

12. EVIDENCE OF TREATMENT EFFICACY: After induction, FC was normalized (≤ 100 μg/g) in 
31 patients (52%, median 42 μg/g, range 0-97), whereas the level remained elevated in 
29 patients (48%, median 424 μg/g, range 116-5859). At ≈12 months, 26/31 (84%, 18 
CD, 8 UC) of the patients with normal FC after induction were in clinical remission, 
whereas only 11/29 (38%, 9 CD, 2 UC) of those with an elevated (≥ 100 μg/g) 
postinduction FC were in clinical remission, P < 0.0001. After induction therapy with 
TNFα antagonists, a cutoff concentration of 139 μg/g for FC had a sensitivity of 72% and 
a specificity of 80% to predict a risk of clinically active disease after 1 year (Molander et 
al., 2012) 
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13. FC is a sensitive marker for gut inflammation. However, slightly elevated FC levels are 
also common in subjects without inflammation. We investigated the association 
between FC and clinical factors including concomitant use of medical therapy in patients 
with a normal colonoscopy. The authors found that age, the use of proton pump 
inhibitors, non-steroid anti-inflammatory drugs and acetylsalicylic acid in the 
interpretation of FC tests in clinical practice were significantly associated with an 
elevated FC (>50 µg/g) (Lundgren et al., 2019) 

Clinical Guidance References for Fecal Calprotectin 

Practical guidance on the use of fecal calprotectin (Brookes et al., 2018) 

SHORTCOMINGS OF FECAL CALPROTECTION 

• Variability between commercially available assays—a number of different 
commercial calprotectin assays are available, and some concerns have been raised 
about interassay variability in the literature, which is due, in part, to a lack of assay 
standardisation. The derivation of a nationally agreed normal range and an 
‘intermediate’ level is thus an area of concern due to this between-assay variability. 
Indeed, the NICE committee highlighted the different thresholds for interpreting fecal 
calprotectin results and concluded that there was a need to undertake further 
research before a recommendation on a particular cut-off could be nationally 
agreed. 

• Intra-individual variability—there is a degree of variability within patients over the 
course of a day and over the course of several days, but this is usually of no 
clinical significance. There is good reproducibility in multiple samples taken from 
different areas of the same stool sample. Levels measured after samples kept at room 
temperature for 3 days are similar to assays done the same day, but levels are 
significantly lower after 7 days. Calprotectin levels vary in stools passed in a single day, 
and levels appear to increase with interval between bowel actions. It is suggested 
that a standardised approach with sampling from the first bowel action in the 
morning would potentially reduce this variability. 

• Lack of specificity—fecal calprotectin is not specific for IBD and can also be increased 
in stool in other gut pathologies, although its use is not recommended to 
identify these diagnoses, for example, infectious enteritis, colorectal neoplasia, 
polyps, diverticulitis and in patients using NSAIDs. 

SUMMARY RECOMMENDATIONS  

• Fecal calprotectin is a sensitive and specific noninvasive marker of gastrointestinal 
inflammation.  

• It is recommended that stool sample for calprotectin is collected from the first bowel 
action of the day and kept for no longer than 3 days at room temperature. 
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• It is recommended that threshold values are determined on the basis of local audit 
data, and assay used. 

• It is recommended that fecal calprotectin is used to discriminate between functional 
gastrointestinal symptoms and IBD in primary and secondary care in adults 
with recent-onset lower gastrointestinal symptoms, where cancer is not suspected 
and for whom specialist assessment is being considered. It should not be used 
in patients with acute diarrhea, bloody diarrhea or in older patients where the need 
to rule out polyps or cancer mandates colonoscopy anyway.  

• It is suggested that fecal calprotectin measurement is useful in patients with IBD, in 
whom it is unclear whether symptoms are due to active inflammation, or other 
causes such as coexisting IBS or bile salt malabsorption.  

•  It is suggested that fecal calprotectin can be useful in decision-making regarding 
either stopping or increasing drug therapy for IBD. It is not recommended that 
fecal calprotectin is used routinely in the monitoring of all patients with IBD. 

FDA Special Controls Guidance on Fecal Calprotectin Test System submissions: ‘Guidance for 
Industry and FDA Staff; Class II Special Controls Guidance Document: Fecal Calprotectin 
Immunological Test Systems’. Available at: 

https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/Guidance
Documents/UCM071425.pdf  

Clinicians’ guide to the use of fecal calprotectin to identify and monitor disease activity in 
inflammatory bowel disease (Bressler et al., 2015) 

1. It is recommended that samples for FC testing be obtained from the first bowel excretion 
of the day.  

2. FC testing should be used as standard of care to accurately confirm inflammation and 
‘real-time’ disease activity when a clinician suspects an IBD flare.  

3. Although FC is a reliable marker of inflammation, its role in routine monitoring in 
improving long-term outcomes has not yet been fully assessed.  

4. Based on available evidence, the authors suggest the following cut-off values and 
management strategies:  
i. When FC levels are <50 μg/g to 100 μg/g, quiescent disease is likely and therapy 

should be continued 
ii. When FC levels are >100 μg/g to 250 μg/g, inflammation is possible and further testing 

(e.g., colonoscopy) is required to confirm inflammation 
iii. When FC levels are >250 μg/g, active inflammation is likely and strategies to control 

inflammation should be initiated (e.g., optimizing current therapies or switching to an 
alternative therapy). 

https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM071425.pdf
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM071425.pdf
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Improving IBD diagnosis and monitoring by understanding preanalytical, analytical and 
biological fecal calprotectin variability. (Padoan et al., 2018) 

• A 12% decline in fCal levels was observed within 24 h following stool collection 
irrespective of storage temperature. Samples were unstable following a longer 
storage time interval at room temperature. 

• Within- and between-subjects fCal biological variability, at 31% and 72% respectively, 
resulted in a reference change value (RCV) in the region of 100%.  

• fCal sensitivity in distinguishing between controls and IBD patients is satisfactory 
(68%), and the specificity high (93%) among young (<65 years), but not among older 
(≥65 years) subjects (ROC area: 0.584; 95% CI: 0.399-0.769).  

• Among the young, assays have different optimal thresholds (120 μg/g for ELISA, 50 
μg/g for CLIA and 100 μg/g for turbidimetry). 

Adapted from (Reenaers et al., 2018) 

Manufacturer Capture Detection Measuring  
Principle 

Proposed Cut-off 
(mg/g) 

Range 
(mg/g) 

CALPRO Calprolab 
ELISA 

mAb ? ELISA 50 25-2500 

Eurospital Calprest 
ELISA 

Polyclonal 
Ab 

Polyclonal 
Ab 

ELISA <70 normal 
>100 P 

15.6-500 
62.5-
2000 (dil) 

Eurospital Calfast mAB and 
polyclonal 

 Quantitative 
immunochromatography 

<70 normal 
>100 P 

50-300 

Immundiagnostik 
PhiCal ELISA 

mAB ? ELISA 50 5.3-840 

Ridascreen ELISA mAb mAb ELISA 50 19.5-800 
(1:5 
dilution if 
>800) 

Biotech CerTest 
Calprotectin 

mAb 
(mouse) 

mAb 
(mouse) 

Semi-quantitative 
immunochromatography 

50 50-200 

EliA Caprotectin 2 mAB native mAb 
(mouse) 

FEIA 50 3.8-6000 
 

Diasorin 
Calprotectin 

mAB 
recombinant 

mAB 
recombinant 

CLIA 50 5.0-8000 

Inova Quanta Flash Polyclonal, 
native 

mAb native CLIA 50 16.1-
3500 

Buhlmann Quantum 
Blue 

mAb mAb Quantitative 
immunochromatography 

50 30-300 
100-1800 

Buhlmann ELISA mAb mAb ELISA 50 10-600 
30-1800 

Buhlmann fCAL 
Turbo 

NA Polyclonal 
avian 

PETIA 50 20-8000 

Euroimmum mAb native mAb native ELISA 50 6.5-2100 
Orgentec Polyclonal 

Ab 
mAb ELISA 50 5.2-

1000f 
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(Amcoff et al., 2017) 
In total, 13 patients provided 91 fecal samples. The median (IQR) concentration of FC was 
higher at active disease than at remission for all assays:  
 

Bühlmann 845 (1061–226) μg/g versus 62 (224–39) μg/g,  

Phadia 369 (975–122) μg/g versus 11 (52–11) μg/g 

Immundiagnostik 135 (302–69) μg/g versus 8 (56–4) μg/g 

 
The Bühlmann assay produced the largest absolute difference but the corresponding relative 
difference seemed to be more pronounced when analysed by the Phadia – (ratio of means 8.5; 
95% CI 3.3–21.9) or the Immundiagnostik assay (ratio of means 7.4; 95% CI 3.1–17.6) than by 
the Bühlmann assay (ratio of means 5.3; 95% CI 2.7–10.6). Consequently, the specificity for 
discriminating active disease from remission varied between assays (34–75%) when the cut-off 
50 μg/g was used, whereas the differences in sensitivity were less pronounced. 
 

Cbir1 

1. Biological relevance (Mitsuyama et al., 2016) 
a. Anti-flagellin (Cbir1) antibody is an antibody to a flagella component of 

indigenous bacteria 
b. Cbir1 is positive in 55% of CD cases, 10% of UC cases, and 8% of non-IBD colitis 

cases 
c. After binding to Toll-like receptor-5, flagellin activates NF-κB and promotes the 

production of pro-inflammatory cytokines. 
2. Assay 

a. ELISA testing was used on serum samples. 
3. Clinical Data 

a. Anti-CBir1 reactivity was significantly associated with fibrostenosis (FS), internal 
penetrating (IP) disease phenotypes, small bowel (SB) involvement, and SB 
surgery  

b. Anti-CBir1 serum reactivity in CD patients is independently associated with FS 
and complicated SB CD (Papadakis et al., 2007) 

c. (Ahmed et al., 2020) 
i. CD patients with high anti-CBir1 IgG at baseline were approximately twice 

more likely to have active clinical disease (incidence rate ratio (IRR) 2.06, 
95% confidence interval (CI) 1.28 - 3.33, P = 0.0032). 

ii. The other four Abs (ASCA-IgA, ASCA-IgG, anti-OmpC, anti-FlaX IgG) did 
not appear to predict clinical course. 
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CCDC88B 

(Fodil et al., 2017) 

4. Biological relevance  
a. CCDC88B belongs to the hook-related protein family (CCDC88A, CCDC88B, 

CCDC88C), which is defined by a conserved region similar to the microtubule 
binding domain of Hook proteins. The function of these proteins is unclear, but 
they seem to functionally couple elements of the cytoskeleton with different 
cellular processes, such as vesicular transport and cell movement 

b. Loss of Ccdc88b protects against DSS-induced colitis, with fewer pathological 
lesions and reduced intestinal inflammation in Ccdc88b-deficient mice. 

c. In a T cell transfer model of colitis, Ccdc88b mutant CD4+ T cells do not induce 
colitis in immunocompromised hosts. Expression of human 

d. CCDC88B RNA and protein is higher in IBD patient colons than in control colon 
tissue. 

e. Human CCDC88B maps to an IBD susceptibility locus on chromosome 11 (11q13) 
5. Assay  

a. (Immunohistochemistry and immunoblotting) 
6. Clinical data 

a. Human CCDC88B is highly expressed in colon lamina propria cells of inflamed 
mucosa from UC and CD patients, with its expression limited to infiltrating 
lymphoid and myeloid cells. 

b. Human CCDC88B mRNA and protein are increased in colon specimens from IBD 
patients, and linked to presence of CCDC88B+ cells in these tissues 

c. In human CD14+ cells, CCDC88B mRNA is regulated by cis-acting regulatory SNPs 
(that is, eQTL), and eQTL effects and disease risk are correlated, with increased 
CCDC88B expression associated with increased risk. Our study therefore 
identifies a critical function of CCDC88B in colonic inflammation and IBD. 

Citrulline 

1. Biological relevance 
a. Plasma citrulline is synthesized from glutamine and mostly produced by the 

duodenojejunal cells 
b. Citrulline is a non-protein amino acid, which is dependent on de novo synthesis 

and only minimally by ingestion from food’ 
c. Citrulline is an important source of endogenous arginine 
d. Citrulline is mainly generated through a sequential enzymatic pathway in the 

mitochondria of the enterocytes of the small intestine by pyrroline 5-carboxylate 
synthase and ornithine aminotransferase 
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e. Citrulline is a nitrogen end product produced from the intermediary metabolism 
of glutamine through the enzymatically mediated urea cycle, almost exclusively 
in the enterocytes of small intestinal epithelium, with some synthesis in 
colonocytes. 

f. Plasma citrulline has been shown to decrease as disease severity increases in 
short bowel syndrome and villous atrophy 

g. When patients with CD have extensive involvement of the small bowel, plasma 
citrulline levels may decrease 

2. Assay 
a. Plasma citrulline was measured by a Quattro Premier tandem mass 

spectrometer and an Acquity UPLC separation module using a BEH C 18 column 
(2.1x50 mm, 1.7 mm) (Lee, Ko, Seo, 2013) 

b. Measured by Harvey-Bradshaw Index (HBI) and was correlated to the plasma 
citrulline concentration measured simultaneously (ion chromatography). 
(Elkhatib, Buchman, 2012) 

3. Clinical Data 
a. (Elkhatib, Buchman, 2012) - A total of 81 outpatients in study. Plasma citrulline 

concentration was not a marker of disease activity in patients with Crohn's 
disease. However, all patients studied were outpatients and it is possible that 
plasma citrulline concentration may be depressed only in patients with more 
severe disease or extensive small bowel involvement. 

b. (Lee, Ko, Seo, 2013) A total of 85 pediatric patients (63 with CD and 23 with UC) 
were studied. In this study, it was found that plasma citrulline levels were 
significantly associated with jejunal involvement and did not show significant 
correlations with simplified endoscopic activity score for Crohn disease (SES-CD) 

Collagen Fragments 

(Mortensen et al., 2015) 

1. Biological Relevance 
a. A hallmark of inflammatory bowel disease [IBD] is chronic inflammation, which 

leads to excessive extracellular matrix [ECM] remodeling and release of specific 
protein fragments, called neoepitopes. 

2. Assay 
a. Serum biomarkers of degraded collagens I, III-IV [C1M, C3M, and C4M], collagen 

type 1 and IV formation [P1NP, P4NP], and citrullinated and MMP-degraded 
vimentin [VICM] were studied with a competitive ELISA assay system 

3. Clinical Data 
a. Serum biomarkers of degraded collagens I, III-IV [C1M, C3M, and C4M], collagen 

type 1 and IV formation [P1NP, P4NP], and citrullinated and MMP-degraded 
vimentin [VICM] were studied with a competitive ELISA assay system in a cohort 
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including 164 subjects [CD n = 72, UC n = 60, and non-IBD controls n = 32] and a 
validation cohort of 61 subjects [CD n = 46, and UC n = 15]. Receiver operating 
characteristic curve analysis and logistic regression modelling were carried out to 
evaluate the discriminative power of the biomarkers. 

b. The best combinations of biomarkers to differentiate CD from UC were VICM, 
C3M, C4M [AUC = 0.90] 

c. (Mortensen et al., 2017) 
i. Ulcerative colitis, Crohn's disease, and irritable bowel syndrome have 

different profiles of extracellular matrix turnover, which also reflects 
disease activity in Crohn's disease 

ii. ECM fragments of tissue remodeling in IBD may aid in differentiating C 
from CD patients (BGM, VICM). Formation of type V collagen is related to 
the level of inflammation in CD and may reflect disease activity in CD 

C Reactive Protein 

1. Biological Relevance 
a. Produced by liver in response to acute and chronic inflammation; increased with 

infection, autoimmune diseases, cancer and tissue necrosis (Iskandar and Ciorba, 
2012) 

b. Baseline is 1 mg/L in blood; increases from 5-200 mg/L depending on disease 
severity (Iskandar and Ciorba, 2012) 

2. Assay 
a. Nephelometric method (Filik et al., 2006) 

3. Clinical Data 
a. Meta-analysis of studies comparing CRP to endoscopically active disease (Mosli 

et al., 2015) 
i. Cut point for CRP was 5 mg/dl (differs from other studies because of the 

alignment with endoscopy) 
ii. Poor sensitivity; negative test does not “reliably exclude active 

inflammation” 
iii. In CD, CRP correlates with anatomic location (high expression in patients 

with ileitis) 
b. (D’Haens et al., 2018) 

i. A combination of infliximab and immunomodulators is the most 
efficacious treatment for Crohn's disease (CD). Patients have the best 
outcomes when their serum concentrations of these drugs are above a 
determined therapeutic threshold. We performed a prospective, 
randomized trial to determine whether therapeutic drug monitoring 
(TDM) to maintain serum levels of infliximab above 3 μg/mL produced 
higher rates of clinical and endoscopic remission than adapting dose based 
only on symptoms. 
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ii. In a prospective randomized exploratory trial of patients with active CD, 
we found increasing dose of infliximab based on a combination of 
symptoms, biomarkers and serum drug concentrations does not lead to 
corticosteroid-free clinical remission in a larger proportion of patients than 
increasing dose based on symptoms alone. 

iii. 122 patients; C-reactive protein, calprotectin; Infliximab and 
immunosuppressant; 2, 4, 6 ,12, 14 weeks of treatment; every 4 weeks 
until week 54 

c. (Moran et al., 2018) 
i. The study included 199 subjects with active CD (21 to 86 years of age). 

Subjects with the rs2794520 TT genotype had a lower CRP than subjects 
with the CC genotype (58.3 mg/L vs 28.4 mg/L, P = 0.008). Subjects with 
the rs1800947 CG genotype had a lower CRP than those with the CC 
genotype (54.3 mg/L vs 22.4 mg/L, P < 0.0001); 41.6% of TT subjects had a 
normal CRP compared with 24.1% of CT subjects and 16.5% of CC subjects 
(P = 0.041). 

ii. This study demonstrates that rs2794520 and rs1800947 are associated 
with a restriction of CRP elevations during active CD. While CRP is typically 
a reliable biomarker in CD, there is a subset of CD patients with a 
genetically determined restriction of CRP in whom other disease markers 
should be utilized. 

Estrogen Receptors Beta and Alpha (Circulating ERβ/ERα) 

1. Biological Relevance 
a. Data supporting a role of female hormones and/or their receptors in 

inflammatory bowel disease (IBD) are increasing, but most of them are derived 
from animal models.  

b. Estrogen receptors alpha (ERα) and beta (ERβ) participate in immune and 
inflammatory response, among a variety of biological processes. Their effects are 
antagonistic, and the net action of estrogens may depend on their relative 
proportions. 

2.  Assay 
a. Circulating ERα and ERβ were measured by ELISA. 

3. Clinical Data 
a. (Linares et al., 2017) 

i. Serum samples from 145 patients with IBD (79 Crohn's disease [CD] and 
66 ulcerative colitis [UC]) and 39 controls were retrospectively studied.  

ii. Further analyses by type of IBD confirmed a strong association between 
low ERβ/ERα ratio and CD clinical (p = 0.011) and endoscopic activity (p = 
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0.002). The receiver operating curve (ROC) analysis showed that an 
ERβ/ERα ratio under 0.85 was a good marker of CD endoscopic activity 
(area under the curve [AUC]: 0.84; p = 0.002; sensitivity: 70%; specificity: 
91%). 

b. (Li et al., 2019) 
i. Expression of oestrogen receptor alpha (ERα) and oestrogen receptor 

beta (ERβ) of 37 patients with CD involving the terminal ileum and 21 
healthy controls was determined by immunohistochemistry. Disease 
activity was assessed by Harvey-Bradshow Crohn's disease activity index 
(Harvey-Bradshow CDAI). Expression of ERα was negative for all cases. 
Moreover, a reduction of ERβ expression in patients with CD involving the 
terminal ileum was found, and ERβ expression had a negative correlation 
with the disease activity index. These data indicate that ERβ might be a 
predictor of CD activity and a new target for further study in CD 
endocrine therapy 

Extracellular Matrix associated Biomarkers 

(Mortensen et al., 2017) 

1. Biological relevance 
a. The ECM of the intestinal tissue is affected by the chronic inflammation in IBD, 

resulting in increased tissue turnover and the release of tissue fragments into 
the circulation (Mortensen et al., 2015). As a result, the essential relation of the 
ECM to IBD is not only a consequence of chronic inflammation but may also be 
part of the pathological process that drives the chronic inflammation in IBD 

b. ECM proteins including biglycan, elastin, and type V collagen which are proteins 
with essential functions with regards to the ECM are expressed in the human 
colon and could have relevance in IBD. 

c. Serum ECM biomarkers investigated in this study: MMP3 and-9, degraded 
biglycan (BGM) [24], neutrophil elastase degraded elastin (EL-NE) [23], MMP-9 
degraded type V collagen (C5M) [25], and type V pro-collagen (Pro-C5 

2. Assay: competitive ELISAs  
3. Clinical data 

a. The MMP degraded biglycan biomarker BGM and the NE degraded elastin 
biomarker EL-NE were significantly elevated in UC compared to CD (P<0.001) and 
IBS (P<0.001) patients 

b. In addition, BGM was significantly elevated in UC patients compared to healthy 
donors (p = 0.005) 

c. Pro-C5 was significantly higher in both UC, CD, and IBS patients than in healthy 
donors (CD and UC: P<0.001, IBS: P<0.01), and UC patients had significantly 
elevated levels compared to IBS patients (P = 0.019) 
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d. CD patients with ileum involvement (L1) had significantly lower levels (P<0.05) of 
BGM and EL-NE compared to CD patients with colon involvement (L2, L3). 

e. CD patients with mild disease activity had significantly elevated levels of Pro-C5 
compared to CD patients in remission (P<0.01) and CD patients with 
moderate/severe disease activity (P<0.05) 

f. A better correlation between CDAI and Pro-C5 was seen when adjusting for CRP 
>5mg/L and use of immunosuppressant 

g. BGM and EL-NE were the best biomarkers for differentiating UC from CD 
patients with diagnostic accuracies (DA) of 90% and 75%, respectively 

h. The diagnostic accuracy of BGM and MMP-degraded vimentin (VICM) in 
combination was also calculated in UC vs. colonic CD, showing a diagnostic 
accuracy of AUC = 0.97, DA = 94%. 

Gut microbiota 

1. Biological relevance 
a. Host microbe interactions involved in IBD (Chu et al., 2016) 

2. Assay 
a. Total bacterial genomic DNA extraction, PCR and sequencing, bioinformatics 

analysis 
3. Clinical Data (Zhou et al., 2018) 

a. Reduction in gut microbiota diversity in patients with IBD 
b. Chinese and Western patients have similar changes in microbiota in IBD 
c. Clostridiales species is decreased in patients with IBD 
d. Infliximab response in patients results in increased diversity and increased 

Clostridiales species (PD BM) 
e. CD patients with a relatively higher abundance of Clostridiales species respond 

better to infliximab (Patient selection BM) 
4. Clinical data, Janssen (Doherty et al., 2018) 

a. ustekinumab (UST; Stelara) in the phase 2 CERTIFI study 
b. Using stool samples collected over the course of 22 weeks, the composition of 

these subjects' fecal bacterial communities was characterized by sequencing the 
16S rRNA gene 

c. Subjects in remission could be distinguished from those with active disease 6 
weeks after treatment using random forest models trained on subjects' baseline 
microbiota and clinical data (area under the curve [AUC] of 0.844, specificity of 
0.831, sensitivity of 0.774). 

d. The most predictive operational taxonomic units (OTUs) that were ubiquitous 
among subjects were affiliated with Faecalibacterium and Escherichia or Shigella 
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e. Two OTUs affiliated with Faecalibacterium (P = 0.003) and Bacteroides (P = 
0.022) were significantly more abundant at baseline in subjects who were in 
remission 6 weeks after treatment than those with active CD. 

f. The microbiota diversity of UST-treated clinical responders increased over the 22 
weeks of the study, in contrast to nonresponsive subjects (P = 0.012) 

g. (Dovrolis et al., 2019) 
i. Abundance analysis of microbial families in cohorts, beyond altered 

abundances compared with healthy controls, highlighted significant 
differences between the B2 (structuring) and B3 (penetrating) 
subphenotypes and the B1 (nonstricturing, nonpenetrating) 
subphenotype. A similar pattern was observed in the inference of 
microbial metabolomics: the B2 and B3 cohorts had different predicted 
metabolotypes from the B1 cohort, in addition to differences observed in 
Crohn's disease vs healthy controls.  

ii. Our findings indicate distinct microbiome signatures in complicated 
Crohn's disease subphenotypes and provide the basis for further 
investigation into the role of gut microflora in the natural course of 
Crohn's disease. 

Histidine (His) and Tryptophan (Trp) 

1. Biological relevance  
a. Tryptophan p is metabolized into kynurenine by the catabolic enzyme, 

indoleamine 2,3-dioxygenase (IDO),  
b. Trp metabolism has recently been highlighted as an immunological regulator 
c. Plasma His concentrations are decreased in several chronic inflammatory 

disorders such as rheumatoid arthritis and chronic kidney disease and are 
inversely correlated with the erythrocyte segmentation ratio (ESR) in rheumatoid 
arthritis patients 

d. Tryptophan regulates intestinal intracellular protein turnover, expression of tight 
junction proteins, and microbiota diversity, and reduces intestinal inflammation 

e. It is a precursor of serotonin (5-hydrotryptamine) which is associated with the 
pathogenesis of experimental colitis 

f. Decreased serum tryptophan observed in IBD patients was shown to reflect a 
reduction in availability of tryptophan and its metabolites in gut cells and/or an 
increase in consumption during the inflammatory process (Lui et al., 2017) 

2. Assay 
a. Plasma samples were run through AA analysis. Measurement of AA 

concentrations was performed using an automatic AA analyzer (L-8500; Hitachi)  
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b. Multivariate index using “AminoIndex™ -MIAI based on statistical modeling of 
plasma aminograms is a novel, non-invasive, objective parameter for the 
diagnosis and assessment of disease activity in IBD patients 

c. Capable of significantly discriminating between HCs and CD or UC patients with 
very high sensitivity and specificity, as well as between CD and UC patients, and 
those with active disease or undergoing remission 

d.  MIAI integrates disease-specific alterations of AA metabolism, it can reflect 
individual conditions more objectively than analyses by solo factors  

3. Clinical data  
a. IBD patients (n = 387) were recruited between February 27, 2005, and March 7, 

2008, at the Keio University Hospital, Tokyo, Japan. Healthy controls (HCs; 
n = 210) were recruited between December 1, 2005, and April 1, 2006, from the 
Center for Multiphasic Health Testing and Services, Mitsui Memorial Hospital, 
Tokyo, Japan 

b. Aminograms indicated that plasma His and Trp were significantly decreased in 
IBD patients with active disease  

c. Plasma His and Trp concentrations showed inverse correlations with disease 
activity indexes and serum CRP levels 

d. These observations suggest that the decreased plasma His and Trp in IBD 
patients may reflect the chronic inflammatory condition, and that 
supplementation with His and Trp may be a novel therapeutic strategy for IBD 

e. The multivariate indexes established from plasma aminograms were able to 
distinguish CD or UC patients from healthy controls with ROC AUCs of 0.940 (95% 
confidence interval (CI): 0.898–0.983) and 0.894 (95%CI: 0.853–0.935), 
respectively in validation samples (CD, n = 63; UC, n = 120; healthy controls, 
n = 108). 

f. These indexes distinguished active CD or UC patients from each remission 
patients with ROC AUCs of 0.894 (95%CI: 0.853–0.935) and 0.849 (95%CI: 0.770–
0.928) and correlated with clinical disease activity indexes for CD (rs = 0.592, 
95%CI: 0.385–0.742, p<0.001) or UC (rs = 0.598, 95%CI: 0.452–0.713, p<0.001), 
respectively. 

g. Established multivariate indexes composed of plasma amino acid profiles can 
serve as novel, non-invasive, objective biomarkers for the diagnosis and 
monitoring of IBD. 

HMGB1 

1. Biological Relevance 
a. 215 aa protein nuclear DNA binding protein 
b. Actively secreted by immune cells 
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c. Mediator of inflammatory processes upon release from necrotic cells; 
proinflammatory cytokine 

d. HMBG1 is an antigen of perinuclear antineutrophil cytoplasmic antibodies, which 
are present in 20%–83% of patients with UC (Sobajima et al., 1997) 

2. Assay 
3. Clinical Data 

a. (Palone et al., 2014) HMGB1 correlated with endoscopic indexes (Simple 
Endoscopic Score for Crohn’s Disease [SES-CD], endoscopic Mayo subscore), but 
not with the disease activity indexes (Crohn’s disease Activity Index, partial Mayo 
score). 

b. (Palone et al., 2016) Fecal HMGB1 expression was significantly increased in 
pediatric and adult patients with Crohn’s disease and ulcerative colitis and 
strongly correlated with the disease severity. Fecal calprotectin and HMGB1 
significantly correlated in pediatric (r: 0.60, P less than 0.001) and adult (r: 0.72, 
P less than 0.001) IBD patients. Moreover, in patients with clinical and 
endoscopic remission only fecal HMGB1 showed a strong match with the degree 
of histological scores of inflammation (CGHAS/IGHAS for Crohn’s disease and 
Geboes Score for ulcerative colitis) 

I2 

4. Biological relevance 
a. An adaptive immunological response to microbial antigens has been observed in 

Crohn's disease (CD). Intriguingly, this serological response precedes the diagnosis in 
some patients and has also been observed in healthy relatives. (Amcoff et al., 2016) 

b. Anti-I2 (anti-Pseudomonas fluorescens-associated sequence I2) 
c. Part of a group of anti-microbial antibodies associated with CD 
d. I2 was identified as a bacterial sequence from lamina propria mononuclear cells of 

active CD patients and was shown to be associated with Pseudomonas fluorescens. 
(Kovacs et al., 2014) 

5. Assay 
a. ELISA 

6. Clinical data 
a. (Amcoff et al., 2016) 

a. We aimed to determine whether genetic factors are implicated in this response 
in a CD twin cohort.  

b. We show that anti-I2 and anti-CBir1 statuses have specificity for CD and confirm 
previous reported specificities for anti-OmpC and ASCA. Based on quantitative 
analyses and observed ICCs, genetics seems to predispose to the anti-OmpC and 
anti-I2 response but less to ASCA and anti-CBir1 (anti-bacterial flagellin) 
responses. 
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IL-6 (serum) 

(Nikolaus et al., 2018) 

1. Biological relevance 
a. Interleukin-6 (IL-6) production and signaling are increased in the inflamed 

mucosa in inflammatory bowel diseases (IBD). 
2. Assay 

a. Quantikine® enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems/Bio-
Tecne; Wiesbaden, Germany) were used with a highly standardised protocol 

3. Clinical data 
a. (Nikolaus et al., 2018) 

i. As published serum levels of IL-6 and its soluble receptors sIL-6R and 
sgp130 in IBD are from small cohorts and partly contradictory, we 
systematically evaluated IL-6, sIL-6R and sgp130 levels as markers of 
disease activity in Crohn's disease (CD) and ulcerative colitis (UC). 

ii. Consecutive adult outpatients with confirmed CD or UC were included, 
and their disease activity and medication were monitored. Serum from 
212 CD patients (815 measurements) and 166 UC patients (514 
measurements) was analysed, and 100 age-matched healthy blood 
donors were used as controls. 

iii. IL-6 serum levels were significantly elevated in active versus inactive CD 
and UC, also compared with healthy controls. However, only a fraction of 
IBD patients showed increased serum IL-6. IL-6 levels ranged up to 32.7 
ng/mL in active CD (> 5000-fold higher than in controls), but also up to 
6.9 ng/mL in inactive CD. 

iv. Only a minority of IBD patients shows elevated IL-6 serum levels. 
However, in these patients, IL-6 is strongly associated with disease 
activity.  

v. Its soluble receptors sIL-6R and sgp130 do not appear useful as 
biomarkers in IBD. 

b. (Caviglia et al., 2020) 
i. In conclusion, the measurement of serum IL-6 in biologics-treated IBD 

patients may allow for the prediction of response to treatment at 12 
months of therapy and thus may help with tailoring personalized 
treatment strategies (odds ratio (OR) = 4.75, 95% confidence interval (CI) 
1.25-18.02, p = 0.022) 

IL-22 (serum) 

(Sands et al., 2017) 

1. Biological relevance 
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a. IL22 is an effector cytokine that plays a key role in maintaining mucosal barrier 
integrity, directly stimulating gut epithelial cell proliferation is an indicator of 
IL23 axis activity 

2. Assay  
a. Blood samples were taken for analysis of serum 

3. Clinical data 

IL-23 (serum) 

(Sands et al., 2017) 

1. Biological relevance 
a. interleukin 23 (IL23), a cytokine implicated in the pathogenesis of Crohn’s 

disease 
b. Production of IL-23 is enriched within the intestine and has been shown to 

orchestrate T-cell-dependent and T-cell-independent pathways of intestinal 
inflammation through effects on T-helper 1 (Th1) and Th17-associated cytokines 

c. Interleukin (IL) 23 is a pro-inflammatory cytokine comprising 2 disulfide-linked 
subunits: p19, which is unique to IL23, and p40, which is shared with IL-12  

d. IL23 induces expression of IL22, IL17A, and IL17F and stabilizes TH17 cells 
e. also inhibits regulatory T-cell responses in the intestine, thereby enhancing local 

inflammation 
f. Genome-wide association studies strongly implicate the IL23 axis in CD 

pathogenesis 
g. In animal studies, blockade of IL23 receptor activation prevents development of 

colitis 
2. Assay  

a. Messenger RNA expression in colonic mucosa from patients measuring protein 
concentration by reverse-transcribed real-time polymerase chain reaction 

3. Clinical data (Schmidt et al., 2005) 
a. IL-23p19, IL-27p28, and EBI3 transcripts are strongly up-regulated in CD 
b. The stimulatory effects of these cytokines on naive T cells in addition to a 

strongly synergistic action with IL-12 to trigger interferon-gamma production 
may contribute to the perpetuation of the inflammatory process in patients with 
CD 

c. Notably, increased expression of IL-23 and IL-27 transcripts in CD suggests a T 
helper 1-dominated immunologic function in this disease 
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IL-23 pathway biomarkers 

https://www.ecco-ibd.eu/publications/congress-abstract-s/abstracts-2017/item/p001-the-
biomarker-profile-of-ptg-200-an-oral-peptide-antagonist-of-il-23-receptor-tracks-with-efficacy-
in-a-preclinical-model-of-ibd.html  

Lactoferrin 

1. Biological relevance 
a. Neutrophil derived iron binding protein; primary component of the acute 

inflammatory response; increased in feces during intestinal inflammation after 
leukocytes infiltrate the mucosa (Guerrant et al., 1992) 

b. Calprotectin and lactoferrin are specific neutrophil-derived proteins, which can 
be measured in the feces because they are released by cells in inflammatory 
conditions 

c. Lactoferrin is an 80-KDa iron-binding protein present at high concentrations in 
milk and in the granules of neutrophils.  

d. It possesses multiple activities, including anti-bacterial, anti-viral, anti-fungal, 
and even anti-tumor effects. 

e. Most of its antimicrobial effects are due to direct interaction with pathogens, but 
a few reports show that it has direct interactions with cells of the immune 
system. 

f. chemoattract monocytes neutrophil macrophages 
g. resulted in cell maturation, as evidenced by upregulated expression of CD80, 

CD83, and CD86, production of proinflammatory cytokines, and increased 
capacity to stimulate the proliferation of allogeneic lymphocytes 

h. lactoferrin contributes to the activation of both the innate and adaptive immune 
responses by promoting the recruitment of leukocytes and activation of 
dendritic cells (de la Rosa et al., 2008) 

2. Assay 
a. Mainly ELISA (Waugh et al., 2013) 
b. Lactoferrin was measured by a colloidal gold agglutination reagent (Auto Lf-Plus, 

Alfresa Pharma Corp., Osaka, Japan) by using a high-throughput discrete clinical 
chemistry analyser (Hemo Techt NS-Plus C, Alfresa Pharma Corp., Osaka, Japan) 
(Shimoyama et al., 2017) 

3. Clinical data 
a. Pooling data from multiple studies and 1001 patients, estimated that the 

lactoferrin test identified patients with IBD with a mean sensitivity of 80% and 
specificity of 82%. Most but not all studies reported similar performance of 
calprotectin and lactoferrin tests (Gisbert et al., 2009) 

https://www.ecco-ibd.eu/publications/congress-abstract-s/abstracts-2017/item/p001-the-biomarker-profile-of-ptg-200-an-oral-peptide-antagonist-of-il-23-receptor-tracks-with-efficacy-in-a-preclinical-model-of-ibd.html
https://www.ecco-ibd.eu/publications/congress-abstract-s/abstracts-2017/item/p001-the-biomarker-profile-of-ptg-200-an-oral-peptide-antagonist-of-il-23-receptor-tracks-with-efficacy-in-a-preclinical-model-of-ibd.html
https://www.ecco-ibd.eu/publications/congress-abstract-s/abstracts-2017/item/p001-the-biomarker-profile-of-ptg-200-an-oral-peptide-antagonist-of-il-23-receptor-tracks-with-efficacy-in-a-preclinical-model-of-ibd.html
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b. differentiating IBD from IBS, the sensitivity of lactoferrin ranged between 78% 
and 82%, whereas the specificity ranged between 85% and 100% (Waugh et al., 
2013) 

c. using colonoscopy as the reference standard, the sensitivity, specificity, PPV and 
diagnostic efficacy were slightly higher with lactoferrin (80%, 85%, 87% and 81%, 
respectively) than with calprotectin (78%, 83%, 86% and 80%) (D’Incà et al., 
2007) 

d. *Fecal calprotectin and lactoferrin appear to be equally recommendable as 
inflammatory disease markers in patients with lower gastrointestinal symptoms 
(D’Incà et al., 2007) 

e. The sensitivity and NPV for the FC rapid test were higher than the FL rapid test 
(100% vs. 78%, 100% vs. 95%), whereas specificity and PPV were higher for the 
FL rapid test than the FC rapid test (99%, 95% vs. 95%, 82%) (Otten et al., 2008) 

f. FL and CRP separated disease severity categories with FL showing lower 
discriminating P-values. FL showed a close correlation with the involved mucosal 
surface and with disease extent and was more closely correlated to endoscopy 
when determined before the procedure - this indicating that inflammatory 
activity changes associated with therapy might be rapidly reflected by FL levels. 
FL can accurately and timely characterize intestinal inflammation in IBD. (Rubio 
et al., 2019) 

g. *The calprotectin and lactoferrin rapid tests are as good as the ELISA tests in 
detecting colonic inflammation. Given their simple use, FRTs can support the 
non-invasive exclusion of IBD, notably in primary care (Otten et al., 2008) 

Leukotriene A-4 hydrolase (LTA4H) and catalase (CAT) 

(Deeke et al., 2018) 

1. Biological relevance (UC)   
a. LTA4H catalyzes the biosynthesis of leukotriene B4, which in turn is a potent 

neutrophilic chemoattractant and has been implicated in chronic inflammation 
b. Expression of CAT (P < 0.0001) and LTA4H (P = 0.0002) were significantly 

different in IBD patients compared to controls 
i. LTA4H in stool correlated with the PUCAI  

ii. LTA4H also correlated with albumin 
iii. The expression of CAT in stool samples correlated with the level of 

albumin measured in the serum 
c. CAT, also in our IBD biomarker panel, is an enzyme with antioxidant activity and 

has been reported as one of the target antigens of the anti-neutrophil 
cytoplasmic autoantibodies (ANCA) 

d. The elevated levels of CAT may be to protect cells from the damage caused by 
hydrogen peroxide which is elevated in the inflamed mucosa of IBD patients 
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2. Assay  
a. Protein in stool samples were measured by ELISA from 24 pediatric patients (CAT 

and LTA4H specific) 
b. super-SILAC approach was implemented for accurate quantification of proteins 

obtained from colonic MLI aspirate samples 
3. Clinical Data  

a. identified a panel of four biomarkers that accurately classify > 95% of patients as 
active IBD or control, and propose the first biomarkers for disease extent in UC 

b. Catalase (p < 0.0001) and LTA4H (p = 0.0002) were elevated in IBD stool samples 
compared to non-IBD stool samples 

Leukotriene A-4 hydrolase (LTA4H) and catalase (CAT), Transketolase TKT, Annexin A3 
(ANXA3) 

(Deeke et al., 2018) 

1. Biology (*UC)  
a. ANXA3 

i. This protein functions in the inhibition of phospholipase A2 and cleavage 
of inositol 1,2-cyclic phosphate to form inositol 1-phosphate 

ii. Members of this calcium-dependent phospholipid-binding protein family 
play a role in the regulation of cellular growth and in signal transduction 
pathways. 

iii. This protein may also play a role in anti-coagulation 
b. Transketolase 

i. Broad expression in bone marrow and epithelial cells 
ii. thiamine-dependent enzyme which plays a role in the channeling of 

excess sugar phosphates to glycolysis in the pentose phosphate pathway 
2. Assay  

a. ELISA from serum 
3. Clinical Data 

a. identified a panel of four biomarkers that accurately classify > 95% of patients as 
active IBD or control, and propose the first biomarkers for disease extent in UC 

Lipocalin-2 

1. Biological relevance 
2. Assay 
3. Clinical data 

a. Merck used lipocalin-2 as a biomarker in a clinical trial “Biomarkers of Intestinal 
Mucosal Healing in Crohn's Disease (P08143)” completed in 2015 (NCT01349920)  

https://clinicaltrials.gov/ct2/show/NCT01349920?term=lipocalin&cond=Crohn%27s+disease&rank=1
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miRNA 

1. Biological relevance 
1. MicroRNAs (miRNAs) are a class of small noncoding RNAs which regulate gene 

expression at posttranscriptional level 
2. miRNAs thought to be involved in immune system function; regulation of 

cytokines involved in CD (Bazzoni et al., 2009) 
3. miRNAs, miR-21, miR-101, miR-142-5p, miR-155, and miR-223 had overlapping 

expression patterns between CD and UC (Schaefer et al. 2015) 
 UC - miR-146a was elevated in a statistically significant manner in the 

paired analysis  
 CD - miR-19a, miR-31, miR-142-3p, miR-375, and miR-494 were altered in 

a statistically significant manner 
 A panel of miRNAs (miR-19a, miR-21, miR-31, miR-101, miR-146a, and 

miR-375) may be used as markers to identify and discriminate between 
CD and UC 

4. active sigmoid CD (miR-19b, miR-629, miR-23b, miR-106a and miR-191)  
5. active ileal CD (miR-16, miR-21, miR-223 and miR-594) (Wu et al., 2008) 
6. Of the active UC-associated miRNAs identified in human colonic tissues the most 

highly expressed were 
 miR-192  
 miR-21  
 *macrophage inflammatory peptide-2α, a chemokine expressed by 

epithelial cells, was identified as a target of miR-192 (Wu et al., 2010) 
2. Assay (Fujioka et al., 2014) 

1. Total RNA extraction from serum samples for miRNA analysis by low-density 
array analysis 

2. The expression profile of miRNAs was determined by TaqMan Array Human 
MicroRNA A Card v2.0 (Applied Biosystems) 

3. TaqMan® human miRNA array 
4. Quantitative real-time PCR (qRT-PCR) used to validate and assess miRNA 

expression. miRCURY LNA microarray microRNA profiling service 
5.  

3. Clinical data 
a. Review (Moret-Tatay et al., 2016) 
b. Low-density array analysis identified 14 miRNAs that showed twofold or more 

altered expression during the induction therapy by infliximab. Subsequent 
analysis by real-time PCR demonstrated significantly increased levels of five 
miRNAs (let-7d, let-7e, miR-28-5p, miR-221, and miR-224) at week 6 when 
compared with those at week 0 (P < 0.05 each). In addition, miRNA levels of let-
7d and let-7e were significantly increased in the group of patients who achieved 
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clinical remission by infliximab (P = 0.001 and P = 0.002, respectively). (Fujioka et 
al., 2014) 

c. Serum and biopsies from nine active CD (aCD), nine inactive CD (iCD), nine active 
UC (aUC) and nine inactive UC (iUC) and serum from 33 healthy subjects were 
collected. Up to 700 miRNAs were evaluated by the TaqMan® human miRNA 
array (Iborra et al., 2013) 

d. A panel of miRNAs (miR-19a, miR-21, miR-31, miR-101, miR-146a, and miR-375) 
may be used as markers to identify and discriminate between CD and UC 
(Schaefer et al., 2015) 

e. (Rojas-Feria et al., 2018) 
i. 16S rRNA gene sequencing has shown that the microbiota in 

inflammatory bowel disease (IBD) is abnormal and characterized by 
reduced diversity. MicroRNAs (miRNAs) have been explored as 
biomarkers and therapeutic targets, since they are able to regulate 
specific genes associated with Crohn's disease (CD). 

ii. In CD patients, three miRNAs were induced in affected mucosa: mir-144 
(6.2 ± 1.3 fold), mir-519 (21.8 ± 3.1) and mir-211 (2.3 ± 0.4). 

f.  
g. (Iborra et al., 2013) 
h. (Ye et al., 2019) 

i. CircRNA_103516 levels in PBMCs can be considered an ideal candidate 
biomarker for diagnosing IBD. Dysregulation of circRNA_103516 may 
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participate in the molecular mechanism of IBD through hsa-miR-19b-1-5p 
sponging 

i. (Altaf-Ul-Amin et al., 2020) 
i. Identification of miRNAs associated with IBD 

Mitochondrial DNA 

(Boyapati et al., 2018) 

1. Biological relevance 
a. Due to common evolutionary origins, mitochondrial DNA (mtDNA) shares many 

similarities with immunogenic bacterial DNA. MtDNA is recognized as a pro-
inflammatory damage-associated molecular pattern (DAMP) with a pathogenic 
role in several inflammatory diseases. We hypothesised that mtDNA is released 
during active disease, serving as a key pro-inflammatory factor in inflammatory 
bowel disease (IBD). 

2. Assay 
a. Measured circulating mtDNA using quantitative polymerase chain reaction 

(amplifying mitochondria COXIII/ND2 genes) and also in mouse colitis induced by 
dextran sulfate-sodium (DSS).  

b. We used a mass spectrometry approach to detect free plasma mitochondrial 
formylated peptides.  

c. Furthermore, we examined for mitochondrial damage using electron microscopy 
(EM) and TLR9 expression, the target for mtDNA, in human intestinal IBD 
mucosa. 

3. Clinical data 
a. Plasma mtDNA levels were increased in UC and CD (both P < 0.0001) compared 

with non-IBD controls.  
b. These levels were significantly correlated to blood (C-reactive protein, albumin, 

white cell count), clinical and endoscopic markers of severity, and disease 
activity.  

c. In active UC, we identified 5 mitochondrial formylated peptides (the most 
abundant being fMMYALF with known chemoattractant function) in plasma.  

d. We observed mitochondrial damage in inflamed UC mucosa and significantly 
higher fecal MtDNA levels (vs non-IBD controls [P < 0.0001]), which supports gut 
mucosal mitochondrial DAMP release as the primary source.  

e. In parallel, plasma mtDNA levels increased during induction of acute DSS colitis 
and were associated with more severe colitis (P < 0.05).  

f. In active IBD, TLR9+ lamina propria inflammatory cells were significantly higher 
in UC and CD compared with controls (P < 0.05). 



Crohn’s disease Fluid Biomarkers – Literature Review 

28 | P a g e  

 

g. CONCLUSIONS: We present the first evidence to show that mtDNA is released 
during active IBD. MtDNA is a potential mechanistic biomarker, and our data 
point to mtDNA-TLR9 as a therapeutic target in IBD 

Metabolomics 

(Scoville et al., 2018) 

Alterations in Lipid, Amino Acid, and Energy Metabolism Distinguish Crohn's Disease from 
Ulcerative Colitis and Control Subjects by Serum Metabolomic Profiling 

1. Biological relevance 
a. Biomarkers are needed in inflammatory bowel disease (IBD) to help define 

disease activity and identify underlying pathogenic mechanisms. We 
hypothesized that serum metabolomics, which produces unique metabolite 
profiles, can aid in this search. 

2. Assay 
a. Non-targeted metabolomic profiling was performed using ultra high-

performance liquid chromatography/mass spectrometry (UPLC-MS/MS) 
optimized for basic or acidic species and hydrophilic interaction liquid 
chromatography (HILIC/UPLC-MS/MS). 

3. Clinical data 
a. In total, 671 metabolites were identified. Comparing IBD and control subjects 

revealed 173 significantly altered metabolites (27 increased and 146 decreased).  
b. The majority of the alterations occurred in lipid-, amino acid-, and energy-related 

metabolites.  
c. Comparing only CD and control subjects revealed 286 significantly altered 

metabolites (54 increased and 232 decreased), whereas comparing UC and 
control subjects revealed only 5 significantly altered metabolites (all decreased).  

d. Hierarchal clustering using significant metabolites separated CD from UC and 
control subjects. 

e. CONCLUSIONS: We demonstrate that a number of lipid-, amino acid-, and 
tricarboxylic acid (TCA) cycle- related metabolites were significantly altered in 
IBD patients, more specifically in CD. Therefore, alterations in lipid and amino 
acid metabolism and energy homeostasis may play a key role in the 
pathogenesis of CD. 

mRNA interleukin 8 (CXCL8), interferon γ inducible protein 10 (CXCL10), myeloid-related 
protein 14 (calgranulin B/ S100A9) and macrophage inflammatory protein 2 α (CXCL2) 

 (Zahn et al., 2009) (*UC) 
1. Biological relevance 

a. Important inflammatory mediators 
b. CXCL8 
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i. member of the CXC chemokine family and is a major mediator of the 
inflammatory response 

ii. secreted primarily by neutrophils, where it serves as a chemotactic factor 
by guiding the neutrophils to the site of infection 

iii. This chemokine is also a potent angiogenic factor 
iv.  high expression of mRNA in UC patients with high disease activity 

c. CXCL10 
i. Antimicrobial 

ii. chemokine of the CXC subfamily and ligand for the receptor CXCR3 
iii. Binding of this protein to CXCR3 results in pleiotropic effects, including 

stimulation of monocytes, natural killer and T-cell migration, and 
modulation of adhesion molecule expression. 

iv. enhanced CXCL10 expression in UC 
d. S100A9 

i. proteins S100A8 and S100A9 form a heterodimer called calprotectin 
ii. increased serum level was detected in UC patients with active disease 

e. CXCL2 
i. This chemokine is secreted by monocytes and macrophages and 

is chemotactic for polymorphonuclear leukocytes and hematopoietic 
stem cells 

ii. powerful neutrophil chemoattractant 
iii. including wound healing, cancer metastasis, and angiogenesis 
iv. upregulated expression of mRNA and protein in inflamed gut, 

predominantly in UC. 
2. Assay  

a. Biopsies were collected in RNALater 
b. Tissue was disrupted by one run with the RiboLyser 
c. Mucosal mRNA levels of specific cytokines and chemokines measured by real-

time PCR  
3. Clinical data 

a. 49 biopsies from 27 different patients were examined 
b. significant positive correlation between transcript levels of CXCL8, CXCL10, 

calgranulin B and CXCL2 and both CAI and EAI 
c. Statistically significant positive correlations were found between CXCL8 and 

CXCL2 (r = 0.94; p < 0.0001), between CXCL8 and calgranulin B (r = 0.55; p = 
0.0002) and between CXCL2 and calgranulin B (r = 0.46; p = 0.002). 

d. Linear regression analysis revealed then calgranulin B (p = 0.0008, p = 0.0007) 
and CXCL10 (p = 0.0412, p = 0.0873) independently correlated with CAI and EAI, 
respectively. 

https://en.wikipedia.org/wiki/S100A8
https://en.wikipedia.org/wiki/Heterodimer
https://en.wikipedia.org/wiki/Calprotectin
https://en.wikipedia.org/wiki/Monocytes
https://en.wikipedia.org/wiki/Macrophage
https://en.wikipedia.org/wiki/Chemotactic
https://en.wikipedia.org/wiki/Polymorphonuclear_leukocyte
https://en.wikipedia.org/wiki/Hematopoietic_stem_cell
https://en.wikipedia.org/wiki/Hematopoietic_stem_cell
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Neopterin 

1. Biological relevance 
a. A pyrazino-[2,3-d]-pyrimidine compound, metabolite of cGMP released by T 

lymphocytes and macrophages after induction by γ-interferon 
2. Assay 

a. ELISA method from a commercially available test according to the 
manufacturer’s instructions (ELISA Neopterin; IBL, Hamburg, Germany).  

3. Clinical data 
a. Using a cutoff of 200 pmol/g, fNeo had similar overall accuracies to fecal 

calprotectin to predict endoscopic activity in patients with CD (74%) (Nancey et 
al., 2013) 

b. Among Crohn's disease patients, fecal neopterin was higher in those with either 
clinically active (96.0 ng/g) or inactive (87.2 ng/g) disease than in control subjects 
(12.0 ng/g; P<0.05; inactive or active disease vs. controls) (Husain et al., 2013) 

Neutrophil CD64 

(Minar et al., 2017) 

1. Biological Relevance/Rationale 
a. Neutrophil CD64 surface expression was significantly elevated in newly 

diagnosed, pediatric-onset Crohn's disease.  
b. Active inflammation in CD is characterized by the migration of peripheral blood 

neutrophils to the intestinal lamina propria and crypts 
2. Assay 

a. Quantitative flow cytometry on a FACSCalibur (BD Biosciences, San Jose, 
California) using the Leuko64 assay kit (Trillium Diagnostics, Brewer, Maine) 

b. The neutrophil CD64 index is the result of the ratio of the mean fluorescent 
intensity (MFI) of the granulocytes to that of the calibration beads 

3. Clinical Data 
a. CD64 biomarkers (neutrophil CD64 surface expression and soluble CD64) were 

tested as determinates for mucosal inflammation in a larger pediatric Crohn's 
cohort with the hypotheses that the CD64 biomarkers would reliably detect 
intestinal inflammation and correlate with endoscopic severity scores. 

b. A total of 209 patients (72 controls, 76 new inflammatory bowel disease patients, 
and 61 established Crohn's) were enrolled. Both neutrophil CD64 index and 
soluble CD64 were significantly elevated in new Crohn's compared with controls. 

c. The area under the curve (AUC) for neutrophil CD64 index ≥1 was 0.85 (95% 
confidence interval, 0.77-0.92), 75% sensitive and 89% specific for new Crohn's. 
Comparatively, soluble CD64 ≥39 ng/mL was 92% sensitive and 85% specific (AUC, 
0.93) for new Crohn's.  



Crohn’s disease Fluid Biomarkers – Literature Review 

31 | P a g e  

 

d. Neutrophil CD64 index, soluble CD64, and fecal calprotectin discriminated 
endoscopic inactive from moderate and severe activity while soluble CD64 
differentiated endoscopic mild from moderate and severe activity.  

e. Neutrophil CD64 index (r = 0.46, P < 0.001) and fecal calprotectin (r = 0.55, P < 
0.001) correlated well with the Simple Endoscopic Score-Crohn's disease. 
Spearman correlation between the CD64 index and calprotectin was 0.39 (P < 
0.001). 

NGAL (neutrophil gelatinase-associated lipocalin) 

1. Biological relevance (Thorsvik et al., 2017) 
a. Lipocalin-2 (Lcn-2) 
b. Because of NGAL’s small size (25 kDa), secreted nature, and relative stability, it 

has been investigated as a diagnostic and prognostic biomarker in several 
diseases including inflammatory disorders 

c. Expressed in inflamed colonic epithelium and neutrophilic granulocytes 
2. Assay 

a. Fecal samples tested by ELISA (Thorsvik et al., 2017) 
b. PSTC and SAFE-T assay fit for purpose for NGAL as kidney safety biomarker 

3. Clinical data 
a. (Thorsvik et al., 2017) 

i. 119 person study: 73 IBD and 21 infectious enterocolitis and 21 IBS, 23 
NHVs 

ii. Measure by ELISA; assay also used for kidney injury BM studies 
iii. Fecal marker, Basal levels in feces <2mg/kg 
iv. Stable for one week at RT 
v. Correlates with calprotectin data 

b. Some evidence that serum NGAL might also be useful for detection of IBD 
(Oikonomou et al., 2012) 

c. (Thorsvik et al., 2019) 
i. Neutrophil gelatinase-associated lipocalin (NGAL), also known as 

Lipocalin 2, is an antimicrobial protein, encoded by the gene LCN2, 
strongly upregulated in inflammatory bowel disease (IBD) and a 
promising biomarker for IBD 

ii. We find that NGAL is highly expressed in UACL, regenerative colonic 
crypts and in undifferentiated colonoids, strongly suggesting that NGAL 
plays a role in the regeneration process in IBD. 

NOD2 (CARD15) 

1. Biological relevance (Pernat Drobež et al., 2018)  
a. NOD2 gene belongs to Apaf-1/Ced-4 superfamily, which is responsible for the 

regulation of apoptosis, as well as to pattern recognition receptor group that 

https://www.sciencedirect.com/topics/medicine-and-dentistry/programmed-cell-death
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/recognition
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participates in recognition of bacteria products, such as muramyl dipeptide, 
through the leucine-rich repeat (LRR) areas 

b. Cytoplasmic molecule involved in sensing microbial cell walls 
c. Nod2 recognizes PGN. Nod2 can detect the minimal bioactive fragment of PGN, 

called muramyl dipeptide (MDP). Thus, Nod2 is a general sensor of bacterial PGN  
d. Nod2 expression is generally restricted to monocytes  
e. recognized as an important mediator of inflammatory induction 
f. Current models hypothesize that upon binding to MDP, Nod2 oligomerizes and 

binds to the caspase recruitment domain (CARD)-containing serine/ threonine 
kinase RICK (also known as RIP2, CARDIAK, CCK and Ripk2).  

g. Three common mutations of the NOD2 gene, Arg702Trp (rs2066844), Gly908Arg 
(rs2066847), and Leu1007fsX1008 (rs2066847), which have been associated with 
a stricturing and penetrating disease behavior, as well as ileal involvement 

h. rs2066847 most strongly correlates with a severe CD course 
i. Polymorphism 3020insC in NOD2/CARD15 occurs statistically significantly more 

often in patients with childhood-onset CD than in patients with adult-onset CD 
(Gazouli et al., 2010) 

2. Assay  
a. Genotyping of selected SNPs is performed by polymerase chain reaction (PCR), 

followed by restriction fragment length polymorphism (RFLP) or fluorescence 
probes 

3. Clinical data 
a. NOD2 showed the strongest association with time to progression 
b. an association between the SNP rs2066847 in the gene NOD2 and disease 

progression was confirmed. Eighty-seven percent (87.5%) of heterozygote 
patients progressed during the 10-year follow-up period from B1 to B2 or B3 
phenotype compared to 56.8% of wild-type patients (Pernat Drobež et al., 2018)  

c. The NOD2 gene was the most important genetic factor, being an independent 
predictive factor for ileal location (p=2.02×10-06, OR=1.90), stenosing 
(p=3.16×10-06, OR=1.82) and penetrating (p=1.26×10-02, OR=1.25) CD 
behaviors, and need for surgery (p=2.28×e-05, OR=1.73), and as such was also 
the strongest factor associated with a complicated disease course (p=6.86×10-
06, OR=2.96) (Cleynen et al., 2013) 

OmpC 

1. Biological relevance 
a. Antibodies to microbial antigens (anti-outer-membrane protein C) 

2. Assay 
a. ELISA purchased from QUANTA Lite TM OMP Plus, INOVA Diagnostics, San Diego 

3. Clinical data 

https://www.sciencedirect.com/topics/medicine-and-dentistry/bacterium
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/muramyl-dipeptide
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/leucine-rich-repeat
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a. (Kohoutova et al., 2014) 
i. Serum Anti-OmpC IgA were noted to be significantly higher in CD median 

32.6, inter-quartile range (IQR) 18.9-60.7) compared to the controls 
(median 18.3, IQR 11.1-23.1), p < 0.001 

ii. In CD anti-OmpC IgA were significantly higher in B2 (more likely to 
develop structuring disease) compared to B1: p = 0.041 and in B2 + B3 
(more likely to develop penetrating disease) compared to B1: p = 0.036. 

b. (Xiong et al., 2014) 
i. This meta-analysis evaluated the stratification powers of four well-

studied serum antibodies to microbial antigens [ASCA (anti-
Saccharomyces cerevisiae), anti-OmpC (anti-outer-membrane protein C), 
anti-I2 (anti-Pseudomonas fluorescens-associated sequence I2), and anti-
CBir1 (anti-bacterial flagellin)] in characterizing progression of Crohn's 
disease (CD). 

ii. Anti-OmpC had the highest stratification power among the four 
antibodies screened for the risk of both complications and surgery in CD 
patients, and the power became stronger when antibodies were assessed 
in combination 

c. (Elkadri et al., 2013) 
i. In CD, increasing quantitative levels for antibodies (pANCA, IgA and IgG 

anti-Saccharomyces cerevisiae antibodies, anti-OmpC, and anti-flagellin) 
were associated with a younger age of diagnosis, longer disease duration, 
increased surgeries, ileocolonic and perianal disease, and internal 
perforating behavior. 

d. (Choung et al., 2016) 
i. The presence and accumulation of circulating anti-microbial antibodies 

(ASCA-IgA, ASCA-IgG, anti-OmpC, anti-CBir1, anti-A4-Fla2 and anti-FlaX) 
years before Crohn's disease diagnosis was associated with complicated 
Crohn's disease at or shortly after diagnosis 

Osteopontin 

(Komine-Aizawa et al., 2015) 

4. Biological relevance 
a. OPN is essential for Th1 immunity because it promotes interleukin-12 (IL-12) 

production by macrophages, increases the levels of interferon-c (IFN-c), and 
diminishes IL-10 levels in the lymph nodes drained from granulomatous tissues 

5. Assay (established) 
6. Clinical data 

a. In the CD patients, we observed a remarkable correlation solely between plasma 
OPN and IL-8 (r2 = 0.623, p less than 0.008). 
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b. In both UC and CD, significant correlations were observed between the plasma 
OPN levels and clinical activity indices (CDIA r2= 0.875 p less than 0.001) 

PARP and NF-kB 

(Berndt et al., 2007) 

1. Biological relevance  
a. poly (ADPribose)- polymerase (PARP) as apoptotic marker is increased in 

memory T cells in UC tissue. 
2. Assay  

a. The so-termed Multi-Epitope-Ligand Cartographie (MELC) technology has 
perfected the use of fluorescent in situ protein detection by creating a highly 
flexible multiplex detection system (8). The unique robotic whole cell imaging 
technology visualizes dozens of proteins simultaneously in a structurally intact 
single cell as well as in the complexity of a specific tissue anatomy. The highly 
complex information generated by MELC is processed through advanced data 
analysis and visualization software, which integrates cell biology and 
biomathematical tools. This allows correlating cellular localization of proteins 
with functional identification of protein networks playing a crucial role in 
biological processes. The advantage that multidimensional microscopic robot 
technology for high-throughput protein recognition provides is to detect the 
considerable amount of 332 protein expression arrays and the opportunity to 
generate a protein colocalization map. Recently, it has been demonstrated that 
this approach can readily be used to identify an in situ protein expression 
pattern in inflammatory skin diseases 

3. Clinical data 
a. Endoscopic biopsies from patients with CrD (n _ 10), UC (n _ 10), and from the 

normal mucosa of control subjects (n _ 10) were obtained. 
b. NF-kB and PARP as lead proteins that are representative molecular elements 

controlling the formation of molecular networks and the associated cellular 
functions in IBD. 

c. in CrD T cells are more activated and have an increased expression of the nuclear 
transcription factor NF-kB 

d. in CrD, only those cells which have decreased PARP activity coexpress NF-κB (Fig. 
3, A and B), indicating that the decreased activation of PARP in CrD is associated 
with an increased activation status 

Perinuclear Antineutrophil Cytoplasmic Antibodies (pANCAs) and Anti–Saccharomyces 
cerevisiae Antibodies (ASCAs) 

1. Biological relevance 
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a. ASCA antibodies to yeast have been identified in up to 68% of CD patients (Reese 
et al., 2006) 

b. Perinuclear antineutrophil cytoplasmic antibodies (pANCA) have been detected 
in 40–80% of UC patients (Reese et al., 2006) 

c. The serological biomarker (ANCA) is occasionally used in the clinic to aide in 
distinguishing CD from UC, although its low sensitivity has prevented it from 
becoming routinely used 

2. Assay 
a. ANCA status was determined from serum by Prometheus Laboratories (San 

Diego, CA) using a fixed neutrophil ELISA. ANCA-positive sera were further tested 
by indirect immunofluorescent (IIF) staining to determine if the staining pattern 
was perinuclear (pANCA) (Taylor et al., 2001) 

3. Clinical data 
a. Increased ASCAs in CD patients with high specificity (96-100%) and low 

sensitivity (50%) (Ruemmele et al., 1998) 
b. (Reese et al., 2006) 

i. Meta-analysis: Sixty studies comprising 3,841 UC and 4,019 CD patients 
were included:  

ii. Sensitivity and specificity of ASCA+/pANCA- for detection of CD to be 55% 
and 93%, respectively, and 63% and 93% for any form of IBD  

iii. In pediatric patients, the test for pANCA+/ASCA- performed particularly 
well, identifying patients with CD with 70% sensitivity and 93% specificity 
(Reese et al., 2006) 

c. (Seibold, 2005)  
i. The combination of a positive ASCA test with a negative pANCA test has a 

positive predictive value of 96% and a specificity of 97% for Crohn’s 
disease 

ii. both antibodies have been found in other diseases, such as autoimmune 
liver disease, primary sclerosing cholangitis (pANCA), and in gluten 
sensitive enteropathy (ASCA) 

iii. almost 50% of indeterminate colitis patients do not develop ASCA or 
pANCA antibodies whereas in antibody positive patients, ASCA+/pANCA− 
predicts CD in 80% of patients with indeterminate colitis and 
ASCA−/pANCA+ predicts ulcerative colitis (UC) in 64% 

d. (Zholudev et al., 2004) 
i. The ASCA antibodies, while highly specific for CD, identify predominantly 

the subset of children with disease of the ileum and ascending colon who 
may be at increased risk of surgery 

ii. 81 children with Crohn's disease (CD), 54 with ulcerative colitis (UC), and 
63 controls 

iii. Enzyme-linked immunosorbent assay was utilized to determine titers of 
antibodies to ASCA, DNase-sensitive pANCA, and anti-OmpC; the 
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presence of perinuclear staining for ANCA was confirmed by 
immunofluorescence 

iv. identified ASCA antibodies in 44% of CD patients, 0% of UC patients, and 
1 control patient 

v. Patients who were ASCA-positive were more likely to have disease of the 
ileum or ileum and right colon than patients who were ASCA-negative 
(58%vs 18%, p < 0.001). 

vi. Patients with ASCA-positive were also more likely to require ileocecal 
resection (36%vs 13%, p < 0.05). 

e. (Quinton et al., 1998) 
i. Serum samples were obtained from 100 patients with Crohn's disease, 

101 patients with ulcerative colitis, 27 patients with other miscellaneous 
diarrhoeal illnesses, and 163 healthy controls 

ii. standardised indirect immunofluorescence technique and an ELISA 
iii. The combination of a positive pANCA test and a negative ASCA test 

yielded a sensitivity, specificity, and positive predictive value of 57%, 
97%, and 92.5% respectively for ulcerative colitis 

iv. The combination of a positive ASCA test and a negative pANCA test 
yielded a sensitivity, specificity, and positive predictive value of 49%, 
97%, and 96% respectively for Crohn's disease. 

v. The presence of ASCA in patients with Crohn's disease was associated 
with small bowel involvement. 

f. Seroprevalence of ASCA positivity, IgA and IgG in non-IBD disease (Table below) 
(Tamboli et al., 2011) 

Disease ELISA assay ASCA 

IgA 

ASCA 

IgG 

ASCA IgA or 

IgG 

Study 

Systemic candidiasis Lille assay, inhouse – – 100% Standaert-Vitse 

et al 

Various acute bacterial 

infections 

Aesku Diagnostics, 

Germany 

– – 22% Berlin et al 
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Cystic fibrosis, pediatric Quanta-Lite, Inova 

Diagnostics, USA 

13% 11% 21% Condino et al 

Cystic fibrosis, adult Quanta-Lite, Inova 

Diagnostics, USA 

44% – – Lachenal et al 

Intestinal tuberculosis Aesku Diagnostics, 

Germany 

43% 47% 67% Makharia et al 

Celiac disease (pre-

treatment) 

Quanta-Lite, Inova 

Diagnostics, USA 

20% 54% 59% Granito et al 

Type 1 diabetes mellitus Orgentec, Germany 10% 21% 25% Sakly et al 

Primary biliary cirrhosis Quanta-Lite, Inova 

Diagnostics, USA 

19% 11% 23% Muratori et al 

Primary sclerosing 

cholangitis 

Quanta-Lite, Inova 

Diagnostics, USA 

32% 28% 44% Muratori et al 

Autoimmune hepatitis Quanta-Lite, Inova 

Diagnostics, USA 

12% 16% 18% Muratori et al 

Ankylosing spondylitis Quanta-Lite, Inova 

Diagnostics, USA 

23% 12% – Riente et al 
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Rheumatoid arthritis Quanta-Lite, Inova 

Diagnostics, USA 

18% 10% – Riente et al 

 

PGE-MUM 

1. Biological Relevance 
a. PGE2 urinary metabolite (PGE-MUM; 7-hydroxy-5,11-diketotetranor-prosta-1,16-

dioic acid) is increased during active UC (Fujiwara et al., 2000) 
b. PGE2 is produced during mucosal inflammation (Arai et al., 2016) 
c. PGE-MUM reflects the histologic severity of inflammation in UC (Arai et al., 

2014) 
2. Assay 

a. RIA assay using alkaline treated, neutralized urine; corrected by g urinary 
creatinine (Arai et al., 2014) 

b. LC/MS/MS assay also reported (Murphey et al., 2004) 
3. Clinical Data 

a. A cutoff value of 21.8 μg/g·Cr for PGE-MUM had a sensitivity of 0.81 for 
colonoscopic UC activity and remission (Arai et al., 2014) 

b. 797 NHV study found differences in baseline levels of PDE-MUM with age, 
gender, smoking status; higher in males, higher in smoking males; decreased in 
older males; increased in older female; higher values in evening samples 
(Okayasu et al., 2014) 

Poly Immunoglobulin Receptor (pIgR), RelA (subunit of NF-κB), A20, TNF, IL-8   

1. Biological relevance (Arsenescu et al., 2008) 
a. IL-8 

i. Interleukin (IL)-8 is a potent chemoattractant for neutrophils, the major 
component of the cellular infiltrate in acute inflammation 

b. RelA  
i. excessive activation of NF- κ B is central to the pathogenesis of CD 

ii. activation of NF- κ B may be crucial for regulation of intestinal 
inflammation and maintenance of epithelial barrier function 

c. A20 
i. NF- κ B induces expression of A20 ubiquitin-modifying enzyme that 

negatively regulates the NF- κ B activation pathway 
ii. Mice genetically deficient in A20 are hypersensitive to tumor necrosis 

factor (TNF) 
d. pIgR 
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i. Transport of IgA across intestinal epithelial cells into the gut lumen is 
mediated by the polymeric immunoglobulin receptor (pIgR) 

ii. Following transport, the extracellular domain of pIgR is cleaved to form 
secretory component (SC), which remains associated with SIgA and 
confers additional innate immune functions. 

iii. Expression of pIgR in intestinal epithelial cell is upregulated by TNF and 
TLR signaling via activation of NF- κ B 

iv. diminished expression of pIgR in the intestinal mucosa could lead to 
increased inflammatory responses to the commensal microbiota 

e. TNF 
i. pro-inflammatory cytokine 

ii. associated with mucosal inflammation in CD 
iii. protective roles in innate immunity, including induction of NOD2 and 

pIgR expression, epithelial restitution, and control of potentially 
pathogenic luminal bacteria 

f. dysregulated expression of RelA, A20, and TNF may be a unique feature of the 
large bowel in CD. 

2. Assay 
a. biopsies from the colon and / or terminal ileum were obtained at colonoscopy  
b. mRNA levels were measured by RT-qPCR 

3. Clinical Data 
a. biopsies from the colon and / or terminal ileum were obtained at colonoscopy 

from 69 CD patients and 28 normal controls 
b. Active CD patients have significantly reduced expression of RelA, A20, pIgR, and 

TNF compared to normal phenotype. Sever cases have significantly reduced 
expression of RelA, A20, and pIgR, normal expression of TNF, and elevated 
expression of IL-8. 

Syndecan-1 

(Yablecovitch et al., 2015) 

1. Biological relevance 
a. Syndecans are conserved type I transmembrane heparan sulfate proteoglycans 

(HSPGs) that mediate cell adhesion and growth factor binding via 
glycosaminoglycan (GAG) side chains. 

b. The syndecans mediate cell binding, cell signaling, and cytoskeletal organization 
2. Assay 

a. Serum concentrations measured by ELISA 
3. Clinical Data 
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a. Soluble syndecan-1 levels were significantly higher in inflammatory bowel 
disease patients (41 subjects) compared to healthy controls (29.5 ± 13.4 vs. 21.1 
± 10.4 ng/ml, respectively, P = 0.03 

b. NCT01430039 Syndecan-1 a Surrogate Marker for IBD (syndecan1); Meir Medical 
Center; Completed April 2015; no results posted) 

S100A12 

4. Biological relevance  
a. The S100A12 protein is part of the S100 superfamily also known as calgranulin C 

(Waugh et al., 2013) 
b. Unlike calprotectin (part of the S100A8/9 family), it is derived exclusively from 

granulocytes and monocytes (resulting in the suggestion it is perhaps more 
specific than calprotectin in distinguishing inflammatory-related conditions) 

c. Correlation with endoscopic and histological inflammation 
d. Related to calprotectin which has been shown to be a BM of IBD (de Jong et al., 

2006) 
e. Produced in activated neutrophils (de Jong et al., 2006) 
f. Elevated levels associated with RA and CF (de Jong et al., 2006) 

5. Assay (de Jong et al., 2006) 
a. Fecal extracts used to measure S100A12 by ELISA 

6. Clinical data 
a. In children fecal S100A12 levels greater than 10 mg/kg identified IBD with 96% 

sensitivity and 92% specificity (23 patients and 25 normal; 18 months to 18 
years, controls not precisely age matched) (de Jong et al., 2006) 

b. Fecal S100A12 was significantly higher in patients with active IBD (2.45 +/- 1.15 
mg/kg) compared with healthy controls (0.006 +/- 0.03 mg/kg; p<0.001) or 
patients with IBS (0.05 +/- 0.11 mg/kg; p<0.001). Fecal S100A12 distinguished 
active IBD from healthy controls with a sensitivity of 86% and a specificity of 
100%; IHC of  (Kaiser et al., 2007) 

c. UC and CD patients had significantly higher serum S100A12 levels compared to 
IBS patients (P = 0.001 for both comparisons). Moreover, a cut-off for serum 
S100A12 levels of 54.4 ng/mL could predict both UC and CD with a 66.7% 
sensitivity and a 64.4% specificity (Manolakis et al., 2010) 

d. Reported sensitivity with S100A12 ranges 86–97%, specificity 92–100%. The cut-
off most commonly used was 10 µg/g. Thus, if S100A12 were to be considered 
an alternative marker to distinguish between IBD and IBS, further larger studies 
would need to be performed (especially in adults) and to determine its 
expression in other gut-related conditions. One particular area would be to 
confirm reports that, unlike calprotectin, S100A12 level is elevated in bacterial 

https://clinicaltrials.gov/ct2/show/NCT01430039?term=syndecan-1&cond=Crohn+Disease&rank=1
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gastroenteritis and not viral gastroenteritis, which may prove useful in clinical 
practice (Waugh et al., 2013) 

e. S100A12 May be better predictor of mucosal healing in children than 
calprotectin (Leach et al., 2019) 

Fecal Hemoglobin 

1. Biological relevance (UC*) 
2. Assay 

a. 119 patients having surveillance colonoscopy 
3. Clinical Data 

a. surveillance of IBD 
b. Hb was as accurate an indicator of inflammation as calprotectin 
c. However, the mean calprotectin level in patients with active inflammation was 

451 µg/g 

Thioredoxin domain-containing protein 17 (TXNDC17), Thymosin β-10 (TMSB10), 
Vasodilator-simulated phosphoprotein (VASP) & Leukotriene A-4 hydrolase (LTA4H)   

1. Biological relevance (UC*) 
a. TXNDC17  

i. (Jeong et al., 2004)  
1. Disulfide reductase; Participates in various redox reactions 

through the reversible oxidation of its active center dithiol to a 
disulfide and catalyze dithiol-disulfide exchange reactions 

2. Ubiquitous expression in colon, esophagus and 25 other tissues 
3. Can regulate tumor necrosis factor-α (TNF-α) signaling and NF-

kappa-B activation  
4. Has peroxidase activity and may contribute to the elimination of 

cellular hydrogen peroxide 
ii. (Pader et al., 2014) 

1. Function in reducing protein disulfide bonds and in 
denitrosylation of nitrosylated proteins and thiols  

2. Unique role in reduction of L-cystine for synthesis of glutathione  
b. VASP (Deeke et al., 2018) 

i. Reported to impede the transmission between cells of the diarrhea-
causing Gram-negative bacterium Shigella flexneri elevated VASP 
observed in inflamed UC is associated with altered host–microbe 
interactions that are thought to contribute to IBD 

ii. According to literature VASP can localize to the plasma membrane  
iii. VASP is an actin- and profilin-binding protein that is expressed in platelets at 

high levels and plays a major role in negatively regulating secretory and 
adhesive events in these cells 
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iv. VASP is a major substrate for cAMP- and cGMP-regulated protein kinases 
and it has been shown to be directly phosphorylated on Ser by PKC 

c. TMSB10 has only been reported to localize intracellularly (Deeke et al., 2018) 
i. Binds to and sequesters actin monomers (G actin) and therefore inhibits 

actin polymerization  
d. LTA4H (Deeke et al., 2018) 

i. Epoxide hydrolase that catalyzes the final step in the biosynthesis of the 
proinflammatory mediator leukotriene B4 

ii. LTA4H catalyzes the biosynthesis of leukotriene B4, which in turn is a 
potent neutrophilic chemoattractant and has been implicated in chronic 
inflammation 

iii. LTA4H in stool correlated with the PUCAI  
iv. LTA4H also correlated with albumin 
v. The expression of CAT in stool samples correlated with the level of 

albumin measured in the serum 
e. VASP & TMSB10 demonstrate opposite expression trends in inflamed tissue 

compared to uninflamed tissue (Deeke et al., 2018) 
f. TXNDC17, TMSB10, and VASP are involved in cytoskeleton organization (Deeke 

et al., 2018) 
2. Assay (Deeke et al., 2018) 

a. The MLI proteomes of 18 non-IBD and 42 IBD patients were analyzed by liquid 
chromatography mass spectrometry  

b. Peptides were assigned and quantified using MaxQuant version in a single run 
against the human Uniprot database 

3. Clinical Data (Deeke et al., 2018) 
a. Predictive class probabilities yielded a sensitivity of 0.954 (95% CI: 0.7716–

0.9988) and 1.0 (95% CI: 0.8235–1.0) for the Ascending Colon and Descending 
Colon, respectively, and a specificity of >0.999 (AC 95% CI: 0.8147–1.0; DC 95% 
CI: 0.6915–1.0) for both the AC and DC (Fig. 3c), providing a classification 
accuracy of 97.5% and 100% in the AC and DC, respectively 

b. This panel of biomarkers for suspected pediatric IBD diagnosis outperformed the 
classification accuracy of calprotectin (S100-A8 and S100-A9) using PLS-DA 

TREM-1 

1. Biological relevance 
a. triggering receptor on myeloid cells 
b. regulates inflammation 
c. Monocytes, macrophages, myeloid dendritic cells, plasmacytoid dendritic cells, 

neutrophils, microglia, osteoclasts, and platelets all express at least one member 
of the TREM family, underscoring the importance of these proteins in the 
regulation of innate resistance 
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d. Elevated serum levels of sTREM-1 are indicative of microbial infections 
2. Assay 

a. Serum Test 
b. Next generation single-end sequencing 

3. Clinical data 
a. (Ford and McVicar, 2009) 

i. Analysis of sTREM-1 as a surrogate marker of disease activity in patients 
with IBD warrants caution. 

ii. sTREM-1 levels have also been reported for patients with non-infectious 
inflammatory conditions such as rheumatoid arthritis, acute 
pancreatitis, chronic obstructive pulmonary disease and cardiac arrest 

b. (Verstockt et al., 2019) 
i. This is the first prospective study examining the predictive value of whole 

blood mRNA transcripts from genes previously identified in tissue as key 
in the prediction of anti-TNF therapy in patients with IBD. 

ii. We validated whole blood TREM1 mRNA expression as an accurate anti-
TNF specific predictor for endoscopic remission in patients with CD and 
UC.  

iii. In contrast to the observed moderate endoscopic remission rates with 
anti-TNF agents in current clinical practice, remission rates may be 
improved by prioritizing anti-TNF therapy to those patients with low 
TREM1 expression.  

iv. Based on our results, pre-test probabilities for primary (non-)response to 
anti-TNF therapy could be optimized using TREM1 expression, resulting in 
post-test probabilities of 77.1% for endoscopic remission in the patients 
with lowTREM-1 expression (34.5% increase compared to pre-test 
probability) and 90.0% for non-response in the patients with high TREM-1 
expression (32.6% increase compared to pre-test probability) 
respectively. 

Vitamin D3 

1. Biological Relevance 
a. Vitamin D3 has immunomodulatory properties 
b. CD patients have low Vitamin D3 

2. Assay 
a. Clinical assays in use 

3. Clinical data 
a. Vitamin D deficiency was common in all IBD patients, but more pronounced in 

CD patients, in whom it also showed a significant inverse association with 
inflammatory markers such as CRP and FC (Caviezel et al., 2018) 
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b. Serum levels of 25(OH)D3 negatively correlated with CD activity in Chinese 
patients. The new model and a nomogram based on 25(OH)D3 showed a better 
efficiency in predicting disease activity in CD patients but warrants further study 
(Lin et al., 2018) 

Wnt signaling 

(Armbruster et al., 2017) 

1. Biological relevance 
a. The Wnt signaling pathway plays a pivotal role in the gut mucosal homeostasis 

and therefore in the intestinal epithelium.  
b. Wnt is an important element in 

i. Keeping intestinal epithelial stem cells in a proliferating status 
ii. Enabling stem cell maintenance 

iii. Provoking the differentiation and maturation process of Paneth cells 
iv. Thereby regulating the expression of the alpha-defensins HD5 and HD6. 

2. Assay 
a. Dickkopf measured by immunohistochemistry in biopsied tissue 
b. Alpha defensins measured by ELISA in plasma 

3. Clinical data 
a. (Frei et al., 2013) Dickkopf 

i. Epithelial-to-mesenchymal transition (EMT) plays a crucial role during CD-
fistulae development. Dickkopf-homolog 1 (DKK-1) is known to play a key 
role during EMT. 

ii. Dkk-1 protein was specifically expressed in transitional cells lining the 
fistula tracts by immunohistochemistry in CD fistula specimens 

b. (Cerrillo et al., 2018) Alpha defensins 
i. Plasma α-Defs 1-3 concentrations were significantly higher in patients 

with disease onset with ileal involvement (L1, L3) versus patients in 
remission or the control groups. The α-Defs 1-3 concentrations were also 
similar to healthy controls in patients with non-CD ileitis. 

ii. There was a significant positive correlation between plasma α-Defs 1-3 
levels in at disease onset and the endoscopic index, as well as with C-
reactive protein (CRP) levels. 

iii. Plasma α-Defs 1-3 concentrations correlate with the degree of 
inflammation and appear to be specific biomarkers of ileal-CD at 
diagnosis. 
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Genetic Associations 
Autophagy-related 16-like 1 (ATG16L1) 

1. Biological relevance 
a. Major lysosomal pathway for degrading and recycling cytoplasmic material 
b. Single-nucleotide polymorphisms in ATG16L1 (autophagy-related 16-like 1 a key 

component in the autophagic response to invading pathogens, have been 
associated with an increased risk of developing Crohn disease 

c.  rs2241880 variant plays a crucial role in pathogen clearance, resulting in 
imbalanced cytokine production, and is linked to other biological processes, such 
as the endoplasmic reticulum stress/unfolded protein response (Salem et al., 
2015) 

d. ATG16L1 in maintaining the integrity of the Paneth cell granule exocytosis 
pathway 

e. The G allele of SNP rs2241880 has been shown in multiple association studies to 
confer strong risk for CD 

i. Specifically, a threonine-to-alanine substitution at amino acid position 
300 of the ATG16L1 protein (T300A) 

f. The ATG16L1 and IL23R variants are associated with susceptibility to CD, but not 
early-onset disease (Gazouli et al., 2010) 

g. The presence of the T300A mutation in Atg16l1 leads to aberrant functionality of 
Paneth cells 

h. Demonstrates a crucial role of ATG16L1 not only in the control of inflammatory 
immune responses but also for epithelial stem cell maintenance and function in 
the intestine 

i. NOD2 and ATG16L1 gene variants have been shown to affect Paneth cell 
morphology and transcriptome, and to correlate with a more fulminant clinical 
course of Crohn disease (Salem et al., 2015) 

2. Assay 
3. Clinical data 

MST1 3p21 

4. Biological relevance 
a. associated with susceptibility to IBD 

5. Assay 
6. Clinical data 

a. 1808 patients with IBD, 855 with Crohn's disease (CD) and 953 with ulcerative 
colitis (UC) 
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Whole Blood Gene Expression Analysis 

1. Biological relevance 
a. Whole Blood Gene Expression Analysis to Predict Disease Activity in Patients 

with Crohn's Disease 
b. extra intestinal manifestations in CD patients  (Latiano et al., 2010) 

 
Individual Gene Gene Function/Association 

Crohn's Disease 
with Mild 
Severity 

TAP2 (Transporter 2, ATP-
Binding Cassette, Sub-
Family B) 

Several autoimmune diseases including 
Rheumatoid Arthritis and Systemic Lupus 
Erythematosu 

 

ZFAS1 (ZNFX1 Antisense 
RNA 1) 

Breast cancer and intrahepatic 
cholangiocarcinoma 

 

SIAH1 (E3 Ubiquitin 
Protein Ligase 1) 

Induced at the tip of intestinal villi, 
upregulated during physiologic apoptosis 

 

GMPR2 (Guanosine 
Monophosphate 
Reductase) Gastric adenocarcinoma 

 

WAPAL (Wings Apart-Like 
Homolog) 

Promotes release of cohesin from 
chromosomes, involved in mitotic prophase 

 

ZNF45 (Zinc Finger Protein 
45) 

Multiple sclerosis, may be involved DNA-
dependent in transcriptional regulation 

Crohn's Disease 
with Moderate 
to Severe Disease 

KANSL1 (KAT8 Regulatory 
NSL Complex Subunit1) 

May be involved in the regulation of 
transcription; involved in the acetylation of 
nucleosomal histone H4 on lysine residues 

 

PPP6C (Protein 
Phosphatase 6, Catalytic 
Subunit) 

Regulates cell cycle progression in response 
to IL2 receptor stimulation 
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Individual Gene Gene Function/Association 

 

LEPROTL1 (Leptin Receptor 
Overlapping Transcript-
Like 1) 

Believed to regulate the expression of 
growth hormone receptor cell surface in the 
liver 

 

MAP3K3 (Mitogen 
Activated Protein Kinase 
Kinase Kinase 3) 

Component of a protein kinase signal 
transduction cascade. Mediates activation of 
the NF-kappa-B, AP1 and DDIT3 
transcriptional regulators. 

 

SRA1 (Steroid receptor 
RNA activator 1) 

A non-coding RNA that is able to co-activate 
steroid nuclear receptors 

 

ZNF45 (Zinc Finger Protein 
45) 

Multiple sclerosis, may be involved in DNA-
dependent transcriptional regulation 

(Burakoff et al., 2015) 

2. Assay 
3. Clinical Data 
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Biomarker Panels 
(Bourgonje et al., 2019) 

• Six (6) inflammatory biomarkers (serum amyloid A (SAA), Eotaxin-1, IL-6, IL-8, IL-17A, 
and TNF-α) showed better prediction of IBD disease activity than routine measures 
(CRP, fecal calprotectin and HBI/SCCAI scores).  

• The best combination of predictive inflammatory biomarkers consisted of serum SAA, 
IL-6, IL-8, and Eotaxin-1, showing an optimism-adjusted area under the ROC (AuROC) 
curve of 0.84 (95% CI: 0.73-0.94, P < 0.0001), which predicted significantly better (P = 
0.002) than serum CRP levels with an AuROC of 0.57 (95% CI: 0.43-0.72, P = 0.32).  

• Conclusion: The combination of SAA, IL-6, IL-8, and Eotaxin-1 reliably predicts 
endoscopic disease activity in IBD and might be valuable for monitoring disease activity 
and management of the disease. 

PROMETHEUS® IBD sgi Diagnostic  

1. Biological Relevance 
a. Serologic, genetic, and inflammation markers in a proprietary Smart Diagnostic 

Algorithm which interprets patterns among the assay values 
b. This test helps physicians differentiate IBD vs. non-IBD and CD vs. UC in one 

comprehensive blood test 
2. Assay 

a. ELISA, chemiluminescent assay, immunofluorescent assay, SNP analysis 

 
PROMETHEUS® IBD sgi Diagnostic 

Marker Test 

ASCA ELISA (IgA) 
ASCA ELISA (IgG) 
OMPC ELISA (IgA) 
CBir1 ELISA (IgG) 

A4-Fla2 ELISA (IgG) 
FlaX ELISA (IgG) 

pANCA IFA Perinuclear Pattern 
pANCA IFA DNAse Sensitivity 

ATG16L1 SNP (rs2241880) 
ECM1 SNP (rs3737240) 

NKX2-3 SNP (rs10883365) 
STAT3 SNP (rs744166) 
ICAM1 Chemiluminescent Assay 
VCAM Chemiluminescent Assay 
VEGF Chemiluminescent Assay 
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CRP CRP Lab test 
SAA Chemiluminescent Assay 

 

3. Clinical Data 
a. Sensitivity: 80%, Specificity: 61.5%, PPV: 68%, NPV: 75% (Cyrus, 2011) 
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PROMETHEUS® Crohn’s Prognostic 

1. Biological Relevance 
a. Serologic and genetic markers in a logistic regression model  
b. Provides individualized probabilities for developing disease complications after 

diagnosis in patients with Crohn’s disease 
c. May allow stratification of CD patients according to their risks of developing 

complications over time and personalize the disease treatment plan for the 
patients 

2. Assays 
a. ELISA, indirect immunofluorescent assay, SNP analysis 

 
PROMETHEUS® Crohn’s Prognostic 
Marker Test 

ASCA ELISA (IgA) 
ASCA ELISA (IgG) 
OMPC ELISA (IgA) 
CBir1 ELISA (IgG) 

I2 ELISA 
pANCA IFA Perinuclear Pattern 
pANCA IFA DNAse Sensitivity 

NOD2 SNP 8 (R702W) [C2104T] 
NOD2 SNP 12 (G908R) [G2722C] 
NOD2 SNP 13 (1007fs) [3020insC] 

 

3. Clinical Data? 
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PROMETHEUS® Monitr™ Test 

https://www.prometheuslabs.com/Resources/Monitr/Monitr%20Product%20Detail%20Sheet%
20FINAL%2008172017.pdf  

1. Biological Relevance 
a. The idea behind the Monitr test is that assessment of these biomarkers in the 

peripheral blood will reflect changes in the gut mucosa  
b. The PROMETHEUS® Monitr™ Crohn’s Disease test is the first serum monitoring 

test that measures mucosal healing status in Crohn’s disease patients.  
c. The test applies an algorithm to the concentrations of 13 biomarkers in order to 

produce a quantitative Mucosal Healing Index Score ranging from 0-100.  
d. The Mucosal Healing Index Score is intended to aid in the assessment of active 

disease in Crohn’s disease patients in conjunction with clinical evaluation 
performed by a healthcare professional. 

2. Assays 
PROMETHEUS® Monitr CD 

Marker Pathway 

Ang 1 Angiogenesis 
Ang 2 Angiogenesis 

CEACAM 1 Cell Adhesion 
hsCRP Inflammation 

EMMPRIN Matrix remodeling 

IL 7 
Immune Recruitment 

modulation 
MMP 1 Matrix remodeling 
MMP 2 Matrix remodeling 
MMP3 Matrix remodeling 
MMP 9 Matrix remodeling 
SAA 1 Inflammation 

TGFα 
Growth factors: 

Proliferation and Repair 
VCAM 1 Cell adhesion 

 

3. Clinical Data 
a. (Sandborn et al., 2018) 

i. The training cohort included 278 patients and 335 samples from 4 sites, 
and the validation cohort included 118 patients and 413 samples from 
the TAILORIX trial (Study Investigating Tailored Treatment with Infliximab 
for Active Crohn’s Disease). 

https://www.prometheuslabs.com/Resources/Monitr/Monitr%20Product%20Detail%20Sheet%20FINAL%2008172017.pdf
https://www.prometheuslabs.com/Resources/Monitr/Monitr%20Product%20Detail%20Sheet%20FINAL%2008172017.pdf
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ii. The biomarkers that are assessed with the Monitr test are combined in 
an algorithm that results in the mucosal healing index (MHI) score, which 
ranges from 0 to 100 

iii. An MHI score of 0 to 40 is consistent with remission or mildly active 
Crohn’s disease, and is similar to a CDEIS of less than 3 for patients in 
remission and a CDEIS of 3 to 8 for patients with mild disease activity 

iv. An MHI score of 41 to 49 is considered intermediate. In the validation 
study, 14% of the specimens fell within the intermediate zone, with an 
observed 78% probability of active disease 

v. An MHI score of 50 to 100 is consistent with active disease and is similar 
to a CDEIS score of 3 or greater 

vi. For the entire cohort (118 patients) the sensitivity and specificity were 
82% and 94% respectively, indicating that the test has a 18% false 
negative rate but only a 6% false positive rate. 

vii. Location of disease did not appear to influence the test 
viii. MHI scores appear to correlate with endoscopic disease severity 

ix. The study evaluating the predictive value of Monitr showed that the 
patients’ MHI score changed throughout the weeks after treatment. The 
test can therefore be used to monitor patients with Crohn’s disease over 
time. Changes in the MHI score can offer insight into the patient’s disease 
severity. 

 

Figure 4. The MHI can be used to monitor a CD patient’s response to treatment over time. 
CD, Crohn’s disease; MHI, mucosal healing index; W, week. Adapted from Vermeire S et al. 
Abstract 74 presented at: the World Congress of Gastroenterology at ACG2017; October 13-
18, 2017; Orlando, FL. (Sandborn et al., 2018) 

Potential uses: Assessment of mucosal healing over time; therapeutic drug monitoring 
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Nordic Biosciences 

https://www.nordicbioscience.com/expertise/publications/misbalance-in-type-iii-collagen-
formationdegradation-as-a-novel-serological-biomarker-for-penetrating-montreal-b3-crohns-
disease/ 

• Serum biomarkers for type I, III, V and VI collagen formation (P1NP, Pro-C3, Pro-C5, Pro-
C6) and matrix metalloproteinase mediated degradation (C1M, C3M, C5M and C6M) 

• Serological biomarkers show that penetrating Crohn's disease is characterised by 
increased matrix metalloproteinase-9 degraded type III collagen and formation of type V 
collagen.  

• Active inflammation in Crohn's disease is characterised by increased formation of type V 
collagen and increased matrix metalloproteinase mediated breakdown of type I, III 
collagen.  

• Pro-C3/C3M ratios are superior in differentiating between penetrating Crohn's disease 
vs inflammatory and stricturing Crohn's disease. 

• Biomarker assays (formation, degradation, ECM related, wound healing, externally 
sourced BMs: https://www.nordicbioscience.com/biomarkers-research/nordic-
bioscience-assays/  

 

Potential Utility of Biomarkers 

Biomarkers of Active Disease 

• In general, calprotectin and lactoferrin correlate better with colonic than ileal disease 
activity (Lewis, 2011) 

• Lower sensitivity and specificity for serum biomarkers than for fecal (Lewis, 2011) 
• Calprotectin 

o Correlation coefficients for calprotectin and endoscopic score between 0.48 to 
0.83; Sensitivity is 70-100% and specificity is 44-100%; cutoff 50-200 µg/g (Lewis, 
2011) 

• Lactoferrin 
o Correlation coefficients for lactoferrin and endoscopic score between 0.19 to 

0.87; Sensitivity is 70-100% and specificity is 44-100%; cutoff 7.5 to 10 µg/g 
(Lewis, 2011) 

Biomarkers of Complicated Disease 

• One of the major goals of CD treatment is to prevent complications such as perforation 
and formation of abscesses, fistulas and strictures (Lewis, 2011) 

• Some studies suggest that positive ASCA and pANCA predict complicated disease but (1) 
positive test is not always associated with complicated disease, (2) not clear how much 

https://www.nordicbioscience.com/expertise/publications/misbalance-in-type-iii-collagen-formationdegradation-as-a-novel-serological-biomarker-for-penetrating-montreal-b3-crohns-disease/
https://www.nordicbioscience.com/expertise/publications/misbalance-in-type-iii-collagen-formationdegradation-as-a-novel-serological-biomarker-for-penetrating-montreal-b3-crohns-disease/
https://www.nordicbioscience.com/expertise/publications/misbalance-in-type-iii-collagen-formationdegradation-as-a-novel-serological-biomarker-for-penetrating-montreal-b3-crohns-disease/
https://www.nordicbioscience.com/biomarkers-research/nordic-bioscience-assays/
https://www.nordicbioscience.com/biomarkers-research/nordic-bioscience-assays/
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this data adds to other clinical data, (3) do not yet know if early intervention with the 
work prognosis based on serological tests will change long-term outcomes (Lewis, 2011) 

Biomarkers of Fibrosis 

(Lewis et al., 2015) Intestinal fibrosis in Crohn's disease: role of microRNAs as fibrogenic 
modulators, serum biomarkers, and therapeutic targets. 

(Higgins, 2017) Measurement of Fibrosis in Crohn's Disease Strictures with Imaging and Blood 
Biomarkers to Inform Clinical Decisions. 

• Glycoproteomics has identified hepatic growth factor alpha and cartilage oligomeric 
matrix protein as possible serum biomarkers to detect and measure intestinal fibrosis. 
The presence of upstream small bowel dilation >3.5 cm or a platelet/albumin ratio >150 
helps in identifying Crohn's disease patients at high risk of stricture resection in the next 
2 years. 

(Stidham et al., 2017) Serum Glycoproteome Profiles for Distinguishing Intestinal Fibrosis from 
Inflammation in Crohn's Disease. 

• Subjects with fibrostenotic and inflammation-predominant CD phenotypes (n = 20 per 
group) underwent comparison by quantitative serum glycoproteome profiles as part of 
a single tertiary care center cohort study. Following lectin elution, glycoproteins 
underwent liquid chromatography followed by tandem mass spectrometry. Identified 
candidate biomarkers of fibrosis were also measured by serum ELISA, a widely available 
technique. 

• Five (5) glycoproteins demonstrated a ≥20% relative abundance change in ≥80% of 
subjects, including cartilage oligomeric matrix protein (COMP) and hepatocyte growth 
factor activator (HGFA). COMP (431.7±112.7 vs. 348.7±90.5 ng/mL, p = 0.012) and HGFA 
(152.7±66.5 vs. 107.1±38.7 ng/mL, p = 0.031) serum levels were elevated in the 
fibrostenotic vs. inflammatory CD groups using ELISA. Within the fibrostenotic group, 
intra-individual changes of candidate biomarkers revealed HGFA levels significantly 
declined following the resection of all diseased intestine (152.7±66.5 vs. 107.1±38.7 
ng/mL, p = 0.015); COMP levels were unchanged. Immunohistochemical staining 
confirmed the presence of COMP in the submucosa and muscularis of resected 
fibrostenotic tissue. 

(Pellino et al., 2016) Novel biomarkers of fibrosis in Crohn's disease. 

• NOD2/CARD15 gene polymorphisms are the most widely investigated in intestinal 
fibrogenesis. They have been associated with a higher risk of developing structuring CD 

• Probably one of the first and best-characterized class of serological biomarkers of 
fibrosis in CD pathology is antibody molecules directed against microbial proteic 
products of the intestinal tract: ASCA, and antibodies directed against E-Coli (anti-
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OmpC; component of the Prometheus Panel), and Pseudomonas fluorescens (anti-I2; 
component of the Prometheus Panel) 

• CRP 
• ECM, fibronectin 

(Ballengee et al., 2018) 

• The median baseline concentration of collagen type III alpha 1 chain (COL3A1) was 
significantly higher in plasma from group 3 (inflammatory CD at diagnosis who 
developed strictures during follow up) vs group 1 (inflammatory CD at diagnosis and 
follow up) (P<.01) and controls (P=.01). 

• A model comprising baseline concentrations of COL3A1 and anti-CSF2 identified patients 
with B2 vs B1 CD with an area under the curve of 0.80 (95% CI, 0.71-0.89); the combined 
concentration identified patients with strictures with a sensitivity value of 0.70 (95% CI, 
0.55-0.83) and a specificity value of 0.83 (95% CI 0.67-0.93). 

Biomarkers of Mucosal Healing/Treatment Response 

• There is potential to use biomarkers to assess mucosal healing following medical 
therapy or surgery and to predict the likelihood of relapse (Lewis, 2011) 

• Calprotectin decreases (below 50 µg/g) and lactoferrin decreases with UC or CD 
remission (45 patients) (Røseth et al., 2004) 

• Calprotectin and lactoferrin decrease in similar small sized studies in patients with UC 
or CD after anti-TNF therapies (Sipponen et al., 2010) (Sipponen et al., 2008b) 

• Prometheus Monitr Test of 13 biomarkers 

Patient Selection Biomarkers 

• In contrast to the observed moderate endoscopic remission rates with anti-TNF agents 
in current clinical practice, remission rates may be improved by prioritizing anti-TNF 
therapy to those patients with low TREM1 expression (Verstockt et al., 2019) 

Biomarkers of Relapse 

• 79 patient study (38 CD, 41 UC) (Costa et al., 2005) 
o The multivariate Cox (proportional hazard) regression model, after adjustment 

for possible confounding variables, showed a twofold and 14-fold increase in the 
relapse risk, respectively, in those patients with CD and UC in clinical remission 
who had a fecal calprotectin concentration higher than 150 microg/g. 

o Increased levels of fecal calprotectin had a positive-predictive value of 81% and 
a negative-predictive value of 90% for relapse of UC; in patients with CD, the 
positive predictive value was 87% and the negative-predictive value was 43% 

• 169 patient study (89 CD, 74 UC) (Gisbert et al., 2009) 
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o Calprotectin concentrations in patients who suffered a relapse were higher than 
in nonrelapsing patients (239 +/- 150 versus 136 +/- 158 microg/g; P < 0.001). 
Relapse risk was higher in patients having high (>150 microg/g) calprotectin 
concentrations (30% versus 7.8%; P < 0.001) or positive lactoferrin (25% versus 
10%; P < 0.05). Fecal calprotectin (>150 microg/g) sensitivity and specificity to 
predict relapse were 69% and 69%, respectively. Corresponding values for 
lactoferrin were 62% and 65%, respectively. The area under the receiver 
operating characteristic curve to predict relapse using calprotectin 
determination was 0.73 (0.69 for UC and 0.77 for CD). Better results were 
obtained when only colonic CD disease or only relapses during the first 3 months 
were considered (100% sensitivity). High fecal calprotectin levels or lactoferrin 
positivity was associated with clinical relapse in Kaplan-Meier survival analysis, 
and both fecal tests were associated with relapse in the multivariate analysis. 

o This may be limited to measurements taken shortly after remission than 
increases measured 6 months or more after remission (Lewis, 2011) 

Biomarkers to Select Patients for Endoscopic Evaluation 

• Calprotectin 
o Meta-analysis of 6 studies (van Rheenen et al., 2010) 

 The sensitivity and specificity for identification of IBD in adults were 93% 
and 96%, respectively. In children, the test's sensitivity was 92% but the 
specificity was only 76% 

 The authors conclude that using these tests to choose what patients 
require further testing reduces the need for endoscopy or radiology tests 
in a large portion of patients but would delay the diagnosis of IBD in 6% 
and 8% of the adults and children with disease, respectively. 

Biomarkers of Treatment Resistance 

IL-6 (Soendergaard et al., 2018) 

Vedolizumab (anti-integrin therapy) subsequent to the failure of anti-TNF treatment  

• A retrospective single-centre cohort study of 28 patients with inflammatory bowel 
disease (IBD) receiving anti-integrin therapy (vedolizumab) subsequent to the failure of 
anti-TNF treatment was conducted. Blood samples were obtained immediately prior to 
initiation of vedolizumab therapy, and the response to treatment was evaluated after 
completion of the 14-week induction regimen. Multiplex ELISA was applied to quantify 
47 preselected plasma proteins based on their putative involvement in the 
inflammatory process in IBD 

• Anti-TNF and vedolizumab non-responders (n=20) had significantly higher levels of 
circulating interleukin (IL)-6 than anti-TNF non-responders with subsequent response to 
vedolizumab (n=8): median 9.5 pg/mL versus 5.9 pg/mL, p<0.05. Following stratification 
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by diagnosis, patients with Crohn's disease who failed vedolizumab therapy (n=7) had 
higher soluble CD40 ligand (sCD40L) than responders (n=4): 153.0 pg/mL versus 
45.5 pg/mL, p<0.01; sensitivity 100% (95% CI 59% to 100%), specificity 100% (95% CI 
40% to 100%). Osteocalcin was higher among patients with ulcerative colitis responding 
to vedolizumab (n=4) compared with those not responding (n=13): 4219 pg/mL versus 
2823 pg/mL, p=0.01; sensitivity 85% (95% CI 55% to 98%), specificity 100% (95% CI 40% 
to 100%). 

• Conclusion: Patients with IBD failing vedolizumab induction and anti-TNF therapy have 
persistent IL-6 pathway activity, which could be a potential alternative treatment target. 
sCD40L, osteocalcin and the IL-6 pathway activity might be predictors for response to 
vedolizumab. 

Biomarkers of Treatment Response 

• Treatment failure with unknown etiology in up to 30% of patients treated with 
monoclonal chimeric antibodies to TNF (infliximab) 

• Lower response rate among patients with CD treated with infliximab who had positive 
test for pANCA; 59 patients (Taylor et al., 2001) 

• Combination of stool frequency and CRP levels on the third day of therapy predicted 
failure to respond to intravenous steroids; 49 patients (Travis et al., 1996) 

• Trend toward non-response to anti-TNF antibody treatment in Crohn's disease in 
pANCA+ /ASCA- patients; 279 CD patients (Esters et al., 2002) 

• Patients who were pANCA+/ASCA- had a significantly lower early clinical response to 
infliximab (55% versus 76%; odds ratio [OR] = 0.40 (0.16–0.99), P = 0.049); 100 patients 
(Ferrante et al., 2007) 

• CTE findings and fecal calprotectin levels correlated with endoscopic activity in CD both 
at diagnosis and at 1-year follow up. These two noninvasive markers of disease activity 
may be used as an alternative to endoscopy to monitor disease response to therapy 
(Lopes et al., 2018) 

Biomarker Assay Information 
Fecal calprotectin testing for differentiating amongst inflammatory and non-inflammatory 
bowel diseases: systematic review and economic evaluation. Appendix 3: Description of 
different tests https://www.ncbi.nlm.nih.gov/books/NBK261315/  

EK-CAL 

This ELISA kit is manufactured by Bühlmann Laboratories (Schönenbuch, Switzerland). It is used 
for extraction and quantitative determination of FC levels. It has a CE mark. 

A monoclonal antibody is used. 

https://www.ncbi.nlm.nih.gov/books/NBK261315/
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The assay can be performed in two different ways, based on the expected FC levels. The low-
range ELISA procedure can be used for FC levels up to 600 µg/g (range 10–600 µg/g) and the 
extended range ELISA procedure for FC levels of up to 1800 µg/g (range 30–1800 µg/g). 

The cut-off level is 50 µg/g for both adults and children aged between 4 and 17 years. 

URL: www.buhlmannlabs.ch/files/documents/core/Inflammation/ifu/ek-cal-ifu-ce-
121120.pdf (last accessed 19 July 2013) 

Calprest 

This is an ELISA kit developed by Eurospital Spa (Trieste, Italy). 

CE mark – not mentioned in NICE scoping documents. 

The cut-off level is 50 mg/kg. The manufacturer suggests retesting after a short period of time 
in patients with FC levels of between 50 and 100 mg/kg. The FC level of above 50 mg/kg is 
considered as positive. 

URL: www.calprotectintest.com/english/calprest.html (last accessed 19 July 2013) 

Quantum Blue 

This is a rapid test manufactured by Bühlmann Laboratories. There are two types of Bühlmann 
rapid tests: (1) the lower range Quantum Blue LF CAL (30–300 µg/g) and (2) the high-range 
Quantum Blue LF-CHR (100–1800 µg/g). The LF-CAL is designed for distinguishing between OBD 
and non-organic, or to exclude IBD. The cut-off value of this test is 50 µg/g. The LF-CHR test is 
follow-up of IBD patients during their therapy. 

There are two parts: the test cartridge (to load the stool sample) and the reader. The reader is 
used to read quantitative concentration of FC. The results are available within 12–15 minutes – 
calprotectin µg/g. 

The manufacturer recommends re-testing samples if results are between 30 and 70 µg/g. This 
zone is regarded as ‘grey zone’ and corresponds to the 2.5th–97.5th percentile of imprecision 
around the cut-off of 50 µg/g. 

URL: www.buhlmannlabs.ch/core/quantum-blue/ (last accessed 19 July 2013) 

PreventID CalDetect 

This is a semiquantitative immunochromatographic rapid test manufactured by Preventis, 
GmbH (Bensheim, Germany). 

The result is interpreted in about 10 minutes. 

If there is a solid red control (C) line, then it indicates the test has run correctly. The next test 
bands (T1, T2, T3) will depend on the concentration of calprotectin. If C, T1 and T2 are visible 
then it indicates a calprotectin concentration of between 15 and 60 µg/g. If all of the test bands 
(C, T1, T2 and T3) are visible then it indicates a calprotectin concentration of > 60 µg/g. 

http://www.buhlmannlabs.ch/files/documents/core/Inflammation/ifu/ek-cal-ifu-ce-121120.pdf
http://www.buhlmannlabs.ch/files/documents/core/Inflammation/ifu/ek-cal-ifu-ce-121120.pdf
http://www.calprotectintest.com/english/calprest.html
http://www.buhlmannlabs.ch/core/quantum-blue/
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If the control band (C) remains blue or only a test band (T) is visible, then the test is invalid. 

URL: www.preventis-online.de/fileadmin/pdf/checksEngl/CalDetect_engl.pdf (last accessed 19 
July 2013) 

FDA Cleared Biomarker Assays 
Fecal Calprotectin 

• Prometheus Monitr Test of 12 biomarkers 
• https://www.accessdata.fda.gov/cdrh_docs/reviews/K170993.pdf   

Calprotectin, Fecal 

510(K) Number K170993 
Device Name QUANTA Flash Calprotectin Reagents, QUANTA Flash Calprotectin Calibrators, 

QUANTA Flash Calprotectin Controls, QUANTA Flash Calprotectin Extraction Buffer 
Applicant Inova Diagnostics, Inc. 

9900 Old Grove Road 
San Diego, CA  92131 -1638 
 

Applicant Contact Roger Albesa 
Correspondent Inova Diagnostics, Inc. 

9900 Old Grove Road 
San Diego, CA  92131 -1638 
 

Correspondent Contact Roger Albesa 
Regulation Number 866.5180 

Classification Product Code NXO   
 

Subsequent Product Code JIT   
 

Date Received 04/03/2017 
Decision Date 12/22/2017 
Decision Substantially Equivalent (SESE) 
Regulation Medical 
Specialty Immunology 

510k Review Panel Immunology 
Summary Summary 

FDA Review Decision Summary 

Type Traditional 
Reviewed By Third Party No 
Combination Product No 

  

http://www.preventis-online.de/fileadmin/pdf/checksEngl/CalDetect_engl.pdf
https://www.accessdata.fda.gov/cdrh_docs/reviews/K170993.pdf
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpcd/classification.cfm?start_search=1&productcode=NXO
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=866.5180
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpcd/classification.cfm?start_search=1&productcode=NXO
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfpcd/classification.cfm?start_search=1&productcode=JIT
http://www.accessdata.fda.gov/cdrh_docs/pdf17/K170993.pdf
http://www.accessdata.fda.gov/cdrh_docs/reviews/K170993.pdf
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Review Articles 
Practical guidance on the use of fecal calprotectin (Brookes et al., 2018) 

Surrogate Fecal Biomarkers in Inflammatory Bowel Disease: Rivals or Complementary Tools of 
Fecal Calprotectin? (Di Ruscio et al., 2017) 

Biomarkers in the Management of Crohn’s Disease (Details the need for systematic review of CD 
biomarkers in order to support their use in clinical practice) (Khanna and Seow, 2018) 

Fecal calprotectin testing for differentiating amongst inflammatory and non-inflammatory 
bowel diseases: systematic review and economic evaluation (Health Technology Assessment, No. 
17.55. Waugh N) 
 

2018/2019 Conferences 
Crohn’s and Colitis Congress: A partnership of the Crohn’s and Colitis Foundation and the 
American Gastroenterological Association 

February 7-9, 2019 At the Bellagio in Las Vegas, NV 
http://www.crohnscolitiscongress.org/CCC1/Public/Enter.aspx  

Inflammatory Bowel Diseases 13th Congress of ECCO 

 European Crohn’s and Colitis Organization (ECCO) 
March 6-9, 2019 Copenhagen 

 https://www.ecco-ibd.eu/ecco19  
 

Digestive Disease Week 

 San Diego Convention Center | San Diego, CA 
 May 18-21, 2019 
 http://www.ddw.org/home 
 

World Congress of Gastroenterology 2019 

WGO and The Turkish Society of Gastroenterology (TSG) 
September 21, 2019 - September 24, 2019 
Istanbul, Turkey 

http://www.worldgastroenterology.org/ 

Advances in Inflammatory Bowel Disease 

Imedex & HMP 
December 13 –15, 2018 
Orlando Florida 

http://www.crohnscolitiscongress.org/CCC1/Public/Enter.aspx
https://www.ecco-ibd.eu/ecco19
http://www.ddw.org/home
http://www.worldgastroenterology.org/
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https://www.advancesinibd.com/ 

JDDW 2018 - Japan Digestive Disease Week 2018 

Organization of JDDW  
November 1, 2018 - November 4, 2018 
Kobe, Hyogo, Japan 
http://www.jddw.jp/english/index.html 

 

https://www.medical.theconferencewebsite.com/conferences/gastroenterology  

Other Information 
The 1000IBD project: multi-omics data of 1000 inflammatory bowel disease patients; data 
release 1. (Imhann et al., 2019) 

We initiated the 1000IBD project to prospectively follow more than 1000 IBD patients from the 
Northern provinces of the Netherlands. For these patients, we have collected a uniquely large 
number of phenotypes and generated multi-omics profiles. To date, 1215 participants have 
been enrolled in the project and enrolment is on-going. Phenotype data collected for these 
participants includes information on dietary and environmental factors, drug responses and 
adverse drug events. Genome information has been generated using genotyping (ImmunoChip, 
Global Screening Array and HumanExomeChip) and sequencing (whole exome sequencing and 
targeted resequencing of IBD susceptibility loci), transcriptome information generated using 
RNA-sequencing of intestinal biopsies and microbiome information generated using both 
sequencing of the 16S rRNA gene and whole genome shotgun metagenomic sequencing. 

https://1000ibd.org/ 

 

Biomarker-Based Models Outperform PROs 

(Derwa et al., 2018) 

• Almost half of all patients with CD who underwent escalation of medical treatment did 
not have evidence of mucosal inflammation, as defined by fecal calprotectin (FC) ≥ 250 
µg/g, which is of particular importance given the lack of efficacy of some of these drugs 
in patients with a limited inflammatory burden. 

• Almost 60% of investigations requested for disease activity assessment on the basis of a 
physician’s global assessment could have been avoided. 

• The introduction of routine point-of-care FC testing could, potentially, improve the 
appropriateness of clinical decision making, streamline resource allocation, reduce 
adverse events associated with injudicious use of medications, and reduce costs. 

https://www.advancesinibd.com/
http://www.jddw.jp/english/index.html
https://www.medical.theconferencewebsite.com/conferences/gastroenterology
https://1000ibd.org/
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(Morris et al., 2018) 

• PRO+ model includes hematocrit, FC and CRP 
• Inclusion of biomarkers, such as FC and hsCRP, into disease activity scores improves 

model prediction of endoscopic disease activity 
• The PRO+ model outperformed both the CDAI and PRO-exclusive model in predicting 

the SES-CD in a heterogeneous sample of CD patients, and the PRO-exclusive model 
outperformed the CDAI. The use of FC alone to predict SES-CD was more accurate than 
the PRO-exclusive model. 

• This study confirmed that CDAI is an unreliable surrogate of intestinal inflammatory 
disease activity, evaluated the accuracy of new PRO and PRO+ models to predict 
endoscopic inflammatory disease activity 

• Modest correlations between the SES-CD and serological and fecal biomarkers have 
been observed in previous studies, suggesting that 1 biomarker alone may not be 
reliable as a surrogate biomarker of endoscopic disease activity. 

• The predictive accuracy of the PRO+ model highlights the importance of including model 
variables that are both objective and patient-derived in nature to most accurately 
reflect endoscopic disease activity. The combination of these variables appears to 
outperform traditional validated measures (CDAI) as well as measures using solely 
objective biomarkers of intestinal inflammation.  
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