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Abstract

Background & Aims: There are few serum biomarkers to identify patients with Crohn’s disease
(CD) who are at risk for stricture development. The extracellular matrix components, collagen
type Il alpha 1 chain (COL3A1) and cartilage oligomeric matrix protein (COMP), could
contribute to intestinal fibrosis. We investigated whether children with inflammatory CD (B1) who
later develop strictures (B2) have increased plasma levels of COL3A1 or COMP at diagnosis,
compared to children who remain B1. We compared results to previously studied biomarkers,
including autoantibodies against colony stimulating factor 2 (CSF2).

Methods: We selected 161 subjects (mean age, 12.2 years; 62% male) from the Risk
Stratification and Identification of Immunogenic and Microbial Markers of Rapid Disease
Progression in Children with Crohn’s cohort, completed at 28 sites in the United States and
Canada from 2008 through 2012. The children underwent colonoscopy and upper endoscopy at
diagnosis and were followed every 6 months for 36 months; plasma samples were collected at
baseline. Based on CD phenotype, children were separated to group 1 (B1 phenotype at diagnosis
and follow up), group 2 (B2 phenotype at diagnosis), or group 3 (B1 phenotype at diagnosis who
developed strictures during follow up). Plasma samples were collected from patients and 40
children without inflammatory bowel disease (controls) at baseline and analyzed by ELISA to
measure COL3A1 and COMP. These results were compared with those from a previous biomarker
study. Kruskal-Wallis test and pairwise Dunn’s tests with Bonferroni correction were used to
compare differences among groups.

Results: The median baseline concentration of COL3A1 was significantly higher in plasma from
group 3 vs group 1 (/A<.01) and controls (P=.01). Median baseline plasma concentrations of
COMP did not differ significantly among groups. 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% ClI, 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).

Conclusion: We found median plasma concentrations of COL3A1, measured by ELISA at
diagnosis, to be significantly higher in patients with CD who later developed strictures than in
patients without strictures. The combination of concentrations of COL3A1 and anti-CSF2 might
be used to identify pediatric patients at CD diagnosis who are at risk for future strictures.

Keywords
procollagen I11; IBD; fibrosis; complication; biomarker

Introduction:

Crohn’s disease (CD) has a relapsing and remitting course, during which the bowel is
cyclically injured and potentially repaired and healed. This constant remodeling of the bowel
wall may leave no scar tissue in some patients, but in others may lead to an accumulation of
fibrotic tissue that eventually causes bowel stricturing.: 2 In the RISK cohort, 9% of patients
developed stricturing complications within 3 years of CD diagnosis.3 Other studies have
reported rates of stricturing disease as high as 30-50% within 5 years of CD diagnosis.? 4>
Disease progression from inflammatory to stricturing phenotype is more severe and rapid in
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children compared to adults.® The presence of stricturing disease is associated with a 4-5
times higher risk for surgical resection in adults and 3 times higher risk in children.” 8 The
fibrotic tissue consists primarily of collagen fibrils, and increased collagen deposition is
associated with fibrosis in other diseases.?

Extracellular matrix (ECM) components play a vital role in the development of intestinal
fibrosis and strictures in Crohn’s disease.1? Collagens I and 111 are the major ECM proteins
implicated in intestinal fibrosis.11 Genes involved in extracellular matrix accumulation,
including collagens, are upregulated in pediatric patients with inflammatory (B1) disease
who later develop stricturing (B2) disease.3

Terminal propeptides are cleaved from procollagen once secreted into the ECM and have
been used to estimate the rate of collagen formation.12 Collagen type 111 alpha 1 chain
(COL3AL), also called procollagen 111 N-terminal propeptide, concentrations were
significantly decreased in CD patients after surgical resection of intestinal strictures.13 In
IBD patients undergoing surgical bowel stricture resection, splanchnic COL3A1 was
elevated, showing a positive gradient between peripheral circulation and mesenteric veins
draining the affected intestinal segments.14 COL3A1 was used as part of a biomarker panel
to predict hepatic fibrosis with 92% specificity® Cartilage oligomeric matrix protein
(COMP) binds with high affinity to collagen I and I, which plays an important role in
collagen fibril formation.16 Clinically, COMP has been associated with skin, liver and lung
fibrosis.17-20,

Other potential circulating biomarkers for predicting CD phenotypes include anti-
Saccharomyces cerevisiae antibodies (ASCA) 1gG and IgA, perinuclear anti-neutrophil
cytoplasmic antibodies (PANCA), anti-CBirl (anti-flagellin), anti-outer membrane protein C
precursor (OmpC) and autoantibodies against colony stimulating factor 2 (anti-CSF2) .
ASCA 1gG and IgA, anti-CBirl, and anti-CSF2 were associated with stricturing disease in
the recently published Risk Stratification and Identification of Immunogenic and Microbial
Markers of Rapid Disease Progression in Children with Crohn’s (RISK) study.3

Currently only ASCA and CBirl serologies are used in a clinical setting to predict the risk
for development of strictures in patients with inflammatory (B1) Crohn’s disease. Our study
aims to evaluate the predictive utility of circulating biomarkers including COL3A1 and
COMP along with other previously studied serology markers in the development of CD
strictures. For any prediction studies, a prospective inception cohort is necessary with the
availability of the biomarker at baseline before the event occurs with accurate phenotyping,
hence the RISK cohort was used. We examined the association of stricturing complications
and COL3A1 and COMP plasma concentrations at diagnosis in this same Crohn’s disease
cohort.

Patient Population and Classification.

Subjects were selected from the RISK cohort. The RISK cohort is a multicenter pediatric
Crohn’s disease inception cohort where treatment naive patients less than 18 years of age
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were enrolled at 28 sites in the U.S. and Canada from 2008-2012 (Clinical Trials.gov
identifier NCT00790543). Subjects were accurately phenotyped with colonoscopy and upper
endoscopy at diagnosis and over 80% had cross-sectional imaging. They were followed
prospectively every 6 months for 36 months. Follow up endoscopy and imaging to detect
suspected intestinal stricture or fibrosis was at the discretion of the individual investigator.
Two large audits were conducted to clean the data and resolve or exclude questionable or
indeterminate phenotypes. The Montreal classification system was used for phenotyping,
where a stricturing disease (B2) was defined as luminal narrowing with pre-stenotic dilation
by imaging and inflammatory phenotype was defined as no evidence of B2 or internal
penetrating behavior (B3).2

Within this RISK cohort, we separated subjects into 3 main groups (Figure 1). Group 1
included children with inflammatory or B1 phenotype at diagnosis who never developed B2
disease, group 2 included children with stricturing or B2 phenotype at diagnosis, and group
3 included children with B1 phenotype at diagnosis who developed strictures (B2) at any
time 90 days or more after diagnosis during the 36-month follow up. Controls were children
who presented to outpatient clinics at RISK sites and had normal gross and histological
findings on upper and lower endoscopy excluding IBD as a diagnosis. A separate
exploratory group (Group 4) was identified for further investigation of COL3AL variability.
This group included children who developed strictures during follow-up and had plasma
collected at a follow-up visit that occurred within 90 days of stricture diagnosis. Group 4
was not directly comparable with the other groups as there was no baseline data or serum
collected.

Demographic data including age, sex, race, and Tanner stage was collected from each
subject at diagnosis. C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) and
physician global assessment (PGA) were collected from each subject at diagnosis and used
to estimate disease activity. Anti-Saccharomyces cerevisiae antibodies (ASCA) 1gG and
IgA, perinuclear anti-neutrophil cytoplasmic antibodies (pPANCA), anti-CBirl (anti-
flagellin), antiouter membrane protein C precursor (OmpC) and autoantibodies against
colony stimulating factor 2 (anti-CSF2)were performed at Cedars-Sinai Hospital (Los
Angeles, CA, USA) and Cincinnati Children’s Hospital Medical Center (OH, USA). ELISA
for COL3A1 (Biomatik EKU06786, Wilmington, DE, USA) and COMP (BioVendor,
Candler, NC, USA) was performed on plasma of the 3 main groups and 40 children without
IBD (controls) at baseline. ELISA was performed on Group 4 plasma from follow up visits.
ELISAs for COL3A1 were performed at Emory University (Atlanta, GA) and for COMP at
the University of Michigan (Ann Arbor, Ml).

Statistical Analysis.

Descriptive statistics of the baseline characteristics and predictors using medians with 25t
and 75™ percentiles for continuous variables and N with percentage for categorical variables
were summarized by CD groups. Due to the skewed distribution usually seen in lab
measurements, non-parametric Kruskal-Wallis test was used for testing overall among-group
difference in the continuous (or ordinal) variables. If a significant p-value from the Kruskal-
Wallis test is identified, Dunn’s test for pairwise comparisons with Bonferroni multiple
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adjustment is then performed. Chi-square tests were used for categorical variables. The
discriminant power of the biomarkers for stricture development were evaluated directly
using Area under the Receiver Operating Characteristic curve (AUC of ROC), sensitivity
and specificity. DeLong’s test was used for comparing two correlated ROC curves. We also
used logistic regression and Classification and Regression Trees (CART) methods to build a
multivariable discriminant model. The continuously measured discriminants were also tested
for their dichotomized version using the cutoffs suggested by the CART models. Graphical
presentations such as ROC curves were also provided to help visualize the data and the
models.

Crohn’s disease groups and controls were not statistically different for age, sex, and race
(Table 1). Controls were healthy with normal ESR, CRP and higher tanner stage. Disease
burden among the CD groups was similar, with no significant difference in PGA (p=0.66)
and CRP (p=0.22). The median ESR and CRP in all three CD groups were significantly
different from the control group (all p<0.01). Plasma COL3AL1 concentration (Table 2) was
significantly higher in subjects who developed strictures during follow-up (group 3) when
compared to subjects who never developed strictures (2294 vs 1763 pg/mL; p<0.01) and
controls (2294 vs 1739 pg/mL; p=0.01). COL3A1 concentration in plasma collected within
90 days of stricture diagnosis (exploratory group 4) was not statistically different than
baseline COL3AL concentration in group 3, where subjects developed stricture at any time
during 36 month follow up (2444 vs 2293 pg/mL). Plasma COL3A1 did not correlate with
CRP or ESR as displayed in the Figure 2 scatter plots.

Plasma COMP concentration in group 3 (Table 2), on the contrary, was not significantly
different from group 1 (78 vs 89 ng/mL, p>0.99), group 2 (78 vs 55 ng/mL, p=0.07) or the
controls (78 vs 58 ng/mL, p=0.46) after Bonferroni adjustment (sub-table 2).

Figure 3 shows the ROC curves with their AUCs when using COL3A1, COMP, clinical
burden variables (left panel) and serology markers (right panel) individually to differentiate
group 3 from group 1 patients. Although COL3AL1 alone gives numerically the highest AUC
value (0.687 with 95% CI of [0.571, 0.79]), the performance from all the serologic
predictors are fairly close. COL3AL and anti-CSF2 individually had similar discriminant
power for stricture development both with AUC 0.69 (95%CI 0.57, 0.79). Table 3 shows
detailed performance of these individual predictors in predicting group 3 from group 1. The
sensitivity and specificity are all unbalanced. COL3A1 and anti-CSF2 independently being
the most promising predictors is verified by classification and regression tree (CART)
method (Figure 4). To build a better classification model considering the limited sample
sizes, a parsimonious model is desired. We further use logistic regressions with these two
predictors as binary variables (thickened black line in Figure 3 and Table 5), where the
cutoff values for COL3A1 (1039) and anti-CSF2 (1.6) were suggested by CART. This
simple classification model gave better performance with AUC of 0.80 (95%CI [0.71-0.89])
in predicting the subjects who developed stricture during follow-up versus patients
remaining B1 phenotype. Comparing the ROC curve of this model and that of COL3A1
alone, the difference is not statistical significant (p=0.12), but it is significantly better than
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that of anti- CSF2 alone (p=0.035). This model also improves the balance between
sensitivity (0.70, 95% CI [0.55, 0.83]) and specificity (0.83, 95% CI [0.67, 0.93]).

Discussion:

The RISK cohort recruited a large sample of 1100 CD subjects at diagnosis with baseline
plasma samples and other biomaterials and followed these patients prospectively for 36
months. Utilizing this unique resource, we have shown that baseline plasma COL3A1
concentrations are significantly elevated in subjects diagnosed as inflammatory (B1)
Crohn’s disease who go on to develop strictures, as compared to subjects who remain B1
and healthy controls. These results are supported by the known pathogenesis of excess
collagen deposition leading to tissue fibrosis.

Plasma COL3A1 was not elevated in subjects who presented with stricture at diagnosis
compared to B1 patients and controls. This may be due to a decrease in active ECM
degradation and production once a certain amount of bowel scarring has occurred. It is
difficult to know when the process of bowel wall injury and remodeling began in patients
who present with stricture. Stricture formation could occur over weeks to months or even
years in certain patients. If active ECM degradation and production must be occurring for
circulating COL3A1 to be detected, and so called “cold” or “mature” strictures are no longer
undergoing this cyclical activity, than COL3AL would not be elevated in patients with these
types of mature strictures. This would suggest that COL3A1 may be a marker of active
fibrogenesis and/or contribute to remodeling. When studied in combination, the ratio of
COL3A1 to matrix metalloproteinase-9 (a marker of type 111 collagen degradation) has been
shown to differentiate stricturing disease from penetrating disease.?2 This is an important
finding as mature strictures are identifiable with available imaging modalities, while early,
active stricture formation may be missed by imaging, even with very experienced
radiologists. Therefore, COL3A1 and other collagen markers may be useful to detect early,
active fibrosis before a more clinically evident stricture forms.

Granulocyte macrophage colony-stimulating factor (GM-CSF) is a cytokine that promotes
myeloid cell development and maturation, as well as intestinal epithelial wound healing.
Colony stimulating factor 2 (CSF2) auto antibodies have been shown to impair neutrophil
killing, increase rates of intestinal resection and accelerate surgical recurrence of Crohn’s
disease.23-2% There is an association of serum anti-CSF2 in pediatric patients with IBD and
their siblings, suggesting a possible genetic basis for variation in these antibodies.2 In our
subjects, anti-CSF2 was the most predictive of stricture development of all the biomarkers
studied. When anti-CSF2 antibodies were evaluated in a combined classification model with
COL3A1, the AUC approached 0.8.

Surprisingly, COMP was highest in the B1 group that never developed stricture (Group 1),
suggesting it may correlate with degree of mucosal inflammation rather than specify
fibrosis. However, COMP did not correlate with markers of systemic inflammation, CRP or
ESR. COMP plays a role in ECM structure, myofibroblast proliferation and collagen
secretion, and has been shown to be overexpressed in fibrotic diseases of the skin, joints,
lungs and liver.17-20. 27 Circulating serum COMP were elevated in adult patients with B2
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phenotype as compared to B1; however, these results have not been replicated in children.28
COMP expression is increased in normal growth phases, especially long bone growth and
development and may explain elevated levels in healthy or less-ill children. Bone growth
may be a confounder for using COMP in the pediatric population, but even when controlling
for age and Tanner stage, we were not able to demonstrate a difference in our phenotype
groups. More research is needed to better understand the functions of this matrix protein and
how it may reflect bowel fibrosis, systemic illness and bone growth.

It is unlikely that a single circulating biomarker will emerge as a clinical tool for prediction
of strictures in CD. Focusing efforts on a combination panel to quickly identify individuals
‘at risk’ for the maturation of fibrosis leading to stricture and bowel resection may be a more
readily attainable, incremental step towards biomarkers of fibrosis. COL3A1 is more
sensitive and specific for stricture development than any clinical assessment tools being used
currently, including inflammatory markers (ESR, CRP) and clinical disease assessments
(PGA). When combined with anti-CSF2, COL3A1 had improved sensitivity and specificity
with AUC approaching 0.8. We believe at present COL3A1 may be used to heighten
clinician awareness that certain patients may be higher risk for stricture development and
require closer monitoring with imaging and endoscopy rather than definitively diagnosing
the absence or presence of bowel stricture. We know that over the past two decades the rates
of surgery in pediatric and adult CD patients have not changed at the population levels,
despite the introduction of multiple new therapies.> 29 While anti-tumor necrosis factor
drugs are very effective in treating inflammatory CD phenotypes and preventing the
development of B3 (internal penetrating) disease, they may not be as effective in stricturing
or fibrostenotic disease.3 Although intestinal fibrosis may not currently be preventable,
COL3AL1 could be used as another tool to risk-stratify patients at diagnosis and set
expectations for disease course. ldentifying patients with B2 phenotypes before a clinical
stricture develops, and then tailoring anti-fibrotic therapy to prevent disease is the future of
CD treatment.

Our study was limited by the relatively small sample size within each CD phenotype. While
the RISK cohort was enrolled prospectively, COL3A1 and COMP concentrations were
performed retrospectively, after the completion of the original study. Stricturing disease was
not centrally defined in the RISK study but diagnosed using a combination of imaging and
endoscopic modalities by clinicians at each individual site. This likely led to more
heterogeneity within the B2 phenotype subjects.

In conclusion, we showed that plasma COL3A1 concentration was significantly elevated in
children with B1 Crohn’s disease phenotype at diagnosis who developed strictures (B2)
during 36 month follow up as compared to patients who remain B1 and controls. In a
combined classification model, COL3A1 and anti-CSF2 were sensitive and specific for
stricture development. We speculate that circulating serum COL3AL, in conjunction with
clinical data and other biomarkers, may be useful to predict the development of strictures in
patients with Crohn’s disease.
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“What You Need To Know”

Background: Genes involved in extracellular matrix (ECM) accumulation are
upregulated in children with Crohn’s disease (CD) who develop strictures. Collagen type
111 alpha 1 chain (COL3AL1) is an ECM component previously studied in structuring
diseases.

Findings: COL3AL1 was elevated at CD diagnosis in subjects who later developed
strictures as compared to those who did not. Together, COL3A1 and granulocyte
macrophage colony- stimulating factor auto-antibodies had an AUC of 0.79 when
differentiating inflammatory and stricturing CD.

Implications for patient care: Along with clinical data, a panel of serologies including
COL3A1, may be useful to stratify patient risk for stricturing complications at CD
diagnosis and guide disease monitoring protocol.
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GROUP 3

Figure 1: Description of CD phenotype group
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Figure 2: Scatter plot of COL3A1 with CRP (mg/L) and ESR (mm/hr)
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Figure 3: ROC curves of various prediction models. Left panel: comparison of COL3A1 and
clinical disease burden variables in prediction of group 1 vs. group 3. Right panel: comparison of
prediction models using each serological marker vs. the model with COL3A1 + anti-CSF2.

COL3A1 = collagen type Il alpha 1 chain, COMP = cartilage oligomeric matrix protein,
PGA = Physician Global Assessment, ESR = erythrocyte sedimentation rate, CRP = C-
reactive protein, anti-CSF2 = colony stimulating factor 2 antibodies, ASCA = anti-
Saccharomyces cerevisiae antibodies, OmpC = anti-outer membrane protein C precursor,
CBir = anti-flagellin, ANCA = perinuclear anti-neutrophil cytoplasmic antibodies
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Figure 4. Prediction model using classification and regression tree (CART) method.

If a patient is evaluated as True for the condition at each level, s/he will be passed to the left
side of the split, otherwise to the right side of the split. At the end of each branch, the group
membership listed is the prediction label (predicted class using the criteria specified by that
route). The numbers below the prediction label are the number of patients being predicted as
the prediction label but actually belong to Group 1 and Group 3 separated by a slash. For
example, the far-right route means with COL3A1>1039 and anti-CSF2 > 1.544, 40 patients
were classified as Group 3 but only 33 of them are truly belong to Group 3.
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Model information of the prediction model using dichotomized COL3Aland anti-CSF2 (the last row in Table

Table 5:

3).
Data Predictor Odds Ratio (95% CI) | p-value
Group 3vs. Group 1 (N=87) | COL3A1 (=21039) vs. COL3A1 (<1039) | 19.17 (4.47,137.04) 0.0004

anti-CSF2 (=1.6) vs. anti-CSF2 (<1.6) 4.63 (1.73, 13.45) 0.0032

COL3AL = collagen type 111 alpha 1 chain, Anti-CSF2 = autoantibodies against colony stimulating factor 2
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