
1

Vol.:(0123456789)

Scientific Reports |        (2021) 11:14713  | https://doi.org/10.1038/s41598-021-94321-2

www.nature.com/scientificreports

Endotrophin and C6Ma3, 
serological biomarkers of type 
VI collagen remodelling, reflect 
endoscopic and clinical disease 
activity in IBD
Majken Lindholm1,2*, Line E. Godskesen2, Tina Manon‑Jensen1, Jens Kjeldsen2, 
Aleksander Krag2, Morten A. Karsdal1 & Joachim H. Mortensen1*

In inflammatory bowel disease (IBD), the chronic inflammation deeply affects the intestinal 
extracellular matrix. The aim of this study was to investigate if remodeling of the intestinal basement 
membrane type VI collagen was associated with pathophysiological changes in Crohn’s disease (CD) 
and ulcerative colitis (UC). Serum from IBD patients (CD: n = 65; UC: n = 107; irritable bowel syndrome: 
n = 18; healthy subjects: n = 20) was investigated in this study. The serological biomarkers C6Ma3 (a 
matrix metalloproteinase (MMP) generated fragment of the type VI collagen α3 chain) and PRO-C6, 
also called endotrophin (the C-terminus of the released C5 domain of the type VI collagen α3 chain) 
were measured by ELISAs. Serum C6Ma3 was increased in CD patients with moderate to severe 
and mild endoscopically active disease compared to endoscopic remission (p = 0.002, p = 0.0048), 
respectively, and could distinguish endoscopically active disease from remission with an AUC of 1.0 
(sensitivity: 100%, specificity: 100%) (p < 0.0001), which was superior to CRP. C6Ma3 was increased 
in CD patients with moderate to severe clinical disease compared to mild and remission (p = 0.04; 
p = 0.009). Serum PRO-C6, endotrophin, was increased in CD patients in clinically remission compared 
to mild disease (p = 0.04) and moderate to severe disease (p = 0.065). In UC, fecal calprotectin was the 
only marker that alone could distinguish both clinical and endoscopic active and inactive disease. 
Type VI collagen degradation of the α3 chain mediated by MMPs was increased in CD patients with 
endoscopically active disease, measured by the serological biomarker C6Ma3, which was able to 
distinguish endoscopically active from inactive CD.

Inflammatory bowel disease (IBD) patients, being Crohn’s disease (CD) and ulcerative colitis (UC) patients, 
experience intestinal tissue damage during their disease course1. The chronic inflammation, which is most severe 
in CD, profoundly affects the intestinal extracellular matrix (ECM), which may manifest as excessive ulcers, 
intestinal stenosis, or fistulas.

In IBD, disease activity assessment is primarily based on clinical symptoms and endoscopy with support 
from biochemical markers. The most used biochemical biomarkers for disease activity assessment are C-reactive 
protein (CRP) and fecal calprotectin (FC)2,3. Evidence suggest that mucosal healing predicts long term remission, 
reduced number of hospitalization, and improved disease control4,5 and since mucosal healing has emerged as 
the treatment goal in IBD, these biochemical biomarkers have been correlated to endoscopic disease activity6. 
Furthermore, the scoring indexes used for endoscopic disease assessment have been evaluated and modified to 
improve the description of intestinal tissue inflammation and damage7. However, there is still no objective and 
generally accepted definition of mucosal healing8, and since it is documented by endoscopy, which is invasive, 
time-consuming, and unpleasant for the patients, non-invasive biomarkers would be valuable in disease monitor-
ing. Biomarkers of the ECM may serve as objective measures of tissue damage and potentially, mucosal healing1.
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ECM remodeling is a normal physiological process, but during inflammation, the remodeling is altered, which 
is predominantly due to a change in the expression and activation of matrix metalloproteinases1,9,10. As a result 
of remodeling, fragments of the ECM can be measured in the circulation of IBD patients. Increased remodeling 
of type I, III, V, VI collagen has already been reported11–15, and degradation of type VI collagen in CD patients 
was associated with CRP > 5 mg/L14. Furthermore, type VI collagen is increased in the intestinal tissue of IBD 
patients, with a marked upregulation in stenotic areas16.

Type VI collagen is highly abundant in the basement membrane of the intestinal epithelial cells (IECs) at the 
entire crypt-villus axis, but also around smooth muscle cells, blood vessels17,18, and in abdominal adipose tissue19. 
Type VI collagen is a regulator of the fibronectin fibrillogenesis and affects IEC morphology and possibly affects 
their behavior by regulating cell-fibronectin interactions18. The type VI collagen monomer is composed of three 
alpha chains (α1, α2, α3)20, with the α3 chain being the largest21,22. The monomers assemble into dimers and 
tetramers intracellularly and are then shed into the extracellular space where they form a characteristic beaded 
microfilament structure23–26. Due to the variety of globular domains at the N- and C-terminus of especially the 
α3 chain, type VI collagen interacts with a variety of ECM proteins27–30, and cells28,31. The C5 domain of the α3 
chain is cleaved off immediately after secretion into the extracellular space32. This domain is called endotrophin 
and can enhance angiogenesis, fibrosis, inflammation, and promote tumor progression33. Therefore, type VI col-
lagen has both structurally and cell-regulating properties26,28. ECM degradation, including type VI collagen, is 
involved in the pathology in UC patients34; still, the influence of type VI collagen in intestinal mucosal damage 
and healing is unknown.

Both PRO-C6 and C6Ma3 are biomarkers of the type VI collagen α3 chain. PRO-C6 reflects the formation of 
the α3 chain, and C6Ma3 reflects the subsequent degradation of the α3 chain35,36. Thus, the two biomarkers meas-
ure different pathophysiological processes of the same protein. The serological biomarker C6Ma3, an MMP-2 and 
MMP-9 generated fragment of the α3 chain of type VI collagen, a neo-epitope, has been shown to be elevated in 
IBD patients and different types of cancers, including colorectal cancer36,37. The serological biomarker of type VI 
collagen formation, PRO-C6 is the C-terminus of the released C5 domain of type VI collagen α3 chain and also 
called endotrophin, which is associated with severity of a variety of diseases38–42. Thus, it is evident that type VI 
collagen remodeling is an important pathological feature in various diseases including IBD. But the relevance 
of type VI collagen remodeling in IBD needs to be validated and further elucidated.

The aim of this study was to investigate if type VI collagen remodeling was associated with pathophysiologi-
cal changes in subgroups of IBD patients. The primary objective was to determine if serum levels of C6Ma3 and 
PRO-C6 were related to endoscopic disease activity.

Materials and methods
Study subjects.  The study subjects were enrolled in a prospective observational study performed at Odense 
University Hospital (ClinicalTrials.gov ID: NCT02612103). The study subjects were CD (n = 65), UC (n = 107), 
irritable bowel syndrome (IBS) patients (n = 18) and healthy subjects (n = 20). The data reported in this paper 
are specifically focused on baseline data on the CD and UC patients with the focus on ECM biomarkers in 
relation to clinical and endoscopic disease activity. The subject characteristics are presented in Table 1. Before 
sample collection, informed signed consent was collected from each study subject. The study was approved by 
the Regional Ethics Committee of Southern Denmark (journal number: S-20150107) and conducted according 
to the Declaration of Helsinki.

Data collection.  The clinical data, blood samples, stool samples, and endoscopies were collected and per-
formed by gastroenterologists at Odense University Hospital, Denmark. The assessment of clinical disease activ-
ity was recorded using the Harvey-Bradshaw Index (HBI) (0–4: remission; 5–7: mild activity; 8–16: moderate 
activity; > 16: severe activity) and the partial Mayo score (< 2: remission; 2–4: mild activity; 5–7: moderate activ-
ity; > 7: severe activity). The IBD patients were classified according to the Montreal classification. The blood 
samples were used for a variety of biochemical analyses carried out at Odense University Hospital. The endo-
scopic score for disease activity was recorded for some of the IBD patients. The Simple Endoscopic Score for 
CD (SES-CD)43 (0–2: remission; 3–6: mild disease activity; 7–15: moderate disease activity, > 16: severe disease 
activity) and Mayo endoscopic subscore44 for UC (0: inactive disease; 1: mild activity, 2: moderate activity, 3: 
severe activity) were applied.

Biomarker measurements.  The serological biomarkers, C6Ma336 and PRO-C635, were measured at Nor-
dic Bioscience (Herlev, Denmark). The biomarkers were measured using solid-phase competitive enzyme-linked 
immunosorbent assays (ELISA). A 100 µL solution of biotinylated antigen in assay buffer was added to 96-well 
streptavidin-coated plates (Roche Diagnostics cat: 11940279) and incubated for 30 min at 20 °C while shaking at 
300 rpm. The standard peptide, kit controls, and serum samples were added to the wells. For the C6Ma3 assay, 
a 100 µL solution of the primary antibody, specific for the C6Ma3 neo-epitope, was added, and the solution was 
incubated for 1 h at 20 °C while shaking at 300 rpm. Afterward, a 100 µL solution of the secondary antibody was 
added to the wells and incubated for 1 h at 20 °C while shaking at 300 rpm. For the PRO-C6 assay, a solution 
of horse-radish peroxidase-conjugated antibody specific for the PRO-C6 neo-epitope was added to the wells 
and incubated at 4 °C for 20 h while shaking 300 rpm. After each incubation, the plates were washed five times 
with washing buffer. One hundred µL of tetramethylbenzidine (TMB) was added to each well and incubated for 
15 min in darkness at 20 °C while shaking at 300 rpm. The reaction was ended by adding 100 µL of stop solution 
(0.1 M H2SO4) to each well. The absorbances were read at 450 nm with 650 nm as reference using a VersaMax 
ELISA microplate reader (Molecular Devices LLC). The standard curve was plotted using a four-parameter 
mathematical fit model.
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Statistical analysis.  Ordinary one-way ANOVA with Tukey’s test for multiple comparisons and Kruskal–
Wallis with Dunn’s test for multiple comparisons were used to test the difference in biomarker levels between 
disease groups, between patients with different clinical disease activity based on the HBI and partial Mayo scores, 
and between patients with different endoscopic disease activity based on SES-CD and Mayo endoscopic scores. 
Due to the small sample size, the CD groups with severe clinical (HBI > 16) and severe endoscopic (SES-CD > 15) 
disease activity were merged with their respective moderate disease activity. Spearman’s rank and Pearson cor-
relations were used to test the biomarkers’ correlation to clinical and endoscopic disease activity. To investigate 
the biomarkers’ ability to distinguish clinically active from inactive CD and UC patients, we grouped the CD 
patients based on HBI: remission (0–4) and active disease (> 5), and the UC patients with the partial Mayo score: 
remission (0–1) and active disease (≥ 2). To investigate the biomarkers’ ability to identify patients with endo-
scopically active disease, patients with endoscopically active disease (SES-CD > 2; Mayo endo > 0) were grouped 
and compared to patients in endoscopic remission (SES-CD = 0–2; Mayo endo = 0). Unpaired t-tests and Mann–
Whitney tests were used to test the difference between biomarker levels in patients that were either in remission 
or had active disease, and the area under the ROC curve analysis was used to test the biomarkers ability to dis-
tinguish these groups. Youden’s J index was used to determine the cut-off in the ROC curve analyses. Spearman 
r correlations were used to identify potential confounding factors and correlations between the ECM biomarkers 
and CRP and FC. Logistic regression models were used to test and adjust for the potential confounding factors 
(age, BMI, gender, smoking). Least squared multiple regression models were applied to investigate the effect of 
combining the biomarkers into one model. p-values < 0.05 were considered statistically significant. GraphPad 

Table 1.   Subject characteristics. HBI: remission (< 5), mild (5–7), moderate (8–16), severe (> 16). Mayo 
partial: remission (< 2), mild (2–4), moderate (5–7), severe (> 7). SES-CD: Simple endoscopic score of Crohn’s 
disease: remission (0–2), mild (3–6), moderate (7–15), severe (> 15). Mayo endo: remission (0), mild (1), 
moderate (2), severe (3). A1: below 16 years, A2: between 17 and 40 years, A3, above 40 years. L1: ileal, L2: 
colonic, L3: ileocolonic, L4: isolate upper disease. B1: non-stricturing, non-penetrating, B2: stricturing, B3: 
penetrating. E1: proctitis, E2: Left sided, E3: extensive. CD Crohn’s disease, UC ulcerative colitis, IBS irritable 
bowel syndrome, HS healthy subjects. a Some patients received more than one treatment.

CD n = 65 UC n = 107 IBS n = 18 HS n = 20

Age

Mean (range) 36.32 [18–76] 45.20 [18–80] 39.0 [21–71] 40.6 [19–68]

Sex

Males (%) 36 [55.4] 62 [57.9] 13 [72.2] 12 [60]

Females (%) 29 [44.6] 45 [42.1] 5 [27.8] 8 [40]

Smoking

Current (%) 19 [29] 9 [8] 2 [11] 1 [5]

Former (%) 17 [26] 48 [45] 3 [17] 5 [25]

Never (%) 28 [43] 50 [47] 13 [72] 14 [70]

BMI 25 [16–51] 26 [17–56] 24 [19–37] 26 [19–44]

Disease duration 6.7 [0–38] 8.3 [0.1–39]

Treatmenta

5-ASA, topical 0 [0] 30 [28]

5-ASA, oral 7 [11] 71 [66]

Corticosteroids, topical 0 [0] 2 [2]

Corticosteroids, oral 4 [6] 7 [6]

Corticosteroid, iv 2 [3] 3 [3]

Immunosuppressant 23 [35] 18 [17]

Biologic agents 39 [60] 22 [21]

No treatment 6 [9] 12 [11]

Clinical disease activity

HBI (remission/mild/moderate/severe) (n = 65) 41/13/10/1

Mayo partial (remission/mild/moderate/severe) (n = 107) 52/23/28/4

Endoscopic disease activity

SES-CD (remission/mild/moderate/severe) (n = 17) 7/3/5/2

Mayo endo (remission/mild/moderate/severe) (n = 63) 11/21/20/11

Montreal classification CD

Age at diagnosis (A1/A2/A3) (n = 65) 10/46/9

Location (L1/L2/L3/L4) (n = 65) 10/24/31/0

Behavior (B1/B2/B3) (n = 65) 38/19/8

Montreal classification UC

Disease extension (E1/E2/E3) (n = 107) 34/47/26
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Prism 8.3.0 and MedCalc were used for the statistical analyses. Due to the insufficient amount of serum for some 
of the study subjects, there were a few missing values for some of the biomarkers, which was reported in Table 5.

Results
Biomarker levels in disease groups and healthy subjects.  The serum C6Ma3 was significantly ele-
vated in healthy subjects compared to CD, UC, and IBS patients (p = 0.0122, p = 0.0102, p = 0.0326) (Table 2). FC 
was significantly elevated in both CD and UC patients compared to IBS patients (p < 0.0001, < 0.0001) (Table 2). 
PRO-C6 and CRP were not significantly different between the four groups (Table 2). In CD patients C6Ma3 
levels were correlated to CRP (r = 0.532, p < 0.0001) and FC (r = 0.292, p = 0.035), while in UC patient C6Ma3 
were correlated to CRP (0.275, p = 0.006), but not to FC (r = 0.15, p = 0.15). In CD and UC patients, PRO-C6 
was not correlated no neither CRP (r = − 0.023, p = 0.86; r = 0.126, p = 0.1995) or FC (r = 0.22, p = 0.95; r = 0.098, 
p = 0.332), respectively (Table 3).

The serological biomarkers of type VI collagen degradation and formation, C6Ma3 and 
PRO‑C6, were associated with clinical disease activity in CD.  CD patients with clinically moderate 
to severe disease activity had significantly increased serum C6Ma3 compared to patients with clinically mild dis-
ease activity or in clinical remission (p = 0.04; p = 0.009) (Fig. 1A). In contrast, serum PRO-C6 was significantly 
increased in CD patients in clinically remission compared to CD patient with clinically mild activity (p = 0.04) 
and borderline significantly elevated in CD patients in remission compared to patients with moderate to severe 

Table 2.   Biomarker levels. Median values with ranges. *Changes in sample size due to missing values for 
the specific biochemical markers. The samples size for each biomarker is stated in the table. Differences in 
biomarker levels were investigated with Kruskal–Wallis. p-values adjusted with Dunn’s multiple comparisons 
test are presented in the table. Statistical significance was defined as p < 0.05.

CD (n = 65*) UC (n = 107*) IBS (n = 18*) HS (n = 20*) p-value

C6Ma3 (ng/mL) [range] 2.150 [1.022–5.314]
n = 59

2.2 [0.806–5.030]
n = 100

2.07 [0.708–3.93]
n = 18

3.178 [1.672–9.314]
n = 16

CD vs. UC: > 0.9999

CD vs. IBS: > 0.9999

CD vs. HS: 0.0122

UC vs. IBS: > 0.9999

UC vs. HS: 0.0102

IBS vs. HS: 0.0326

PRO-C6 (ng/mL) 
[range]

7.012 [3.632–23-5]
n = 65

6.811 [3.902–19.43]
n = 106

6.59 [4.28–32.83]
n = 18

7.00 [5.264–17.45]
n = 20

CD vs. UC: > 0.9999

CD vs. IBS: > 0.9999

CD vs. HS: > 0.9999

UC vs. IBS: > 0.9999

UC vs. HS: > 0.9999

IBS vs. HS: > 0.9999

CRP(mg/L) [range] 2.35 [0.3–45]
n = 64

2.5 [0.4–91]
n = 107

1.55 [0.6–16]
n = 18

1.0 [0.6–24]
n = 19

CD vs. UC: > 0.9999

CD vs. IBS: 0.3365

CD vs. HS: 0.1174

UC vs. IBS: 0.7164

UC vs. HS: 0.2756

IBS vs. HS: > 0.9999

FC (μg/g) [range] 127 [5–4624]
n = 58

141 [5–6000]
n = 100

15 [5–69]
n = 18 –

CD vs. UC: > 0.9999

CD vs. IBS: < 0.0001

CD vs. HS: n.a.

UC vs. IBS: < 0.0001

UC vs. HS: n.a.

IBS vs. HS: n.a.

Table 3.   Correlations between CRP and FC and and the biomarkers C6Ma3 and PRO-C6. a Spearman r; 
Statistical significance was defined as p < 0.05.

CD UC

C6MA3 PRO-C6 C6Ma3 PROC-6

CRP r = 0.532a p < 0.001 r = − 0.023a p = 0.86 r = 0.275a p = 0.006 r = 0.126a p = 0.1995

FC r = 0.292a p = 0.035 r = 0.22a p = 0.95 r = 0.15a p = 0.15 r = 0.098a p = 0.332
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disease activity (p = 0.065) (Fig. 1B). CRP levels were significantly increased in CD patients with clinically mod-
erate to severe activity compared to patients in remission (p = 0.013), while FC was not significantly elevated in 
patients with clinically active disease (Fig. 1C,D). C6Ma3, CRP, FC demonstrated moderate positive correlations 
to HBI (p = 0.01, p = 0.001, p = 0.008) (Table 4). PRO-C6 demonstrated a trend of weak negative correlation to 
HBI (Table 4). In addition, a least-squares multiple regression model of serum C6Ma3 and PRO-C6, includ-
ing the common confounding factors (age, BMI, gender, and smoking), improved the correlation of C6Ma3 to 
the HBI score (spearman r = 0.4666, p = 0.0003), but PRO-C6 did not improve this correlation alone (Table 4). 
Serum PRO-C6 was able to distinguish clinically active from inactive CD patients with an AUC of 0.73 (sensitiv-
ity: 100%, specificity: 46%) (p = 0.0002) (Table 5), while serum C6Ma3 demonstrated an AUC of 0.65 (sensitivity: 
89%, specificity: 47%) (p = 0.053) (Table 5). Combining C6Ma3 and PRO-C6 with the common confounding 
factors in a logistic regression model improved the discriminative power to an AUC of 0.86 (sensitivity: 100%, 
specificity: 55%) (p < 0.0001) (Table 5). CRP could distinguish clinically active form inactive CD patients with 
an AUC of 0.68 (sensitivity: 63%, specificity: 75%) (p = 0.01), while FC did not distinguish these two groups 
(Table 5).

Increased serum level of the type VI collagen degradation biomarker, C6Ma3, associated with 
endoscopic disease activity in CD patients.  Serum C6Ma3 was strongly correlated to SES-CD (spear-
man r = 0.689, p = 0.004) in CD patients (Table 4) and CD patients with moderate to severe and mild endo-
scopically active disease had significantly higher C6Ma3 levels than CD patients in endoscopically remission 
(p = 0.002, p = 0.0048), which was not observed for PRO-C6, CRP, and FC (Fig. 2A–D). A least-squares multiple 
regression model of serum C6Ma3, PRO-C6, and the common confounding factors (age, BMI, gender, and 
smoking) improved the correlation to SES-CD (spearman r = 0.77, p = 0.0005). A model of only C6Ma3 and 
PRO-C6 reduced the correlation compared to serum C6Ma3 alone, and serum PRO-C6 alone was not correlated 
to SES-CD. FC was strongly correlated to SES-CD, while CRP was only borderline significantly correlated to 
SES-CD (Table 4). C6Ma3, CRP, and FC were significantly elevated in serum from CD patients with endoscopi-
cally active disease (p < 0.001, p = 0.015, p = 0.03), whereas PRO-C6 was not increased (Fig. 3A–D). C6Ma3 was 

Figure 1.   Levels of the biomarkers C6Ma3 (A, E), PRO-C6 (B, F), CRP (C, G), and FC (D, H) in CD and UC 
patients grouped by the clinical scoring indexes HBI and Mayo partial. Ordinary one-way ANOVA with Tukey’s 
multiple comparisons test and Kruskal–Wallis tests with Dunn’s test for multiple comparison were used were 
applied. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

Table 4.   Correlations between biomarkers and clinical and endoscopic disease activity scores. Correlations 
between clinical (HBI and Mayo partial) and endoscopic scores (SES-CD and Mayo endo) and the biomarkers 
C6Ma3, PRO-C6, CRP and FC. a Spearman r; bpearson r. Statistical significance was defined as p < 0.05. c Least 
squares multiple regression model. Confounding factors: age, BMI, gender, and smoking.

CD UC

HBI SES-CD Mayo partial Mayo endo

ra,b p-value ra,b p-value ra,b p-value ra,b p-value

C6Ma3 0.3250a 0.0128 0.689a 0.0042 0.09175a 0.3640 0.2201a 0.0968

PRO-C6 − 0.2308a 0.0643 − 0.1399a 0.5896 − 0.0367a 0.7091 0.03593a 0.7816

CRP 0.3940a 0.0013 0.4716a 0.0577 0.1808a 0.0624 0.1972a 0.1214

FC 0.3428a 0.0084 0.7117a 0.0019 0.5978a < 0.0001 0.6457a < 0.0001

C6Ma3 + PRO-C6c 0.3295b 0.0123 0.4571b 0.075 0.0937a 0.3668 0.2210a 0.0985

C6Ma3 + PRO-C6 + confounding factorsc 0.4666b 0.0003 0.7711b 0.0005 0.1694a 0.0938 0.4252a 0.001
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the most powerful biomarker to distinguish endoscopically active disease from endoscopically remission in CD 
patients with an AUC of 1.00 (sensitivity: 100%, specificity: 100%) (p < 0.0001) (Fig. 3E). CRP and FC distin-
guished endoscopically active CD patients from inactive patients with an AUC of 0.87 (sensitivity: 90%, specific-
ity: 71%) (p < 0.0001) and 0.81 (sensitivity: 60%, specificity: 100%) (p = 0.004), respectively (Fig. 3G,H). Serum 
PRO-C6 did not distinguish endoscopically active from inactive CD patients (Fig. 3F). Comparing CD patients 
with different disease behaviors and locations based on the Montreal classification did not show and difference 
in the biomarker levels of C6Ma3 nor PRO-C6 (data not shown).

Biomarkers of type VI collagen remodeling were not associated with clinical nor endoscopic 
disease activity in UC patients.  UC patients with clinically active disease did not have increased C6Ma3 
and CRP serum levels nor lower levels of PRO-C6 as CD patients (Fig. 1E–G). However, FC were significantly 
increased in UC patients with clinically moderate and mild disease activity compared to patients in remission 
(p < 0.0001, p = 0.0007) (Fig. 1H) and demonstrated a strong significant correlation to the partial Mayo score 

Table 5.   AUROC analysis of the biomarkers in endoscopically active vs endoscopically inactive CD and 
UC patients. AUROC area under the receiver operating characteristic curve, AUC​ area under the curve, CI 
confidence interval. a Logistic regression model. Confounding factors: age, BMI, gender, and smoking.

CD patients: endoscopically remission vs 
endoscopically active

UC patients: endoscopically remission vs 
endoscopically active

AUC [95% CI] [sensitivity; 
specificity] p-value

AUC [95% CI] [sensitivity; 
specificity] p-value

C6Ma3 1.00 [0.79–1.00] [100-100] < 0.0001 0.57 [0.38–0.76] [71-45] 0.49

PRO-C6 0.59 [0.33–0.81] [50-86] 0.56 0.52 [0.34–0.69] [71-36] 0.86

CRP 0.87 [0.62–0.98] [91-71] < 0.0001 0.52 [0.32–0.72] [50-64] 0.81

FC 0.81 [0.60–1.09] [60-100] 0.004 0.85 [0.74–0.95] [69-90]  < 0.001

C6Ma3 + PRO-C6a 1.00 [0.79–1.00] [100-100] < 0.0001 0.59 [0.45–0.71] [85-36] 0.41

C6Ma3 + PRO-C6 + confounding 
factorsa 1.00 [0.79–1.00] [100-100] < 0.0001 0.66 [0.53–0.78] [67-73] 0.14

CD patients: clinically remission vs clinically 
active

UC patients: clinically remission vs clinically 
active

AUC [95% CI] [sensitivity; 
specificity] p-value

AUC [95% CI] [sensitivity; 
specificity] p-value

C6Ma3 0.65 [0.51–0.77] [89-47] 0.053 0.53 [0.53–0.63] [45-71] 0.589

PRO-C6 0.73 [0.60–0.83] [100-46] 0.0002 0.54 [0.44–0.64] [17-96] 0.481

CRP 0.684 [0.56–0.79] [63-75] 0.013 0.59 [0.49–0.68] [38-82] 0.106

FC 0.62 [0.48–0.74] [52-78] 0.147 0.82 [0.73–0.89] [92-70] < 0.0001

C6Ma3 + PRO-C6a 0.76 [0.63–0.87] [89-58] < 0.0001 0.57 [0.46–0.67] [33-86] 0.258

C6Ma3 + PRO-C6 + confounding 
factorsa 0.86 [0.74–0.94] [100-55] < 0.0001 0.641 [0.54–0.74] [52-76] 0.012

Figure 2.   Levels of the biomarkers C6Ma3 (A, E), PRO-C6 (B, F), CRP (C, G), and FC (D, H) in CD and UC 
patients grouped by the endoscopic scoring indexes SES-CD and Mayo endo. Ordinary one-way ANOVA with 
Tukey’s multiple comparisons tests and Kruskal–Wallis with Dunn’s test for multiple comparison were used to 
test for difference in biomarker levels between groups. *p < 0.05, **p < 0.01, ***p < 0.001.
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(Spearman r = 0.5978, p < 0.0001) (Table 4). Also, C6Ma3, PRO-C6, and CRP were not associated with active 
endoscopic disease in UC patients, which however was observed for FC (Fig. 2E–H). A least-squares multiple 
regression model of serum C6Ma3 and PRO-C6, including the common confounding factors, did not correlate 
to the partial Mayo score (Table 4). A logistic regression model of C6Ma3, PRO-C6 and the common confound-
ing factors could distinguish UC patients with clinically active disease from inactive disease with an AUC of 0.64 
(sensitivity: 52%, specificity: 76%) (p = 0.012). FC could distinguish clinically active from inactive UC patients 
(AUC of 0.82 (sensitivity: 92%, specificity: 70%) (p < 0.0001)) (Table  5). A least-squares multiple regression 
model of C6Ma3, PRO-C6 and the common confounding factors had a positive correlation to the Mayo endo-
scopic score (spearman r = 0.4252, p = 0.001), which was an improvement of serum C6Ma3 alone (spearman 
r = 0.2201, p = 0.0968). But a model of only C6Ma3 and PRO-C6 alone did not improve the C6Ma3 correlation to 
the Mayo endoscopic score (Table 4). PRO-6 and CRP did not correlate to Mayo endoscopic score, but FC had 
a strong positive correlation to the Mayo endoscopic score (spearman r = 0.6457, p < 0.0001) (Table 4). Only FC 
performed well in distinguishing endoscopically active UC patients from the patients in endoscopically remis-
sion, with an AUC of 0.85 (sensitivity: 69%, specificity: 90%) (p < 0.001) (Table 5).

Discussion
Chronic intestinal inflammation drives protease-mediated ECM remodeling and causes tissue damage in IBD9. 
The aim of this study was to investigate if type VI collagen remodeling was associated with pathophysiological 
changes in the CD and UC patients with the primary objective to determine if serum levels of C6Ma3 and PRO-
C6 were related to endoscopic disease activity in IBD patients. Here, we identified an altered type VI collagen 
remodeling in IBD patients with the serological biomarkers C6Ma3 and PRO-C6, and the remodeling was 
different between endoscopically active disease and remission. Even though the levels were lower in patients 
compared to healthy subjects, sequential measurements of C6Ma3 and PRO-C6 may enlighten the pathophysi-
ological changes in IBD, in particular CD, and help to address endoscopic changes.

Serum C6Ma3, the degradation marker, was elevated in CD patients with clinically moderate disease activity 
and with moderate to severe endoscopic disease activity. Interestingly, endotrophin, measured with PRO-C6, 
the formation marker, was not associated with endoscopic disease activity. Still, the degradation of the type VI 
collagen α-chain, being C6Ma3, was a strong marker for endoscopic disease activity in CD as it could separate 
endoscopically active and inactive CD patients with 100% sensitivity and 100% specificity. In other diseases, 
such as chronic kidney disease38–40, idiopathic pulmonary fibrosis41, and cardiovascular diseases42, endotrophin, 
measured by PRO-C6, was a predictor of disease severity and progression, and type VI formation is, in general, 
related to adverse disease events10. Fibroblasts are the main drivers of type VI collagen formation, while other 
cell types such as macrophages are responsible for the subsequent degradation of the same protein10. Our results 
show that biomarkers derived from the same protein reflect different pathophysiological processes, and in this 
study, data suggest that type VI collagen degradation, opposed to its formation, is associated with severe disease.

Still, serum C6Ma3 was superior to CRP and FC in terms of distinguishing endoscopically active CD patients 
form inactive. Usually, CRP and FC correlate well with endoscopic disease activity in IBD45–47, which was also 
the case in this study, with FC being superior to CRP in UC patients. Due to the nature of CD, endoscopy can be 
more challenging compared to UC patients. Thus, serological biomarkers, such as C6Ma3, that reflect endoscopic 
disease activity could be of importance in patients for which endoscopy is difficult to perform and where other 
biochemical markers are unclear. Since C6Ma3 separates the endoscopically active and inactive CD patients 
so well, it suggests that this biomarker potentially can reflect mucosal healing as a direct measure of tissue 
remodeling, which could be valuable in understanding the underlying pathophysiology of CD. The importance 
of type VI collagen in IBD in relation to fibrosis has recently been reported48. Our study supports the relevance 
of type VI collagen in IBD, and especially in relation to endoscopic disease activity. Furthermore, the positive 

Figure 3.   Levels and respective ROC-curves of the biomarkers C6Ma3 (A, E), PRO-C6 (B, F), CRP (C, G), and 
FC (D, H) in CD patients grouped in endoscopically remission (SES-CD ≤ 2) or active (SES-CD > 2). Unpaired 
tests and Mann Whitney test were used to test for difference in biomarker levels. *p < 0.05, ***p < 0.001.
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correlations between C6Ma3 and CRP and FC in both CD and UC patients support the association between 
active inflammation and increased type VI collagen degradation.

It has been shown that type VI collagen affects IEC behavior through regulation of fibronectin18; thus, the BM 
type VI collagen is essential for IEC homeostasis. Our study supports this notion, as degradation of type VI col-
lagen, shown with the biomarker C6Ma3, is associated with endoscopic disease activity in CD patients. However, 
C6Ma3 does not show the same trend in UC patients, for which the biomarker was not significantly elevated in 
patients with endoscopically active disease. This could be due to the difference in endoscopic scoring systems in 
UC and CD, where the SES-CD includes the amount of intestinal tissue that is inflamed43, opposed to the Mayo 
endoscopic subscore, which does not take the amount/area of tissue involved into account44. A biomarker that is 
a direct measure of tissue remodeling would be expected to correlate better with an endoscopic score that takes 
tissue involvement into account and, therefore, could explain the difference. However, serum C6Ma3 was elevated 
in CD patients with clinically moderate active disease, but it was not elevated in UC patients with clinically active 
disease. This could suggest that type VI collagen remodeling is different in UC and CD, and that the difference 
is not only related to the endoscopic scoring indexes. An explanation for the difference could be that CD and 
UC are diseases with different mucosal immune responses, which results in different tissue remodeling driven 
by MMPs and tissue inhibitors of metalloproteinases (TIMPs), which may explain why C6Ma3 is not related to 
active disease in UC as CD. Also, previous studies that use ECM remodeling markers of other ECM proteins 
and neo-epitopes have shown that ECM remodeling differs between CD and UC12,13. The fact that the nature of 
inflammation in CD is transmural, while it is restricted to the mucosa in UC patients, possibly contributes to the 
difference observed in type VI collagen remodeling due to the difference in ECM involvement. The location of 
type VI collagen around smooth muscle cells and blood vessels17 and its abundance in adipose tissue19 may also 
be a contributor to why type VI collagen remodeling is significant in CD. In addition, one could speculate that 
creeping fat, which sheets the inflamed intestinal segments and is associated with transmural inflammation and 
often occurs in CD49, may also contribute to an alteration in type VI collagen remodeling with its high content 
of type VI collagen19.

The serum levels of the type VI collagen formation biomarker, PRO-C6/endotrophin, were increased in CD 
patients with clinically inactive disease compared to clinically active CD patients, which suggests that the forma-
tion of type VI collagen is reduced in active CD. This is opposite of C6Ma3, which may be related to different 
pathophysiological changes that are essential and specific for intestinal inflammation and wound healing. In 
skin wounds, type VI collagen is initially deposited at the wound edge flowed by increased deposition within 
the re-epithelialized wound50. It is possible, the increased PRO-C6 in CD patients in remission reflects increased 
deposition of type VI collagen following successful wound healing similar to the mechanism in skin wounds. 
A combination of decreased type VI collagen formation with the increased degradation of type VI collagen 
measured by C6Ma3, our data suggest that type VI collagen is predominantly degraded in active CD. Unfortu-
nately, a great proportion of the CD patients with clinically inactive CD did not have an endoscopy performed; 
thus, it is unknown if the CD patients with high PRO-C6 serum levels with clinically inactive disease also have 
endoscopically inactive disease. Differences could also reflect the ongoing medical therapy in the patients. The 
number of patients did not allow us to study this.

We found that by combining C6Ma3 and PRO-C6 in multiple regression models and in logistic regression 
models in combination with the common confounding factors, the correlation to the HBI and SES-CD improved 
in CD patients. Also, the ability to distinguish clinically active from inactive CD patients was increased by com-
bining the biomarkers and taking age, BMI, gender, and smoking into account. The additive effect of combin-
ing the biomarkers was demonstrated in UC patients, where the correlation to Mayo endoscopic score greatly 
improved. Furthermore, this model that combines the biomarkers in UC patients demonstrated a significant 
difference between patients with endoscopic moderate and severe disease activity compared to patients with mild 
endoscopic disease activity or in remission (data not shown). Also, a composite model of C6Ma3, PRO-C6, and 
the common confounding factors increased the ability to distinguish clinically active and inactive UC patients. 
These results suggest that one or more serological biomarkers of ECM remodeling can provide an objective 
measure of clinical and endoscopic disease activity in IBD.

There are some methodological considerations to this study. The patients were from a well-characterized 
cohort. Unfortunately, the number of CD patients with active disease and who had an endoscopy performed 
was rather low. It would be interesting to investigate the type VI remodeling in a larger cohort of CD patients. 
The patients received different medical therapies, which may influence the biomarker levels. The healthy subjects 
included in this study had higher levels of C6Ma3 than the disease groups; they also had higher levels than healthy 
subjects in other studies reporting on this biomarker36,37. These studies demonstrated healthy subjects’ levels 
significantly lower that CD and UC patients with a mean value approximately 0.7 ng/mL36, which was 3.7 ng/
mL in the current study. Two of the healthy subjects in the current study had CRP values above 5 mg/L and were 
not excluded from analysis. Exclusion of these two healthy subjects would not significantly change the mean 
value of C6Ma3, thus they cannot alone explain the high levels of healthy subjects. It is possible handling of the 
healthy subject samples has been systematically different as compared to the patients. The high levels of C6Ma3 
may therefore be due to technical reasons that cannot be accounted for. C6Ma3 levels in healthy subjects in the 
two other studies of IBD and cancers36,37, which were measured with the same lot of the C6Ma3 biomarker, sup-
port this notion of a technical matter. Since the markers included in this study were not aimed for a diagnostic 
purpose, but for disease activity monitoring purposes, it is still relevant to assess the levels of C6Ma3 in relation 
to disease activity within IBD subgroups.

The median age of UC patients was higher than the age of CD patients (data not shown), and serum C6Ma3 
correlated weakly to age and gender in UC patients, and BMI was weakly correlated to PRO-C6. In CD patients, 
PRO-C6 was weakly correlated to smoking. Logistic regression analysis did not find a marked effect of these 
potential confounders on the serum levels of C6Ma3 and PRO-C6 in relation to identifying endoscopic and 
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clinical disease activity. The C6Ma3 levels of IBS patients were interestingly within the range of CD, but still 
there was a significant difference in FC levels. The remodeling of type VI collagen in IBS patients has not been 
intensely investigated, but this study appoints to a potential similarity in the underlying tissue pathology. Earlier 
studies have shown that IBS patients and CD patient have some similarities in their tissue remodeling profiles12, 
and further studies need to elucidate on their similarities and differences.

Conclusion
In summary, we found that type VI collagen degradation of the α3 chain mediated by MMP-2 and MMP-9 was 
increased in CD patients with endoscopically active disease, measured by the serological biomarker C6Ma3. 
C6Ma3 was able to distinguish endoscopically active and inactive CD patients with 100% sensitivity and 100% 
specificity. Due to the association between endoscopic disease activity and C6Ma3 type VI collagen remodeling 
and biomarkers of this may aid in understanding the underlying tissue pathology in CD and promote a more 
objective measure of endoscopic and mucosal healing. Interestingly, PRO-C6, a serological biomarker of type 
VI collagen formation and endotrophin, which is associated with severity in other diseases were not associated 
with disease activity in this study, which suggest a different role for type VI collagen in the pathophysiological 
processes in IBD. Finally, type VI collagen remodeling was different in CD and UC as C6Ma3 and PRO-C6 did 
not seem to be altered in UC patients.
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