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Background: Fecal biomarkers have emerged as one of the most useful tools for clinical
management of inflammatory bowel disease (IBD). Oncostatin M (OSM), like fecal calpro-
tectin (FC), is highly expressed in the inflamed intestinal mucosa which may have potential
usefulness. We aimed to evaluate the additional utility of these two fecal biomarkers for IBD
diagnosis, activity, and prediction of infliximab response over FC alone.

Methods: In group 1, 236 IBD patients (145 Crohn’s disease, 91 ulcerative colitis), 50
disease controls, and 32 healthy controls were recruited for IBD diagnosis and activity. In
group 2, baseline stool samples were collected from 62 patients to predict infliximab
response at week 28 and 52. The performance of fecal biomarkers for IBD management
was assessed by the area under the receiver operating characteristic curve (AUC).

Results: Fecal OSM and FC levels were increased in IBD patients and were positively
correlated with clinical and endoscopic activity. Their combination showed a better ability
for disease diagnosis (AUC = 0.93) and slightly improved the capability to identify mucosal
healing (AUC = 0.923). Baseline OSM and FC levels were elevated in non-responders at
week 28 and 52. The AUCs of OSM, FC, and their combination to predict therapeutic
response were 0.763, 0.834, and 0.859 at week 28, 0.638, 0.661, and 0.704 at week 52,
respectively. Combined use of fecal and blood biomarkers improved predictive accuracy with
an AUC of 0.919 at week 28 and 0.887 at week 52.

Conclusion: In addition to FC, OSM is a novel fecal biomarker, and their combination is more
beneficial for disease diagnosis and prediction of infliximab response but not for disease activity
in IBD patients. Further larger-scale studies are required to confirm our findings.

Keywords: inflammatory bowel disease, fecal biomarkers, oncostatin M, calprotectin,
diagnosis, activity, infliximab response

Introduction

Inflammatory bowel disease (IBD) is a chronic, intermittent, and inflammatory
disease of the intestinal tract, including Crohn’s disease (CD) and ulcerative colitis
(UC). Infliximab (IFX) remains the mainstay of therapy following the failure of
conventional medicines in IBD. However, it also increases the economic burden
and infection risk, and 40% of patients lose their primary response to anti-tumor
necrosis factor (anti-TNF) therapy.' Endoscopy is considered the current standard
for IBD diagnosis, activity, and therapeutic efficacy evaluation. Nevertheless, the
invasive, costly, and time-consuming procedure has led many to seek surrogate
means.* Although blood biomarkers such as C-reactive protein (CRP) and albumin
(ALB) have been widely used for disease monitoring,” their lack of specificity in

common limits their clinical value.
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With the increased demand for simple, noninvasive, and
specific testing, fecal biomarkers have risen to prominence.
Fecal calprotectin (FC), a cytosolic protein abundant in
neutrophils and macrophages, can distinguish IBD from
irritable bowel syndrome (IBS).®® FC has been reported
to be highly correlated with disease severity and can predict
therapeutic outcomes such as mucosal healing and clinical
relapse.” " Novel fecal biomarkers remain to be explored
for improved clinical management of IBD patients.

Similar to calprotectin, oncostatin M (OSM), a cytokine
in the IL-6 family, is released by activated macrophages,
neutrophils, T cells, and monocytes.'? It has been reported
that OSM in tissues and blood is highly expressed in IBD
patients and is related to disease severity.'> !> Elevated
mucosal OSM has been proven to be associated with refrac-
tory anti-TNF therapy in IBD."*'® Several studies have
revealed that serum and plasma OSM can predict clinical
response to IFX treatment in CD.'” ' Serum OSM expres-
sion at diagnosis is able to predict clinical course and the
need for intensification of treatment in IBD patients.?
Nevertheless, OSM in blood lacks specificity, which is highly
expressed in other inflammatory diseases such as sepsis and
axial spondyloarthritis.?' %> We hypothesized that fecal OSM
was a novel biomarker, and their combined use of fecal OSM
and FC could be more beneficial for IBD management in
specific clinical situations.

Given the above background, we first investigated
whether fecal OSM was a potential biomarker like FC
and evaluated the additional utility of these two fecal
biomarkers for IBD diagnosis, activity, and prediction of
therapeutic response over FC alone.

Methods

Subjects

The study population consisted of two groups. In group 1,
patients with a definite diagnosis of IBD were enrolled
between June 2019 and May 2021 at Zhejiang University
School of Medicine Second Affiliated Hospital (Hangzhou,
China).® The age- and sex-matched disease control (DC)
group with similar symptoms of abdominal discomfort as
IBD was diagnosed with intestinal Behcet’s disease, IBS,
intestinal polyposis, and non-IBD enteritis. In group 2, IBD
patients newly starting IFX were included. Therapeutic
response was evaluated at week 28 and 52. Exclusion criteria
were as follows: (a) incomplete clinical data; (b) isolated
lesions of the upper gastrointestinal tract; (c) a history of
tumor or cancer; and (d) concurrent autoimmune system

diseases such as systemic lupus erythematosus and rheumatoid
arthritis. This work was approved by the Ethics Committee of
Zhejiang University School of Medicine Second Affiliated
Hospital (No. 20210542). All participants provided informed
consent in accordance with the Declaration of Helsinki.

Outcomes

Clinical activity was assessed by Harvey-Bradshaw Index
(HBI) for CD, and partial Mayo score (pMS) for UC.***
Clinical remission was defined as HBI < 5 or pMS < 2.
Mild disease was defined as 5 < HBI < 8 or 2 < pMS < 5.
Moderate-to-severe disease was defined as HBI > 8 or
pMS > 5. Simple Endoscopic Score for CD (SES-CD)
and Mayo endoscopic subscore (MES) were employed
for endoscopic assessment.’?’ Mucosal healing was
defined as SES-CD < 3 for CD or MES < 1 for UC.
Therapeutic nonresponse was defined as a decrease in
HBI or pMS < 3, the need for intensive treatment, switch-
ing to another treatment, or intestinal resection.

Sample Collection and Measurement

In group 1, stool samples were collected from healthy
controls (HC), non-IBD, and IBD patients with or without
IFX treatment. In group 2, stool samples were collected
from IBD patients before IFX treatment. For sample pro-
cessing, 50 mg of feces were mixed with 2.5 mL of fecal
extraction buffer. FC was measured by enzyme-linked
immunosorbent assay (Herui Biotechnology Co., Ltd,
Suzhou, China) according to manufacturer’s recommenda-
tions. Fecal OSM was assayed by chemiluminescent sand-
wich immunoassay. Briefly, 100uL stool samples or OSM
standards (R&D systems, Minneapolis, MN, USA), and
50uL. double antibodies (Diagbio Co., Ltd., Hangzhou,
China) were incubated together for 75 min at 37 °C.
Then 50uL streptavidin-modified magnetic beads (Roche,
Switzerland, Basel) were added to capture immuno-
complexes and incubated for 15 min at 37 °C. Following
washing 3 times, 200uL pre-trigger and trigger solution
were added, and the signal was detected using an auto-
mated chemiluminescent instrument
Ningbo, China).

(Medicalsystem,

Statistical Analysis

Categorical variables were summarized as frequency and
percentage. Continuous variables were summarized as
median and interquartile range. Comparisons were per-
formed using the chi-square test for categorical data.
Continuous variables with a skewed distribution were
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Table 1 Demographic and Clinical Characteristics of the Study Population in Group |
CcD uc DC HC
Number, n 145 91 50 32
Female, n (%) 58 (40) 38 (41.8) 17 (34) 17 (53.1)
Age, y 32 (25-44) 39 (28-51) 31 (27.8-42.5) 31 (26-47.8)
Disease duration, y I (0-5) 1.5 (0.4-6)
BMI, kg/m? 19.7 (18.1-21.3) 20.8 (19.2-22.6) 21.5 (19.5-24.6) 21.9 (19.6-25.6)
Family history, n (%) 2 (1.4) 1 (1.1)
CD behavior, n (%)
Nonpenetrating, not stricturing (Bl) 54 (37.2)
Stricturing (B2) 64 (44.1)
Penetrating (B3) 27 (18.6)
CD location, n (%)
lleal (LI) 51 (35.2)
Colonic (L2) 13 (9)
lleocolonic (L3) 81 (55.9)
UC location, n (%)
Proctitis (EI) 20 (22)
Left-sided (E2) 25 (27.5)
Pancolitis (E3) 46 (50.5)
Clinical remission, n (%) 85 (58.6) 42 (46.2)
Perianal lesions, n (%) 83 (57.2) 3 (3.3)
Extraintestinal manifestation, n (%) 29 (20) 8 (8.8)
Previous perianal surgery, n (%) 47 (32.4) 2 (2.2)
Previous bowel surgery, n (%) 45 (31) 1 (1.1)
Medication, n (%)
5-aminosalicylic acid 83 (57.2) 80 (87.9)
Corticosteroids 65 (44.8) 45 (49.5)
Azathioprine/6-mercaptopurine 60 (41.4) 17 (18.7)
Methotrexate 20 (13.8) 7(7.7)
Thalidomide 14 (9.7) 8 (8.8)
Anti-TNF 85 (58.6) 24 (26.4)
analyzed with the Mann—Whitney U-test between two Results

groups or Kruskal-Wallis test among multiple groups.
Spearman rank correlation was utilized for correlation
analysis. Receiver operator characteristic (ROC) curves
were plotted to evaluate the performance of fecal and
blood biomarkers for IBD management. A two-sided P <
0.05 was considered statistically significant. All data were
processed by GraphPad Prism 9.0 (GraphPad Software
Inc., La Jolla, CA) and SPSS 25 (SPSS Inc., NY, USA).

Study Population

The demographic and clinical characteristics of the two
groups are presented in Tables 1 and 2. Group | consisted
of 236 IBD patients (145 CD and 91 UC), 50 DC (4
intestinal Behcet’s disease, 25 IBS, 4 intestinal polyposis,
and 17 non-IBD enteritis), and 32 HC for IBD diagnosis
and activity. The median age was 32 (25-44) for CD and
39 (28-51) for UC. Patients in clinical remission
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Table 2 Demographic and Clinical Characteristics of IBD Patients in Group 2

Week 28 Week 52
Responders Non-Responders Responders Non-Responders
Number, n 53 9 42 20
CD, n (%) 50 (94.3) 6 (66.7) 39 (92.9) 17 (85)
Female, n (%) 20 (37.7) 3 (333) 17 (40.5) 6 (30)
Age, y 36 (26-47) 29 (19-33.5) 34.5 (24.8-43.3) 33.5 (24-47.3)
Disease duration, y I (0-3) | (04) I (0-3) 0.5 (04)
BMI, kg/m? 19.2 (18.1-21.2) 17.4 (16.5-19.3) 19.5 (18.1-21.4) 18.3 (16.7-20.5)
Smoking, n (%)
Never smoker 48 (90.6) 8 (88.9) 39 (92.9) 17 (85)
Ex-smoker I (1.9) 1 (IL.1) 0 (0) 2 (10)
Current smoker 4 (7.5) 0 (0) 3(7.1) 1 (5)
Drinking, n (%)
Never drink 50 (94.3) 8 (88.9) 40 (95.2) 18 (90)
Ex-drink 0 (0) I (I1.1) 0 (0) I (5)
Current drink 3(57) 0 (0) 2 (4.8) I (5)
Family history, n (%) 0 (0) 0 (0) 0 (0) 0 (0)
Perianal lesions, n (%) 30 (56.6) 2 (22.2) 26 (61.9) 9 (45)
Extraintestinal manifestation, n (%) 10 (18.9) 2 (22.2) 9 (21.4) 3 (15)
Perianal surgery, n (%) 13 (24.5) 2(22.2) 11 (26.2) 4 (20)
Bowel surgery, n (%) 13 (24.5) I (I1.1) 9 (21.4) 5 (25)
Medication, n (%)
5-aminosalicylic acid 33 (62.3) 5 (55.6) 27 (64.3) Il (55)
Corticosteroids 21 (39.6) 7 (77.8) 17 (40.5) Il (55)
Azathioprine/6-mercaptopurine 18 (34) 5 (55.6) 17 (40.5) 6 (30)
Methotrexate 7(13.2) 2 (22.2) 5(1.9) 4 (20)
Thalidomide 4 (7.5) I (11.1) 4 (9.5) I (5)
Adalimumab 0 (0) 1 (11.1) 0 (0) I (5)

accounted for 58.6% of CD and 46.2% of UC. In group 2,
62 IBD patients (56 CD and 6 UC) were included. There
were 9 (14.5%) non-responders at week 28 and 20 (32.3%)
non-responders at week 52.

Fecal OSM and FC Levels are Increased in

IBD
As is shown in Figure 1, fecal OSM and FC levels were

increased in IBD patients compared to HC (P = 0.001 and
P < 0.001, respectively) and DC (P = 0.006 and P < 0.001,
respectively). The areas under the ROC curve (AUCs) of
fecal OSM and FC to distinguish IBD patients from con-
trols were 0.647 and 0.812, respectively. Their combination

markedly improved the identification ability with an AUC
0f 0.93. There was a weak difference between IBD subtypes
in fecal OSM levels (P = 0.01) with an AUC of 0.594, and
no difference was observed in FC levels.

Fecal OSM and FC Levels are Associated
with Clinical Activity

We examined the relationship between fecal biomarkers
and clinical activity. Fecal OSM was highly expressed in
moderate-to-severe patients with CD and UC (Figure 2A—
C). FC levels were gradually increased with disease sever-
ity (Figure 2D-F). IBD patients with active disease had
higher fecal OSM and FC levels than those in remission
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Figure | Elevated fecal OSM and FC levels in IBD. The expression of fecal OSM (A) and FC (B) in HC, DC, and IBD. (C€) ROC curves of fecal OSM and FC in discriminating IBD
from controls. Fecal OSM (D) and FC levels (E) in CD and UC. (F) The ROC curve of fecal OSM to identify IBD subtypes. In all panels, *P < 0.05, **P < 0.01, ***P < 0.0001.

Abbreviation: ns, not significant.

(Figure 2G and H). The AUCs of fecal OSM, FC, and their
combination for identifying clinical remission were 0.674,
0.864, and 0.866, respectively (Figure 2I).

Conventional blood biomarkers have been widely
applied for disease monitoring, and their correlations
with fecal biomarkers were explored. It indicated that
fecal OSM and FC were significantly correlated in UC
(p =0.642, P <0.001), but weakly correlated in CD (p =
0.21, P = 0.011, Supplementary Table 1). For active
disease, a better correlation was observed in CD (p =

0.465, P < 0.001) and a similar correlation was observed
in UC (p = 0.623, P < 0.001). FC was more closely
associated with routine blood indicators than fecal
OSM. Both of them were positively correlated with
white blood cell count (WBC), platelet count (PLT),
erythrocyte sedimentation rate (ESR), and CRP, but

negatively correlated with hemoglobin (HB), ALB, and
total bilirubin (T-Bili) in IBD.

Fecal OSM and FC Levels are Correlated
with Endoscopic Activity

In the analysis of endoscopic activity, FC had a better corre-
lation with SES-CD (OSM: p = 0.367, P = 0.042; FC: p =
0.732, P<0.001) and MES (OSM: p=10.36, P=0.031; FC: p
=0.587, P <0.001) than fecal OSM (Figure 3A—D). Patients
with mucosal healing had lower fecal OSM (P = 0.006) and
FC levels (P < 0.001) than those without mucosal healing
(Figure 3E and F). FC was the best biomarker to identify
mucosal healing in IBD (AUC = 0.921, Figure 3G), com-
pared to fecal OSM (AUC = 0.702) and conventional blood
indicators of WBC, HB, PLT, ESR, ALB, CRP, T-Bili, and

blood wurea nitrogen (Supplementary Table 2). The
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Figure 2 Correlations of fecal OSM and FC with clinical activity. The expression of fecal OSM in CD (A), UC (B), and combined CD and UC patients (C) classified by HBI
or pMS. The expression of FC in CD (D), UC (E), and combined CD and UC patients (F) classified by HBI or pMS. The expression of fecal OSM (G) and FC (H) in IBD
patients with and without clinical remission. (I) ROC curves of two fecal biomarkers to identify clinical remission. *P < 0.05, **P < 0.01, **P < 0.001, ****P < 0.0001.
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Figure 3 Correlations of fecal OSM and FC with endoscopic activity. Spearman correlation of fecal OSM (A) and FC expression (B) with SES-CD. Spearman correlation of
fecal OSM (C) and FC expression (D) with MES. Fecal OSM (E) and FC levels (F) in IBD patients with and without mucosal healing. (G) ROC curves of two fecal biomarkers

to identify mucosal healing. **P < 0.01, ***P < 0.0001.

combination of these two fecal biomarkers slightly improved
the discrimination ability with an AUC of 0.923.

Elevated Fecal OSM and FC Levels

Predict Therapeutic Nonresponse
At week 28, clinical non-responders had higher fecal OSM
and FC levels than responders (P = 0.002 and P < 0.001,

respectively, Figure 4A and B). The AUC of fecal OSM
for predicting therapeutic response was 0.763 with a cut-
off value of 132.4 pg/mL (sensitivity = 0.667, specificity =
0.925, Figure 4C). FC levels could predict therapeutic
response with an AUC of 0.834 and a cut-off value of
0.778, specificity = 0.868).
Despite an inferior predictive ability, fecal OSM was

4972 ug/g (sensitivity =
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more specific than FC. The combination of two fecal
biomarkers (AUC = 0.859) was superior to conventional
blood indicators (AUC = 0.842) in predicting therapeutic
response (Figure 4D). Combined use of fecal and blood
biomarkers significantly enhanced predictive accuracy
with an AUC of 0.919.

At week 52, clinical non-responders had higher fecal
OSM (P = 0.027) and FC levels (P = 0.041) than respon-
ders (Figure 4E and F). The AUCs of fecal OSM and FC
for predicting therapeutic response were 0.638 and 0.661,
respectively (Figure 4G). As an independent predictor,
fecal OSM and FC performed better than blood indicators
of WBC, HB, ESR, ALB, CRP, and T-Bili at week 28 and
52 (Supplementary Table 3). Nevertheless, the combina-
tion of routine blood indicators (AUC = 0.848) exhibited
a better predictive ability than fecal biomarkers (AUC =
0.704) at week 52 (Figure 4H). The improved AUC was
0.887 when fecal and blood biomarkers were combined to

predict therapeutic response.

Discussion
Although endoscopy can never be completely replaced,
fecal and blood biomarkers can provide noninvasive,

repeatable, and cost-effective assays for disease monitor-
ing in IBD.**** Compared with blood indicators, fecal
biomarkers such as FC that directly contact inflamed intes-
tines are more desirable for clinical routines. This research
provided the first evidence that OSM was a novel fecal
biomarker, along with FC, and their combination was
more beneficial for IBD management in specific clinical
situations.

In active IBD, fecal OSM showed a significant correla-
tion with FC, indicating that fecal OSM may have similar
potential usefulness as FC. Consistent with previous reports
on FC,**?" OSM was also identified as a specific fecal
biomarker, which is highly expressed in IBD patients, but
not in non-IBD patients or healthy controls. Notably, the
diagnostic value of their combination outperformed FC
alone. When IBD subtypes were analyzed, no difference
was observed in FC levels, and fecal OSM displayed poor
recognition ability. To date, no available biomarkers have
been successfully implemented to distinguish IBD subtypes

with high sensitivity and specificity.’***

C,>*3% we found

Consistent with previous studies on F
that these two fecal biomarkers were positively associated

with clinical and endoscopic activity and that FC was
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superior to fecal OSM and routine blood indicators in
assessing intestinal inflammation. FC remains the most
reliable biomarker to identify mucosal healing. The addi-
tion of fecal OSM slightly improved recognition ability.
Given the cost issue of clinical application, their combina-
tion was recommended for disease diagnosis but not for
disease activity.

Currently, there is an unmet need to find noninvasive
surrogate biomarkers for endoscopy to guide IBD patients
receiving IFX therapy. CRP is the most widely used blood
indicator, and its high expression has been proven to
correlate with clinical nonresponse.’” >’ Nevertheless, it
lacks specificity, and a considerable proportion of patients
are within the normal range.** Numerous studies have
confirmed that FC was a potential biomarker to predict
4144 and the predictive AUC for
clinical relapse was 0.888 at week 8.*° Stevens et al*®

therapeutic response,

reported that AUCs predicted by FC for mucosal healing
were 0.77 at week 8 and 0.79 at week 52. The assessment
of predictive power exhibited poor reproducibility due to
different definitions of therapeutic response, detection
methods, sample sizes, lengths of follow-up time, and
IBD subtypes. Our results indicated that FC had a good
predictive ability at week 28 (AUC = 0.834) but weak
predictive ability at week 52 (AUC = 0.661).

Nowadays, there are few studies examining the func-
tion of OSM in the prognosis of IBD. West et al'® first
revealed that mucosal OSM was highly expressed in
anti-TNF refractory patients. However, Ladipo et al*’
claimed that OSM in intestinal biopsies could not predict
therapeutic response in a pediatric cohort. Similarly,
whether OSM in the blood can predict therapeutic
response remains controversial.">!”!” In this work, our
results suggested that fecal OSM was a novel biomarker
to predict IFX response. Intriguingly, fecal OSM and FC
were superior to conventional blood indicators such as
ESR, ALB, and CRP in independently predicting thera-
peutic response at week 28 and 52. Compared to routine
blood indicators, the combination of two fecal biomar-
kers demonstrated superior predictive ability with fewer
biomarkers and higher specificity at week 28. Despite the
increased cost of more fecal biomarkers, fecal OSM was
more specific than FC in predicting clinical response at
week 28, and their combination improved predictive
power at week 28 and 52. The combined use of fecal
and blood biomarkers has been demonstrated to be
a feasible strategy for

enhancing  predictive

accuracy.”®*® The improved AUC was 0.919 at week

28 and 0.887 at week 52, which exhibited an even
stronger predictive ability than previous studies.**°

The present study had certain limitations. First,
approximately half of IBD patients were in clinical remis-
sion in group 1, and their low expression of fecal OSM
may impair the accuracy of the results. Second, we did not
observe dynamic changes in fecal OSM and FC levels
when monitoring disease activity or predicting therapeutic
response. Besides, the small sample size may introduce
analytical bias. Additional multi-center studies with large-
scale populations are needed to verify the predictive power
of fecal and blood indicators.

Conclusion

In conclusion, we demonstrated that OSM was a novel
fecal biomarker, along with FC, and that their combination
was more clinically valuable for disease diagnosis and
prediction of therapeutic response, but not for disease
activity in IBD patients. Combining these two fecal bio-
markers with conventional blood indicators was recom-
More
prospective studies with a large-scale sample size are

mended for predicting therapeutic response.

required to validate our observations.
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