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Abstract

Background The clinical course of ulcerative colitis (UC) is variable. There is an unmet clinical need for biomarkers of UC
disease behaviour. We aimed to evaluate the association between ex vivo human UC explant conditioned media (explant-
CM) secreted protein profiles and UC disease behaviour.

Methods UC patients undergoing endoscopy were prospectively recruited. Endoscopic biopsies were collected and explant-
CM generated. Association between explant-CM protein secretion profiles and disease progression was evaluated. Disease
progression was defined as the requirement for corticosteroid therapy, UC-related hospitalisation, UC-related surgery or the
introduction of a new immunomodulatory agent. Association between explant-CM secreted protein profiles and anti-TNF
failure status was also evaluated. p values < 0.05 were considered significant in analyses.

Results Twenty-four UC patients were included (age [median, range]) 55 [21-72] years; 50% female. Disease progression
during follow-up occurred in twelve (50%) patients. Multivariate analysis, including endoscopic remission status, demon-
strated reduced IL-2 secretion to be independently associated with UC disease progression, p=0.01. In univariate analysis,
anti-TNF failure status was associated with significantly increased IL-17A/F (p=0.015) and IL-12 / IL-23p40 (p =0.044)
concentrations. In multivariate analysis, there was a trend towards an association between IL-17A/F and anti-TNF failure
status (p=0.069); FLT-1 was demonstrated to be independently associated with anti-TNF failure status (p =0.016).
Conclusion Reduced explant-CM secreted IL-2 is associated with UC disease progression. Increased secretion of 1L-23
pathway-associated cytokines was observed in anti-TNF failure status consistent with previous reports. Ex vivo human UC
explants, generated from endoscopic biopsies, have potential as precision medicine tools in inflammatory bowel disease.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory intestinal
disorder which involves the colon [1]. UC is characterized
by relapsing and remitting mucosal inflammation, starting
in the rectum and extending to proximal segments of the
colon. The clinical course of UC is variable with a pro-
portion of patients experiencing quiescent disease with
sustained remission while others experience progressive
chronic refractory disease with risk of hospitalisation and
surgery [2]. The risk of colectomy is highest during the
first years after diagnosis [3]. Proximal extension of proc-
titis or left-sided colitis may occur in 20-50% of adult
patients with UC [4]. When UC exacerbations are associ-
ated with proximal disease extension, patients are more
likely to need immunosuppressants, biologic therapy or
surgery [5].

The aim of therapy in UC is to induce and maintain
clinical and endoscopic remission, resulting in symp-
tom and quality of life improvement and alteration of the
natural history of the disease [6]. Patients who achieve
early mucosal healing have better long-term outcomes,
including longer relapse-free and colectomy-free survival
[7]. Extensive and persistent inflammatory UC activity is
associated with increased risk of colorectal cancer (CRC)
[4]. Identification of patients at risk of UC disease progres-
sion is of considerable importance as it would facilitate
early therapeutic intervention, with the aim of altering the
natural history of the disease and improving long-term
outcomes. In addition, identifying individuals at low risk
of disease progression facilitates the use of therapeutic
strategies appropriate to their disease behaviour with the
potential to avoid treatment-related side effects.

Biologic therapy has represented a significant thera-
peutic advance in UC, and however, approximately one
third of patients fail to respond after initiation of these
therapies (primary non-response). 30—40% of patients who
initially respond to treatment eventually lose response dur-
ing therapy (secondary loss of response). Patients who
have previously failed anti-TNF therapy demonstrate
lower response and remission rates to second-line biologic
therapy [8]. Considering the inter-individual variability
in biologic therapy response in UC, and the increasing
number of therapeutic options, a more individualized
approach to therapy selection is clearly required. Conse-
quently, there is an unmet need for biomarkers of disease
behaviour and therapy response in UC. Patient-derived
explants have been demonstrated to have value as a pre-
clinical models for anti-cancer drug and biomarker discov-
ery [9]. This model has not been previously evaluated as
a tool to predict disease behaviour in inflammatory bowel
disease (IBD) patient populations. IBD explants consist

of endoscopic intestinal biopsies which are composed of
multiple cell populations including intestinal epithelial,
endothelial, stromal and constituent immune cells. IBD
explants are, therefore, representative of the local intesti-
nal microenvironment in UC and may facilitate biomarker
discovery in this disease. The primary aim of this study
was to evaluate whether ex vivo human UC explant con-
ditioned media (explant-CM) protein secretion profiles are
associated with UC disease behaviour.

Methods
Study Population

A cohort was prospectively recruited at St James’s Hospital,
Dublin, following approval of the study by the institution’s
research ethics board. Patients with a diagnosis of UC under-
going endoscopic assessment for evaluation of disease activ-
ity, treatment response or for surveillance were included.
The diagnosis of UC was made using established clinical,
endoscopic and histological criteria. Baseline demograph-
ics and information on medication exposure at the time of
endoscopy were collected for each subject. A Mayo clinical
subscore and endoscopic Mayo subscore were documented
for each included subject.

Study Endpoint Definitions

The primary study endpoint was the association between
explant-CM protein secretion profiles and UC disease pro-
gression. UC disease progression was defined as the require-
ment for UC-related hospitalisation, colectomy, corticoster-
oids or biologic therapy, at the time of the study endoscopic
assessment or at a time subsequent to this assessment. A
secondary endpoint assessed was the association between
explant-CM protein secretion profiles and anti-TNF failure
status. Patients assigned to the anti-TNF failure group were
those individuals with a history of anti-TNF therapy failure.
Patients assigned to the group with no history of anti-TNF
failure were individuals successfully treated with anti-TNF
therapy or those with no prior history of anti-TNFa expo-
sure at the time of study endoscopic assessment. Endoscopic
remission was defined as an endoscopic Mayo score of 0
or 1 on study endoscopic assessments. An elevated C reac-
tive protein (CRP) was defined as a serum CRP concentra-
tion> 5 mg/L at the time of the study endoscopy.

Ex Vivo Ulcerative Colitis Tissue Explant Culture
UC patients undergoing sigmoidoscopy or colonoscopy had

four study-related endoscopic biopsies collected and two
biopsies taken for routine histopathology. These biopsies
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Fig.1 Human ex vivo ulcerative colitis explant model workflow

were collected from the most severely inflamed area in the
sigmoid colon approximately 20 cm from the anorectal mar-
gin. Endoscopic Mayo score from sigmoid biopsy site was
documented. Histopathology reports from the biopsy site
were reviewed and the presence of active inflammation was
documented. Biopsies were placed in a standard specimen
container which contained sterile gauze and saline. The
specimen containers were immediately transported to the
laboratory for processing following their collection. A single
intestinal biopsy was used to generate human ulcerative coli-
tis explants. This biopsy was washed with wash buffer (PBS
(Corning, the USA), 1% Pen/Strep (Gibco, Themofisher,
the USA), 1% Fungizone (Sigma-Aldrich, the USA), 0.1%
Gentamicin (Lonza, Switzerland)) and then cultured in a
24 well plate with media (M 199 (Gibco, Themofisher, the
USA), 10% FBS (Lonza, Switzerland), 1% Pen/Strep, 1%
Fungizone, 0.1% Gentamicin, 1 ug/ml Insulin (Lonza, Swit-
zerland)) and 0.1% DMSO (Sigma-Aldrich, the USA). Biop-
sies were incubated for 24 h at 37 °C with 95% 0,/5% CO,
humidified atmosphere to generate human UC explant-CM.
After the incubation period of 24 h, snap-frozen biopsy sam-
ples and explant-CM were both stored at — 80 °C to facilitate
subsequent analysis. The explant model described in this
report has been previously optimised by our group in the
study of ex vivo response to chemotherapies in both colo-
rectal and oesophageal cancer, with assays confirming tissue
viability for up to 72 h [10] (Fig. 1).

Determination of Secreted Protein Concentrations
in Explant-CM

Explant-CM secreted proteins were quantified using
a V-PLEX Human Biomarker 54-plex enzyme-linked
immunosorbent assay (ELISA) kit, spread across 7 dis-
crete assays (Meso Scale Diagnostics, the USA). These 7
different assays comprised of the following panels: a TH17
panel, angiogenesis panel, chemokine panel, pro-inflam-
matory panel, vascular injury panel, cytokine panel 1 and
cytokine panel 2. These assays quantified the secretions
of the following 54 proteins: CRP, Eotaxin, Eotaxin-3,
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bFGF, FLT-1, GM-CSF, ICAM-1, IFN-vy, IL-10, IL-12/
IL-23p40, IL-12p70, IL-13, IL-15, IL-16, IL-17A, IL-
17A/F, IL-17B, IL-17C, IL-17D, IL-1RA, IL-1a, IL-1p,
IL-2, IL-21, IL-22, IL-23, IL-27, IL-3, IL-31, IL-4,
IL-5, IL-6, IL-7, IL-8, IL-8 (HA), IL-9, IP-10, MCP-1,
MCP-4, MDC, MIP-1a, MIP-18, MIP-3a, PIGF, SAA,
TARC, Tie-2, TNF-a, TNF-g3, TSLP, VCAM-1, VEGF-
A, VEGF-C and VEGF-D. (Supplementary Table 1 pro-
vides full protein name corresponding to abbreviations
above.) All assays were performed according to manu-
facturer’s protocol, with an alternative procedure of over-
night explant-CM incubation used for all assays except
vascular injury and angiogenesis, which were performed
using a single-day procedure. Explant-CM was evaluated
undiluted for all assays except for vascular injury panel
2, where a one in four dilution was used, as per previous
optimisation experiments. All results were reported in pg/
ml. All secreted protein concentrations were normalised
to total protein content of the biopsy tissue specimen by
using a BCA assay (Pierce, the USA) as per manufacturers
recommendations.

Extraction and Quantification of Biopsy Protein
Levels

Biopsy tissue specimens were added to cryovials with one
metal bead and 200ul RIPA+buffer supplemented with
EDTA-free protease inhibitor cocktail (Sigma-Aldrich,
the USA) and phosphatase inhibitor (Roche, Switzerland).
Biopsies were homogenised at 25 Hz for 2 min in a tis-
sue lyser (Qiagen, Germany). Samples were transferred
to clean Eppendorf tubes and centrifuged for 20 min at
1800 rcf at 4 °C. 10ul of each sample was added to 96
well plate in triplicates (Thermo Pierce BCA microassay,
the USA) with 200ul of working reagent. The plate was
incubated for 30 min at 37 °C in humidified CO, incubator,
and absorbance was read at 562 nm to quantify the total
protein content of the sample.
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Statistical Analysis

Baseline demographic and clinical data were presented as
median and interquartile range for continuous variables
and frequencies and percentages for categorical variables.
Mann—-Whitney U test was used to compare continuous vari-
ables between groups by endoscopic remission status, dis-
ease progression status and anti-TNF failure status. Fisher’s
exact test was used to compare frequency data. Relationship
between continuous variables was assessed using Pearson’s
correlation. Multivariate linear regression was performed
to evaluate the association between covariates and study
endpoints. Multicollinearity was assessed by generating a
variance inflation factor (VIF) for each covariate. Covariates
with VIF greater than 5 were removed from multivariate
models. Receiver operator curve analysis was performed to
determine the classifying ability of secreted proteins for out-
comes. p values < 0.05 considered significant in all analyses.
This study was considered exploratory; therefore, we did
not control for false discovery rate (FDR) in our primary
statistical analysis. We performed false discovery rate con-
trol as a secondary analysis using the Benjamini—Hochberg
procedure with the FDR assigned being 5% [11]. As per
standard protocol, the largest p value which was less than the
Benjamini—Hochberg critical value was identified. All com-
parisons with a p value less than or equal to this threshold
p value were considered significant following FDR control.
Statistical analysis was performed using SPSS (Version 26,
IBM).

Results
Baseline Characteristics

Twenty-four patients were recruited age (median [range])
55 [21-72] years; 50% female; disease duration (median
[range]) 9 [1-17] years. The total Mayo score (median
[range]) was 2 [0-11]. 67% (n=16) of patients were in endo-
scopic remission at the time of study endoscopic assess-
ment. At the time of study endoscopy, 83% (n=20), 17%
(n=4) and 33% (n=28) of patients were receiving 5-amino-
salicylate (5-ASA), immunomodulator or biologic therapy,
respectively. The median [range] duration of follow-up was
7.2 months [0-13.4] (Table 1).

Association Between Clinical Variables and Disease
Progression

Disease progression occurred in 12 (50%) patients with a
median time to disease progression of 7.5 months [range
0-13.4]. Two patients were defined as having progression
at the time of study endoscopy as treatment escalation was
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Table 1 Baseline characteristics of study cohort (n=24)
Gender (male) 12 (50%)
Age (years) 51[21-72]
Disease duration (years) 9[1-17]
Disease extent

Proctitis 10 (42%)

Left-sided colitis 7 (29%)

Extensive colitis 7 (29%)
Mayo score 2 [0-11]
Endoscopic mayo score

eMayo 0 4 (17%)

eMayo 1 12 (50%)

eMayo 2 7 (29%)

eMayo 3 1 (4%)
Baseline medications

5-ASA 20 (83%)

Immunomodulator 4 (17%)

Biologic 8 (33%)

required following this evaluation. The absence of endoscopic
remission was associated with disease progression. Only 33%
(n=15) of patients achieving endoscopic remission at study
endoscopy experienced disease progression, while 88% of
patients with an absence of endoscopic remission experienced
disease progression (p=0.027). Patients with an elevated CRP,
at the time of study endoscopy, had elevated rates of disease
progression, but this did not reach statistical significance
(p=0.1) (Supplementary Fig. 1).

Comparison of Explant Secreted Protein Profiles
by Endoscopic Remission Status

Explant-CM protein secretions were compared between
patients with and without endoscopic remission at the time of
study endoscopy. A number of IBD-associated secreted pro-
teins were significantly elevated in patients with endoscopic
activity compared with those in remission: IL-17A, IL-1a,
MIP-1a, IP-10, TNF-B, CRP, IL-16, IL-12/23p40, GM-CSF,
IL-1pB, SAA, IL-17A/F, IL-1RA, ICAM-1, MIP-18, IL-15,
FLT-1, PIGF, IL-17C, TSLP, MIP-3a, bFGF, IL-12p70 and
VCAM-1 (Table 2). There was no statistically significant dif-
ference seen between patients with endoscopic activity and
those with endoscopic remission in the levels of the follow-
ing IBD-associated cytokines; TNF-a, IL-2, IL-6, IL-7, IL-8,
IL-13, IL-21, IL-22 or IFN- y.

Association Between Explant Secreted Protein
Profiles and Disease Progression

The top 10 associations between explant-CM secreted pro-
teins and disease progression are summarised in Table 3.
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Table 2 Ulcerative colitis
explant secreted proteins
associated with endoscopic
activity

Secreted protein Endoscopic remission p value*
No (n=38) Yes (n=16)
Cytokines
IL-17A 54 [36.4-65.4] 3.9[2.4-12.6] 0.001
IL-1a 149.4 [71.4-214.8] 10.2 [1.5-31.9] 0.001
TNF-p 0.5 [0.4-0.5] 0.06 [0.02-0.1] 0.004
IL-16 992.3 [793.7-1565] 479.5 [251.4-700.2] 0.007
IL-12/23p40 18.2 [7.8-20.7] 3.8 [1.7-6.4] 0.007
GM-CSF 635.3 [142.7-1624.9] 38.3 [21.3-101.3] 0.008
IL-17A/F 6.6 [3.2-10.3] 1.9 0.3-12.7] 0.098
IL-1RA 2999.8 [2068-3589.1] 1052.1 [681-1340.7] 0.01
IL-15 1[0.6-1.3] 0.3 [0.2-0.6] 0.02
IL-17C 31.3[16.4-44] 8.7 [4-18.1] 0.032
TSLP 18.6 [3.3-52.7] 1.9 [1.1-7.6] 0.043
Chemokines
MIP-1a 1461.9 [932.2-3258.4] 51.4[33.2-167] 0.003
IP-10 67.5[26.1-198.9] 3.4 [370.1-1346.8] 0.003
MIP-1p 796.3 [297.7-1368] 74.9 [25.4-256.4] 0.017
Vascular Injury Panel
CRP 2680.5 [438.6-3926.1] 247.4 [89-761] 0.006
SAA 461.6 [380.8-565.4] 104.6 [75-272.7] 0.008
ICAM-1 9238.9 [5527.9-10,694.1] 3320.6 [1644-4918.4] 0.014
VCAM-1 5376.5 [3207-6517.4] 2044.2 [1334.8-3396.8] 0.05
Angiogenesis Panel
FLT-1 601.3 [470.7-839] 160 [93-335.8] 0.02
PIGF 23.9[11.6-47.7] 5.1[2.5-7.9] 0.02
bFGF 380.5 [328.4-537.3] 146.8 [119-468.1] 0.05
Pro-inflammatory Cytokines
IL-1B 206 [36.2-375.6] 18.5 [15-40.6] 0.008
IL-12p70 25.1[20.7-31] 14.4[11.1-22.2] 0.05
THI17 Panel Cytokines
MIP-3a 66.7 [48.7-136.7] 29.3[19.5-44.2] 0.043

Median [IQR] secreted protein concentration (pg/ml per ug of protein)

*Mann—Whitney U

Three secreted cytokines, IL-2, IL-7 and IL-8, were sig-
nificantly associated with disease progression (Table 3).
The concentration of each of these cytokines was lower in
patients with disease progression compared to those with-
out disease progression (Fig. 2). The concentrations of
IL-2, IL-7 and IL-8 were similar comparing patients with
and without endoscopic remission. Secreted IL-2, IL-7 and
IL-8 concentration were strongly correlated. The correla-
tion coefficient for IL-2 & IL-7, IL-2 & IL-8, and IL-7 &
IL-8 was 0.74 (p=4.0x107), 0.67 (p=3.4x 107) and 0.98
(p=1.05x1071%), respectively. A multivariate regression
was performed including IL-2, IL-7, IL-8 and endoscopic
remission status. Testing for multicollinearity demon-
strated high VIF for IL-7 and IL-8, 36 and 30, respectively;
therefore, these covariates were removed from the model.
The final multivariate regression model included IL-2 and
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endoscopic remission status and demonstrated secreted
IL-2 to be independently associated with disease progres-
sion (standardised beta—0.44, p=0.01). Receiver operator
curve analysis demonstrated explant-CM secreted IL-2 to
perform well as a classifier of UC disease progression AUC:
0.81,95% CI (0.63-0.98), p=0.01 (Fig. 3).

Association Between Explant Secreted Cytokine
Profiles and Anti-TNF Therapy Failure Status

Twenty-one percent (n=15) of patients had a history of
anti-TNFa failure at the time of study endoscopy (21%).
There was a significant difference in the concentration
of a number of explant-CM secreted proteins comparing
patients with a history of anti-TNF failure to those with-
out a history of anti-TNF failure (Table 4, Supplementary
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Table3 Top 10 association Secreted Proteins Non-progressors (n=12) Progressors (n=12) p value*

between UC explant secreted

proteins and disease progression .2 29.4[15.7-45.2] 11[7.5-17.7] 0.01
IL-7 1.1 [0.8-2.5] 0.7 [0.5-1] <0.05
IL-8 3967.6 [2322.7-6613.2] 2360.3 [1797.5-2482.9] 0.05
IL-31 0.2 [0.1-0.6] 0.02 [3.7x107°-0.2] 0.09
1L-23 19 [4.3-30.7] 1.3 [0.0-21] 0.10
CRP 247.4 [83.9-1813.9] 446.2 [344.4-2610.8] 0.13
PIGF 5.1[2.1-13.6] 11.3 [5.4-30.9] 0.14
1L-22 25 [4.7-108.9] 3.5[0.8-53.0] 0.18
MCP-1 748.9 [370.1-2113.8] 599.9 [281.4-802.1] 0.20
TNF-f 0.1 [0-0.51] 0.2 [0.1-0.5] 0.21

Secreted protein concentrations presented as median [IQR] secreted protein concentration (pg/ml per ug of

protein)

Secreted proteins which are underlined in table are those whose concentration did not statistically signifi-
cantly differ based on endoscopic remission status

Significant p values are given in bold
*Mann—Whitney U

IL-2 IL-7
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Fig.2 Association between disease progression and UC explant secreted IL-2, IL-7 and IL-8 concentrations

Table 4). The concentration of IL-23 pathway cytokines
IL-12/23p40 and IL-17A/F was increased in patients with
a history of anti-TNFu« failure compared to those without
such a history (Table 4). A multivariate analysis was per-
formed which included endoscopic remission status and

the five secreted proteins with the strongest association
with anti-TNF failure status in univariate analysis (IL-17
A/F, IL-10, SAA, FLT-1 and VEGF). Testing for collin-
earity demonstrated SSA and VEGEF to have high VIFs
of 13.2 and 9.9, respectively; therefore, these proteins

@ Springer



5546

Digestive Diseases and Sciences (2022) 67:5540-5550

Secreted IL-2 & UC Disease Progression
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Fig. 3 Receiver operator curve analysis of classifying performance of
explant secreted IL-2 for UC disease progression

were removed from the model. In the final multivariate
analysis, FLT-1 was independently associated with anti-
TNFa failure status (standardised beta 0.53, p=0.016).
There was a non-significant trend towards an independent
association between IL17-A/F and anti-TNF failure status
(standardised beta 0.36, p =0.069).

Discussion

In this report, we describe a pilot study utilising human
ex vivo UC explants to evaluate the association between
explant secreted cytokines profiles and disease behaviour.
Patient-derived UC explants have potential advantages over
other IBD disease models for biomarker discovery as they
have the ability to recapitulate disease biology more pre-
cisely and reflect the heterogeneity of UC patient popula-
tions more accurately. In this study we demonstrate that the
secretion of multiple pro-inflammatory cytokines, previ-
ously associated with IBD pathogenesis, is elevated in UC
explants from patients with endoscopic activity. We dem-
onstrated that decreased IL-2, IL-7 and IL-8 UC explant
secretions are associated with disease progression. In addi-
tion, we demonstrated an association between a number of
explant secreted proteins, including IL-17 A/F and FLT-1,
and anti-TNF failure status.

To validate the human ex vivo UC explant model, we
evaluated the differential secretion of proteins compar-
ing explants from patients in endoscopic remission and
with endoscopic activity. We demonstrated several explant
secreted proteins to be elevated in patients with endoscopic
activity compared with patients in endoscopic remission.
Explant secreted proteins elevated in this context included
IL-1RA, IL-1a, IL-1p, IP-10, IL-12/23p40, IL-12p70,
IL-15, IL-16, IL-17A, IL-17A/F, IL-17C, bFGF, MIP-1a,
TNF-B, SAA, CRP, GM-CSF, ICAM-1, MIP-1p, PIGF,
TSLP, MIP-3a, VCAM-1 and FLT-1. Amongst the listed
secreted proteins, many have previously been associated
with UC pathophysiology. IL-17 has been shown to be

Table 4 Association between
ulcerative colitis explant
secreted proteins and anti-TNF
failure status

@ Springer

Secreted protein Anti-TNF failure group (n+5) No history anti-TNF failure (n=19) p value*
IL-17A/F 15.9[12.3-20.3] 2.1 [0.6-6.6] 0.015
IL-10 2556.9 [2466.2-2746.8] 1214.1 [373.6-1599.1] 0.005
SAA 491.1 [483.7-1357.2] 143.2 [80.6-381.6] 0.012
Flt-1 1051.2 [781.7-1093.4] 173.3 [101.9-481] 0.015
VEGF 1004.7 [852-1148.2] 495.1 [852-1148.2] 0.015
IL-8HS 107,111.4 [1870-187,638.4] 42,848.8 [34289.1-77,795.6] 0.024
TARC 12.8 [12.4-78.7] 5.2[2.4-114] 0.030
Eotaxin-3 87.1[73.4-194.7] 36.8 [14.3-48.2] 0.036
IL12-p70 34.9 [50-80.6] 15.1[11.8-22.9] 0.036
PIGF 47.8 [32.7-52.1] 5.9[2.9-11.3] 0.036
IL-12/1L-23p40 16.1 [7.4-72.8] 4.3[1.8-7.9] 0.044
MDC 1162 [462.7-2874.9] 249.5 [94.4-491.6] 0.044
GM-CSF 938.3 [144.2-1055.7] 38.6 [24.9-149.1] 0.044
IL-12/1L-23p40 16.1 [7.4-72.8] 4.3[1.8-7.9] 0.044

Secreted protein concentrations are presented as Median [IQR] secreted protein concentration (pg/ml per

ug of protein)

*Mann—Whitney U
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increased in the serum and mucosa of active UC patients.
[12] Serum IL-17A and IL-1RA levels have been shown to
be increased in patients with active UC compared to those
in remission [13, 14]. IL-1RA, IL-1f, IP-10 and GM-CSF
have been found to be increased in the intestinal epithelium
of UC patients compared to healthy controls [15, 16]. PIGF,
FLT-1 and IL-15 protein concentrations are higher in intes-
tinal tissue of active UC patients compared to controls [17,
18]. SAA is an acute-phase reactant shown to have a high
correlation with mucosal inflammation in UC [19]. Signifi-
cant upregulation of these secreted proteins, known to be
associated with mucosal inflammation, provides evidence
that UC explants recapitulate UC disease biology.
Reduction in UC explant secreted IL-2, IL-7 and IL-8 was
associated with disease progression in this study. The con-
centration of these secreted cytokines did not differ signifi-
cantly between patients with endoscopic activity and remis-
sion suggesting that their association with disease behaviour
was independent of endoscopic activity which is a known
clinical marker of disease progression risk. In a multivariate
analysis, only IL-2 remained significantly associated with
disease progression. IL-2 is a pleotropic cytokine known
to have immunoregulatory functions and is a key cytokine
in intestinal homeostasis. IL-2 levels have been found to be
higher in UC patients compared with healthy controls in
previous reports [20]. To our knowledge, previous studies
have not investigated the variability in IL-2 levels within
UC patient populations, nor has the relationship between
UC explant IL-2 secretions, endoscopic activity and disease
progression previously been evaluated. The finding in our
study that UC explant IL-2 secretion was reduced in patients
with disease progression compared to those without progres-
sion is not necessarily contradictory to previous work that
has demonstrated increased IL-2 expression in UC patient
samples compared with healthy controls. Cytokine functions
in IBD are context dependent and can exert opposing effects
depending on disease state and stage of inflammation [21].
It may be that in chronic UC, the immunoregulatory func-
tion of IL-2 becomes particularly important and that reduced
IL-2 secretion in this context contributes to disease progres-
sion. In addition, there is biological plausibility to the find-
ing that reduced intestinal IL-2 production is associated with
disease progression. IL-2 is involved in controlling differen-
tiation, survival and function of T regulatory cells (Tregs)
which are known to play a critical in the control of intestinal
inflammation in murine models [22-24]. Loss of function
mutations in the IL-2 receptor has been detected in Mende-
lian forms of IBD [25]. In a pre-clinical mouse model, low
dose IL-2 has been shown to expand Tregs and ameliorate
experimental colitis in humanised mice [26]. Furthermore,
low dose IL-2 is currently being evaluated as a therapy for
UC with in a phase 1b/2a clinical trial (NCT02200445).
While the finding in our study requires validation, reduced

IL-2 secretion in UC explants may have utility as a bio-
marker of disease progression risk.

While reduced IL-7 and IL-8 secretion in UC explants
did not remain significantly associated with disease progres-
sion in a multivariate analysis, these cytokines also warrant
follow-up in future studies as tissue markers of disease pro-
gression in UC. Both IL-7 and IL-8 have potentially immu-
noregulatory functions which could explain the association
we observed between reduced secretion of these cytokines
and disease progression. Human intestinal epithelial cells
and epithelial goblet cells produce IL-7, and this cytokine
is known to be essential for T-cell proliferation. Locally
produced IL-7 may serve as a potent regulatory factor for
intestinal mucosal lymphocytes [27]. Significantly decreased
expression of IL-7 in the inflamed mucosa of the colon in
patients with active UC, compared with the colonic mucosa
of normal subjects or patients in remission, has previously
been described [28]. Another study has shown higher
serum IL-7 levels in paediatric patients with CD in remis-
sion, compared with patients with active disease [29]. IL-8
has functions in immune cell chemotaxis and angiogenesis
promotion. Previous studies have described increased IL-8
in inflamed colonic mucosa of UC patients compared to
healthy controls. Further investigation of these cytokines as
biomarkers of UC progression is warranted [30, 31].

Thirteen explant secreted proteins exhibited differential
secretion in individuals with a history of anti-TNF failure
versus those with no history of anti-TNF failure. The IL-23
pathway secreted cytokines IL-17A/F and IL-12/23p40 were
elevated in UC explants of patients who had a history of anti-
TNF therapy failure. This finding was in concordance with
a recent report from Schmitt et al. [32] which demonstrated
upregulation of the IL-23 pathway in patients with resistance
to anti-TNF therapy. This finding is important as it further
validates the findings by Schmitt et al. and has clinical rel-
evance as it suggests that treatment strategies targeting the
IL-23 pathway have a strong rationale in IBD patients failing
anti-TNF therapy. High baseline serum VEGF levels have
been shown to predict poor response to anti-TNF therapy and
circulating VEGF levels decrease after successful anti-TNF
therapy [33]. The finding of elevated VEGF in patients with
a history of anti-TNF failure is therefore not unexpected.

A number of other explant secreted proteins demonstrated
a statistically significantly increase in patients with a history
of anti-TNF failure, including PIGF, SAA, IL-10, TARC
and Eotaxin-3. As mentioned above, increased PIGF and
SAA have previously been associated with mucosal inflam-
mation in UC [18, 19]. Eotaxin-3, TARC and IL-10 have
been shown to be increased in the colonic tissue of active
UC [34, 35]. To our knowledge, none of these proteins have
previously been reported to be associated with anti-TNF
failure. These secreted proteins warrant further assessment
and validation as they may provide further insights into
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mechanisms of anti-TNF failure in IBD patient populations.
Both TREM-1 and OSM have been described as being asso-
ciated with anti-TNF failure, but we did not investigate these
biomarkers in our study.

In a multivariate analysis, FLT-1 was independently asso-
ciated with anti-TNF failure status. FLT-1 is also known
as VEGEF receptor 1, and it binds to VEGF-A, VEGF-B
and PIGF, playing an important role in cell migration, cell
proliferation, angiogenesis and vasculogenesis [36, 37]. A
previous study has described increased FLT-1 in colonic
mucosa culture supernatant in patients with endoscopic
and histological activity [18]. Increased gene expression of
FLT-1 and higher FLT-1 protein concentrations have been
reported in intestinal tissue of active UC patients compared
to controls [38]. FLT-1 has not previously been evaluated as
a marker of anti-TNF failure and requires further assessment.
Assessment of explant secreted protein profiles segregated
by anti-TNF failure status was not a primary focus of this
study, and therefore, there are some limitations associated
with this analysis. We assessed patients with a history of
anti-TNF failure rather than actively recruiting patients fail-
ing anti-TNF therapy at the time of endoscopic sampling and
the numbers included in the analysis were relatively small.
Despite these limitations, we believe that this assessment
has clinical relevance as it generates further information on
the biology underlying anti-TNF failure and has provided
support for biomarkers which have previously been demon-
strated to be associated with anti-TNF failure status. Further
work is required to follow up the associations observed in
this study between explant secreted proteins and anti-TNF
failure status.

More generally, our study had a number of limitations.
The number of patients included was relatively small com-
pared with traditional biomarker studies in IBD. However,
by the standard of prior explant studies in colorectal cancer,
our study would be considered to be of a reasonable size and
adequately powered [10]. Our study design did not provide
for a validation cohort which is generally required to inde-
pendently confirm the validity of biomarkers in a given dis-
ease. Validation of the findings of this report will be a focus
of future studies by our group. Explants were generated from
one biopsy specimen per patient. Future studies should eval-
uate inter-individual variability in explant proteins secretions
which will be essential to understand if UC explants are
to be applied in translational and clinical settings. A sig-
nificant proportion of explant secreted proteins associated
with disease progression and a history of anti-TNF failure
status were also associated with endoscopic disease activity
in our study. It may therefore be the case that a proportion
of explant secreted proteins associated with study endpoints
are merely proxies for mucosal inflammation and not inde-
pendently associated with disease progression or anti-TNF
therapy resistance. To control for this potential confounder, a
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multivariate analysis was performed for each endpoint which
included endoscopic remission status. These analyses con-
firmed a number of explant secreted proteins associations to
be independent of endoscopic remission status.

UC is an increasingly important disease with an increas-
ing incidence and prevalence [1]. The range of therapies
for this condition has expanded considerably over the last
two decades. Biomarkers which accurately predict disease
behaviour and identify subpopulations of UC patients likely
to respond to specific therapies are required and would sig-
nificantly advance patient care. The ex vivo human UC
explant model has potential to meet these needs allowing
the characterisation of UC disease behaviour by profiling
the UC explant secretome. Explants provide an alternative
to cell-based assays and animal testing and reflect the com-
plexity of the IBD microenvironment. Other studies have
validated the use of explants to define degree of mucosal
inflammation in IBD and the various effects of biological
therapies. [18, 39-42] Given the inter-individual variabil-
ity in biologic therapy response in UC and the increasing
number of therapeutic options, this platform also has future
promise in the ex vivo profiling of therapy response to UC
therapeutics aiding in vivo therapy selection for patients.
In summary, the human ex vivo human explant model has
demonstrated discrete protein secretion profiles are associ-
ated with UC disease progression and anti-TNF failure sta-
tus. While further evaluation and validation are required, the
UC explant model holds the potential to act as a precision
medicine tool in IBD.
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