
 

 

 University of Groningen

In-depth characterisation of the serum antibody epitope repertoire in Inflammatory Bowel
Disease by high-throughput phage-displayed immunoprecipitation sequencing
Bourgonje, Arno R.; Andreu-Sánchez, Sergio; Vogl, Thomas; Hu, Shixian; Vich Vila, Arnau;
Leviatan, Sigal; Kurilshchikov, Aleksandr; Klompus, Shelley; Kalka, Iris N.; van Dullemen,
Hendrik M.
Published in:
Journal of Crohn's and Colitis

DOI:
10.1093/ecco-jcc/jjab232.092

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Bourgonje, A. R., Andreu-Sánchez, S., Vogl, T., Hu, S., Vich Vila, A., Leviatan, S., Kurilshchikov, A.,
Klompus, S., Kalka, I. N., van Dullemen, H. M., Weinberger, A., Visschedijk, M. C., Festen, E. A. M., Faber,
K. N., Wijmenga, C., Dijkstra, G., Segal, E., Fu, J., Zhernakova, A., & Weersma, R. K. (2022). In-depth
characterisation of the serum antibody epitope repertoire in Inflammatory Bowel Disease by high-
throughput phage-displayed immunoprecipitation sequencing. Journal of Crohn's and Colitis, 16(Suppl(1)),
S100-S102. https://doi.org/10.1093/ecco-jcc/jjab232.092

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

https://doi.org/10.1093/ecco-jcc/jjab232.092
https://research.rug.nl/en/publications/ecbc6df3-6f6a-47c8-97f4-e1332bf19b58
https://doi.org/10.1093/ecco-jcc/jjab232.092


i100 Digital oral presentations

Methods: Previously we developed the MicrobioLink pipeline 
(Andrighetti et al, Cells, 2020), an in silico microbe-host protein-pro-
tein interaction prediction algorithm. Here, we implemented a compu-
tational workflow based on MicrobioLink to predict and compare the 
cell-specific effects of a commensal bacteria in healthy and diseased 
conditions using a publicly available single-cell RNAseq dataset (Smilie 
et al, Cell, 2019) from colon biopsies describing 51 cell types - includ-
ing fibroblasts, epithelial and immune cells - in healthy, non-inflamed 
and inflamed ulcerative colitis (UC). With functional analysis, microbe-
affected processes have been discovered, while reliable network biology 
resources, such as OmniPath and Reactome, were used to identify the 
direct mechanism of action of the bacterial molecules.
Results: Demonstrating the applicability of the new computational 
workflow, we analysed the effect of a common gut commensal bacteria 
- Bacteroides thetaiotaomicron (Bt) - on human immune cells focusing 
on the Toll-like receptor (TLR) signalling. We found that extracellular 
vesicles (EVs) secreted by Bt may be able to modulate the TLR pathway 
intracellularly. The analysis highlighted that Bt targets differ among 
cells and between the same cells in healthy versus UC conditions. The in 
silico findings were validated in EV-monocyte co-cultures demonstrat-
ing the requirement for TLR4 and Toll-interleukin-1 receptor domain-
containing adaptor protein (TIRAP) in EV-elicited NF-kB activation.
Conclusion: The current pipeline offers potentially interesting connec-
tion points and detailed mechanistic insight containing mechanistic 
information about microbe-host interactions. This information can be 
tested and harnessed to understand better how microbial proteins may 
be of therapeutic value in inflammatory diseases, such as IBD.
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Background: Patients with IBD show distinct antibody responses, par-
ticularly against microbiota. However, a comprehensive overview of 
the antibody epitope repertoire in IBD is lacking. Here, we character-
ized serum antibody responses in patients with IBD and population 
controls using a high-throughput phage-displayed immunoprecipita-
tion sequencing (PhIP-seq) workflow and associated these to disease 
phenotypes and the faecal microbiome.
Methods: PhIP-seq was leveraged to characterise antibody 
responses against 344,000 rationally selected peptide antigens in 
497 patients with IBD which were compared with 1,326 individu-
als from a population-based cohort (Fig. 1A-B). Antibody profiles 
were linked to 23 IBD-specific clinical features such as disease lo-
cation and surgical history and to faecal microbiota composition 
(Fig. 1C).
Results: Patients with IBD demonstrated distinct antibody epitope rep-
ertoires compared with individuals from the general population, with 
373 differentially abundant antibody-bound peptides (202 overrepre-
sented, 171 underrepresented) belonging to bacterial flagellins (69), 
virulence factors (102), other antigens of both commensal and patho-
genic bacteria (90) as well as viruses (67) and food proteins (24) (Figure 
2). In particular, antibody responses against bacterial flagellins, many 
of which belong to Lachnospiraceae bacteria (e.g. Roseburia spp.), but 
also Eubacterium spp. and pathogens (e.g. Legionella, Clostridium, 
Burkholderia) dominated in patients with Crohn’s disease (CD), and 
were associated with ileal disease involvement and more complicated 
disease behaviour (e.g. fibrostenotic disease, surgical history) as well 
as anti-Saccharomyces cerevisiae antibody positivity. Furthermore, 
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many other antigens were newly identified, e.g. decreased responses 
to E. coli virulence factors and genome polyproteins of enteroviruses, 
and increased responses to food antigens (wheat, barley) and autoanti-
gens (particularly collagen type I and VI). Antibody epitope repertoires 
were able to accurately discriminate CD from population controls (area 
under the curve [AUC]=0.88, test set evaluation), showing very high 
discriminative performance (positive and negative predictive value of 
72% and 93%, respectively, representing predicted classes in test set) 
(Fig. 3A-C), which was less accurate for ulcerative colitis (UC) (Fig. 
3D-F).
Conclusion: This study demonstrates the size, diversity and complexity 
of systemic antibody epitope repertoires in patients with IBD compared 
to controls, showing that distinct clinical phenotypes of IBD are char-
acterized by unique antibody signatures. PhIP-seq is a powerful tool 
for identifying systemic immune-based biomarkers and exposing novel 
immunological targets in immune-mediated inflammatory diseases like 
IBD.
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Background: In Inflammatory Bowel Disease (IBD), intestinal barrier 
dysfunction and epithelial cell injury are believed to be associated with 
activation of the immune system to drive disease-associated inflamma-
tion, which together constitute key features of active disease. Existing 
drugs used to treat IBD induce endoscopic remission and improve-
ments in mucosal healing in only a minor proportion of patients, driv-
ing a critical need for therapies which lead directly to mucosal healing. 
Furthermore, predicting patients who may benefit from therapeutics 
that address specific mechanisms of mucosal healing may augment re-
sponse rates.
Methods: We screened proteins, identified from a meta-analysis of 
healthy human microbiome, in cellular assays and animal models 
related to mucosal injury, with the goal of identifying novel thera-
peutics that have the potential to directly induce mucosal healing. 
The proteins identified were further optimized by protein engin-
eering to increase their stability as well as gastro-intestinal (GI) tar-
geting via oral administration. For this, therapeutic proteins were 
expressed using a probiotic, Lactococcus lactis (L.lactis), engineered 
to display the recombinant proteins on the cell surface, and evalu-
ated for activity in DSS- and DNBS-induced models of colitis in 
mice. Mechanism of action studies using computational and la-
boratory based methods to analyze gene expression and direct mo-
lecular interactions with human proteins, enabled the identification 
of pathways modulated by the candidate molecules. These pathways 
were further evaluated for their ability to identify biomarkers in 

specific patients most suitable for treatment in a precision medicine 
approach.
Results: We have identified a novel, healthy microbiome-derived 
protein that demonstrated robust activity in human epithelial injury 
assays in vitro. The protein reduced intestinal injury related pathology 
in mice when orally administered to target directly the GI tract. SG-5-
00455, the product based on an L.lactis strain expressing the candidate 
therapeutic protein, reduced pathology scores, inflammation and bar-
rier function related LPS-binding protein levels to levels comparable 
to those obtained glucagon-like peptide 2 (GLP-2), as well as improv-
ing dysregulated tissue repair and fibrosis-associated gene expression 
and proteins levels. SG-5-0455 treatment did not result in systemic 
exposure, driving its therapeutic activity in a GI-localized manner by 
targeting pathways related to tissue injury and fibrinolysis.
Conclusion: SG-5-00455, through its novel mechanism of action and 
oral delivery to directly target tissue repair pathways in the GI-tract, 
offers the potential to address a large critical need in IBD.
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Background: In the UNIFI study of ustekinumab (UST) in ulcerative 
colitis (UC), patients who achieved histo-endoscopic mucosal healing 
(HEMH; ie, both histologic and endoscopic improvement of mucosa) 
after induction had higher clinical remission and corticosteroid-free 
clinical remission rates through 1 year than those who achieved either 
histologic or endoscopic improvement alone.1 Here, we report the 
effect of achieving HEMH after induction on long-term symptomatic 
outcomes through 3 years.
Methods: Patients who were in clinical response after 8 wks of IV in-
duction with UST 130mg or ~6mg/kg (wk 8 responders) were rand-
omized to maintenance treatment with SC UST 90mg q12w or q8w 
on entry into maintenance. Those who were not in clinical response to 
the initial UST dose at wk8 but achieved response at wk16 after receiv-
ing a single SC dose of UST 90mg at wk8 (wk16 responders) entered 
maintenance receiving SC 90mg q8w. After 44 wks of maintenance 
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