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Practical information 
 
Venue 
Hotel Mitland 
Ariënslaan 1 
3573 PT Utrecht 
Phone: +31 (0)30 271 58 24 
Email: info@mitland.nl 
 
Travel directions by public transport 
 
From Amsterdam Schiphol Airport 
• Trains depart for Utrecht Central 
Station every 15 minutes 
 
From Utrecht Central Station 
• Take bus 50, 73, 74 or 77, these buses 
run average every 10 minutes 
• Get off at the Oorsprongpark stop, 
from this stop it is about 10 minute walk 
• Cross the railway tracks 
• Turn into the fourth street on the left, 
this is the Karel Doormanlaan, and walk 
straight along the apartment buildings 
• After approximately 350 meters, turn 
right at the crossroads and continue 
under the Voorveldse Polder viaduct to 
the Ariënslaan 
• You will find Hotel Mitland after 
approximately 50 meters on the right 
 
For information on public transport in The Netherlands: http://9292.nl/en 
 
How to get there by car 
 
From Breda 
Take the A27 in the direction of "Ring Utrecht (Oost) / Hilversum / Almere". Follow the 
'Veemarkt' signs at Utrecht. Take the 'Veemarkt' turning (exit 30). At the traffic lights at the T-
junction, turn left and go under the viaduct. You will pass a 'Firezone' petrol station on your 
right. Drive all the way round the first roundabout, you come to so that you are driving back in 
the same direction as you came. Immediately after the roundabout (about 70 meters) take the 
first right turn. Turn right again at the T-junction. This is the Ariënslaan. After about 300 meters, 
you will see Mitland Hotel Utrecht to your left. 
 
From 's-Hertogenbosch 
At the 'Everdingen' crossroads (where the A27 and the A2 split up) a good 10 km before 
Utrecht, follow the Utrecht / Almere (A27) signs. Stay on the A27 until you see the 'Veemarkt' 
signs when level with Utrecht. For further directions, see directions 'From Breda'. 
 
From Amsterdam 
Follow the A2 to the 'Oudenrijn' intersection. Then follow the 'Ring Utrecht' signs which will 
bring you on to the A12. Follow the 'Ring Utrecht' signs here too. At the 'Lunetten' intersection, 
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follow the 'Ring Utrecht / Amersfoort / Hilversum (A27)' signs. For further directions, see 'From 
Breda'. 
 
From The Hague 
Follow the A12 as far as the 'Lunetten' intersection. Take the 'Ring Utrecht / Amersfoort / 
Hilversum (A27)' turning. Once on the A27, follow the 'Veemarkt' signs. For further directions, 
see 'From Breda'. 
 
From Hilversum 
Take the A27 in the direction of Utrecht. Follow the 'Veemarkt', Centrum, de Bilt" signs at exit 
30 when level with Utrecht. You will pass a 'Firezone' petrol station on your right. Drive all the 
way round the first roundabout you reach so that you are driving back in the same direction 
as you came. Take the first right turn immediately after the roundabout (about 70 meters). 
Turn right again at the T-junction. This is the Ariënslaan. After approximately 300 meters, you 
will see Mitland Hotel Utrecht to your left. 
 
From Amersfoort 
Take the A28 in the direction of Utrecht. At Utrecht, follow the "Ring Utrecht (Noord) / Veemarkt 
/ Hilversum (A27)". Take the 'Veemarkt' turning (exit 30). For further directions, see 'From 
Breda'. 
 
From Arnhem 
Take the A12 in the direction of "Ring Utrecht (Oost) / Hilversum (A27)". On the A27, follow 
the 'Veemarkt' signs. For further directions, see 'From Breda'. 
 
Group transport and taxi services 
 
On request we can organize paid group transportation for excursions. Also, group 
transportation to and from Hotel Mitland is possible. When ordering a taxi in Utrecht we 
recommend UTC (Utrechtse Taxi Centrale). Are you travelling from or to Schiphol Airport? 
Please consult our reception for more information to prevent unnecessary high costs. 
 
Sightseeing in Utrecht 
 
The Domtower 
The Domtower is the highlight of Utrecht city center. The building of this magnificent gotic 
church tower was initiated in 1321. The Domtoren is currently being restored, but can still be 
visited. Book a visit at https://www.domtoren.nl 
 
Domsquare 
The Domsquare is the central square of Utrecht where the Domtower is situated. 
Next to the square, you can also find the Academy building were all official ceremonies of 
Utrecht University take place. You can walk into the garden of the Academy Building.  
 
Oudegracht  
The Oudegracht is the central canal in Utrecht city center. You can walk along the canal with 
its old storage docks (called “werfkelders”) or explore the canal by pedal boat or boat tour. 
Many restaurants are situated in the storage docks that can be reached by stairs.  
 
Pedal boats:      https://www.stromma.com/en-nl/utrecht 
Boat tours:      https://www.schuttevaer.com 
 
Examples of restaurants at the docks: 
Vegetarian Restaurant de Werfkring  https://www.dewerfkring.com/#restaurant 
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German restaurant Kartoffel   https://kartoffel.nl 
Broadway Steakhouse   https://www.steaksandribs.nl 
 
Museums in Utrecht 
 
Railway Museum Utrecht   https://www.spoorwegmuseum.nl/en/ 
A museum for train enthusiasts. 
 
Museum Speelklok    https://www.museumspeelklok.nl/lang/en/ 
An interactive museum with typical Dutch self-playing musical instruments. 
 
 
Checking in at the Conference 
 
Early check-in: Tuesday 26th July, 18.00-20.00 pm at Hotel Mitland 
 
Late check-in: Wednesday 27th July, 07.30-8.30 am at Hotel Mitland 
 
For presenters 
 
Oral presentations 
Please see session chair 30 minutes prior to the start of your session. 
Bring your presentation on a memory stick. 
 
Posters 
Dimensions: Portrait format, maximum 90 cm x 110 cm (approx. 35" x 43") 
Poster should be put up in poster room on Wednesday 27th July, 13.30-14.00. 
Poster should be removed by Friday 29th July, 13.30. 
 
Social program 
 
Wednesday 27th July 
21.00-23.00 Bowling 
Location: Bowling lanes at Hotel Mitland 
Join in for a friendly bowling competition with your fellow Mucin Conference colleagues. The 
bowling lanes are on-site at hotel Mitland. Please sign up for bowling at the registration desk. 
 
Thursday 28th July 
16.15-18.30 Guided walking tour 
Departure from Hotel Mitland at 16:15 (don’t be late!) 
Enjoy a guided walking tour that will start at Hotel Mitland and will take you into Utrecht city 
center. During the walk, a professional guide will point out interesting sites and tell you facts 
and stories that will make the city come to life. The total walking distance is about 3 kilometers 
so think about suitable shoes. Final destination: Oudaen City Castle were the conference 
dinner and party will be. Please sign up for the walking tour at the registration desk. 
 
19.00-00.30 Conference dinner and party 
Location: Oudaen City Castle, Oudegracht 99, Utrecht 
Join us for the conference dinner and party! Location is the historic Oudaen City Castle, 
founded in 1280, which nowadays houses a restaurant and brewery. Dinner will start around 
19:00 at the second floor. Around 20:30 we will move to the party venue on the third floor 
where a DJ will induce you to show you best (or worse) dancing moves. Around 00:30, 
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transportation back to Hotel Mitland will be arranged or you can walk back. Please sign up for 
the conference dinner and party at the registration desk. 
 
COVID-19 safety measures (last updated 2022-06-23) 

 
Travel to Netherlands: 
There are no coronavirus-related restrictions for entering the Netherlands for travelers who 
live in the EU/Schengen area or in a country participating in the EU travel rules scheme. The 
EU entry ban applies to other travelers who live outside the EU/Schengen area, but there are 
some exceptions. 
 
For travelers from outside EU/Schengen area, e.g. Israel, Japan, UK, USA: 

1. You may only enter the Netherlands if you're fully vaccinated. 
2. Since the 23rd of March you no longer need to show proof of test when you travel 

(back) to the Netherlands. 
3. Since the 19th of April you no longer have to show a health declaration when boarding 

a plane or ferry. 
 
A corona test can be booked at www.spoedtest.nl. 
 
Available test locations include St. Jabobstraat 247 in Utrecht and Hoeksteen 149, location 
Schiphol Airport/Hoofddorp. Different test options are available with results within 1 hour or 1 
day and also include travel documents. 
 
COVID policy at Mucins in Health and Disease Conference 
 
Face masks 
There is currently NO face mask policy in the Netherlands, therefore wearing a face mask is 
optional. The conference will supply a limited number of FFP2 and N95 masks for 
participants. 
 
Symptoms and testing 
In case of symptoms, perform a self-test. The conference will supply a limited number of kits, 
but attendees are encouraged to bring test kits for personal use. A corona test can also be 
booked at www.spoedtest.nl 
 
If symptomatic and the test is negative, wearing a face mask and practicing physical 
distancing measures are encouraged. 
 
If the test is positive, quarantine yourself and follow the RIVM instructions.  You must 
quarantine and unfortunately cannot participate in the program anymore. Quarantine can be 
lifted after 24 hours without symptoms OR 10 days after the start of the symptoms. 
 
For more information on the Dutch official policy, visit: 
https://www.government.nl/topics/coronavirus-covid-19 
https://www.rivm.nl/en/coronavirus-covid-19/current-information 
 
  

NOTE! Please visit https://www.government.nl/topics/coronavirus-covid-19 for the 
latest rules and regulation for entering the Netherlands. 
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Past, Present and Future of Mucins 
 
Gunnar C. Hansson 
 
gunnar.hansson@medkem.gu.se 
 
Department of Medical Biochemistry and Cell Biology, University of Gothenburg, Sweden 
 
Already Hippocrates in his Humorism theory of the human body stated that the body was built 
from black bile, yellow bile, blood and phlegm or mucus. Ever since has mucus and its main 
component, the mucins been in the focus of research, although the progress in understanding 
has been slow and is still lagging behind. Although not always appreciated, molecular 
understanding of the blood group ABO systems came from mucin glycan studies. The largest 
step forward was made during the late 1980ies and 90ies by the generation of monoclonal 
antibodies that in many cases were of mucin type and the molecular cloning methods that 
gave the first protein sequence information. The repetitive nature of the long mucin PTS 
sequences is still difficult to sequence still hampering our understanding of sequence 
variability and its link to disease. A major step forward is on the other hand the recently 
developed cryo-electron microscopy that is well suited for mucin studies as elegantly shown 
for the N-termini of MUC2. Understanding the structure of mucins will help us to reveal some 
of the hidden secrets in mucins, something that is especially important for understanding of 
how the body can limit the contact with bacteria in the intestine and lungs. The intricate and 
specialized machinery for generating mucins in the goblet cells is still porrly understood and 
an open field for anyone interested in cell biology. However, other areas are still technically 
impossible address; the glycan and 3D organization of the highly glycosylated mucin domains. 
The great difficulties to work with mucins will make them into excellent subjects for young and 
ambitious researchers searching for this underdeveloped research area, necessary for the 
development of novel human therapies for diseases of especially the intestinal and respiratory 
tracts.  
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Mechanism and Therapeutic Intervention in Airway Mucin Secretion 
 
Oanh Hoang, Brianne Wharton, Jose Flores, Michael Tuvim, Ying Lai, Axel Brunger, Giorgio 
Fois, Manfred Frick, Burton Dickey 
 
University of Texas MD Anderson Cancer Center, USA 
 
bdickey@mdanderson.org 
 
 
It has been known for at least thirty years that mucins are secreted from surface airway 
epithelium both at a slow baseline rate and a rapid stimulated rate. Baseline secretion ensures 
mucociliary clearance takes place continuously, removing inhaled pathogens, particles and 
toxicants. Stimulated secretion can result in occlusion of the airway lumen if abundant 
intracellular mucin stores are present. The adaptive value of stimulated secretion appears to 
be to trap helminths migrating through the lungs, and possibly to help in the local clearance of 
microbes and particles. Pathologically, mucus occlusion contributes to airflow obstruction and 
inflammation in asthma, COPD, and cystic fibrosis.    
 
Over the past twenty years, the molecular machinery mediating airway mucin secretion has 
been characterized. This includes the central SNARE complex of Syntaxin-3, SNAP-23, and 
VAMP8, together with Munc18 and Munc13 chaperones and the synaptotagmin-2 (Syt2) 
calcium sensor. Some proteins participate in both baseline and stimulated secretion, such as 
SNAP-23, whereas Munc18a participates exclusively in baseline secretion and Munc18b 
predominantly in stimulated secretion. This suggests that the exocytic machinery could be 
targeted therapeutically to reduce pathologic stimulated secretion while preserving 
homeostatic baseline secretion. In particular, the calcium sensor, Syt2, functions exclusively 
in stimulated secretion.  
 
To validate Syt2 as a therapeutic target, we deleted the gene in mouse airway epithelial cells. 
Deletant mice had a 54% reduction in stimulated mucin secretion and 69% reduction in mucus 
occlusion in a model of allergic asthma. We next reconstituted the complete calcium-
stimulated exocytic machinery in a biochemical assay using recombinant Syntaxin-3, 
SNAP23, VAMP8, Munc18b, Munc13-2, and Syt2 to induce fusion of synthetic mucin granule 
and plasma membrane vesicles. Based upon prior structural work with the homologous 
synaptic vesicle fusion machinery, we designed a series of peptides derived from SNAP-25 
that overlay the region of its interaction with Syt1. Amino acids in these peptides were “stapled” 
with hydrocarbon linkages to lock them in an alpha-helical conformation to bind Syt2 and 
inhibit its interaction with SNAP-23. Several peptides reduced stimulated fusion in our 
reconstituted assays; in particular, SP9 showed a high degree of efficacy. SP9 was then 
conjugated to the cell-penetrating peptide, Penetratin, and inhibited agonist-stimulated mucin 
secretion in cultured human airway epithelial cells. Finally, PEN-SP9-Cy3 was introduced as 
an aerosol into the airways of mice, where it reduced agonist-stimulated mucin secretion 82% 
and mucus occlusion 33%. 
 
Together, these results confirm the identity of the molecular components mediating stimulated 
mucin secretion from prior studies in cells and mice, and point the way to therapeutic 
intervention in pathologic mucin hypersecretion.  
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Partners in Slime: How Mucus Regulates Microbial Virulence 
 
Katharina Ribbeck 
 
ribbeck@mit.edu 
 
MIT Biological Engineering, USA 
 
Mucus is a biological gel that lines all wet epithelia in the body, including the mouth, lungs, 
and digestive tracts, and has evolved to protect us from pathogenic invasion. Microbial 
pathogenesis in these mucosal systems, however, is often studied in mucus- free 
environments, which lack the geometric constraints and microbial interactions that are found 
in natural, three- dimensional mucus gels. Our laboratory has developed model test systems 
to understand how the mucus barrier influences microbial virulence, and moreover, to 
elucidate strategies used by microbes to overcome the normal protective mucus barrier. We 
show that mucin polymers, and specifically their associated glycans, significantly impact the 
physiological behavior of microbes, including surface attachment, quorum sensing, the 
expression of virulence genes, and biofilm formation. The picture is emerging that mucin 
glycans are key host players in the regulation of microbial virulence and underscores the 
untapped therapeutic opportunities found in these host-derived molecules.  
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Mucins in High Resolution 
 
Gabriel Javitt, Lev Khmelnitsky, Nava Reznik, Deborah Fass 
 
deborah.fass@weizmann.ac.il 
 
Weizmann Institute of Science, Israel 
 
The enormous, heavily glycosylated, and flexible gel-forming mucins have not evolved to be 
easy targets of high-resolution structural analysis. We are nevertheless making a determined 
effort to uncover the structural principles of mucin organization and function. Initial studies 
suggest that the unique rheological properties of mucins are rooted in coordinated assembly 
and interaction mechanisms ultimately understandable on the molecular level. Key questions 
in mucin assembly include how disulfide bonding of the amino- and carboxy-termini is 
controlled to make extended mucin polymers rather than dimers linked at their two termini. An 
additional important challenge is to identify the features that give mucin paralogs their distinct 
mesoscale properties. Structures of major segments of intestinal and respiratory mucins, 
which we determined using a combination of cryo-electron microscopy and X-ray 
crystallography, have shed light on the role of D assemblies in guiding disulfide-mediated 
mucin polymerization and are beginning to reveal the functions of CysD domains and 
interdomain proline-, threonine, and serine-rich (PTS) segments. Three main concepts are 
emerging from this work. One is that the cooperativity of supramolecular assembly produces 
structures that are highly sensitive to solution conditions. The second is that CysD domains 
have central roles in mucin assembly. The third is that PTS region lengths are not arbitrary 
but rather adhere to a molecular logic that is beginning to be revealed.       
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Function and evolution of the epithelial ER stress sensor ERN2/IRE1b in mucosal 
homeostasis 
 
Michael Grey, Heidi De Luca, and Wayne I. Lencer 
 
michael.grey@childrens.harvard.edu 
 
Division of Gastroenterology, Hepatology and Nutrition, Boston Children’s Hospital and 
Department of Pediatrics, Harvard Medical School, Boston, Massachusetts, United States 
 
Epithelial cells lining mucosal surfaces of the gastrointestinal and respiratory tracts uniquely 
express ERN2/IRE1�, a paralogue of the most evolutionarily conserved endoplasmic 
reticulum stress sensor ERN1/IRE1�. Within the epithelium, ERN2 expression is highly 
enriched within mucus producing goblet cell populations. How ERN2 contributes to goblet cell 
function at the host-environment interface and why a second IRE1 paralogue evolved remain 
incompletely understood. Using conventionally raised and germ-free Ern2-/- mice, we found 
that ERN2 was required for microbiota-induced goblet cell maturation and mucus barrier 
assembly in the colon. This occurred only after colonization of the alimentary tract with normal 
gut microflora, which induced ERN2 expression. ERN2 acted by splicing Xbp1 mRNA to 
expand ER function and prevent ER stress in goblet cells. Although ERN1 can also splice 
Xbp1 mRNA, it did not act redundantly to ERN2 in this context. By regulating assembly of the 
colon mucus layer, ERN2 further shaped the composition of the gut microbiota. Mice lacking 
ERN2 had a dysbiotic microbial community that failed to induce goblet cell development when 
transferred into germ-free wild type mice. These results show that ERN2 evolved at mucosal 
surfaces to mediate crosstalk between gut microbes and the colonic epithelium required for 
normal homeostasis and host defense.  



 15 

Nociceptor neurons signal to goblet cells to produce mucus via the neuropeptide CGRP 
 
Daping Yang,Amanda Jacobson, Kimberly A. Meerschaert, Joseph Joy Sifakis, Meng Wu, 
Youlian Zhou, Praju Vikas Anekal, Rachel Rucker, Deepika Sharma, Alexandra Sontheimer-
Phelps, Glendon Wu, Liwen Deng, Michael Anderson, Samantha Choi, Dylan Neel, Nicole 
Lee, Dennis Kasper, Bana Jabri, Jun Huh, Malin Johansson, Jay Thiagarajah, Samantha 
Riesenfeld, Isaac Chiu 
 
Department of Immunology, Harvard Medical School, Boston, MA, 02115, USA 
  
isaac_chiu@hms.harvard.edu 
 
Neuroepithelial crosstalk is critical for gut physiology. However, the mechanisms by which 
sensory neurons communicate with epithelial cells to mediate gut barrier protection at 
homeostasis and during inflammation is not well understood. We find that nociceptor neurons 
juxtapose and signal to intestinal goblet cells to drive mucus secretion and gut barrier 
protection through a CGRP-RAMP1 axis. Nociceptor ablation led to loss of mucus levels at 
homeostasis, and nociceptor activation led to rapid emptying of goblet cells. Mouse and 
human goblet cells expressed RAMP1, the receptor for the neuropeptide calcitonin gene-
related peptide (CGRP). CGRP induced goblet cell emptying and increased mucus levels.  
Mice lacking nociceptors or epithelial RAMP1 showed increased susceptibility to colitis. By 
contrast, nociceptor activation or CGRP administration protected against colitis. Our findings 
demonstrate a neuron-goblet cell axis that orchestrates gut mucosal barrier protection.  
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MUC13 negatively regulates tight junction proteins and intestinal epithelial barrier 
integrity via Protein Kinase C 
 
Celia Segui-Perez, Daphne A.C. Stapels, Ziliang Ma, Jinyi Su, Bart Westendorp, Wei Wu, 
Jos P.M. van Putten, and Karin Strijbis 
 
Department of Biomolecular Health Sciences, Division Infectious Diseases & Immunology, 
Utrecht University, The Netherlands 
 
c.seguiperez@uu.nl 
 
Mucins are known as barrier proteins that prevent inflammation and infection, but it is starting 
to emerge that they are also important regulators of epithelial responses. The transmembrane 
mucin MUC13 is highly expressed on the apical surface of enterocytes but is also 
overexpressed in the inflamed colonic mucosa of inflammatory bowel disease (IBD) patients 
and colorectal cancer (CRC). Cell junctions, including tight junctions (TJs) and adherens 
junctions (AJs), play a crucial role in maintaining epithelial barrier integrity and sealing the 
paracellular space between cells. The loss of cohesion between these structures can lead to 
the translocation of particles and bacterial compounds, contributing to systemic inflammation. 
Using CRISPR/Cas9 technology, we knocked out the MUC13 gene in the intestinal cell line 
HRT18 (∆MUC13). We observed that MUC13 localized near the TJ region on the lateral 
membrane in HRT18 cells. ∆MUC13 cells built up a tighter barrier as measured by the 
transepithelial resistance (TEER) assay, and this process was dependent on protein kinase C 
(PKC). Removal of MUC13 also led to a reduction in translocation of the Lucifer Yellow (LY) 
tracer, but not of 4kDa and 70 kDa FITC-Dextran particles across the epithelial barrier. Mass 
spectrometry performed on membrane fractions indicated an increased accumulation of TJ 
proteins such as claudins, occludin, and zonula occludens (ZOs) in ∆MUC13 cells. 
Furthermore, by targeted deletion of only the cytoplasmic tail of MUC13 (∆CT-MUC13), we 
showed that the MUC13 tail was not responsible for the increased TEER. ∆CT-MUC13 cells 
had increased membranal levels of ZO-1 and some, but not all claudins. Moreover, we 
generated stable, doxycycline-inducible MUC13 overexpression HRT18 cell lines using a 
lentiviral vector. MUC13 induction in ∆MUC13 cells slowed the speed of TEER formation and 
affected occludin and ZO-1 protein abundance at the membrane. Our data indicate that the 
highly expressed TM mucin MUC13 plays a central role in the regulation of intestinal epithelial 
tight junctions and barrier function. 
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Structural insights into mucin O-glycosylation and recognition by NMR and molecular 
modelling 
 
Helena Coelhoa,b, Ana Sofia Grossoa,b, Ana Diniz a,b, Carlos D. L. Limaa,b, Cátia O. 
Soaresa,b, Jorge S. Diasa,b, Angelina Palmaa,b, Ulrika Westerlind,c Jesús Jiménez-
Barberod, Eurico J. Cabritaa,b, Francisco Corzanae, Ramón Hurtado-Guerrerof, Filipa 
Marceloa,b* 
 
filipa.marcelo@fct.unl.pt 
 
a) UCIBIO – Applied Molecular Biosciences Unit, Department of Chemistry, NOVA School of 
Science and Technology 2829-516 Caparica, Portugal b) Associate Laboratory i4HB, NOVA 
School of Science and Technology, 2829-516 Caparica, Portugal; c) Department of 
Chemistry, Umeå University, 901 87 Umeå, Sweden; d) CIC bioGUNE, Basque Research and 
Technology Alliance, 48170 Derio, Spain; e) Departamento de Química, Centro de 
Investigación en Síntesis Química, Universidad de La Rioja, E-26006 Logroño Spain; f) 
Institute of Biocompuation and Physics of Complex Systems, University of Zaragoza, Mariano 
Esquillor s/n, Campus Rio Ebro, Edificio I+D, 50018 
 
Mucin glycoproteins, involved in fundamental biological processes in health and disease, have 
multiple sites of glycosylation decorated with complex O-GalNAc glycans. Abnormal 
glycosylation of mucins is hallmark of cancer which make mucin-based tumour-associated 
carbohydrate antigens attractive targets for the development of glycan-based cancer therapies 
[1].  
Mucins glycosylation is initiated by the large family of (UDP)-N-acetyl-α-D-
galactosamine(GalNAc):polypeptide transferases (GalNAc-Ts) [2]. Alteration in expression 
and/or location of GalNAc-Ts yield mucin-based tumour-associated epitopes, key players in 
cancer cell growth and tumour immune surveillance [3]. In addition, lectins from immune 
system interact with mucin-based tumour-associated glycans strongly modulating immune 
responses in cancer [4].   
In this communication it will be reported the application of NMR methods assisted by molecular 
modeling protocols to uncover atomic and specificity details of mucin-1 O-glycosylation 
process by GalNAc-T2/T3/T4 [5]. NMR spectroscopy provides semi-quantitative, residue-
specific information for mapping glycosylation sites. In addition, new structural insights into 
mucin-based tumour-associated carbohydrate antigens recognition by lectins from immune 
system (e.g. human macrophage galactose C-type lectin, MGL) will be described [6,7] 
 
[1] S. S. Pinho, C. Reis, Nat. Rev. Cancer 2015, 15, 540–555. 
[2] E. P. Bennett, …, L. A. Tabak Glycobiology 2012, 22, 736-756. 
[3] D. J. Gil, …, F. A. Barb Proc. Natl Acad. Sci. USA 2013, 110, E3152. 
[4] E. Rodr, ..., Van Kooyk Nat. Rev. Immunol. 2018, 18, 204-211.  
[5] H. Coelho, …, F. Marcelo J. Am. Chem. Soc. Au 2022, 2, 631-645. 
[6] C. D. L. Lima, …, F. Marcelo Chem. Eur. J. 2021, 27, 7951-7958. 
[7] A. Diniz, …, F. Marcelo Chem. Eur. J. 2019, 25, 13945-13955. 
  



 18 

Mucinomics as the next frontier of mass spectrometry 
 
Stacy A. Malaker 
 
stacy.malaker@yale.edu 
 
Department of Chemistry, Yale University, USA 
 
Mucin domains are densely O-glycosylated modular protein domains found in a wide variety 
of cell surface and secreted proteins. Mucin-domain glycoproteins are key players in a host of 
human diseases, especially cancer, but the mucinome remains poorly defined. This is largely 
due to the challenges associated with studying mucin-domain glycoproteins, especially by 
mass spectrometry (MS). Recently, we characterized a suite of bacterial mucinases and 
demonstrated that their use in MS workflows enhanced sequence coverage, glycosite 
localization, and glycoform identification. We also employed inactive point mutants of these 
enzymes to strategically enrich mucin-domain glycoproteins from complex samples like cell 
lysates and crude ovarian cancer patient ascites fluid. Yet, many issues associated with 
studying mucin-domain glycoproteins remain. My laboratory focuses on developing 
methodology to analyze mucin-domain glycoproteins by MS. We also study mucin domains in 
a biological context since they play integral (yet poorly understood) roles in many clinically 
relevant glycoproteins. This presentation will highlight our current advances toward these 
goals, including optimized mucinase and enrichment methodologies, glycoproteomic software 
comparisons, and biological investigations into immune modulating mucin-domain 
glycoproteins. 
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Mucin Glycans & Machine Learning in Infection & Inflammation 
 
Luc Thomes, Xiao Tan, James J. Collins, Daniel Bojar 
 
Wallenberg Centre for Molecular and Translational Medicine, University of Gothenburg, 
Sweden. Department of Chemistry and Molecular Biology, University of Gothenburg, Sweden. 
 
daniel.bojar@gu.se 
 
Mucin glycans represent the most complex source of carbohydrates in the gastrointestinal 
tract. Consequently, these molecules are intricately involved in disease aspects, being 
dysregulated due to processes such as inflammatory processes or microbial foraging. 
However, their structural complexity makes it challenging to leverage them for understanding 
and predicting aspects of gastrointestinal disease. Based on a new multi-view glycomics 
dataset combining N-linked, regular O-linked, and mucin glycans from the same individuals, 
we have developed a bioinformatics platform to comprehensively investigate the role of 
intestinal glycans in ulcerative colitis and Clostridioides difficile infection. We have used data 
science and machine learning to identify important glycan motifs characterizing these disease 
states and mechanistically integrated these insights with concomitant gene expression 
changes. Our results reveal a shared inflammatory glycan signature, though with important 
differences between the conditions. We envision similar workflows to also shed light on the 
systems level-changes of the glycome in other diseases. 
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Modified Sialic Acids in Mucus and Saliva of Different Animals - Examining Effects on 
Influenza Infection of Mice 
 
Colin R. Parrish, Brian R. Wasik, Karen N. Barnard, Kirk S.B. Bergstrom, Stefan Ruhl 
 
Baker Institute for Animal Health, Department of Microbiology and Immunology, Cornell 
University, Ithaca NY, USA 
 
crp3@cornell.edu 
 
We are studying modified forms of sialic acids (Sia) present in the glycocalyx, on mucosal 
surfaces and in saliva, and their effects on viruses - with a focus on influenza virus. Sia include 
chemically modified forms such as 7,9-O-, 9-O-acetyl, 4-O-acetyl, 5-N-glycolyl, and are 
attached to glycan chains through different linkages, and those all vary among hosts and 
tissues. Humans express Neu5Ac but not Neu5Gc, but Neu5Gc accounted for between 5 and 
>80% of the Sia in saliva from other animals. Other Sia with known functional effects on virus 
binding and neuraminidase activities are 9-O-Ac- and 4-O-Ac Sia, and those were present in 
the saliva of many animals including rats and horses. Other variation between different 
animals is seen by gel electrophoresis, and by staining for modified sialic acids using far-
western blots. We also examined the processes of influenza A virus infection and evolution in 
mice by comparing deep sequences and single nucleotide variation of a human H1N1 
pandemic virus, a seasonal H3N2 virus, and a H3N2 canine influenza virus during 
experimental passage. We compared replication and sequence variation in wild-type mice 
expressing N-glycolylneuraminic acid (Neu5Gc) with that seen in mice expressing only N-
acetylneuraminic acid (Neu5Ac). Viruses derived from plasmids were passaged in mice up to 
four times. Full genome deep sequencing of the plasmids, cultured viruses, and viruses from 
mice at various passages revealed only small numbers of mutational changes. The H3N2 
canine influenza virus showed increases in frequency of sporadic mutations in the PB2, PA, 
and NA segments. The H1N1 pandemic virus grew well in mice, and while it exhibited the 
maintenance of some minority mutations, there was no clear evidence for adaptive evolution. 
The H3N2 seasonal virus did not establish in the mice. There were no clear sequence 
differences associated with the presence or absence of Neu5Gc.  
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Mucus is a complex barrier for pharmacological treatments and overcoming it is one of the 
major challenges faced during transmucosal drug delivery. To tackle this issue, we introduce 
a novel class of glycosylated nanoparticles, named “mucosomes”, which are based on the 
most important protein constituting mucus, the mucin. Mucosomes were designed to improve 
drug absorption and residence time on the mucosal tissues. We have been able to synthesize 
mucosomes nanoparticles that are functionalized with glycans, and loaded with the desired 
drug in a single one-pot synthetic process. Using this method, we have been able to load a 
wide range of small, and macro, molecules with different physicochemical properties. Various 
in vitro models were used to test the mucoadhesive properties of mucosomes. The presence 
of functional glycans was indicated by the interaction with a glycan-binding protein (lectin). 
Mucosomes were proven to be storable at 4°C after lyophilization, and administration through 
a nasal spray device does not modify the morphology of the mucosomes. In vitro and in vivo 
tests indicated mucosomes did not induced adverse effects under the investigated conditions. 
We propose mucosomes as a ground-breaking nanosystem suitable for drug delivery. 
Mucosomes could be applied in several pathological contexts such as bacterial and viral 
infections in mucus-related disorders.  
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The intestinal mucus layer is a major component of the boundary region separating the luminal 
contents from the gut mucosa. The intestinal mucus layer is dominated by the mucin protein 
MUC2, which is heavily O-glycosylated with structures of repeating α- and β- linked N-acetyl-
glucosamine (GluNAc), N-acetyl-galactosamine (GalNAc), and galactose (Gal) residues, 
terminated with α-linked fucose (Fuc) and sialic acid (Neu5Ac) residues. These glycans serve 
as both a barrier and nutrient source for the gut microbiota. The degradation of mucin glycans 
requires the cooperative action of several glycoside hydrolases encoded by the genomes of 
mucin-degrading bacteria. Known mucin-degrading bacteria include Akkermansia 
muciniphila, Bacteroides spp., Bifidobacterium spp. and Ruminococcus spp. Despite the 
growing number of bacterial genome sequences available, our knowledge of the mucin-
degrading capacity of other microbes, particularly commensal human gut microbes, remains 
fragmented. We speculate that there are likely many other members of the healthy gut 
community with the capacity to degrade mucins. The aim of the present study was to 
systematically examine the CAZyme mucin-degrading profiles of the human gut microbiota. 
Within the Verrucomicrobia phylum, all Akkermansia glycaniphila and muciniphila genomes 
harbored multiple gene copies of mucin-degrading GHs. The only representative of the 
Lentisphaerae phylum, Victivallales, harbored a GH profile that closely mirrored Akkermansia. 
In the Actinobacteria phylum, we found several Actinomadura, Actinomyces, Bifidobacterium, 
Streptacidiphilus and Streptomyces species with mucin-degrading GHs. Within the 
Bacteroidetes phylum, Alistipes, Alloprevotella, Bacteroides, Fermenitomonas 
Parabacteroides, Prevotella and Phocaeicola species had mucin degrading GHs. Firmicutes 
contained Abiotrophia, Blautia, Enterococcus, Paenibacillus, Ruminococcus, Streptococcus, 
and Viridibacillus species with mucin-degrading GHs. Interestingly, far fewer mucin-degrading 
GHs were observed in the Proteobacteria phylum and were found in Klebsiella, Mixta, Serratia 
and Enterobacter species. We confirmed the mucin-degrading capability of representative gut 
microbes using a chemically defined media lacking glucose supplemented with porcine 
intestinal mucus. These data greatly expand our knowledge of microbial-mediated mucin 
degradation within the human gut microbiota and could help predict which bacterial species 
colonize the outer mucus layer.  
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The gastrointestinal mucus layer is mainly composed of mucins glycoproteins, containing 
~10^2 different O-linked glycan structures, and provides a critical barrier that separates gut 
microbes from the intestinal epithelium. The combination of increased mucus degrading 
bacteria and the corresponding disruption of the mucus barrier have been proposed to 
promote inflammatory bowel disease (IBD). Bacteroides thetaiotaomicron (Bt), a dominant 
member of human microbiota, has numerous Polysaccharide Utilization Loci (PULs) encoding 
dozens of predicted mucin-degradation enzymes. Significantly, the enzymatic mechanisms of 
mucin degradation by this and other gut bacteria remain unclear.  
 We hypothesized that “early” steps in depolymerization of O-glycans exist, which could 
block downstream metabolism of mucin glycans and may represent drug targets to block 
mucus degradation by the microbiota. Using biochemical and genetic approaches, we 
identified several key enzymes involved in Bt mucus degradation. Investigation of 24 
sulfatases revealed the specificity for 12 of these enzymes. Consistent with an essential role 
of sulfatases for growth on colonic mucin, a mutant lacking a single galactose-3-sulfatase was 
unable to utilize these highly sulfated rectal O-glycans. Simultaneous deletion of two α1,2-
fucosidases revealed a critical role for these enzymes in growth on gastric O-glycans that are 
enriched for this linkage. Additionally, the deletion of a sialidase revealed that this enzyme has 
a major role in gut colonization. The characterization of these enzymes provides novel insights 
into the mechanism of mucin degradation allowing the identification of potential drug targets 
in the treatment of IBD. 
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The colonic epithelium is covered with a protective mucus layer that constitutes the ecological 
niche for the microbiome providing adhesion sites and nutrition. The colonic mucus layer 
consists of MUC2 a gel-forming mucin with heavily O-glycosylated tandem repeat domains. 
These tandem repeats and presented glycan structures form molecular patterns that may 
encode biological information interpreted by the microbiome and the immune system. It is 
difficult to isolate natural MUC2 from individuals and with defined glycosylation, limiting the 
study of biological interactions between the microbiome and immune system with the potential 
mucin-glycan patterns. Genetic glycoengineering of human cell lines now enables production 
of MUC2 tandem repeats with defined mucin-type O-glycosylation. Using glycoengineered 
MUC2, glycan patterns that mediate mucus recognition by microbial adhesins and hydrolases 
as well as immune receptors such as the Siglecs were identified. Results from these studies 
are modelled into human colon organoid - microbiome co-cultures to understand the biological 
relevance of mucin glycan patterns. 
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Bacteria commonly protect themselves by forming multicellular structures called biofilms. The 
opportunistic pathogen Pseudomonas aeruginosa causes antibiotic-recalcitrant pneumonia by 
forming biofilms in the respiratory tract. Despite extensive in vitro experimentation, how P. 
aeruginosa forms biofilms at the airway mucosal surface is unresolved. We investigated P. 
aeruginosa biofilm biogenesis in optically-accessible tissue-engineered human lung models 
that emulate the airway mucosal environment. We found that P. aeruginosa forms mucus-
associated biofilms within hours, much faster than previously observed in in vitro experiments. 
Early during colonization, P. aeruginosa induces contractions of luminal mucus which 
accelerates bacterial aggregation. We show that P. aeruginosa uses retractile type IV pili to 
actively compress mucus. Our results suggest that, while protecting epithelia, mucus 
constitutes a breeding ground for biofilms. 
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Background: The gut mucosal environment plays a key role in host health by protecting 
against pathogens and harmful substances and providing a niche for beneficial bacteria, 
thereby facilitating a mutualistic balance between host and microbiome. Lack of dietary fibers, 
crucial for this balance, results in erosion of the mucosal layer, which has been suggested to 
be due to a bloom of mucus-degrading gut bacteria. The aim of this study was to use 
quantitative analyses to deepen insights into the diet-induced imbalance of mucosal 
homeostasis.  
Results: One week of a fiber-deficient diet had marked effects on intestinal anatomy and 
physiology, seen both by reduced intestinal length, and loss of the colonic crypt-structure. 
Moreover, the mucus layer was diminished, muc2 expression decreased, and impaired mucus 
secretion was detected by stable isotope probing. Quantitative microbiome profiling of the gut 
microbiota showed a diet-induced reduction in total bacterial load as well as decreased 
microbial diversity across the intestinal tract. Loss of diversity was already observed in stool 
after two days. A general loss of bacterial taxa with fiber-degrading and butyrate-producing 
capabilities was observed. Most importantly, there was little change in the absolute 
abundances of known mucus-degrading bacteria, although, due to the loss of many abundant 
taxa, the analysis of relative abundances would erroneously indicate an increase in mucus 
degraders.  
Conclusions: These findings underscore the importance of using quantitative methods in 
microbiome research, and suggest that erosion of the mucus layer during fiber deprivation is 
due to diminished mucus production rather than overgrowth of mucus degraders. 
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Idiopathic pulmonary fibrosis (IPF) is the cumulative manifestation of countless, spatially and 
temporally distinct, microscopic foci of maladaptive repair in response to recurrent lung injury. 
However, the key drivers, essential cells, and critical mechanisms of maladaptive repair in IPF 
remain elusive.  Over the past decade, we have found that: 1) a common gain-of-function 
MUC5B promoter variant rs35705950 is the dominant idiopathic pulmonary fibrosis (IPF) risk 
factor and is present in >50% with IPF, however, only ≈5% of individuals with the MUC5B 
variant develop usual interstitial pneumonia (UIP) on HRCT scan; 2) the MUC5B promoter 
variant resides within an enhancer that is subject to epigenetic remodeling and contributes to 
pathologic misexpression of MUC5B; 3) among patients with IPF or those with the MUC5B 
promoter variant, MUC5B is misexpressed specifically in bronchiolar epithelia and alveolar 
epithelial type 2 (AEC2) cells; 4) IPF epithelia from distal airways (<2 mm) have a unique 
migratory, pro-fibrotic phenotype in vitro  that is replicated ex vivo in mice exposed to 
bleomycin; and 5) MUC5B appears to be involved in the pathogenesis of IPF.  In preliminary 
studies, we have found that in patients with IPF, ER stress proteins and markers of apoptosis 
are observed in cells misexpressing MUC5B in bronchiolar epithelia, and in mice the 
concentration of Muc5b is directly related to ER stress, apoptosis, and enhanced bleomycin-
induced lung fibrosis.  Based on these findings, we postulate that while overexpression of 
MUC5B places individuals at risk of developing IPF by causing persistent homeostatic ER 
stress of bronchiolar epithelia, fibroblast recruitment and pro-fibrotic programming requires a 
second hit to the bronchiolar epithelia resulting in detrimental ER stress and recruitment and 
activation of fibroblasts.  Findings thus far suggest a model of airway-centric injury and repair 
whereby genetic risk and environmental exposure initiate a temporally heterogeneous chronic 
cycle of microscopic injury–repair in the distal airway epithelium.  Moreover, emerging data 
suggest that distal airway changes could represent some of the earliest events that occur in 
IPF and offer a prime target for investigating pre-clinical lung fibrosis.  We propose that after 
years of progressive and cumulative countless, spatially and temporally distinct, microscopic 
foci of maladaptive repair initiated in the distal airway epithelium hallmarks of IPF begin to 
appear. 
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The mucosal surfaces of the gastrointestinal and respiratory tracts are strategically shielded 
with versatile epithelial cells which constitute a physical barrier that segregates the mucosal 
immune system from luminal microbiota and regulates host tolerance and immunity. Major 
Histocompatibility complex (MHC) II is dynamically expressed on these epithelial cells and 
plays key roles in tissue-resident immune cell activation, epithelial cell differentiation and 
intestinal tumorigenesis. The expression of MHC II is induced in response to inflammation, 
parasitic infections, and upon exposure to microbiota and reported to be increased in chronic 
inflammatory diseases. However, the regulation of epithelial cell-specific MHC II during 
homeostasis is yet to be explored. We have discovered a novel role for IL-22 in suppressing 
epithelial cell MHC II via the regulation of endoplasmic reticulum (ER) stress, using animals 
lacking the Interleukin-22-receptor (IL-22RA1), primary human and murine intestinal and 
respiratory organoids, and a murine model of infection (pneumovirus) or with epithelial cell 
defects (Muc2 missense mutation). IL-22 reduced ER stress, promoted an increase in mucin 
production (Muc2 in the intestine and Muc5ac in the lung). Our work provides an explanation 
for the context dependent role of IL-22 and the potential implications for future IL-22-based 
therapeutics as long-circulating recombinant IL-22 are currently in clinical trials for several 
indications including inflammatory bowel disease. 
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Goblet cells (GCs) are well known for their role in regulating the intestinal barrier via secretion 
of the protective mucus layer. During the last decade it has become clear that in addition to 
maintaining the intestinal barrier, GCs play an important role in regulating gut immunity by 
forming so called goblet cell associated antigen passages (GAPs) that deliver luminal antigens 
to the immune system for induction of oral tolerance. We recently showed that GAPs form 
when GCs recycle secretory granule membranes, and subsequently take up lumenal antigens. 
In the steady state, GAPs are present in the adult small intestine and distal colon, but not in 
the proximal colon. This observation demonstrates that although GAP formation is linked to 
mucus secretion, GCs are able to regulate when to couple mucus secretion to antigen uptake. 
How GCs balance these two processes, and the stimuli that regulate antigen sampling is not 
fully understood. To explore these questions, we exposed mice to known mucus 
secretagogues, and evaluated the effect on GAP formation and mucus secretion in the small 
intestine and colon. Our results showed that by activating different receptor subtypes and 
intracellular signaling pathways, GCs can regulate when to secrete mucus and when to form 
GAPs. In response to acetylcholine, small intestine and distal colon GCs responded with a 
parallel increase in mucus secretion and GAP formation, while proximal colon GCs responded 
with a mucus secretory response but did not form GAPs. To determine whether exposure to 
other mucus secretagogues resulted in a similar response pattern we treated mice with 
histamine and IL13 and evaluated the GAP response. Our results showed that in contrast to 
acetylcholine, histamine induced a GAP response in the proximal colon but not in the small 
intestine or distal colon, while IL13 induced a GAP response in all three segments.  
In summary, our findings demonstrate that GCs can differentiate between mucus secretion 
and GAP formation by using different receptor subtypes and intracellular signaling pathways. 
Furthermore, our findings suggest that during activation of type 2 immune responses such as 
allergic disease or parasite infections, GCs contribute to shaping the inflammatory response 
by enhancing antigen sampling and delivery to the immune system. 
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Obesity is associated with an increased risk of mucosal infections; however, the mechanistic 
basis of this phenomenon remains incompletely defined. Intestinal mucus barrier systems 
normally prevent infections, but are sensitive to changes in the luminal environment. We now 
demonstrate that mice exposed to an obesogenic Western-style diet (WSD) suffer 
regiospecific failure of the mucus barrier in the small intestinal jejunum caused by diet-induced 
mucus aggregation, which occurs independently of microbiota alterations. Mucus barrier 
disruption due to either WSD exposure or chromosomal Muc2 deletion results in collapse of 
the commensal jejunal microbiota, which in turn sensitizes mice to atypical jejunal colonization 
by the enteric pathogen Citrobacter rodentium. We identify the jejunal mucus layer as a 
microbial habitat, and link the regiospecific mucus dependency of the microbiota to distinctive 
properties of the jejunal niche. Together, our data identifies a novel symbiotic mucus-
microbiota relationship that normally prevents jejunal pathogen colonization, but is highly 
sensitive to disruption by exposure to a Western-style diet. 
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Intestinal dwelling nematodes are ubiquitous parasites of man and animals worldwide and 
have played an important part in the evolution of the host’s response to infection. Their life 
cycle strategies are varied depending on species, but all involve invasion of at least one 
mucosal site, often two. Host immunity to intestinal dwelling parasitic nematodes requires the 
generation of a robust type 2 cytokine response, characterized by the production of interleukin 
13 (IL-13), which drives expulsion. We have previously shown that infection with helminths in 
the intestine induces an ILC2-driven IL-13 dependent goblet cell hyperplasia and increased 
production of mucins (Muc5b and Muc5ac) at distal sites, including the lungs and other 
mucosal barrier sites. Critically, we revealed that type 2 priming of lung tissue through 
increased mucin production inhibits the progression of a subsequent lung migratory helminth 
infection and limits its transit through the airways. Here we show this helminth- induced mucin 
production and subsequent larvae trapping is independent of Munc18b, which has a major 
role in control of stimulated mucin secretion, suggesting an important role for baseline mucin 
secretion for helminth larvae trapping. Additionally, by using lectin histochemistry, we show 
intestinal helminths result in glycosylation changes of mucins at distal sites and this is 
dependent on the helminth species. Co-infected mice display a unique glycosylation pattern 
compared with single-infected mice within the lung. Furthermore, after resolution of infection 
we have found that mucin glycosylation (assessed using specific glycan-binding lectins) is 
altered and does not revert to the naïve state. We take the data to suggest that infection by 
gastrointestinal dwelling nematodes induces glycosylation changes in the baseline mucus 
barrier at distal sites that is dependent on the species of infecting nematode. We are actively 
investigating the functional consequence of these changes.  
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Astroviruses are small, enteric RNA viruses that cause asymptomatic infections to severe 
diarrheal illness in humans. Despite their high prevalence, little is understood about their 
pathogenesis. To better understand their tissue and cellular tropism, we used a murine model 
to discover that murine astrovirus-1 preferentially infects a subset of small intestinal goblet 
cells that actively secrete mucus. Deficits in mucus secretion caused by drug treatment or 
genetic knockout of Agr2 reduced virus infection, indicating that mucus secretion and virus 
replication could be closely linked. As a consequence of infection, we also observed increased 
mucus production and mucus-associated bacteria, including Ruminococcus, Bacteroides, 
Bifidobacterium, and Akkermansia sp.. Finally, using a neonatal model of infection, animals 
co-infected with astrovirus were resistant to enteropathogenic E. coli colonization. Together, 
these studies establish the main cell type targeted by murine astrovirus-1 and demonstrate 
how an enteric virus can modulate mucus secretion as well as susceptibility to a bacterial 
pathogen. 
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Interactions between individual pathogenic microbes and host tissues involve fast and 
dynamic processes that ultimately impact the outcome of infection. Using live-cell microscopy, 
these dynamics can be visualized to study, e.g., microbe motility, binding and invasion of host 
cells, and intra-host cell survival. We developed a new method for imaging of such microbial 
infection dynamics on human adult stem cell-derived intestinal epithelial cell (IEC) layers. The 
IEC layers are grown in apical imaging chambers, optimized for physiological cell arrangement 
and fast, but gentle, differential interference contrast (DIC) imaging. This allows subsecond 
visualization of both microbial and epithelial surface ultrastructure at high resolution without 
using fluorescent reporters. We employed this technology to probe the behavior of two model 
pathogens, Salmonella enterica serovar Typhimurium and Giardia intestinalis, at the intestinal 
epithelial surface. Our results reveal pathogen-specific swimming patterns on the epithelium 
and show that Salmonella lingers on the IEC surface for prolonged periods before host cell 
invasion, while Giardia uses circular swimming with intermittent attachments to scout for stable 
adhesion sites. Leveraging our live analysis of dynamic host-microbe interactions, we are now 
teasing apart how host cell surface topology and the expression of surface mucins impact the 
binding and invasion efficiency of Salmonella atop organoid-derived intestinal epithelia. 
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Intestinal goblet cells secrete mucus which separates the host from the gut microbiome to 
prevent bacterial invasion and consequent inflammation. Impairment of goblet cell function 
and penetration of bacteria into the mucus layer is a hallmark, and perhaps a driver, of 
inflammatory bowel disease (IBD). Mutations in autophagy genes, which predispose to IBD, 
impair goblet cell function, yet the exact reason behind this is unclear. Here, we report how 
autophagy controls mucus secretion and intestinal health. We found that constitutive activation 
of the autophagy-initiating protein Beclin 1 in mice led to production of a thicker, and less 
penetrable mucus layer. This robust mucus layer altered the gut microbiome, with expansion 
of mucus-utilizing bacteria, and this microbiome was not transferable to wild type mice. Finally, 
constitutive activation of the autophagy protected mice from chemical- and infection-driven 
colitis in both microbiome-dependent and -independent manners. Our results help explain why 
mutations in autophagy genes are a risk factor for development of IBD. 
  



 35 

MUC17 shapes the intestinal mucosal barrier in the gut 
 
Elena Layunta, Sofia Jäverfelt, Thaher Pelaseyed 
 
Department of Medical Biochemistry. Institute of Biomedicine, University of Gothenburg. 
Gothenburg 40530, Sweden 
 
elena.layunta@medkem.gu.se 
 
The gastrointestinal (GI) tract harbors trillions of microbes that must be separated from the 
intestinal epithelium to avoid inflammation. To this end, intestinal epithelial cells (IECs) 
produce large and highly glycosylated mucins that form a mucosal barrier. The most studied 
mucosal barrier component is intestinal mucus composed of gel-forming mucin MUC2 
released from goblet cells (GCs). MUC2 defects result in penetrable mucus that allows 
bacteria to reach intestinal epithelium and trigger inflammation [1]. Thus far, very little is known 
about the second class of mucins called membrane mucins and their role in mucosal barriers. 
 
The apical surface of IECs is coated by a dense sugar-rich membrane-attached glycocalyx. 
Our recent study showed that membrane mucin MUC17 forms a dense glycocalyx atop IECs 
during the weaning transition from maternal milk to solid diet. Using ex vivo imaging, we also 
showed that the glycocalyx prevents bacteria from attaching to IECs, suggesting that MUC17 
is a cell-attached barrier [2]. However, because of the complex genetics of membrane mucins 
and lack of appropriate animal models, the in vivo function of MUC17 at mucosal surfaces of 
the intestine remains unexplored. 
 
To address this knowledge gap we have developed the first knockout mouse with an IEC-
specific deletion of MUC17 (MUC17ΔIEC). MUC17ΔIEC mice are more susceptible to dextran 
sodium sulfate (DSS)-induced colitis and infection by Citrobacter rodentium (C. rodentium), a 
model of enteropathogenic Escherichia coli in humans, with tropism for mouse colon. To our 
surprise, MUC17ΔIEC mice suffer from untypical small intestinal C. rodentium colonization. 
MUC17ΔIEC mice also exhibit structural defects in small intestinal and colonic mucus barrier 
and other classic hallmarks of chronic inflammation associated with inflammatory bowel 
disease (IBD) in humans. 
 
In summary, we propose that MUC17 prevents pathogenic onslaught in various segments of 
the intestine, and regulates epithelial processes involved in MUC2 processing, secretion and 
mucus barrier formation. These findings represent a conceptually novel functional role for 
membrane mucins in mucin-based intestinal defense systems. 
 
 
1. Pelaseyed T et al. Immunol Rev. 2014 Jul;260(1):8-20 
2. Layunta E et al. Cell Rep. 2021 Feb 16;34(7):108757 
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Mucins and mucin genes have been associated with poor prognosis, poor survival, tumor 
progression, metastasis and hypothesized as potent diagnostic/prognostic/predictive markers 
and lately as potent therapeutic targets in cancers. Membrane-bound mucins are more 
particularly regarded as potential targets as they form oncogenic complexes with surface 
receptors. MUC1-EGFR, MUC4-ErbB2/HER2, MUC13-HER2, MUC20-Met are among these 
oncogenic complexes drawing more and more attention as they mediate oncogenic 
intracellular pathways such as Ras/MAPK, HGF/Met, Akt, other RTK pathways and therefore 
promote tumor progression. They are also considered as interesting potential alternative 
targets as targeted therapies against their membrane partner (the receptor) is not always 
successful. Several reasons have been described for that failure: target access, development 
of resistance, activation of alternative pathways. Targeting the mucin may thus be an 
alternative and allow again an efficient inhibition of these oncogenic complexes. 
In this conference, I will first make an overview of the literature and then discuss the potential 
of MUC4 targeting in pancreatic cancer as an alternative to ErbB2 targeting. For that, we first 
identified and deciphered the mechanism of interaction between MUC4 and ErbB2 and 
described the 3D structure of the interacting domains. This structural and biochemical work 
led us to identify the EGF1 and EGF2 domains of MUC4 as being central in the interaction 
and in ErbB2 activity mediation. We then identified, using molecular dynamics, modelling 
chemistry, biophysical and biochemical approaches, the amino acid residues mediating the 
interaction and responsible for the complex formation and cancer cell tumorigenicity. In the 
end, we obtained very encouraging data regarding the interaction, with Kd in the nanomolar 
range, indicating that developing small inhibitory molecules with anti-cancer activity could be 
possible and more interestingly could have an impact on the MUC4-ErbB2 complex and its 
oncogenic activity. For now, we have identified the first peptide ligand targeting the EGF2 
domain of MUC4 which leads to a decrease of pancreatic cell proliferation (see Nicolas Stoup 
abstract). An interesting point is that MUC4-ErbB2 complex is overexpressed in other 
epithelial cancers such as breast, oesophageal, gastric, colonic, ovarian cancers and thus 
these therapeutic molecules may have a broader spectrum of applications in human cancer 
therapeutics. 
Together, our work paves the way to the design of new therapeutic inhibitory molecules 
targeting the EGF domains of MUC4, which could represent a new alternative strategy to 
overcome ErbB2 therapeutic targeting failure in pancreatic cancer but also in other epithelial 
cancers overexpressing the MUC4-ErbB2 complex. It also opens the way of targeting EGF 
domains of other membrane bound mucins engaged in oncogenic complexes and also other 
peptidic domains of membrane mucins yet to be confirmed as conveyors of oncogenic 
pathways and tumor progression.  
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Cancer cells construct a glycocalyx with biochemical and physical attributes that protect 
against immune surveillance.  While it has been proposed that the glycocalyx may form a 
nanoscale-thick barrier against immune cell attack, testing this possibility has proven difficult 
due to the challenges associated with imaging the ultrathin glycocalyx structure, particularly 
in live cells.  In this talk, I will discuss how an imaging technique called Scanning Angle 
Interference Microscopy (SAIM) can be applied to accurately measure the nanoscale 
thickness of the cellular glycocalyx.  Using SAIM and glycoengineering strategies, we reveal 
how the surface density, glycosylation, and crosslinking of cancer-associated mucins 
contribute to the nanoscale material thickness of the glycocalyx, and further analyze the effect 
of the glycocalyx thickness on resistance to effector cell attack. Natural Killer (NK) cell-
mediated cytotoxicity exhibits a near perfect inverse correlation with the glycocalyx thickness 
of target cells regardless of the specific glycan structures present. Changes in glycocalyx 
thickness as small as 10 nanometers can significantly alter susceptibility to immune cell attack. 
Finally, I will discuss strategies for overcoming the glycocalyx barrier through cellular 
engineering of immune cells. These strategies include the surface display of glycocalyx-editing 
enzymes on the NK surface for improved penetration of the glycocalyx barrier. 
 
  



 38 

Design of a mucin-selective protease for targeted degradation of cancer-associated 
mucins 
 
Gabrielle S. Tender*, D. Judy Shon*, Kayvon Pedram*, Natalia R. Mantuano, Jason J. 
Northey, Kevin J. Metcalf, Angel Kuo, Valerie M. Weaver, Heinz Laübli, Carolyn R. Bertozzi 
 
Stanford University, Department of Chemistry and ChEM-H, Stanford, CA. Howard Hughes 
Medical Institute, Stanford, CA 
 
*These authors contributed equally to this work 
 
gtender@stanford.edu 
 
Cancers, especially carcinomas, hijack mucin signaling pathways to protect themselves from 
both biophysical and immunological insults. Prior mechanistic work has demonstrated that 
increased mucin expression on cancer cells enables proliferation at metastatic niches by 
promoting survival under low adhesion settings and reduces immune cell killing of tumor cells 
by boosting immune-inhibitory signals. Despite decades of functional, genetic, and preclinical 
data supporting depletion of cancer-associated mucins as a strategy to reverse tumor 
progression, mucins have remained canonically undruggable glycoproteins. 
Here we present a novel way to deplete cancer-associated mucins through engineering and 
targeting of a mucin-selective protease (“mucinase”) to cancer cells. To engineer a mucinase 
with high on-target selectivity for cancer-associated mucins, we turned to the principle of 
effective molarity. In short, the protease needs to have low enough activity and substrate 
binding to avoid off-target mucin cleavage in solution during circulation, while hydrolysis only 
occurs when the enzyme is concentrated at the cell surface via binding of the targeter. We 
used structure-guided engineering to generate a mutated mucinase with these desired 
properties.  
We fused an anti-HER2 nanobody to the mutated mucinase to specifically target the enzyme 
to HER2+ cancer cells. In mixed cell cleavage assays, we observed specific degradation of 
cell surface mucins on only the targeted (HER2+) cells. In mixed cell models of biophysical 
and immunological mucin-dependent tumor-progressive pathways, the nanobody-mucinase 
conjugate selectively killed HER2+ cells, indicating reversal of these pathways on only the 
targeted cells. 
 
To probe efficacy in vivo, we used previously validated mouse models of breast cancer 
progression. In the two tested models, the nanobody-mucinase conjugate blunted primary 
tumor burden and metastatic outgrowth. We also observed targeted degradation of mucins on 
the tumor cells in vivo.  
 
In addition to outlining a first in class approach to degrade previously undruggable cancer-
associated mucins, this work more broadly expands the targeted protein degradation space 
by bringing the engineered protease directly to the cells of interest. In addition, this strategy 
degrades proteins based on combined peptide- and glycan- cleavage motifs, thus establishing 
a blueprint for the development of biologics which degrade specific disease driving glycoforms 
of cell surface proteins. 
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Colorectal cancer (CRC) is a leading cause of cancer deaths worldwide. Chronic intestinal 
inflammation increases cancer risk, potentially leading to colitis-associated cancer (CAC). The 
endoplasmic reticulum unfolded protein response (UPRER) signal transducer activating 
transcription factor 6 (ATF6) is a clinically relevant pre-cancerous marker in CRC and CAC. 
We clearly established the interrelated role of the microbiota and ATF6 signaling as a novel 
tumor-promoting mechanism in our transgenic mouse model of spontaneous microbiota-
dependent ATF6-driven CRC (nATF6IEC). Alterations in the intestinal mucus layer are 
observed in tumor-developing tg/tg mice, with bacteria found significantly closer to the 
epithelium (FISH MUC2 staining), and a loss of mucin-filled intercrypt goblet cells (WGA/UEA1 
staining) already at a pre-tumor time point, rendering mucus barrier disruption a potential key 
component in the CRC development of nATF6IEC mice. Investigations in the inducible nATF6 
Vil-CreERT2 Tg mouse model showed that a focal loss of mucus layer architecture, with its 
accompanying bacterial penetration (FISH MUC2 staining), and mucin-filled goblet cells 
(PASAB staining) are initial events occurring as early as four days following overexpression 
of nATF6. Germ-free (GF) tg/tg nATF6IEC mice are protected from ATF6-driven 
tumorigenesis and show similar mucin-filled goblet cell numbers to GF fl/fl controls. The 
transfer of a dysbiotic murine microbiota into GF nATF6IEC mice re-establishes the 
tumorigenic phenotype. To assess the role of inflammation on nATF6-driven tumorigenesis, 
we generated a new mouse model of CAC (nATF6IECxIL10-/-). IL10-deficiency increased 
tumor susceptibility, with tg/tg;-/- mice displaying an exacerbated phenotype with a greatly 
reduced lifespan and, most interestingly, otherwise tumor-free tg/wt mice developing colonic 
tumors with an incidence of ~70%. Mucin-filled goblet cell loss and enhanced microbial 
penetration into the mucus layer were key characteristics of tumor-susceptible 
nATF6IECxIL10-/- mice. Furthermore, preliminary staining of the non-O-glycosylated Muc2 
precursor shows strong staining in the proximal colon (where tumors occur)  of tg/tg nATF6IEC 
mice at a pre-tumor time point, but not in the distal colon (where tumors are never observed). 
Interestingly only 60% of tg/wt nATF6IEC mice show this strong Muc2 precursor staining. In 
an IL10-deficient scenario, Muc2 precursor staining is comparable between tg/wt;-/- mice and 
fl/fl:-/- controls, with signals observed both in proximal and distal regions. Through mucus and 
goblet cell analyses in several mouse models of ATF6-overexpression, we demonstrate that 
chronic ATF6-signaling alters the colonic mucus layer and likely plays a key role in the 
observed subsequent CRC pathology. Further work is warranted, to fully characterize colonic 
mucus features, particularly in GF mice, to understand the mechanism of microbiota-induced 
ATF6-driven tumorigenesis.  
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Introduction: Intact mucus layer is crucial for intestinal mucosal barrier function. Mucins, 
mucus layer building blocks, are secreted by goblet cells. Mucins are large glycoproteins, 
composed of glycans that contribute to their rigid structure and confer to their protective 
functions in resisting bacterial interactions. Mucins alterations may contribute to intestinal 
inflammation such as that in inflammatory bowel diseases (IBD). 
Aim: To assess intestinal mucus composition and mucins expression in IBD, and 
inflammation-induced alterations. 
Methods: Mucosal samples were obtained by endoscopy or from surgical specimens from 
patients with IBD and non-IBD controls. Hierarchical clustering of MUCs gene expression was 
assessed in intestinal biopsies from 52 subjects; 32 patients with IBD (Crohn’s disease [CD], 
ulcerative colitis [UC] and pouchitis) and 20 non-IBD controls, using gene expression data to 
generate a heatmap. Alterations in mucins expression and composition were assessed in 
Carnoy’s-fixed and paraffin embedded mucosal biopsies from patients with CD, by 
immunostaining specific antibodies to mucins (e.g., MUC2 and MUC4) and glycan-binding 
lectins (e.g., Galactose), respectively. Human intestinal organoids (HIOs) generated from 
resected surgical specimens of non-IBD controls were differentiated to enrich goblet cells and 
increase mucus secretion. Following treatment with pro-inflammatory cytokines glycan-
binding lectins and MUCs mRNA levels were assessed by flow cytometry and RT-PCR, 
respectively.  
Results Hierarchical clustering analysis revealed significant increase in MUC1, MUC4, MUC6 
expression and slight increase in MUC2 expression in patients with IBD with active 
inflammation compared to non-IBD controls. Comparing inflamed to non-inflamed mucosal 
explants explants from patients with CD  by immunostaining revealed: comparable MUC2 
expression (n=4), higher MUC4 expression (n=2), and lower galactose expression (n=4), 
respectively. Moreover, mucins expression and composition were altered in HIOs treated with 
cytokines. Specifically, MUC1 was upregulated in response to IL-22, or IL-6 (p<0.001, and 
p<0.05, respectively, n=3). MUC4 was upregulated in response to IFN-γ, IL-22, or IL-6 
(p<0.0001, p<0.0001, and p<0.05, respectively, n=3). Additionally, MUC6 was upregulated in 
response to IL-13 or IL-4 (p<0.001, n=3).  Furthermore, galactose expression was reduced in 
response to cytokines mix (IFN-γ, TNF-α and IL-2).  
 
Conclusion: Mucosal inflammation is associated with alterations in mucins expression and 
composition in patients with CD. In addition, alterations induced by pro-inflammatory cytokines 
in HIOs indicates that mucus layer modifications may be immune-mediated. HIOs may serve 
as a platform for studying alterations in mucus layer characteristics. 
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Inflammatory bowel disease (IBD), encompassing Crohn's disease and ulcerative colitis (UC), 
is a global health problem with no known cure. Increased porosity of the mucus gel layer 
(MGL) lining the intestinal tract allowing bacteria and luminal contents to directly contact the 
underlying epithelium is the earliest hallmark of IBD. The exact mechanism by which MGL 
barrier breach occurs in IBD is unknown. However, evidence from murine studies suggests 
that loss of MGL barrier integrity leads to the chronic intestinal inflammation observed in IBD. 
Restoring barrier integrity in the intestine is directly linked to disease remission. Therefore, 
understanding MGL function in health and disease may lead to novel therapeutic approaches 
to support intestinal barrier function to limit chronic inflammation in IBD. 
  
MUC2/Muc2 is considered the predominant mucin responsible for MGL function in health. 
However, we recently demonstrated that an alternative mucin Muc5ac is induced in murine 
colitis and that loss of Muc5ac expression results in exacerbated acute murine colitis. This led 
to the hypothesis that induction of Muc5ac protects the damaged intestine in acute colitis. We 
therefore pursued studies to investigate the broader functional role of Muc5ac in the injured 
intestine. 
 
Using a Crohn's-like ileitis (TNFΔARE) model of chronic intestinal inflammation in which 
Muc5ac is deleted (Muc5ac-/-/TNFΔARE+/-) we demonstrated that Muc5ac-/-/TNFΔARE+/- 
mice have exacerbated ileal injury and inflammation, and a significant increase in bacterial 
translocation to mesenteric lymph nodes compared to active disease controls. In order to 
study the role of Muc5ac independently of Muc2 expression we generated a novel mouse 
strain using CRISPR deletion of Muc2 in Muc5ac deficient mice. Initial findings demonstrate 
significantly increased mortality in adult Muc2/Muc5ac double deficient mice compared to 
Muc2 or Muc5ac deficient mice. Taken together, our results suggest that Muc5ac expression 
provides pan-intestinal protection in murine models of IBD and plays a co-operative role with 
Muc2 to promote MGL barrier integrity. 
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Mucus forms the inner lining of the gastrointestinal (GI) tract and is known as an essential 
component of the innate immune response against pathogenic invasions. The mucus layer 
protects the GI tract from shear stress, chemical and biological hazards as well as microbiome 
dysbiosis. Mucus consists of a dense network of proteins called mucins that are synthesized 
and secreted via goblet cells. The human mucin (MUC) family consists of 21 mucin genes, 
encoding heavily glycosylated high-molecular-weight glycoproteins, subdivided into secreted 
and membrane-bound mucins. Under steady-state conditions, mucin production has been 
recognized to play a crucial role in lubricating the epithelial cell layer and maintaining the 
mucus barrier. However, in inflammatory bowel diseases (IBD) such as Crohn‘s disease (CD) 
and ulcerative colitis (UC), the production and secretion of mucins by goblet cells directly 
correlate with poor epithelial barrier function and with disease progression, although there are 
distinct differences between the two diseases.  In UC, the thickness of the mucus layer 
decreases following the goblet cells depletion, while in CD the number of goblet cells and the 
mucus thickness remain unchanged.  
In our study, we first aim to elucidate the role of distinct mucin proteins in CD and UC 
progression. To investigate this, we analyzed bulk RNA sequencing data from intestinal 
mucosal biopsies of a cohort of 245 patients, consisting of non-IBD individuals (no pathological 
signs of inflammation), CD and UC patients. 
When comparing the mucin expression between ileum and colon tissues in non-IBD, we found 
that 12 out of 23 mucin and mucin-like genes were expressed both in colon and ileum tissues. 
All of these show a generally higher expression of mucins in the colon compared to the ileum, 
except for MUC17, which is the only mucin to be higher expressed in the ileum. In the ileum 
and colon of our CD cohort, we see a similar expression pattern except for a subset of patients 
that have a de-novo expression of MUC5AC, MUC6, MUCL1 and MUCL3 in their ileum. In the 
UC patients however, these four mucins show up in the colon but not in the ileum of a subset 
of patients. Since CD mainly affects the ileum and UC manifests in the colon, the expression 
of these mucins can be directly correlated to IBD activity.   
Chronic inflammation, especially IBD, is paralleled by an increased risk of developing cancer. 
Furthermore, the de-novo expression of MUC5AC, MUC6, MUCL1 and MUCL3 has been 
reported in several cancers including colorectal cancer and CD-associated small intestine 
carcinoma. Therefore, looking further into the expression of these mucins could potentially 
reveal diagnostic biomarkers for IBD prognosis and treatment selection. 
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Inflammatory bowel diseases (IBD), such as Crohn’s disease (CD) and ulcerative colitis (UC), 
are characterized by perpetual chronic relapsing inflammation of the intestines. Due to their 
large heterogeneity, it is difficult to find the right therapy for the right patient. Therefore, there 
is a need to find novel biomarkers for the monitoring of IBD. Mucosal barrier dysfunction and 
aberrant mucin expression are major hallmarks in the pathophysiology of IBD. Furthermore, 
mucins are highly polymorphic which results in the occurrence of several mRNA isoforms. 
These mRNA isoforms could translate to proteins that exhibit functional differences. Currently, 
little attention has been given to the importance of mucin mRNA isoforms in IBD. The aim of 
our study is to investigate IBD associated mucin mRNA isoforms and their potential as novel 
biomarkers for the evaluation of disease activity and the identification of IBD subtypes. 
To obtain this goal, RNA was extracted from colonic and terminal ileal biopsies of IBD patients 
(both CD and UC) that underwent an endoscopy at the Antwerp University Hospital (UZA) for 
clinical reasons (i.e. acute flares or surveillance endoscopy when in remission). Additionally, 
patients without a history of IBD undergoing an endoscopy due to a positive faecal occult 
blood test (FOBT) which show no endoscopic abnormalities, were included as controls. 
Biopsies from a macroscopically inflamed (if present) and non-inflamed region from the same 
patient were used. Library preparation was performed with the PacBio Iso-Seq multiplex 
protocol adapted for targeted transcriptome sequencing. Targeted capture was accomplished 
by using a custom-designed pool of probes, developed for the capture of MUC1, MUC2, 
MUC3A, MUC4, MUC5AC, MUC5B, MUC6, MUC7, MUC12, MUC13, MUC15, MUC16, 
MUC17, MUC19, MUC20, MUC21 and MUC22 gene transcripts. Samples were sequenced 
on the PacBio Sequel platform at the University of Antwerp. The data was analysed by using 
the isoseq3-pipeline. The resulting high-quality isoform sequences were mapped, redundant 
isoforms collapsed (coverage 99% and identity 95%) and additional filtering with SQANTI3 
was performed. 
A total of 58 samples were sequenced, comprising 47 colonic biopsies (6 control; 22 CD; 19 
UC) and 11 terminal ileum biopsies (6 control; 22 CD; 19 UC). Throughout all samples, 77 
unique mucin isoforms with a high abundance (sum of counts >40) were identified, of which 
the majority originated from MUC13 (27) and MUC3A (18). The read count of some isoforms 
seems to suggest differential isoform expression between the different IBD subtypes. Next, 
Illumina RNA-Seq will be used to confirm this observation. Future efforts will be directed 
towards quantifying the isoforms of interest and correlating their expression with disease 
activity and IBD subtypes. 
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The ongoing global public health emergency of the Covid-19 pandemic causes by different 
variants of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has taken an 
enormous economic and social toll on human life. It is well understood that in the initial step 
of viral infection the positively charged (1) receptor binding domain (RBD) of spike proteins of 
SARS-CoV-2 interacts with the negatively charged extracellular heparan sulfate 
proteoglycans (HSPG) via electrostatic interactions. This interaction further assists SARS-
CoV-2 to come close proximity to the active receptors’ angiotensin-converting enzyme 2 
(ACE-2) on the cell surface and enhances the possibility to interact with them, which is the 
key step for successful viral infection. Inspired by this, various negatively charged inhibitors 
have been developed which could efficiently interact with the RBD of SARS-CoV-2 and 
prevent the viral infection in its initial step. In this context, recently our group reported a series 
of polyglycerol sulfates based SARS-CoV-2 inhibitors and showed the impact of sulfate groups 
on SARS-CoV-2 inhibition (2). Here, we have developed a series of mucin inspired 
dendronized polyglycerol architectures and investigated their SARS-CoV-2 inhibition 
properties. The polymers appeared as highly cytocompatible in different cell lines (HBE, A549 
and Vero E6) and they showed negligible anticoagulant activity which make them promising 
candidates for future in vivo studies. Synthesis of the mucin inspired polymers and the impact 
of their chain length as well as different pendant functional groups on SARS-CoV-2 inhibition 
will be highlighted in the poster.  
 
Reference:  
1. Clausen et al. SARS-CoV-2 Infection Depends on Cellular Heparan Sulfate and ACE2. Cell, 
2020, 183, 1043-1057. 
2. Nie et al. Polysulfates Block SARS-CoV-2 Uptake through Electrostatic Interactions. 
Angew. Chem. Int. Ed. 2021, 60, 15870-15878. 
  



 46 

Poster 6 
 
Examining the mucus barrier of wild mice: the effects of estrogen on glycosylation 
 
Alex Bennett, Jan Bradley, Iris Mair, Kathryn J Else, David J Thornton 
 
University of Manchester, University of Nottingham 
 
alex.bennett-3@postgrad.manchester.ac.uk 
 
Background: 
Wild animals offer a powerful model for studying biological systems under natural 
environmental conditions. Factors such as seasonal variation and infection history are often 
not considered within the experimental design of laboratory mouse based studies, but are all 
pressures faced by wild animals and humans. Further, laboratory studies often focus on a 
single sex of animal to reduce variation. The aim of this project is to define the ecological 
factors most strongly associated with variations in the gut barrier, the changes they elicit and 
how this might affect the functional properties of this crucial protective barrier. 
 
Methods:  
Using the population of wild house mice found on the Isle of May (IoM), we are investigating 
the characteristics of the intestinal mucus barrier and its associated epithelium. Histological 
and molecular analyses are used to provide quantitative measurements of the mucus barrier’s 
properties and function. These are combined with ecological readouts, including microbiome 
analysis  and stable isotope analysis of diet to elucidate the complex interactions between 
barrier sites and the environment. Additionally, in vitro and in vivo laboratory models of mucus 
synthesis have been used to further explore observations made in the wild. 
 
Results: 
Three years of trapping on IoM has provided a robust, repeated data set. Preliminary data 
indicates that sex correlates with variation in mucin glycosylation of the intestinal mucus 
barrier. Molecular approaches, including RNA sequencing, suggest one of the mechanisms 
underpinning this association is Esr1 signalling. In vivo laboratory models have been used to 
validate molecular and biochemical observations made in wild mice, and evidence a 
relationship between particular glycan structures within the gut mucus barrier and circulating 
estrogen. 
 
Conclusions: 
Variations in sex, among other ecologically relevant factors, had a reliable influence on the 
functional qualities of the mucus barrier in wild animals. Estrogen signalling may be one of the 
main mechanisms underpinning sex-mediated changes in the mucus barrier. These 
observations have been substantiated using in vitro and in vivo laboratory models. Identifying 
the factors decisive in determining gut barrier function is important and will inform strategies 
to improve gut barrier integrity in challenging circumstances such as infection or allergy. 
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Introduction  
A mucus layer protects the intestinal epithelium from direct contact with gut microbes. The 
outer mucus layer attracts specific gut microbiota of which several bacteria can degrade the 
mucin glycoproteins that constitute the mucus. Mucin glycan degradation is a complex process 
that requires a broad range of extracellular glycan degrading enzymes, as mucin glycans are 
intricate and diverse molecules. Consequently, it is hypothesised that microbial mucin 
breakdown requires concerted action of various enzymes in a network of multiple mucosal 
residents.   
 
Methods  
We reviewed previous studies for carbohydrate-active enzymes (CAZymes) that are 
potentially involved in mucin glycan degradation. Next, we constructed a consortium of primary 
mucin degraders (PMD) and listed their relevant CAZymes. We constructed phylogenetic 
trees to infer evolutionary relationships between these PMD CAZymes. Furthermore, we 
reviewed microbial cross-feeding interactions in the gut mucus.  
 
Results  
Our PMD consortium consisted of mucin degraders Akkermansia muciniphila, Bacteroides 
spp., Ruminococcus spp. and Bifidobacterium spp. and contained 832 CAZymes of interest 
of 20 different enzyme families. All enzyme categories needed for mucin glycan degradation 
were represented: galactosidases, hexosaminidases, fucosidases and sialidases. Most of 
these CAZymes are hypothesised to be extracellular, so their products might initiate cross-
feeding. Additionally, we provided further evidence for mucin-driven cross-feeding interactions 
by reviewing in vitro and in vivo studies.  
 
Conclusion  
We summarise the evidence for the current hypothesis that mucin glycan degradation occurs 
in a network of cooperating human gut mucosal microbiota.   
 
Previous research demonstrated mucin-driven cross-feeding between mucin glycan 
degraders and partners, which results in the production of beneficial compounds.  
 
The mucin degraders in the PMD consortium possess different palettes of CAZymes, which 
suggests that they complement each other.  
 
Many of the CAZymes in our consortium are hypothesised to be extracellular, so the products 
of these enzymes could be available to other mucosal residents. 
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Alterations in the gut microbiome, including diet-driven changes, are commonly linked to the 
rising prevalence of food allergy, yet little is known about mechanisms of how gut bacteria are 
involved in the breakdown of oral tolerance. Our previous work showed that depriving mice of 
dietary fiber leads to a microbiota-driven mucus barrier erosion. Here, we hypothesized that 
the microbiota-mediated mucus barrier disruption contributes to the breakdown of oral 
tolerance, thereby leading to exacerbated allergic sensitization. 
Specific-pathogen-free (SPF) and gnotobiotic mice with functionally characterized synthetic 
human gut microbial communities were fed a fiber-deprived diet. Broad immunophenotyping 
was performed by using time-of-flight mass cytometry, alongside ELISA-based assays and 
IgE-coating of the gut bacteria was evaluated by flow cytometry. 
Depriving mice of dietary fiber led to the microbiota-mediated colonic mucus barrier disruption, 
an increase in the intestinal permeability to FITC-Dextran, a surge in IgE-coated commensals 
and an increase in the colonic type 2 immune cells. Consistently, fiber deprivation exacerbated 
anaphylaxis symptoms of ovalbumin-sensitized mice in both SPF and gnotobiotic models. By 
removing Akkermansia muciniphila from the synthetic gut microbiota, fiber-deprived mice 
displayed decreased severity upon challenge, with reduced proportions of Th2 cells, ILC2, M2 
macrophages and eosinophils in the colon, as well as reduced IgE-coating of commensals. 
These results support a diet-dependent role for Akkermansia muciniphila, a commensal 
mucin-degrading gut bacterium, in the sensitization to food allergens. Our study highlights a 
mechanistic link between diet and the gut microbiome in food allergy, which has important 
therapeutic implications. 
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Combined with host genetic predisposition, the low-fiber Western diet and the gut microbiome 
have been proposed as major environmental contributors of inflammatory bowel diseases 
(IBD), but the mechanisms underlying these interactions are still unclear. Mucolytic gut 
bacteria are enzymatically equipped to forage the host intestinal mucus layer, and their 
activities are regulated by the availability of dietary fibers. We hypothesized that, under a fiber-
deprived diet, mucolytic bacteria catalyze important disease-promoting immune pathways of 
IBD.  
Using a tractable gnotobiotic mouse model with a defined human gut microbiota, we show that 
fiber deprivation induces colitis in genetically-susceptible IL-10-deficient mice and that this 
dietary effect depends on the presence of mucolytic bacteria. Diet-induced inflammation was 
characterized by an infiltration of NK, Th1 and Th17 cells in the cecal and colonic lamina 
propria. In the colon, this was preceeded by a loss of IgA-producing cells, which was reflected 
by reduced IgA-coating of specific bacteria species, including the mucus-specialist 
Akkermansia muciniphila. Removal of mucus-degrading bacteria from the microbial 
community abrogated the Th1 response, however the Th17 and IgA responses were 
unchanged. 
Our results highlight a multi-hit framework to unravel the complex interactions of diet, host, 
and microbial factors that contribute to IBD development. 
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Background and aims. Pelvic radiotherapy saves lives, but collateral damage to the bowels 
caused by the ionizing radiation can result in life-long and debilitating fecal incontinence, 
urgency and tenesmus. The pathophysiology underlying the plethora of various symptoms 
following the acute, inflammatory phase is considered irreversible, with fibrosis and ischemia 
without further inflammation. Therefore, the estimated 1 million pelvic cancer survivors in 
Europe and millions more worldwide whom suffer from chronic bowel dysfunction are offered 
limited help. Yet surprisingly few studies on the chronic intestinal pathophysiology after 
radiotherapy exist and the underlying mechanisms have not been thoroughly mapped.  
 
Methods. We biopsied 24 cancer survivors up to twenty years after cancer treatment, and 5 
non-irradiated controls. Biopsies were taken at colorectal locations that had received either a 
high dose of radiation, a low dose  (internal controls), or no dose at all (non-irradiated controls). 
We determined the regulation of mRNA through sequencing and the relative expression of 
over 7000 proteins with tandem mass spectrometry. We quantified the immune cell 
populations in the biopsies with flow cytometry and immunohistochemistry, and determined 
the state of the protective mucus and its permeability to pathogens permeability analysis and 
fluorescence in situ hybridization. 
  
Results.  We show that 1503 proteins were differentially regulated in the colorectal mucosa of 
cancer survivors up to at least 20 years after completed radiotherapy, compared to mucosa 
that had received little or no radiation. Many of the regulated proteins were involved in 
inflammatory processes and active destruction of the tissue. There was an increased 
presence and activity of neutrophil granulocytes in biopsies from areas that had recieved a 
high radiation dose. A loss of mucus proteins indicated a poor barrier function, a chronic 
feature in irradiated pelvic cancer survivors that was further confirmed with a permeability 
assay and quantification of infiltrating bacteria. 
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Conclusions. Our results challenge the perception that pelvic radiotherapy causes an acute 
intestinal inflammation that either heals, or turns fibrotic with no further inflammation. We 
provide evidence for a low-grade chronic intestinal inflammation after pelvic radiotherapy, that 
may drive the progression of disease in the irradiated colorectal mucosa.  
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Mucins play an essential role in protecting the respiratory tract against microbial infections. 
The heavily O-glycosylated gel-forming mucins MUC5AC and MUC5B eliminate pathogens 
by mucociliary clearance while transmembrane mucins MUC1, MUC4, and MUC16 restrict 
microbial invasion at the apical surface of the epithelium. In this study, we determined the 
impact of host mucins and mucin glycans on SARS-CoV-2 spike-mediated epithelial entry. 
Human lung epithelial Calu-3 cells have endogenous expression of the SARS-CoV-2 entry 
receptor ACE2 and express high levels of glycosylated MUC1 on the surface but not MUC4 
and MUC16. Removal of the MUC1 extracellular domain (ED) using the O-glycan-specific 
mucinase StcE greatly enhanced spike binding and viral infection. By contrast, removal of 
mucin glycans sialic acid and fucose did not impact viral invasion. This study implicates the 
glycosylated ED of MUC1 as an important component of the host defense that restricts the 
severity of SARS-CoV-2 infection.  
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The gastrointestinal tract is characterized by a protective mucus layer, secreted by intestinal 
goblet cells. Mucins contain large, complicated protein cores and while it is well-known that 
misfolding of such proteins can lead to ER stress, our current understanding of how these 
quality control mechanisms function precisely for mucins is incomplete. We here report that 
the mucus chaperone Anterior Gradient protein 2 Homolog (AGR2) regulates the goblet cell-
specific ER stress sensor Inositol-requiring Enzyme 1 (IRE1)β. Both proteins have previously 
been implicated in different aspects of mucus barrier synthesis, though it was unknown that 
crosstalk between these proteins exists. AGR2 is a protein disulfide isomerase (PDI) involved 
in maturation of disulfide bonds in the mucin protein core. IRE1β is a signaling protein in the 
unfolded protein response (UPR). It is thought to protect the integrity of the ER by regulating 
the amount of de novo translated MUC2 entering the ER for folding, through degradation of 
excess Muc2 mRNA via its endonuclease domain. Additionally, the IRE1β endonuclease 
domain has the ability to splice X-box protein 1 (XBP1) mRNA, leading to the production of 
the central UPR transcription factor XBP1S. However, precisely how IRE1β activity is tuned 
has remained a major unanswered question since its discovery. 
 
We identified AGR2 as a strong interactor of IRE1β, but not the closely related UPR protein 
IRE1α, in both the human LS174T goblet cell-like cell line and in murine colon tissue. AGR2 
does not require dimerization to establish an interaction with IRE1β but does rely on the Cys 
residue in its catalytic site. Co-expression of AGR2 with IRE1β strongly attenuates IRE1β-
mediated XBP1 splicing in cells. In vivo, AGR2 deficient mice exhibit severely reduced Muc2 
mRNA expression levels, which are partially restored upon AGR2/IRE1β compound 
deficiency, further supporting a requirement for AGR2 in tuning the endonuclease activity of 
IRE1β. 
 
In conclusion, we report a previously unidentified link between two goblet cell-specific proteins 
involved in mucin barrier regulation, leading to new insights into the regulation of IRE1β and 
its contribution to mucin quality control.  
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Animal mucosal surfaces are covered with mucus that acts to protect the underneath epithelia 
from desiccation and pathogens, among other hazards. Fish are also covered with mucus on 
their outer surface. Hence, fish skin mucus acts as a first barrier that separates the fish body 
from its environment. Mucin is a family of glycoproteins that self-crosslink and create a network 
that acts as a scaffold for microbiota and that traps pathogens. Mucins are highly conserved 
in vertebrates. Thus far, more than 20 and 10 mucins have been identified in higher 
vertebrates and fish, respectively. Fish health can be compromised in fish farms due to 
different factors such as a high number of specimens per volume of aqua, stressors, or the 
presence of pathogens, among others. Hence, developing materials that act to enhance fish 
wealth is of utmost importance. In this scenario, mucins have been proposed for developing 
biomaterials for mucosal treatments. Thus, the main goal of our project is to develop 
treatments based on the use of commercially available purified porcine gastric mucin (PGM). 
As the first step, we have characterized the cytotoxic effect of PGM on Sparus aurata fibroblast 
cell line (SAF-1) since S. aurata is one of the main farmed fish species in the Mediterranean 
area. To the best of our knowledge, no studies on the effect of PGM on fish have been 
performed so far. SAF-1 metabolic activity has been analysed, by MTT reduction assay, after 
up to 72 hours of exposure to different concentrations of PGM. Our results demonstrate that 
PGM at low concentrations shows no cytotoxicity on such cells. This opens the possibility to 
use PGM for developing aquaculture tools, such as nanodevices, to be applied on fish. 
 
This project has received funding form the European Union’s Horizon 2020 research and 
innovation programme under the Marie Sklodowska-Curie grant agreement No 101024387.  
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The intestinal mucus layer is a first line of defense against the invading pathogens. For 
instance, the attaching and effacing pathogen Citrobacter rodentium, a murine model for 
human enteropathogenic E. coli infections, needs to traverse the mucus barrier in order to 
attach to the host epithelium and establish infection. Using a 14-member synthetic human gut 
microbiome in gnotobiotic mice, we have previously shown that erosion of the gut mucus layer 
by a dietary fiber-deprived gut microbiota results in an increased susceptibility to C. rodentium. 
Nevertheless, it remains to be studied whether and how specific mucolytic bacteria aid in the 
increased susceptibility to C. rodentium. In the current study, we leveraged our 14-member 
synthetic human gut microbiota model to deduce which bacteria or function is responsible for 
the altered susceptibility. By dropping out different mucolytic bacteria from our synthetic 
community, we were able to show that, during dietary fiber deprivation, Akkermansia 
muciniphila alone is sufficient to make the host vulnerable to the enteric pathogen. Study of 
both host immune responses and C. rodentium gene transcripts showed that the increased 
pathogen susceptibility phenotype is not due to immunomodulatory properties of A. 
muciniphila. Thus, these results suggest that the interactions between this microbe and the 
pathogen is responsible for the increased host susceptibility. Our study provides novel insights 
into the role of a mucolytic bacterium during development of pathogenic infections, and 
suggests that depending on the dietary context, A. muciniphila, a commensal bacterium often 
considered as a probiotic, is capable of exacerbating susceptibility to an enteric pathogen.   
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Goblet cells in the crypts of the small intestine contain large numbers of mucus granules which 
can be rapidly discharged in response to external stimuli. The cellular mechanisms underlying 
induced secretory events in the small intestine are largely unknown. 
Using tissue explants, small intestinal organoids, and in vivo studies we have studied the small 
intestinal crypt response to cholinergic stimulation. Activation of muscarinic receptors initiates 
a gap junction coordinated ion and mucus secretory response in the small intestinal crypt. 
Cholinergic stimulation of small intestinal crypt goblet cells induces an expansion of mucus 
granule contents leading to intracellular rupture of mucus granules. Released mucus 
undergoes intracellular expansion prior to rupture of the cell membrane and the release of 
mucus from the goblet cell. Coordinated movement of ions across the crypt epithelium further 
drives mucus expansion and the secretion of crypt goblet cell contents results in the flushing 
of crypt material into the intestinal lumen. 
 
This study highlights a coordinated intestinal response to external stimuli, and an efficient crypt 
cleaning mechanism driven by both ion secretion and mucus secretion via a previously 
undescribed mechanism of cellular secretion. This crypt defense mechanism sheds new light 
on how the small intestinal crypt is protected, where defects to or exhaustion of mucosal 
defenses leave the crypt susceptible to microbial colonization, a likely early event in the 
development of Crohn’s disease. 
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Background: Mucus, being a non-Newtonian fluid and consisting of some of the largest 
proteins known, is a complex biological hydrogel. Depending on the question at hand, artificial 
gels or animal models are commonly used to study it. Access to human airway mucus is limited 
and even when available, challenging to collect without compromising especially its physical 
characteristics or contamination of e.g. blood. However, research on the respiratory system 
could benefit from access to a reliable source of human airway mucus. We address this issue 
by optimizing primary human respiratory tissue models, which have been established in our 
lab. 
Methods: Nasal epithelial cells and fibroblasts were isolated from tissue biopsies and were 
either co-cultured in transwell inserts or on a biological scaffold at the air-liquid interface (ALI). 
On days 0, 14, and 28 of ALI culture, the apical surface was washed and supernatant collected 
for proteomic analysis using mass spectrometry. To analyze epithelial barrier integrity, we 
measured the transepithelial electrical resistance (TEER). Using histological techniques, we 
analyzed model morphology by light microscopy and at the ultrastructural level. 
 
Results: After 5-10 days of ALI culture, a glossy appearance on the apical cell surface 
indicates the presence of mucus. After 25-28 days, the tissue models display the mucociliary 
phenotype. TEER measurements confirmed an intact epithelial barrier. Transmission electron 
microscopic imaging verified the presence of tight junctions, goblet cells, and other major 
epithelial cell types. Kinocilia were present on the apical surface of the 100-200µm thick 
mucosal cell layer. Preliminary proteome analysis of model mucus confirmed the presence of 
mucin 1, 4, 5AC, and 5B, especially on day 28 of ALI culture. Immunofluorescent staining of 
paraffin sections confirmed intracellular MUC5B and MUC5AC.  
 
Discussion: Our human airway tissue models reproducibly differentiate to the mucociliary 
phenotype. These models enable analysis of, e.g., mucus variance in the human population. 
During model establishment, we observed donor differences in the apparent mucus 
viscoelastic characteristics and color. Since donors are hospital patients, the health status and 
medication history, but also e.g. age and sex may correlate with donor mucus differences. 
Collection of donor replicates to investigate some of these aspects is ongoing. Future work 
should include the establishment of protocols for in situ characterization of mucus’ viscoelastic 
properties in our models. We hope that the access to in vitro-generated mucus from primary 
human airway mucosa will contribute to mucus studies of high translational value.   
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Background: Intestinal goblet cells secrete a protective mucus layer preventing bacteria and 
harmful ingested substances from coming into contact with the columnar epithelial cells that 
line the intestine. Inflammatory disorders such as Ulcerative Colitis (UC), are associated with 
defects in intestinal mucus production or secretion. Myosin Vb, a molecular motor, that 
regulates vesicle trafficking in epithelial cells results in a number of defects in the intestinal 
epithelium. Myo5b is most widely studied in the small intestine, however a recent study found 
that Myo5b expression was reduced in inflammatory bowel disease and further reported that 
Myo5b was a powerful prognostic biomarker in colorectal cancer. The role of Myo5b in the 
colon particularly in regard to goblet cell function is currently unknown and has not been 
investigated in animal models. We hypothesized that loss of Myo5b would perturb goblet cell 
mucus production. Methods: Adult control and intestinal specific tamoxifen inducible Myo5b 
mice were injected intraperitoneally with 2 mg of tamoxifen to deplete Myo5b. After four days 
tissue was collected and analyzed. Results: We found that loss of Myo5b in vivo results in a 
reduction in the number of goblet cells in the colon. Muc2 immunostaining and alcian blue 
staining demonstrated a reduction in mucin within goblet cells. Mucin proteins are heavily o-
glycosylated which makes up 80% of the molecular weight of intestinal mucins. Normally, 
mucin structures are terminated by sialic acid which provides a negative charge and protects 
the mucus protein from bacterial degradation. Staining for sialic acid with the lectin SNA 
revealed a decrease in sialic acid levels in the mucus of Myo5b KO mice compared to controls. 
Using the lectin WGA to identify n-acetyl glucosamine we observed increased exposure of n-
acetyl glucosamine in Myo5b KO mice compared to control mice. Intestinal goblet cells also 
secrete wound healing factors including the peptide Trefoil factor 3 (TFF3). Similar to the 
pattern we observed for Muc2 and sialic acid content, we found decreased levels of TFF3 in 
the mucosa of Myo5b KO mice. Conclusions: Our data shows that loss of functional Myo5b in 
the colonic epithelium results in decreased goblet cell numbers and alterations in mucin 
composition. These data suggest that Myo5b may play an important role in goblet cell mucus 
production and that mutations affecting Myo5b function may contribute to IBD. 
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Traditionally, the airway mucus is regarded as a part of the airway surface liquid. However, 
correct classification of the airway mucus is important for understanding mucus features and 
function in airway clearance. Here we describe separation of airway surface liquid from the 
mucus proteins, mass-spectrometry based proteomic analysis and clustering of the different 
fractions. This resulted in a better understanding of airway surface liquid and mucus 
characteristics. 
 
Excised distal tracheas and primary bronchi from newborn wild-type (WT) and CFTR null (CF) 
piglets were mounted and airways from four WT and three CF piglets were hydrated by 
addition of a small amount of aerated Krebs-buffer, pH 7.4 and kept at 37 degrees C. Six WT 
and three CF piglet airways were stimulated by addition of 10 µM carbachol (Cch). After 10 
min without or with stimulation, the mounted explant was placed on a table tilted 20 degrees 
and heating. As a consequence of the tilting, the liquid drained from the airway and could be 
collected at the lowest point, fraction 1. New liquid was added at the highest point and 10 min 
later, fraction 2 was collected at the lowest point. This was repeated two more times, then 
Alcian blue in Krebs-buffer was added to stain the mucus and 10 min later the last fraction, 
fraction 5 mucus was collected by pipetting on the airway surface. Fractions were analyzed 
by mass-spectrometry based proteomics and clustering. This resulted in four clusters, cluster 
fraction 5, cluster fraction 1-4, cluster fraction 2-4 and cluster CF fraction 1-4. 
 
The airway gelforming mucins MUC5AC and MUC5B clustered to fraction 5, the mucus 
fraction. Stimulation induced more MUC5AC than MUC5B and there was more MUC5AC than 
MUC5B in fraction 5. Clustering to fraction 5 were also the protein disulfide isomerases AGR2, 
PDIA1 and PDIA3 and the antibacterial submucosal gland protein lactoferrin. 
Immunostainings confirmed that AGR2 and PDIA3 were mainly secreted from the submucosal 
glands. Traditional surface liquid proteins such as alpha-1 antitrypsin and orosomucoid 1 
clustered to fraction 2-4 together with the extracellular molecular chaperone clusterin. These 
proteins are also acute phase proteins, whose concentration in plasma are up- or 
downregulated more than 25% in inflammation or trauma. The proteins clustering to fraction 
CF 1-4 were also acute phase proteins and all acute phase proteins were higher in CF than 
WT piglets. 
 
We conclude that mucus proteins, mainly originating in submucosal glands clustered to 
fraction 5, whereas traditional surface liquid proteins clustered to fraction 2-4. These proteins 
were very low in fraction 5, suggesting that they do not gather randomly on the mucins. 
Furthermore, we found higher levels of acute phase proteins in CF compared to WT piglets, 
indicating that inflammation is induced already at birth in proximal airways of CF piglets. 
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BACKGROUND & RATIONALE: The gel-forming O-glycoprotein Mucin-2 (MUC2) is a key 
mediator of host-microbe homeostasis by (i) forming a niche for a subset of microbes to 
colonize; and (ii) forming a barrier to segregate inflammatory microbes from distal colon 
tissues. These key functions of MUC2 are mediated mainly via its complex repertoire of O-
linked oligosaccharides (O-glycans). While animal models have provided major insights into 
the biological functions of MUC2 and its O-glycome, there are relatively few studies exploring 
human MUC2. This is due to difficulty in accessing primary MUC2 which has been traditionally 
seen as firmly adherent to tissues and thus attainable mainly through invasive approaches 
(e.g. surgery, biopsies, etc), or via transformed cell lines (e.g. LS174T). This highlights a need 
to find alternative sources of MUC2. HYPOTHESIS: Recent studies have shown a significant 
portion of MUC2 is bound to feces (Bergstrom and Shan et al, 2020). We therefore 
hypothesized this fecal MUC2 was accessible for both purification and structural and 
functional characterization. METHODS & RESULTS: We purified MUC2 from healthy feces 
via established guanidium chloride (GuCl)-based extraction methods. Analysis on composite 
urea agarose polyacrylamide gel electrophoresis (UreaAgPAGE) showed high molecular 
weight glycoprotein bands (~1 – 2 MDa) by Alcian blue staining. Proteomics and western 
analysis using an established polyclonal antibody against MUC2 derived from LS174T cells 
confirmed the enrichment of MUC2 in the fecal mucin preparation. Western analysis via a 
lectin panel showed human MUC2 was positive for Maackia amurensis agglutinin (MALII), 
Lycopersicon esculentum lectin (LEL), Aleuria aurantia lectin (AAL), and Wheat germ 
agglutinin (WGA), but not Sambucus nigra lectin (SNA) or Ulex europaeus agglutinin I (UEA1). 
MUC2 O-glycans were released via non-reductive ammonia-catalyzed beta-elimination and 
analysed by capillary electrophoresis and mass spectrometry and compared to Type III 
porcine gastric mucin O-glycans (PGM; Sigma), revealing extensive sialylation, moderate 
sulfation, and very little fucosylation vs. PGM. Functionally, confocal imaging of fecal sections 
revealed a microbiota-encapsulating barrier layer of varying thickness among various healthy 
human subjects. Lectin profiling and histochemical staining of Carnoy’s-fixed paraffin-
embedded fecal sections showed agreement with glycomic and western results including lack 
of UEA1 and SNA staining. The glycans were functional and supported the growth of 
Bacteroides thetaiotaomicron as well as B.theta-dependent short chain fatty acid production 
in vitro. CONCLUSIONS: These studies provide a new way to access primary human MUC2 
for structural and functional characterization and pave the way for characterizing MUC2 
dysfunction in various diseases.  
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Background: Mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) 
cause mucus accumulation and lead to chronic airway infection and inflammation in patients 
with cystic fibrosis (CF). Multiple factors are known to determine mucus properties such as 
the hydration, ionic changes e.g. Ca2+ content, reactive oxygen species, and small proteins. 
The influences of these factors are often assessed on a global scale by treating mucus with 
different reagents in vitro while monitoring changes with imaging techniques or by measuring 
rheological properties. Especially the hydration, and the disulfide bonds seem to have a major 
influence on rheological properties and the ability of patients to clear mucus from their lungs. 
However, our understanding of the exact changes on the molecular level including the sites 
of glycosylation and disulfide bonds remains limited. 
Aim: The aim of this study is to further develop and use mass spectrometry-driven proteomics 
approaches to better understand the molecular structure of mucins. In our study we are 
focusing both on the global characterization of disease-associated proteins and also on the 
glycosylation pattern, specifically the glycosylation sites, and the cysteines incorporated in 
disulfide bonds.  
Latest improvements in mass spectrometry allow us to quantitatively monitor several thousand 
proteins in mucus. Yet, a major challenge of this project is to determine the location of O-
glycosylation of mucins. To get an understanding of the amino acids involved in both disulfide 
bonds and glycosylation a very high coverage of the protein sequence is needed. However, 
the high O-glycosylation hinders trypsin -the most commonly used enzyme for shotgun 
proteomics- from digesting the protein. Additionally, due to the protein sequence only about 
50% of the protein can be covered by tryptic digest, and the complex O-glycan modifications 
make it computational challenging to identify the modified peptides.  
Here we are combining two approaches to overcome these challenges. The most common 
used approach to remove O-glycans is β-elimination. A goal is to identify conditions that allow 
to remove the glycosylation modifications while keeping the proteins intact enough to analyze 
them and identify the glycosylation sites. These stripped proteins can then be digested with 
different enzymes to ensure a high coverage of the protein sequence. 
After establishing these methods, we aim at applying them to sputum samples derived from 
healthy individuals and CF patients. This knowledge can then be used to monitor disease 
state at the molecular level, and potentially design novel therapeutic approaches to target 
mucus defects. 
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Inflammatory bowel diseases (IBD) are pathologies that cause gastrointestinal (GI) 
inflammation. The incidence of IBD is increasing but their causes are still not known. Mucus 
at the intestines is essential to keep away the trillions of bacteria that form our microbiota from 
the epithelium avoiding infections [1-4]. Mucus is composed by water and mucin proteins, 
which contained a larger PTS domain highly O-glycosylated [5]. Mucin glycosylations and 
oligomerization trigger the increase of its size, challenging their study. The glycans present in 
these proteins are essential for the structure and the function of the mucus and can be used 
as a source of nutrients for the GI microorganisms. Interestingly, mucus barrier alterations, 
mucin glycosylation and microbiota composition is associated with IBD. However, it remains 
unclear which microbiota proteins drive alterations on mucin O-glycans and mucus barrier. 
Bacteroides thetaiotaomicron (B. theta) is an anaerobic gram-negative bacterium that 
encodes all the required enzymes to degrade specific glycan into a genetic loci called 
“Polysaccharide Utilization Loci” (PUL) [6]. B. theta upregulates multiple PULs when grows on 
mucin O-glycans. This mucin PULs encode dozens of putative enzymes that can potential act 
on mucin glycans. However, the B. theta O-glycan degradation model remains unclear.  
Glycoside hydrolases (GH) are enzymes that hydrolyze the glycoside bond and are 
characterized on families based on their sequence similarity. B. theta mucin PULs encode five 
enzymes from family 2 (GH2). To understand the GH2 enzymes on mucin utilization the 
proteins were recombinant expressed and biochemically characterized. We observed that 
despite all enzymes act as β-galactosidases, GH2s have a great selectivity for the type of 
glycoside bonds that can hydrolyze, from lactose to more complex glycans. Moreover, 
structural data indicate that GH2 enzymes present similar folding and conservation of the 
active residues. However, structural changes in residues that interact with the ligand explain 
the different specificities of these enzymes. Understanding the action mechanism of GH2 
enzymes and their preferences for the different glycans can help us to understand how healthy 
microbiota colonizes the gut and how mucus is metabolized by commensal bacteria. This 
information can lead us to develop future therapies, drugs and probiotics to treat or improve 
the life quality of IBD patients. 
 
[1] PJ Turnbaugh et al.,  Nature 449 (7164), 804 (2007). 
[2] ME Johansson et al.,  Proc Natl Acad Sci U S A 105 (39), 15064 (2008). 
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We use state-of-the-art time-resolved fluorescence spectroscopy and microscopy to 
investigate biomolecular interactions and nanoviscosity on the subcellular to tissue level. 
Fluorescent molecular rotor (FMR) dyes allowed us to spatially resolve viscosity profiles of the 
mucus layer on epithelial cells. The FMR dye Cy3 conjugated to wheat germ agglutinin (WGA) 
was used to compile the viscosity distribution of mucus. WGA binds to the o-glycans of mucins 
and thus ensures the detection of local nanoviscosity directly associated with the mucin 
network. Calibration curves of WGA-Cy3 in aqueous sucrose and various polymer solutions 
have been established to assess the contribution of protein backbone, inter-mesh solvent and 
secondary crowding agents to the overall nano- and bulk viscosity found in mucus. 
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Background: During infection with nematode parasites, gastrointestinal mucus secretion 
represents an important host immunophysiological response to expel worms and prevent 
chronic infection. At the same time, commensal gut bacteria have been shown to influence 
the thickness and integrity of the intestinal mucus layer in a dietary fiber-dependent manner; 
yet it is unclear to what extent changes in mucin–microbiome interactions alter the course of 
worm infection.  
Methods: In the present study, we employed a gnotobiotic mouse model colonized with a 14-
member synthetic human gut microbiota in order to assess changes in microbial composition 
over the course of parasitic infection. After inducing elevated microbial mucin foraging using 
dietary fiber deprivation, we infected mice with the intestinal nematode Trichuris muris, a 
murine model of Trichuris trichiura, which has a substantial health burden in humans.  
Results: During the late larval stages, we document distinct shifts on the structure of the 
defined bacterial community as well as increased mucin-targeting enzymatic activity. This 
microbial activity is predicted to alter mucin glycosylation patterns both directly and via the 
host, as supported by pathway-level shifts in transcripts involved in glycosylation and 
glycoprotein biosynthesis within the host transcriptome. Fiber-deprived mice, but not those fed 
a standard chow that is rich in fiber, showed complete worm clearance by 30 days post-
infection, as evidenced by a shift from a susceptible (chronic, Th1 type) to resistant (acute, 
Th2 type) host immune response. Furthermore, the relative abundances of mucin-generalist 
bacteria significantly increased during worm clearance, but not during worm retention, 
underscoring the importance of microbial mucin foraging in influencing infection outcomes. 
Conclusions: These results highlight the use of fiber deprivation as a lever to push the 
microbial metabolic activity toward mucin glycoproteins and confer resistance to worm 
infection. Our study contributes novel insights into the microbiome–parasite–host immune 
axis, which has a potential to be used in conjunction with existing therapies to facilitate 
treatment of parasitic worm infections. 
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Colorectal cancer (CRC) constitutes roughly 10% of cancer diagnoses globally and has the 
next-to highest mortality rate with a 5-year survivability of approximately 60%. CRC correlates 
primarily with environmental factors, diet being the most prominent. Due to the clear trend in 
geographical distribution of global CRC incidence, the nutritional habits linked to CRC have 
suitably been termed “western diet” and is by most authors defined as rich in fat and simple 
sugars while lacking in dietary fibres.  
Research has shown that products, primarily short chain fatty acids (SCFAs), of microbial 
fermentation of fibres in the colon is the main source of nutrition for the colonocytes as well 
as having a number of other functions in sustaining colonic homeostasis. A diet poor in dietary 
fibres is thus potentially causally linked to CRC due to it resulting in a lack of SCFAs, albeit 
the exact mechanism is still largely unknown.  
Our group has previously shown that the colonic mucus layer is vital for colonic health and 
that a dysfunctional or absent mucus layer is associated with several types of inflammatory 
bowel disorders, such as ulcerative colitis. Furthermore, the development of CRC correlates 
with a disruption of host-microbiota homeostasis, in turn linked both to diet and mucosal 
deficiencies. We therefore hypothesise that mucus barrier dysfunction, resulting from 
nutritional deficiencies, is a stepping stone in colorectal oncogenesis. 
A shortcoming in current CRC animal models, based on missense or nonsense mutations of 
the tumour suppression gene APC, is that tumorigenesis is largely confined to the small 
intestine rather than the colon. By crossbreeding APC mice with Muc2-/- mice, it has been 
possible to shift the cancer load towards the colon and rectum. However, since the Muc2-/- 
mice do not have a mucus layer they do not allow for investigation of factors modulating mucus 
barrier function in CRC. We propose that a heterozygous Muc2 mouse on an APCmin/+ 
background would produce a model that will allow for the study of colonic CRC development 
based on mucus layer modulation.  
As a preliminary step we have carried out a study to define the previously near-unscrutinised 
Muc2+/- phenotype prior to introducing the APCmin/+ mutation. Comparison of WT, Muc2+/- 
and Muc2-/- intestinal tissues via histology, gene expression and ex vivo barrier function 
assessment illustrate the potential for using Muc2+/- mice as a model for studying CRC. 
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Background: Usual Interstitial Pneumonia (UIP) is a fibrotic disease that is characteristic of 
Idiopathic Pulmonary Fibrosis, but found in other fibrotic lung diseases. The UIP pattern is 
patchy with histologically normal lung adjacent to dense fibrotic tissue with honeycombing 
(HC). HC refers to deranged small airways that are sites of active mucus production. The 
function and molecular composition of lung airways in health and disease are undefined. 
 
Methods: Utilizing laser capture microdissection coupled mass spectrometry (LCM-MS), we 
interrogated the fibrotic HC airways and fibrotic uninvolved airways (morphologically intact 
airways found in the normal regions of the fibrotic lung) in 10 UIP specimens (a total of 20 
samples). To serve as a control, we performed LCM-MS on airways from 6 non-fibrotic 
controls. In addition, we performed LCM-MS on the mucus found within the fibrotic airway (n 
= 6 UIP specimens) and compare to mucus in lung cancer (n = 6 mucinous adenocarcinoma 
specimens). The data were subjected to a qualitative and quantitative analysis, and validated 
by immunohistochemistry. 
 
Results: We show that our LCM-MS approach detected 2,668 airway proteins. We found that 
the fibrotic uninvolved airways share a similar protein profile to the deranged HC airways, yet 
are both distinct from non-fibrotic airway controls. Some distinguishing proteins increased in 
the fibrotic honeycomb airway are BPIFB1, DHRS9, MUC5B, FAM3D, BPIFA1, CRABP2, 
CPD, ST6GAL1, AGR2, FKBP11, and SLPI; all of which have roles in mucin biogenesis. We 
also detected 1,851 proteins that comprise the fibrotic mucus. Within the fibrotic mucus, 
MUC5B is the most abundant protein with an enrichment of proteins associated with immune 
dysregulation. In addition, we found that the mucus in lung fibrosis is distinct from that of lung 
cancer.  
 
Conclusion: Spatial proteomics demonstrate that the fibrotic uninvolved airway are as 
abnormal as the fibrotic HC airway. These data reveal that the fibrotic HC airways, are sites 
of mucin biogenesis, with decreased proteins associated with basement membrane and 
ciliogenesis. This new and essential information will inform mechanistic studies on fibrosis 
progression. 
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The Xenopus tropicalis skin is a mucociliary surface that shares remarkable structural and 
functional similarity to human upper airway epithelium. Secretory cells secrete mucus 
containing the gel-forming mucin MucXS as a protective barrier from pathogens. Multiciliated 
cells beat in a polarised direction to generate flow from head to tail and effect mucus 
clearance. The tadpole skin is an easily accessible and genetically tractable candidate model 
system to study mucociliary clearance (MCC), including pathogenic processes of mucus 
production/clearance like that observed in cystic fibrosis. 
 
Research: To visualise MCC in live tissue, we are establishing a toolkit of fluorescent labels 
for secretory cells, vesicles and cilia e.g. overexpression of MucXS-GFP and transgenic 
expression of a cilia protein fused to RFP. We have characterised mucus secretion, 
accumulation and vesicle recovery during exposure of tadpoles to secretagogues. Ionomycin 
causes almost complete loss of mucin staining in secretory vesicles and concomitant 
accumulation of MucXS in the tadpole media, while PMA, ATP and UTP are less effective in 
inducing mucus secretion. Ionomycin exposure induces large accumulations of mucus around 
the tadpole, with mucin staining in the vesicles of the secretory cells recovered by 2 hours 
post-treatment. We have established assays to measure cilia function, including beat 
frequency assessed by live imaging (measured at 34 beats per second) and flow speed 
assessed in bead tracking assays (measured at approximately 150μM per second). 
 
To establish the utility of the Xenopus tadpole in the study of human disease processes, we 
have characterised the function of the TMEM16A chloride channel, a target for therapeutic 
intervention in cystic fibrosis. Electrophysiology studies demonstrate this channel is equivalent 
to the human homologue. Xenopus TMEM16A localises to the plasma membrane of MucXS 
secretory cells. We found that depletion of TMEM16A (or inhibition with the TMEM16A-specific 
inhibitor Ani9) affects the biophysical properties of secreted MucXS, and that cilia-driven flow 
across the tadpole surface is inhibited. 
 
Summary: We have demonstrated that Xenopus tadpole skin can be used to study 
components of the MCC apparatus, and have developed a toolkit to manipulate and measure 
mucin secretion, and to visualise cilia-driven mucus movement; this model may have utility in 
screening of potential mucolytic agents. Further, we have used the Xenopus model to 
interrogate the function of TMEM16A in mucin production and how this may affect mucociliary 
function. 
 
References: 1. Danahay et al. (2020) TMEM16A Potentiation: A Novel Therapeutic Approach 
for the Treatment of Cystic Fibrosis. Am J Respir Crit Care Med 201. 2. Dubaissi et al. (2018) 
Functional characterization of the mucus barrier on the Xenopus tropicalis skin surface. PNAS 
USA 115: 726–731. 
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The cell-surface glycocalyx is a dense matrix of glycoproteins and sugar polymers. Cell-
surface receptors and associated signaling machinery reside and operate within the densely 
crowded glycocalyx. Macromolecular crowding can strongly influence many biochemical and 
biophysical processes, including biomolecular transport and assembly. Although 
macromolecular crowding is a hallmark feature of the glycocalyx and can regulate biophysical 
properties of the microenvironment, glycocalyx crowding remains poorly parameterized. To 
address this gap, we have designed molecular targeted osmometers to quantify the colloidal 
osmotic pressure in glycocalyx. 
Forster resonance energy transfer (FRET)-based crowding sensors were fused with 
genetically encoded nanobody domains to target the sensor to specific membrane proteins in 
the glycocalyx layer. We found optimal FRET pairs that improved the sensor’s signal, 
sensitivity, and detection. The optimal sensor had stable readouts in a pH range from 6 to 9, 
demonstrating that this sensor is compatible with most cellular environments, including the 
glycocalyx, which span the physiological pH range. The recombinant sensors successfully 
targeted specific epitopes in the mammalian cell glycocalyx and reported extremely high 
crowding pressures in many cell types. Notably, high macromolecular crowding forces were 
detected in the vicinity of growth factor receptors and it may have an underappreciated role in 
signal transduction. We also found that the expression of cancer-associated glycopolymers, 
such as the mucin, Muc1, significantly increased crowding pressures in the glycocalyx.  
In Summary, we have developed molecularly targeted recombinant osmometers, which are 
versatile tools to measure macromolecular crowding in different microenvironments, including 
the cellular glycocalyx. For the first time, we demonstrate the existence of high crowding forces 
in the mammalian glycocalyx. These measurements provide new insights into the possible 
role of macromolecular crowding forces in tuning signaling processes at the cell surface. 
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Colon mucus physically shields the underlying epithelium while providing a supportive 
environment for commensal bacteria. Mucus is primarily composed of enormous, heavily 
glycosylated mucin proteins, which undergo a multi-step assembly process to form functional 
hydrogels. A deeper understanding of the cellular factors that promote this assembly will aid 
efforts to maintain or restore healthy mucus barriers. An important disulfide-mediated 
assembly step of mucins takes place in the Golgi apparatus of goblet cells, where QSOX1, a 
disulfide catalyst, is highly expressed. We previously showed that QSOX1 is essential for 
proper assembly of extracellular matrix in cultured cells, but whether it contributes to the 
formation of extracellular biomaterials such as mucus hydrogels was an open question. To 
address this question, we generated QSOX1 knockout (KO) mice and found them to have a 
defective colon mucus barrier. As a result, these mice are hypersensitive to induced colitis 
and have an altered microbiome. Our initial hypothesis was that disulfide crosslinking of 
mucins is compromised in the absence of QSOX1, and thus the hydrogel fails to form. 
Surprisingly, however, disulfide-mediated polymerization of mucins proceeded properly in 
QSOX1 KO animals. Instead, we detected alterations in the redox states of multiple Golgi O-
glycosyltransferases, which were previously shown to depend on disulfide bonds for activity. 
In accordance, major differences in glycosylation of mucus proteins in QSOX1 KO mice colons 
were detected by lectin binding. This work reveals a new enzymatic pathway for controlling 
Golgi redox state, which affects mucus protein O-glycosylation and is required for proper 
production and function of the protective mucus layer. 
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Mucus gel plays an essential role in the first defense line protecting more than  400 m2 of 
epithelial surfaces in human body, including the respiratory, gastrointestinal, urinary, and 
female reproductive tracts. The mucus gel limits penetration of cytotoxic molecules or 
pathogens and allows the exchange of gasses and nutrients. The mucus gel provides such 
selective filtration functions via size  exclusion and affinity filtration. The limited mesh size of 
mucus network can stop large particles or cells coming through, and the comlex interactions 
within mucus can capture molecules or cells, such as hydrogen bonds, electrical and 
hydrophobic interactions, and specific bindings. Thus, by modulating the network structure or 
the complex binding interactions, we can adjust the mucus barrier, which is closely associated 
with drug delivery, mucosal inflammation, and gut microbiota. To strengthen the 
barrier,  mucus  networks were crosslinked with biopolymers or proteins. To weaken the 
barrier, mucus networks were disassembled by surfactants or by reducing the disulfide bonds 
that crosslink mucin into multimers. However, it is challenging to control mucus network via 
these strategies, might resulting in free penetration of pathogens or limited nutrient 
permeability. And the binding interactions within mucus is complex and the change of one 
interaction could be compensated by another interaction, thus there is limited strategies of 
modulating mucus barrier via affinity bindings.   
 
In our group, we have developed strategies to strengthen mucus barrier by crosslinking with 
chitosans or weaken mucus barrier by removing sugars of  mucin which act as binding sites. 
We demonstrated that complexing chitosans with mucin gels can limit the diffusion of small 
molecules and limit the penetration of cells into  mucus. This physical crosslinking strategy 
has shown the great potential to become an innovative contraceptive by limiting the 
penetration of sperms in cervical mucus in vitro and in vivo. We also modified mucus barrier 
by enzymatically treating mucin sugars, specifically sialic acids by sialidase. Sialic acid play 
an critical role in interacting with molecules via electrostatic interactions and bind specifically 
to cell receptors. We demonstrated the topical treatment of mucus by sialidase can improve 
the diffusion of positively charge dextrans and sperm cell penetration in female cervical 
mucus. The specific binding also affects cell responses, such as modulated macrophage 
responses via sialic acid binding to Siglec receptors. Thus, this topical glycoengineering of 
mucin might provide an opportunity to modulate mucus functions in situ, leading to new 
strategies for treating mucus-related diseases, such as intestinal inflammation. 
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Mucins are commonly associated with Pancreatic Ductal Adenocarcinoma (PDAC) that is a 
deadly disease because of the lack of early diagnosis and efficient therapies. We investigated 
mucin expression and their impact on patient survival in the PDAC dataset from The Cancer 
Genome Atlas (PAAD-TCGA). We observed statistically significant alterations of mRNA 
relative level of most of the membrane-bound and secreted mucins compared to normal 
pancreas. We also observed that MUC1/4/5B/14/17/20/21 mRNA levels are associated with 
a poorer survival. 
 
Using LICORN and CoRegNet R packages we identify a sub-group of basal-like patients with 
MUC4 higher expression and reverse-engineer a network of regulators associated with MUC4. 
Finally, we investigated differentially expressed genes (regulators and theirs targets genes) in 
MUC4 sub-group with GEPIA and survexpress tools and selected 7 genes that are (i) 
correlated with MUC4 expression, (ii) overexpressed in PDAC and (iii) associated with patient 
survival. 
 
As the MUC4 gene regulatory network in PDAC cancer remains to be fully characterized, a 
deeper understanding of such network should allow better comprehending of their role in the 
disease and identifying new therapeutic targets. 
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Our intestinal epithelium is protected from the harsh luminal environment of the gut and 
encroaching bacteria by heavily glycosylated mucins. Secreted mucins form protective mucus 
layers and membrane mucins create a dense glycocalyx covering microvilli in the apical brush 
border of enterocytes. Membrane mucin MUC17 localizes to the tip of microvilli and constitutes 
the principal component of the glycocalyx. MUC17 faces the intestinal lumen with its 60 
tandem repeat mucin domain, making it one of the longest membrane mucins expressed in 
human tissues. MUC17 is anchored to the plasma membrane through a transmembrane 
domain and holds two cytoplasmic phosphorylation sites (1). Interestingly, one 
phosphorylation site lies within a PDZ-binding motif known to interact with the scaffolding 
protein PDZK1 that regulates apical membrane retention of MUC17 (2). Our group has 
previously shown that surface expression of MUC17 in mouse small intestine occurs first 
during the postnatal period and serves to protect enterocytes against bacteria (3). However, 
the exact molecular mechanism behind trafficking of MUC17 to the apical brush border where 
it forms the glycocalyx remains poorly understood.  
 
We have now started mapping the trafficking machinery for MUC17 in epithelial cells by using 
a quantitative proteomic approach combining ReCLIP (reversible cross-link 
immunoprecipitation) and SILAC (stable isotope labeling by amino acids in cell culture). Our 
preliminary results show that MUC17 interacts with endosomal sorting nexin SNX27 and 
myosin motor proteins MYO1B and MYO5B. We have further validated these interactions with 
western blot, confocal imaging and genetic deletions. We are currently characterizing the 
interaction domains of MUC17 and its respective interaction partners. 
 
Preliminary data suggest that mice with epithelial deletion of Muc17 are more susceptible to 
experimental colitis. Moreover, brush border components including MUC17 are 
downregulated in inflammatory bowel disease in humans, suggesting that MUC17 plays an 
important protective role. In this context, our studies provide important mechanistic insights 
into the organizing principles of the MUC17-based glycocalyx in the intestine.  
 
References: 
1) Schneider H. et.al. Biochem J  2019 
2) Malmberg EK. et.al. Biochem J 2008  
3) Layunta E. et.al. Cell Rep 2021 
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The huge area of respiratory luminal surfaces is continually endangered by the particulates 
and pathogens that we breath in. A protective mucus layer traps and removes these hazards 
(and itself) by mucociliary clearance. This function is made possible by the enormous, heavily 
glycosylated and flexible mucin glycoproteins that assemble into gels and constitute mucus, 
specifically MUC5B and MUC5AC in the lungs. To form a gel, mucin proteins assemble in 
several steps. First, they dimerize by their C-temini in the endoplasmic reticulum. Next, 
downstream in the secretory pathway, the mucin dimers polymerize via their N-termini. Lastly, 
secreted mucin polymers interact or cross-link to form bundles or networks. To overcome the 
complexity of studying such large, glycosylated and flexible proteins, we focused on the N-
terminus of MUC5B and studied how it guides polymerization. To do so we produced and 
analyzed the N-terminal ~1450 amino-acid segment of the protein. We observed using 
negative stain transmission electron microscopy (TEM) that this MUC5B segment forms 
filaments under acidic conditions. Unlike the intestinal mucin MUC2 studied previously, which 
formed isolated filaments, MUC5B filaments occurred only in bundles, with a distinct wave 
pattern. Here we present the residue-resolution structure of the ~1450 N-terminal amino acids 
of MUC5B assembled into fibrils, obtained by cryo-EM single-particle reconstruction. The 
structure highlights two key components to the assembly process. One is a short proline-, 
threonine- and serine- rich region (PTS) and the other is a small cysteine-rich domain called 
CysD. We hypothesize that the CysD domain is swapped between adjacent fibrils using the 
PTS as a bridge, dictating co-fibrilization into the wavy bundles. Analysis of the MUC5B 
structure revealed that the polymerization mechanism of respiratory mucins is shared with the 
intestinal mucin, but that MUC5B has divergent features that may explain its distinct 
mesoscale and rheological properties, and its specialized function in mucociliary clearance. 
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BACKGROUND: Pathological mucus production is common in acute severe and chronic 
severe forms of asthma. In lung imaging studies in chronic severe asthma, airway mucus 
plugs are common and associate with measures of airflow obstruction and eosinophilic 
inflammation. Details about the mucin composition of airway mucus plugs in asthma and the 
relationship between mucus plugs and eosinophils are limited.  
METHOD: We screened lung tissue sections from the UBC/HLI James C. Hogg Lung Tissue 
Biobank for airway mucus plugs.  Lung sections from cases of fatal asthma, cases with a 
history of asthma who died from non-asthma causes, cases with no lung diseases who died 
from non-lung related diseases, and cases where lungs were available because of transplant 
for severe (GOLD-4) COPD (disease control). We found 58 mucus plugs in 17 subjects (12 
asthma and 5 COPD disease control) and 14 airways in 5 healthy lung controls. We used 
immunofluorescence methods to quantify MUC5AC, MUC5B and eosinophil peroxidase 
(EPO) in the mucus plug and surrounding airways.  
  
RESULTS: Compared to COPD, mucus plugs in asthma show relatively high MUC5AC 
immunostaining and relatively low MUC5B immunostaining. Specifically, the ratio of MUC5AC 
to MUC5B is higher in asthma than in COPD (11.14 vs. 0.46, p<0.001). EPO immunostaining 
is prominent in a subset of mucus plugs in asthma and the presence of EPO in a plug 
correlates with intra-epithelial EPO immunostaining. 
  
CONCLUSION: Mucus plugs in asthma are predominantly composed of MUC5AC. The mucus 
plugs that are infiltrated with eosinophils occur in airways with intra-epithelial eosinophil 
inflammation, which may reflect active recruitment of eosinophils to the plug as a mechanism 
of mucus plug persistence. 
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The intestinal microbiota is composed of hundreds of bacterial species. Mucus layer covering 
the intestine on the one hand is home to the commensal bacteria but on the other, is the prime 
line of defence against them along with viral predators called bacteriophages, which are also 
regulating intestinal homeostasis. To provide a mechanistic perspective of host-microbiome-
phageome interactions in the gut, we aim to establish a bottom-up experimental model that 
reproduces biological and physical environment of the colonic mucosa. We developed a colon 
model that produces mucus and allows for control of luminal flow and introduction of 
commensal bacteria. We used E.Coli Nissle 1917 as model microbiota. In such system we 
study the effects of flow and mucus architecture in setting the foundation of E.Coli Nissle 
biofilms. We observed these bacteria to bind both to colon epithelia and outside the thick 
mucus gel and form colonies around the mucus fibres. By challenging the model microbiota 
with bacteriophage, we can probe the balance between mucus production, biofilm formation 
and predation. Altogether, our system will provide a new perspective on this complex tripartite 
ecosystem, laying the grounds for mechanistic studies of intestinal homeostasis in more 
realistic environments. 
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Background: Inflammatory bowel diseases (IBDs) are uncurable illnesses with unclear causes 
and rising incidence rates. Multiple mutations were identified as risk factors for IBD 
development, including in key autophagy genes. Autophagy, which is an evolutionarily 
conserved process, has been shown to be involved in intracellular homeostasis and proper 
cell function. Autophagy maintains intestinal homeostasis by regulating the immune activity 
and development of intestinal epithelial cells (IECs). IECs include many subtypes with different 
functions. Goblet cells function by secreting mucus, creating a layer that separates the 
intestinal lumen and IECs to maintain intestinal homeostasis. As dysfunctional autophagy is a 
risk factor for IBD, we hypothesized that constitutive autophagy would improve intestinal 
homeostasis by controlling goblet cell functions. 
 
Methods: We examined Beclin1 knock-in mice, in which the phenylalanine residue at position 
121 was replaced to alanine (Becn1F121A mice), preventing binding of Beclin1 to its inhibitor 
Bcl-2, leading to constitutive activation of autophagy. Becn1F121A mice were subjected to 
dextran sulfate sodium (DSS)- and adherent invasive E. coli (AIEC) induced intestinal 
inflammation. 
 
Results: We found that the colonic mucus layer in Becn1F121A mice was thicker compared 
to wild type (WT) mice which resulted in diminished translocation of luminal antigens and 
reduced immune activity in Becn1F121A mice. We also observed a distinct gut microbiota in 
Becn1F121A mice compared to WT mice. Finally, Becn1F121A mice showed less 
susceptibility to colonic inflammation development compared to WT mice. 
 
Conclusions: Constitutive autophagy alters the colonic mucus layer by increasing mucus 
secretion. This thicker mucus layer limits host immune activity and shapes the gut microbiota. 
These factors lead to less colonic inflammation in two different models. Thus, our findings can 
explain why mutations in key autophagy genes are considered as a risk factor for IBDs. 
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The mucus layer covering the epithelial surface in the intestine is a polymeric network of the 
MUC2 mucin which fundamentally functions to protect our gut from environmental challenges. 
In the colon, the mucus acts as a barrier system that separates potentially hazardous factors 
in the intestinal lumen, primarily the microbiota, from the epithelial surface. A correlation 
between colonic mucus barrier defects and colitis has been established in animal models, and 
emerging clinical evidence in humans shows that mucus barrier function is severely reduced 
both in the remission and active phase of the relapsing inflammatory bowel disease ulcerative 
colitis (UC), which specifically afflicts the colon. However, the mechanistic basis of the 
observed defects remains a unknown.  
Proteolysis is known to be critical for remodelling glycoprotein polymeric networks throughout 
the human body, and we have previously shown that the metalloprotease Calcium-activated 
chloride channel regulator 1 (CLCA1)  is important for regulating baseline mucus properties 
together with a yet unidentified cysteine protease. However, the involvement of mucus 
proteolysis in UC has not yet been specifically investigated. 
In dextran sodium sulphate (DSS) induced colitis, an experimental animal model of UC, mucus 
barrier defects were observed before the onset of inflammation and coincided with altered 
protease activity in the mucus. These alterations included increased activity of Clca1 and 
induced secretion of the cathepsin S cysteine protease into the mucus. Furthermore, both 
Clca1 and Muc2 were found to be Ctss substrates in vitro, indicating a potential role of Ctss 
as a key regulator of colonic mucus properties in the onset of inflammation. 
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Background: One of the hallmark features of gastric adenocarcinomas is aberrant mucin 
expression, with gastric and intestinal mucins being widely expressed in gastric cancer (GC). 
Mucins act as binding sites or substrates for bacteria and their abundance plays a role in 
mucosal colonization. We performed high-throughput profiling to investigate interactions 
between mucin expression and bacterial communities. 
 
Methods: Tumour and adjacent normal tissue samples from three independent GC cohorts 
(n=106) and gastric biopsies from functional dyspepsia patients (n=20) were analysed for 
mucin mRNA expression by RT-qPCRs integrated with clinical data (age, gender, tumour 
stage/location, survival). Additionally, mucin expression was validated at protein level using 
IHC. Based on mucin expression, the adenocarcinomas were classified into gastric 
(predominantly MUC5AC, MUC6 and MUC1), intestinal (predominantly MUC2, MUC4 and 
MUC13), mixed (all types) and null (neither gastric nor intestinal) mucin phenotypes. The 
gastric microbiome (n=83) was determined using 16S rRNA sequencing.  
 
Results: Our tumour samples were classified as gastric (13%), intestinal (19%), mixed (47%) 
and null (17%) mucin phenotypes. The intestinal and null mucin phenotypes (p=0.01, log-rank 
test) as well as aberrant MUC13 expression (p=0.037) associated with worse survival. In 
contrast, a better survival was correlated to a high MUC5AC or MUC6 expression (p<0.03). 
Significant alterations in Campylobacterota, Firmicutes, Bacteroidota and Proteobacteria 
abundancy among tumours with different mucin phenotypes were found (Pearson’s X2, 
p<0.001). Furthermore, bacterial networks of gastric tumours with intestinal and mixed mucin 
phenotypes were also denser and more influenced by mucin-associated bacteria compared 
to those with a gastric and null mucin phenotype (p < 0.001). In gastric adenocarcinoma with 
high MUC5AC mRNA expression, enrichment of Cutibacterium and depletion of Helicobacter 
was observed (Wilcoxon rank sum test, p=0.003 and 0.04, respectively). Corynebacterium 
and Pseudomonas (p=0.02 and 0.003 respectively) were significantly increased in tumours 
with high MUC6 expression. Regarding associations between bacterial genera and intestinal 
mucin expression, depletion of Garnerella was identified in gastric adenocarcinoma with high 
MUC2 mRNA levels (p=0.009) and Lactobacillus and Bifidobacterium were significantly more 
abundant in tumours with mid-level MUC4 expression (p<0.02). Interestingly, Bacteroides, 
Lachnoanaerobaculum, Limnohabitans, Methyloversatilis, Reyranella and Sediminibacterium 
were depleted in samples with high MUC13 expression while Prevotella, Solobacterium, 
Leptotrichia, Veillonella and Neisseria were enriched (p<0.05). The latter three genera have 
been linked to GC underlining their involvement in MUC13-driven carcinogenesis. 
 
Conclusion: Our results highlight a key role for mucins in 1) GC prognosis and 2) shaping 
microbial networks in the tumour micro-environment.  
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Melanoma Cell Adhesion Molecule (MCAM, CD146, MUC18), a member of the 
immunoglobulin superfamily of cell adhesion molecules, is expressed in advanced primary 
melanoma and metastasis but rarely in benign naevi or normal melanocytes. More and more 
evidence has shown that MCAM activation and signalling plays a vital role in melanoma 
progression and metastasis. However, the natural MCAM binding ligand that initiates MCAM 
activation in melanoma remains elusive. This study reveals that galectin-3, a galactoside-
binding protein that is commonly overexpressed in cancer including melanoma, is naturally 
associated with MCAM on the surface of both skin and uveal melanoma cells. Binding of 
galectin-3 to MCAM, via O-linked glycans on MCAM, induces MCAM dimerization and 
subsequent activation of AKT signalling. This leads to increased melanoma cell proliferation, 
adhesion, migration and invasion. Thus, galectin-3 is a natural ligand of MCAM in melanoma 
and their interaction induces MCAM activation and promotes melanoma progression and 
metastasis. Targeting the galectin-3-MCAM interaction may be a useful therapeutic strategy 
for melanoma treatment. 
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Obesity is the major risk factor for the development of type 2 diabetes and cardiovascular 
diseases and among the factors influencing energy homeostasis, the gut microbes play a key 
role. It has been shown that obese mice have a different gut microbiota composition, 
associated with an alteration of the intestinal mucus layer. The gut microbiota is considered 
as the main driver of the mucus changes and its composition is strongly influenced by the diet. 
Therefore, the aim of this study was to investigate if the protective effects of dietary treatment 
using prebiotics, such as oligofructose (FOS), able to counteract the high-fat diet induced 
metabolic disorders by strongly impacting the gut microbiota composition, were linked to 
changes of the intestinal mucus layer. 
  
We used 3 groups of mice fed a control (CT), high fat diet (HFD) or high fat diet plus 10% of 
oligofructose added in drinking water (HFD+FOS), for 6 weeks. Body weight, body 
composition by NMR and glucose metabolism using an oral glucose tolerance test (OGTT) 
were measured. We analysed by qPCR the mRNA expression of 35 genes involved in mucus 
production, glycosylation and secretion in the jejunum, ileum, cecum and colon. We used 
alcian blue staining to quantify the number of goblet cells and the mucus thickness in the 
colon. Finally, we analysed both relative and absolute abundance of the gut microbiota 
composition by Illumina sequencing. 
  
As shown in previous studies, we reproduced the protective effects of the treatment with FOS 
against the HFD-induced body weight gain, fat mass gain and glucose intolerance, as well as 
increased the expression of markers involved in the intestinal epithelial protection. 
  
By investigating markers of the intestinal mucus layer we discovered that mice treated with 
FOS exhibited an increased expression of numerous genes involved in the mucus production, 
glycosylation and secretion, as well as an increased expression of both secreted and 
transmembrane mucins. In addition, mice treated with FOS had an higher number of goblet 
cells that was associated with increased expression of markers involved in their differentiation. 
Interestingly, all these effects were associated with significant changes in the gut microbiota 
composition, including the increase of specific bacterial genera negatively associated with 
metabolic parameters and positively associated with many markers of the intestinal mucus 
layer. 
  
Concluding, our study shows that the treatment with FOS prevented HFD-induced metabolic 
disorders together with significant changes in the gut microbiota composition and in the mucus 
layer, by acting on all the steps of the mucus production. However, further investigations are 
needed to better understand how targeting the mucus and the gut microbiota could help to 
prevent and/or treat obesity and related disorders.  
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Epidemiological studies on the increased consumption on dietary fibres (DF) from fruits, 
vegetables and cereals are well known to induce a positive physiological response, and a 
reduction in the prevalence of debilitating health conditions. The most accepted mechanism 
of DF action in the gastro-intestinal tract (GIT) is increasing the viscosity of the chymus, 
enabling increased gastric residence and a delay in gastric emptying. While observational 
studies have gathered substantial evidence to support improved health claims, mechanistic 
insights into how they facilitate these remain unclear, particularly how DFs impact the viscosity 
and hence barrier properties of mucus in the GIT.  
 
Wheat arabinoxylan (AX) (6% w/v) of decreasing molecular weight (370 kDa, 323 kDa) and 
viscosity (> 40 cSt AX-HV and 20-30 cSt AX-MV) respectively was used to study the 
viscoelastic response to decreasing concentrations of bovine submaxillary mucin (AX-BSM) 
(2%, 1.5%. 1% and 0.5% w/v), as a model system, with independent single solutions used as 
controls (n=18). Narrow gap (150 µm) parallel plate (25 mm) rheology was performed to 
monitor the viscosity (Carrera-Yasuda regression analysis, ղ0) using a shear stress of 10 -
1000 Pa. Data analysis of Ideal and Excess Viscosity of mixtures was calculated using the 
Arrhenius ideal solution model to reveal the impact of binary systems on theoretical and 
experimental results. All rheological analysis of samples were performed in triplicate, at 
37.5°C. 
Results showed the addition of 2% BSM to AX-HV and AX-MV 6% (w/v) significantly increased 
sample viscosity compared to AX-HV and AX-MV only samples by 2-fold (p < 0.05) and 
decreased as a function of decreasing BSM concentration. Excess viscosity of AX-BSM 
samples was shown to deviate positively from the ideal viscosity, again decreasing as a 
function of decreasing BSM concentration. 
 
Here, we have demonstrated the impact of wheat arabinoxylans increasing the viscosity of 
model mucus upon mixture, exhibiting a positive deviation in excess viscosity from the ideal 
mixing of 2 separate components. This indicates the generation of a new supra-molecular, 
meta-stable polymer network with some molecular interactions inferring improved barrier 
function. The impact of this work has set the foundations to understand the mechanisms at 
play in dietary fibre - mucus interactions and has the potential to enhance the design and 
policy of formulated food products with optimised nutritional and gastrointestinal health 
benefits. 
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Biomimetic virus decoy structures and their multivalent presentation on nanocarrier systems 
demonstrated great potential as viral entry blockers in many in vitro and in vivo studies (Nie 
et al., 2021).   Such biocompatible agents are well suited as targeted antimicrobial agents for 
therapeutic application in humans. In our recent study, we want to explore non-glycosylated 
and glycosylated regions from mucins as potential bioscaffold for new antiviral decoy 
structures. Mucins are highly glycosylated, consisting of approximately 50–80% (w/w) 
carbohydrates and in many species, sialic acids are present as the outer most sugar. It has 
been previously shown that the infection by the influenza virus can be inhibited by mucins. 
The mucin sensitivity of the influenza virus depends not only on the viral strain, but also on 
the donor species and tissue the mucins are derived from. Specifically, bovine mucins have 
been shown to have a stronger antiviral effect on influenza as compared to several mucin 
species origins.  In a systematic strategy, we screen for antiviral (glyco)peptide regions 
(minimal functional units) from large multifunctional mucins, and develop enrichment methods 
by recombinant expression or enzymatic treatment of natural mucus sources. The obtained 
peptides will then be immobilized on nanoparticles for multivalent binding enhancement. 
Xeno-derived mucin peptides (e.g. from cattle) with non-human glycosylation patterns may 
act as source for very potent antivirals. We have been able to produce and enrich such 
glycopeptides with intact ‘brush-like’ glycan structures, specifically terminating in sialic acids. 
We showed already in the past that brush-liked architectures are superior compared to linear 
analogues for influenza virus inhibition (Bandlow et al., 2019).  Once proven effective, future 
glyco-engineering or recombinant strategies, will be explored to broaden the applicability of 
these structures towards other lung pathogens. 
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Irritable bowel syndrome (IBS) is a chronic gastrointestinal disorder affecting 10-15% of 
people in developed countries and 10-45% of the global population and having an impact on 
mental well-being, behaviour, attitude and overall quality of life (1). The definitive causes of 
IBS are still unknown, however a link between intestinal spirochetosis, caused by the 
anaerobic spirochete Brachyspira, and IBS has been suggested, where around 40% of 
patients with IBS are infected by the pathogenic bacteria Brachyspira (2).  
Brachyspira is an intestinal spirochete that colonises the colon. Brachyspira aalborgi and 
Brachyspira pilosicoli are two species that cause human intestinal spirochetosis. Brachyspira 
bind microvillus-studded apical surface of intestinal epithelial cells in a characteristic end-on 
manner giving an appearance of a “false brush border” as observed in human colorectal 
biopsies. The pathogenesis of Brachyspira infection in humans is not well understood. B. 
pilosicoli produce enzymes that can modify glycosaminoglycans to create attachment sites 
and to enhance colonisation (3), which along with the bacteria’s twisting motility, aids in 
accessing underlying intestinal epithelial cells.  However, bacterial outer membrane proteins 
responsible for attachment to intestinal epithelial cells remain unknown. My project aims to 
identify B. pilosicoli outer membrane proteins that act as virulence factors and host cell surface 
proteins involved in the attachment step of Brachyspira to intestinal epithelial cells and 
subsequently determine molecular alterations in the brush border of IBS patients, which cause 
susceptibility to Brachyspira infection. So far, I have identified three B. pilosicoli outer 
membrane proteins that are potential adhesins. These proteins bind both cultured intestinal 
epithelial cells and human tissue sections. I have solved the structure for one of these proteins 
(OMP1) and preliminary data show that it binds to glycosylated mucin proteins. The next steps 
are to validate the function of OMP1 as an attachment factor and to identify its ligand on the 
host cell. 
 
1. Lovell RM et. al., 2012. Global prevalence of and risk factors for irritable bowel syndrome: 
a meta-analysis. Clin Gastroenterol Hepatol. 
2. Jabbar KS et. al., 2021. Association between Brachyspira and irritable bowel syndrome with 
diarrhoea. Gut.  
3. Wanchanthuek P et. al., 2010, The complete genome sequence of the pathogenic intestinal 
spirochete Brachyspira pilosicoli and comparison with other Brachyspira genomes. PLoS One. 
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Ulcerative Colitis (UC) is a chronic inflammatory disease of the colon and rectum. Its incidence 
has been rising over the past few decades especially in Western populations where the 
incidence reaches up to 0.02 % with a prevalence of 0.5 % 1. Patients suffer from rectal 
bleeding, diarrhea and sometimes lower abdominal pain.  
Previous studies from our groups showed that the colonic mucus of UC patients does not fulfill 
its protective function since bacteria can penetrate the normally impenetrable inner colon 
mucus layer in both murine colitis models and patients with UC2. Furthermore, proteomic 
analysis with label-free quantification showed that mucus from patients with active UC 
displayed decreased MUC2 abundance compared to patients in remission or control 
subjects3. Recently, we could show that transglutaminase 3 (TGM3) contributes to colonic 
homeostasis and integrity of the colonic mucus layers in mice. TGM3-deficient animals have 
a compromised mucus layer allowing bacteria to come close to the epithelium4. 
Transglutaminases comprise a family of acyl-transferases that connect the side chains of 
glutamine and lysine via an isopeptide bond thereby providing resistance against proteolytic 
attack.  
Since human colonic mucus is organized in the same way as that of the mouse the aim of this 
study was to decipher which transglutaminase isoform might be responsible for the 
stabilization of the human colonic mucus system. In this study, we have compared mucus and 
tissue from control patients with those suffering from active UC and in remission. In contrast 
to the mouse, we found that TGM isoforms 1, 2, and 3 are synthesized in the human colon. 
Mass spectrometric analyses detected transglutaminase reaction products in MUC2 of healthy 
patients suggesting that at least one TGM isoform is intrinsically active and is involved in 
stabilization of the mucus layer. The comparison of tissue biopsies from healthy control 
patients and patients suffering from UC showed that TGM2 shifts its cellular localization from 
the basolateral to the apical side of the epithelium in the diseased state. Furthermore, the 
abundance of intact TGM2 and 3 polypeptides was decreased in UC patients when compared 
to control patients. However, MS analysis suggested an increased synthesis of TGM2 in 
patients suffering from UC. In addition, the decreased abundance of TGM3 showed an inverse 
correlation with the disease score of the patients. These data suggest a protective role for this 
enzyme family in the maintenance of the human colonic mucus system. 
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Mucus protects the body by many mechanisms, but a role in managing potentially toxic 
transition metals was not previously known. From a hint provided by a mucin cryo-EM 
structure, we discovered that secreted mucins, the major mucus glycoproteins coating the 
respiratory and intestinal epithelia, are specific copper-binding proteins. Most remarkably, the 
intestinal mucin, MUC2, has two juxtaposed copper binding sites, one that accommodates 
Cu2+ and the other Cu1+, which can be formed in situ by reduction with vitamin C. Copper is 
an essential trace metal because it is a cofactor for a variety of enzymes catalyzing electron 
transfer reactions, but copper damages macromolecules when unregulated. We observed that 
MUC2 protects against copper toxicity while permitting nutritional uptake into cells. These 
findings introduce mucins, produced in massive quantities to guard extensive mucosal 
surfaces, as extracellular copper chaperones and potentially important players in physiological 
copper homeostasis. 
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Microbiome dysbiosis is observed in numerous pathological conditions, ranging from intestinal 
to mental health disorders. While the underlying mechanisms of these diseases vary, stress 
is a common triggering event. However, the routes through which stress mediates microbiome 
dysbiosis are still unknown. Here, we demonstrate that stress-induced microbiome dysbiosis 
is initiated through alteration of the mucin 13 via altered circadian rhythms. We begin by 
demonstrating that exposure to a model of unpredictable chronic mild restraint stress 
(UCMRS) induces changes in behavior, stress hormones, and induces microbiome dysbiosis. 
In addition, these changes are accompanied by a unique and significant reduction in the 
transmembrane mucin, mucin 13. Next, utilizing a mucin 13 knockout line, we demonstrate 
that loss of mucin 13 is sufficient to drive dysbiosis in a way that parallels stress-induced 
microbiome changes. We further show that loss of mucin 13 induces baseline behavioral 
changes and that muc13-/- mice are more susceptible to stress. Mechanistically, we 
demonstrate that stress-induced reductions in mucin 13 are driven by changes in circadian 
rhythm genes both in vivo and in vitro. Together, our data demonstrate the mechanisms 
behind stress induced microbiome changes for the first time. In addition, our work adds a novel 
function for intestinal clock genes in regulating mucin 13 expression. This work highlights the 
importance of the intestinal mucus layer in regulating intestinal homeostasis and adds new 
therapeutic targets for microbiome dysbiosis.     
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In the human gastrointestinal tract, the gut mucosa and microbiota interact and modulate each 
other to accomplish a variety of critical functions, such as aiding digestion, maintaining 
intestinal barrier integrity and immunomodulation, as well as producing vitamins, hormones, 
and other metabolites important for our health. The gut mucosa is mainly composed of mucins, 
which are large glycosylated proteins that vary in their glycosylation patterns depending on 
various factors, including regions of the digestive tract and microbial composition. Many 
members of the gut microbiota, notoriously bacteria, but also bacteriophages (viruses of 
bacteria and archaea), interact with these glycans influencing the integrity of the mucus barrier 
and therefore promoting health maintenance or the onset and progression of disease. Unlike 
bacteria, bacteriophages have been more recently acknowledged to interact with the gut 
mucosa, but the enzymes and mechanisms involved are yet to be underpinned. To this end, 
we have built a catalogue of phage-encoded carbohydrate enzymes that potentially mediate 
interactions with bacteria, archaea and the mucus lining in the gut to investigate the role these 
may have in influencing mucosal integrity, indirectly via interactions with other members of the 
gut microbiota (i.e., bacteria and archaea), or directly with the gut mucus. This expanded 
knowledge on phage-encoded carbohydrate enzymes can be further investigated for clinical 
and biotechnical applications such as for use in diagnostics, development of new antimicrobial 
reagents, glycan analysis and characterisation, as well as for gut modulation through the 
improvement of pre- and probiotics. 
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A dense layer of mucus formed after secretion by goblet cells covers the epithelial surface of 
the gastrointestinal tract and serves as the front line of protection against the direct contact of 
the gut microbes to the intestinal epithelium. A penetrable mucus layer or its absence leads 
to unwanted bacterial interactions with the epithelial surface, which increases the risk for 
inflammation and infection. 
 
Previous studies have established a link between Western-style diet, gut microbiota, and 
mucus defects by using rodent models. In the present study, we now investigate whether diet 
interventions in humans change their gut microbiota and its capacity to modulate mucus 
function. Therefore, we used human-to-mice fecal microbiota transplantation (FMT) and 
transplanted the microbiota of human volunteers that participated in a dietary intervention into 
antibiotic-treated mice. After the transplantation, colonic mucus properties, including mucus 
growth rate and thickness, were investigated on alive tissue by a state-of-the-art ex vivo 
explant technique. Compositional differences in microbial taxa were analyzed by 16S rRNA 
gene sequencing and a potential mucus-modulating bacterium was identified. In addition, we 
investigated whether the high-fiber microbiota could reduce colonization of the gut pathogen 
Citrobacter rodentium under a Western-diet feeding regimen. 
 
By combining transplantations of human microbiota with mechanistic mouse experiments, this 
study will give a comprehensive understanding that might contribute to the exploitation of the 
diet-gut microbiota-mucosal barrier axis for human health. 
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Akkermansia muciniphila, a mucin-degrading microbe found in the human gut, is often 
associated with positive health outcomes. The abundance of A. muciniphila is modulated by 
the presence and accessibility of nutrients, which can be derived from diet or host 
glycoproteins. In particular, the ability to degrade host mucins provides a competitive 
advantage in the sustained colonization of niche mucosal environments. Although A. 
muciniphila is known to rely on mucins as a carbon and nitrogen source, the enzymatic 
machinery used by this microbe to process mucins in the gut is not yet fully characterized. In 
this work, we focus on the mucin-selective metalloprotease, Amuc_0627 (AM0627), which is 
known to cleave between adjacent residues carrying truncated core 1 O-glycans. We showed 
that this enzyme is capable of degrading purified mucin 2 (MUC2), the major protein 
component of mucus in the gut. An X-ray crystal structure of AM0627 at 1.9 Å resolution 
revealed O-glycan–binding residues that are conserved between structurally characterized 
enzymes from the same family. We further rationalized the substrate cleavage motif using 
molecular modeling to identify nonconserved glycan-interacting residues. Mutagenesis of 
these residues resulted in altered substrate preferences down to the glycan level, providing 
insight into the structural determinants of O-glycan recognition. 
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The gastrointestinal tract is continuously working to respond efficiently to the different stimuli 
to which it is exposed. In this task, the single layer of epithelial cells along the intestine is able 
to manage by regulating mucus secretion processes, either via constitutive secretion or upon 
stimulation. Epithelial goblet cells are specialized in the synthesis and secretion of the mucus 
that covers the epithelium and imbalances in this protective system trigger dysbiosis and are 
linked to diseases such as ulcerative colitis. 
 
In this study, we have sought to develop new flow cytometry-based methods for isolating and 
quantifying intestinal epithelial goblet cells by utilising transgenic mice expressing 
fluorescently tagged Muc2 in combination with fluorophore-conjugated lectin staining to 
identify different goblet cell populations. 
 
Using this approach we have tested different staining protocols to improve the specificity and 
sensitivity to different goblet cell populations detected using the lectins UEA1 and WGA. We 
have subsequently applied these methods to study inflammation induced by interleukin-13 (IL-
13) in order to determine how goblet cell dynamics are influenced by this cytokine. 
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Sufficient evidence has emerged in the past decade to establish that goblet cells play a vital 
role in sustaining the intestinal homeostasis by maintaining the protective epithelial barrier 
through mucus secretion. Apart from the mucus layer formation, a subpopulation of 
microbiota-sensing ‘sentinel goblet cells’ (senGCs) located at the entrance of colonic crypts 
has recently been identified which monitor the local concentrations of microbe-associated 
molecular patterns – MAMPs in the luminal environment and flush the bacteria away by 
stimulating a wave of mucus secretion upon sensing a threshold concentration of MAMPs. 
Thus, goblet cells can contribute to colonic defense via more than one mechanism. 
Additionally, there is evidence to suggest that intestinal microbiota also play a key role in 
goblet cells development and maturation. However, there is still no causative data linking 
specific microbiota-host signals to the regulation of mucus layer or senGC defensive functions. 
G-protein coupled receptors (GPCRs) are critical regulators of responses to extracellular 
signals, and mRNA sequencing of isolated murine enterocytes and goblet cells shows that the 
short and long chain fatty acid (SCFA/LCFA) receptors FFAR2 and FFAR4 are largely 
restricted to goblet cells in the ileum and colon. Therefore, we are investigating microbiota-
host signaling pathways in response to SCFA/LCFA using in vivo and cutting-edge ex vivo 
tools that enable the quantification of mucosal barrier properties and mucus secretion in live 
tissue. We have employed transgenic mice expressing Cre recombinase under Muc2 
promoter control (Muc2-iCre) and used these to generate goblet cell specific FFAR2/FFAR4 
knock-out mice. In addition, we have generated FFAR2/FFAR4 HEK-293 reporter cell lines to 
characterize the intestinal signaling environment for these receptors. Combined, we expect 
these approaches to define the role of free-fatty acids in regulating intestinal goblet cell-
intrinsic defense. 
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In addition to secreted mucins, the intestinal mucosa also expresses a family of membrane-
anchored mucins. Although members of this family carry similar domains such as an 
extracellular PTS-domain that is extensively O-glycosylated, EGF-like domains, a SEA 
domain, a transmembrane domain, and an intracellular signalling tail, there are notable 
differences between transmembrane mucins. MUC13 is the most conserved, ancestral 
transmembrane mucin. It carries a PTS domain without repeats, three EGF-like domains, and 
a SEA domain without obvious cleavage site. It localises to tight junctions in the lateral 
membrane, and to the apical side of epithelial cells. MUC13 is the smallest transmembrane 
mucin, thereby forming a fine line of defence on the epithelial cells. In addition, MUC13 is 
known to contribute to cancerous cell behaviour. Interestingly, single-cell RNA sequencing 
data showed ubiquitous high expression of MUC13 by various types of epithelial cells along 
the entire intestinal tract. Therefore we hypothesise that MUC13 has an essential, broad role 
in gut epithelial maintenance that might be exploited by colorectal cancer (CRC) cells.  
 
To study MUC13, we first generated appropriate tools. We succeeded in designing a 
CRISPR/Cas9 knockout strategy, a MUC13-GFP plasmid for inducible overexpression, and a 
novel antibody against the extracellular domain of MUC13. The MUC13 knockout cells lines 
generated in the fast-growing, migratory colorectal cell line HRT18 and the mucinous 
colorectal cell line HT29-MTX were used to illuminate the role of MUC13 in epithelial 
maintenance at the cellular level. Removal of MUC13 greatly reduced cell proliferation and 
migration speed in HRT18 cells. During migration, MUC13 localised to the leading edge and 
contributed to collective migration and stabilisation of E-cadherin connective structures 
between adjacent leader cells. In contrast, logarithmic proliferation of single cells was 
enhanced in MUC13 knockout HT29-MTX cells. Nevertheless, MUC13-negative cells grew in 
layers of single cells, whereas HT29-MTX wild type cells grew in thick layers. This suggests 
that MUC13 aids to overcome contact inhibition of growth. For both cell types, MUC13 
knockout cells displayed altered epidermal growth factor receptor (EGFR) signalling. 
Together, our results demonstrate that MUC13 controls proliferation, formation of cell 
junctions and cell migration which may in part be explained by altered EGFR signalling. These 
functions might contribute to barrier integrity and wound healing in healthy epithelium and 
promote metastases in tumour cells due to over expression of MUC13. 
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The importance of microRNAs (miRNAs) and the resulting consequences of altered 
expression patterns of miRNAs to human health have been well recognised in the past. An 
upregulation of microRNA-21 (miR-21) is, amongst others, associated with inflammatory 
bowel disease (IBD). Our group previously demonstrated that loss of miR-21 confers 
protection against DSS-induced colitis in mice, in part mediated by beneficial changes to the 
microbiome. Here we investigate further, the mechanism underlying this protective effect. 
Colonic tissue from miR-21-deficient mice displays increased expression of key mucin genes, 
including muc2, muc3 and muc13, compared to WT tissue. Using an in vitro Caco-2 epithelial 
model, treatment with cecal filtrates from miR-21-/- increases expression of mucins and key 
enzymes for mucin maturation, compared to WT-treated controls. Our data suggest that 
increased mucin and antimicrobial peptides expression enhances intestinal barrier integrity 
and reduced susceptibility to inflammation. 
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Pancreatic cancer remains one of the most lethal malignancies for which no diagnosis or no 
efficient treatments exist. The incidence for this cancer is constantly increasing for years 
(+129.7% worldwide between 1990 and 2017), whereas conventional therapies 
(FOLFIRINOX, gemcitabine) and/or targeted therapies often remain inefficient or fail. So, 
these factors raise this cancer as a serious problem of public health for which new therapeutic 
targets are urgently needed. In this way, the MUC4 oncomucin is highly regarded as a potent 
target since it is neo-expressed in early neoplastic precursor lesions. Moreover, our recent 
work on the MUC4-ErbB2 complex has shown that EGF1 and EGF2 domains of MUC4 
extracellular region interact and activate ErbB2 oncoreceptor to promote pancreatic 
tumorigenicity. Also, we have characterized in vitro the anti-proliferative effects of the first 
inhibitory peptide targeting the EGF domains of MUC4 in pancreatic cancer. However, ErbB2 
belongs to the EGFR family, which encompasses 3 other oncoreceptors (ErbB1/EGFR, 
ErbB3, ErbB4) sharing many occurrences in cancer progression and exhibiting an ever-
growing membrane interactome. In this context, we wonder if the entire ErbB family, as well 
as other receptors tyrosine kinase (RTK) could interact with MUC4. 
In this work, we show by GST pull-down, co-immunoprecipitation and MicroScale 
Thermophoresis (MST) assays that the MUC4 mucin directly physically interact with other 
members of the EGFR family (ErbB1, ErbB3, ErbB4) via the extracellular region of MUC4 
including the EGF1 and EGF2 domains. We enlighten that these interactions probably involve 
different amino acids, explaining the preferential tropism of MUC4 for ErbB2. Then, we show 
that the peptide ligand targeting the EGF domains of MUC4 decreases interactions between 
MUC4 and the entire ErbB family. Finally, following our previous results with proteome arrays, 
we identify by co-immunoprecipitation assay potent RTK as new interactants of the MUC4 
mucin and we correlate these observations with expression profiles in patients.   
Together, these results highlight the crucial role of EGF domains of MUC4 in the interaction 
with a growing number of RTK, and pave the way to the design of new inhibitory molecules 
targeting these EGF domains as a new alternative strategy to overcome therapeutic failure in 
pancreatic cancer. 
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The intestinal mucus layer separates commensal and pathogenic bacteria from the underlying 
epithelium. The intestinal mucus layer consists of the secreted and transmembrane (TM) 
mucins that are expressed on the apical surface of enterocytes and goblet cells. The apical 
surface is the first area of contact when pathogenic bacteria invade the epithelium. MUC1 is 
one of the apical TM mucins which bacteria can interact and consists of long glycosylated 
extracellular domain (ED) and cytoplasmic tail (CT). Previously, we have reported that 
Salmonella Enteritidis (S. Enteritidis), a pathogenic bacterium that is one of most common 
causes of foodborne infections, uses MUC1 as receptor for apical invasion into enterocytes. 
Salmonella expresses a giant adhesin called SiiE that interacts with sialic acid expressed on 
MUC1-ED. The exact contributions of the MUC1 ED and CT or during Salmonella invasion 
remain to be established. To investigate the role of the MUC1-ED, we employed a mucin-
selective protease called StcE, to cleave the glycosylated extracellular domain from the 
surface of HT29-MTX cells. In addition, we created a HT29-MTX MUC1-DCT cell line using a 
targeted CRISPR/Cas9 approach that selectively removed the CT but left the ED and 
transmembrane domain intact. Salmonella infection experiments were performed with HT29-
MTX WT, HT29-MTX cleaved-ED and HT29-MTX MUC1-DCT. We observed a significant 
reduction in bacterial infection in HT29-MTX cleaved-ED group compared to control group, 
comparable to the MUC1 knockout cells. Bacterial infection of the HT29-MTX MUC1-DCT 
cells was comparable to the wild type cells. These results demonstrate that the MUC1-ED, but 
not MUC1-CT, is essential for Salmonella invasion. While the MUC1-CT may not be essential 
for Salmonella entry, the CT might be involved in cellular signaling after bacterial invasion. 
The MUC1-CT is about 72 amino acid long where contains 7 potential tyrosine 
phosphorylation sites and multiple other phosphorylation sites. Signaling pathways such as, 
c-Src, Wnt and MAP kinase signaling cascade has been shown to link to the MUC1 CT. 
Furthermore, MUC1-CT may serve as a co-transcriptional factor and thereby modulates gene 
transcription. To investigate the possible role of MUC1-CT during Salmonella invasion and/or 
epithelial infection we are analyzing transcriptional changes in the HT29-MTX cell models 
(MUC1-WT, MUC1-KO and MUC1-DCT). qPCR analysis demonstrates an altered pro-
inflammatory response in absence of the MUC1 cytoplasmic tail at different timepoints post-
infection. Next, dual transcriptional analysis of bacterial and mammalian RNA will be 
performed. With this study, we will identify the downstream targets of the MUC1 cytoplasmic 
tail during Salmonella infection. 
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The burden of inflammatory bowel disease (IBD) including ulcerative colitis, and Crohn’s 
disease is increasing globally, and despite tremendous efforts in identifying the causal factors 
of IBD, there is still an incomplete understanding of the disease etiology. Intestinal 
homeostasis relies on an intact gut barrier, which acts as the gatekeeper of our health. A key 
component of this physical barrier is the mucus layer, which is mainly composed of mucins 
glycoproteins produced and secreted by the intestinal goblet cells (GCs). Of note, several 
dynamic factors are involved in mucus formation (e.g., cytokines, bacterial components, and 
processing events) and degradation (e.g., mucin degrading bacteria, and renewal). The 
protective function of intestinal mucus differs between the small and the large intestine, with 
a loose and unattached mucus layer in the small intestine, and a dense and firmly attached 
mucus layer converted to a looser structure at the luminal side in the large intestine. The outer 
loose mucus in the colon plays a pivotal role in the selection of the bacteria niche present in 
the mucus by providing energy and attachment sites, whereas the inner mucus layer forms a 
size-exclusion filter keeping bacteria at distance from the epithelial cells and the immune 
system. GCs are the main cells devoid of the production and secretion of mucins, and although 
for many years these cells have been considered as a single cell population, the existence of 
different GCs populations is only now becoming clear. We have recently identified a new 
population of GCs, the intercrypt GCs (icGCs), which are located at the colonic luminal surface 
and secrete a mucus with properties that differ from the mucus secreted by crypt-residing 
GCs. We found that deficient intercrypt mucus secretion or reduced icGCs numbers lead to 
disruption of the mucus layer with an impaired organization at the mucus surface, correlating 
with increased colitis susceptibility in mice and in patients with both active and remissive 
ulcerative colitis. Taken together, these findings highlight the importance of icGCs in 
maintaining functional protection of the epithelium, and alterations of icGCs and intercrypt 
mucus may represent an early and sustained indicator of disease that could contribute to 
disease initiation. Therefore, understanding the molecular mechanisms which regulate the 
number, distribution, and function of the icGCs are of fundamental importance to 
understanding the etiology of IBD and to look at potential therapeutic strategies in the future. 
We observed in a mouse model that spontaneously develops colitis (i.e., mice lacking 
interleukin-10) that the number and distribution of the icGCs is clearly affected during the 
disease progression. We therefore reason that pathogenesis is the process by which icGCs 
can be impaired. Translating these findings to improve human health and tackle human 
disease is of utmost importance. 
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The human intestine is the main site of interaction between the host and the commensal 
microbiota which provides essential nutrients, and defense against opportunistic pathogens. 
In this symbiotic system, physical contact between the microbiota and intestinal epithelium is 
prevented by the mucus layers covering the surface of our intestine. The formation and 
maintenance of the mucus barrier is highly regulated, and structured around the MUC2 mucin 
protein which is essential for limiting bacterial contact with the epithelium. Long-term disruption 
of the mucus barrier can result in inflammation and development of chronic disease. Selected 
pathogenic bacteria have adapted strategies to overcome the intestinal mucus barrier to gain 
access to the underlying epithelium.  
 
Our research is focused on the pathogenic bacteria Enterotoxigenic E.coli (ETEC) that causes 
diarrheal illness in developing regions of the world lacking basic sanitation. ETEC is able to 
degrade the normally impenetrable mucus layer by using proteases that specifically target the 
MUC2 mucin, allowing direct interactions between the epithelium and bacteria required for 
toxin delivery. We have recently identified the protease EatA to be responsible for this 
degradation, and characterized the proteolytic cleavage site in the MUC2 c-terminal protein 
domain. EatA has no other known substrates than MUC2 and its cleavage site is conserved 
in primates but not found in all mammals including rodents which are resistant to ETEC 
infections. We observed that in a humanized mouse that solely expresses human MUC2 the 
mucus layer was rapidly resolved upon EatA treatment. The protease EatA has in addition to 
its protease domain, a domain with an unknown function, which resembles a carbohydrate-
binding module. Protease activity was lost upon deletion of both the putative binding domain 
or disruption of the globular structure of MUC2, emphasizing the specificity of the protease for 
its substrate. 
 
The results of this study demonstrate how pathogenic bacteria have evolved with their host to 
overcome the protective mucus layer in the intestine. This knowledge will aid to the 
development of novel approaches to prevent acute diarrheal illness in ETEC and other 
pathogens that rely on related proteases. 
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The colonic epithelium is constantly under the threat of invasion by a dynamic microbial 
community. This microbial threat is countered by a functional inner mucus layer (IML) that 
physically isolates the epithelium. Epithelial goblet cells (GCs) generate the IML by secreting 
the gel-forming mucin Muc2, which is supplemented by anti-microbial peptides that help fight 
invading pathogens. Disruption of GC function is linked to diseases like colitis and can expose 
the crypt residing stem cells to damage. 
To counter this, a secondary GC-intrinsic defensive system encompassing Nlrp6 
inflammasome-dependent activation of sentinel GCs (senGCs) is thought to react to bacterial 
penetration of the IML. Activated senGCs are believed to flush bacteria away from the crypt 
through compound mucus secretion. In addition a recently identified subpopulation of 
intercrypt goblet cells (icGCs) was found to be essential for IML barrier function. 
The present study seeks to test the functional calibre of intestinal GC-subsets using 
Citrobacter rodentium – an attaching/effacing bacterial pathogen that invades the IML and 
colonic crypts. In order to determine the functional role of senGCs we employed an intestinal 
GC-specific conditional Nlrp6 knockout model. To determine the role of icGCs we examined 
mice lacking the late stage GC differentiation factor Spdef. Bacterial localisation in tissues and 
lumen were measured in C. rodentium infected wild type and senGC/icGC deficient models. 
Mice with defective senGCs showed signs of increased pathogen counts in the colonic and 
ileal tissues 7 days post infection (dpi). Interestingly, female mice were observed to be more 
susceptible, demonstrating a sex-dependent phenotypic difference. Mice with defective icGCs 
had increased colonic and ileal tissue pathogen counts at 14 dpi. In this case, males were 
associated with a delayed bacterial clearance over females. 
The contrasting phenotypic differences among senGC and icGC deficient models illustrate a 
novel sex-dependent difference in GC-intrinsic intestinal defence. Investigating the genetic 
background of these differences may allow a better understanding of how sex alters 
susceptibility to intestinal disease.



 99 

Poster 58 
 
Looking for selective probes for mucin protein sensing: a spectroscopic study 
 
Sonja Visentin1, Cosmin Butnarasu1, Olga Valentina Garbero1, Hongji Yan3, Thomas 
Crouzier3, Carlotta Pontremoli2, Nadia Barbero2 
 
sonja.visentin@unito.it 
 
1. Department of Molecular Biotechnology and Health Sciences, University of Torino, Via 
Gioacchino Quarello15A, 10135 Torino (Italy) 
2. Department of Chemistry, NIS Interdepartmental and INSTM Reference Centre, University 
of Torino, viaPietro Giuria 7, 10125 Torino (Italy) 
3. Division of Glycoscience, Department of Chemistry, School of Engineering Sciences in 
Chemistry, Biotechnology and Health, KTH Royal Institute of Technology, AlbaNova 
University Center, 106 91 Stockholm, Sweden 
 
Mucin glycoproteins are the backbone of mucus which covers all the mucosal surfaces in the 
human body [1]. Overexpression of mucins is a hallmark of mucus related disorders but great 
attention was addressed also to the expression of mucins in cancer. It has been proposed that 
secreted mucins can be diagnostic and prognostic in pancreatic cancer [2]. The early 
diagnosis of malignant tumors is a key factor for outcome, treatments, and healthcare. Thus, 
the identification and detection at serum level of specific and sensitive biomarkers as mucins 
is of crucial importance. Here we are exploiting the fluorescence turn-on behavior manifested 
by different fluorescent probes as a response of the binding to proteins [3-4]. The goal is to 
find and develop a turn-on fluorescent probe which is specific and selective for mucins at 
serum level. Dye-protein interaction was studied by UV-Vis and fluorescence spectroscopies 
in aqueous media. Since albumin is the most abundant protein at serum level, it was used as 
control to compare the turn-on recorded in the presence of mucin. Generally, dyes showed 
low fluorescence intensity and quantum yield in water, as a result of the formation of 
aggregates. However, a significative enhancement in fluorescence was achieved when mucin 
was added. Since mucins can be explored as a diagnostic and prognostic biomarker in cancer 
disease, these results pave the way for the development of fluorescent dyes as potential 
biosensors for mucin glycoproteins detection. 
 
[1] G. C. Hansson, J. Intern. Med., 285, 479-490, (2019). 
[2] S. Wang, L. You, M. Dai, Y. Zhao, J. Cell. Mol. Med, 24, 10279-10289, (2020). 
[3] C. Butnarasu, N. Barbero, C. Barolo, S. Visentin, J. Photochem. Photobiol. B: Biol., 205, 
111838 (2020). 
[4] N. Barbero. C. Butnarasu, S. Visentin, C. Barolo, Chem. Asian. J., 14, 896-903, (2019). 
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Mucins are densely-glycosylated proteins that are either tethered to the cell surface, 
composing the epithelial glycocalyx, or exist as a cross-linked gel, serving as the primary 
constituent of mucus. Poised in these two barriers to pathogenic entry, mucins play an integral 
role in viral transmission and infection. Orally-expelled viruses are encased in respiratory 
mucus and later infect hosts upon contact with their mucosal membranes. Furthermore, 
studies have demonstrated the ability of viruses to both bind to mucin glycans. Despite this, 
little is known about the role of mucins and mucin glycans in coronavirus transmission. Most 
studies use cellular growth media or buffers to conduct transmission tests, omitting 
involvement of this virus-binding macromolecule. In this work, we evaluated the importance of 
mucins and their structure in mock direct contact and surface transmission scenarios. We 
mainly focused on fomite transmission, as we hypothesized mucin involvement might explain 
why widespread SARS-CoV-2 epidemiological data supports minimal infection via surface 
transmission, while controlled-laboratory tests gathered viable virus 3-28 days after surface 
placement. We used bovine-derived human coronavirus OC43 (hCoV-OC43) and tested its 
ability to transmit to and infect cells in the presence of bovine submaxillary mucin, known to 
contain hCoV-OC43 binding partners. We found that mucins inhibited infection of live cells in 
a concentration- and glycan-dependent manner in both transmission scenarios. For fomite 
transmission, this inhibition effect was not influenced by surface type or time on surface. 
Furthermore, mucins were more successful in reducing fomite transmission of virus as 
compared to direct contact transmission. Altogether, we surmise mucin involvement is indeed 
one explanation for the discrepancy in laboratory-conducted and epidemiological data. 
Following this, we enzymatically removed the proposed binding glycans from bovine mucin to 
preclude glycan-virus binding and observed no viral inhibition. We also conducted a cross-
species study with mouse hepatitis virus, which is not known to bind bovine mucin glycans, 
and again saw no inhibition. All in all, our data indicate that the mucin molecular structure 
plays a complex but vital role in host defense. 
  



 101 

Poster 60 
 
Binding Specificities of LecB and TcdA Towards Fucosylated Mucin Glycopeptides 
 
S. Behren*, J. Yu#, C. Pett*, M. Schorlemer*, U. Westerlind* 
 
* Department of Chemistry, Umeå University, Sweden. 
# Imperial College London, UK 
 
ulrika.westerlind@umu.se 
 
Mucins are densely O-glycosylated membrane-bound or secreted proteins ubiquitously found 
on the epithelial cell surface.[1] They are part of the innate immune system and play major 
roles as protective barriers to defend the host against invading pathogens.[2] However, 
bacteria and viruses have co-evolved with the human host and developed strategies to 
promote virulence for instance by adhering to carbohydrate ligands on the host cell-surface 
via pathogenic lectins. In order to improve our understanding of the pathogenic adhesion 
processes on a molecular level, we study the interactions between pathogenic lectins and 
carbohydrate ligands presented on mucin peptide backbones. In the presented study binding 
specificities of two bacterial lectins that recognize and bind to fucose containing glycans were 
evaluated: LecB from Pseudomonas aeruginosa, an opportunistic bacterium that is a major 
player in airway diseases[3-5], and toxin A from Clostridium difficile (TcdA), a bacterium that 
causes gastrointestinal disorders.[6] Selected synthetic mucin core and extended core 
glycopeptides were enzymatically modified with Lewis a, Lewis x, or H-type motifs as well as 
bi-fucosylated Lewis b and Lewis y structures. Then the glycopeptides were immobilized on 
microarray slides and applied to evaluate the LecB and TcdA binding preferences. Clear 
preferences for unique fucosylated binding epitopes and impact of underlying mucin core 
structures were found. Our detailed findings will be presented at the mucin meeting. 
 
References: 
[1] J. Dekker, Trends in Biochemical Sciences 2002, 27, 126.  
[2] D. J. Thornton, Proc. Am. Thorac. Soc. 2004, 1, 54.  
[3] R. L. Gibson, Am. J. Respir. Crit. Care Med. 2003, 168, 918.  
[4] S. L. Gellatly, Pathog. Dis. 2013, 67, 159.  
[5] V. E. Wagner, Clin. Rev. Allergy Immunol. 2008, 35, 124.  
[6] R.N. Pruitt, Proc Natl Acad Sci U S A. 2010, 107, 13467. 
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INTRODUCTION 
Eosinophilic esophagitis is a chronic inflammatory disease of the esophagus characterized by 
type 2 inflammation stemming from epithelial barrier dysfunction.  The esophageal mucus 
layer represents the first line of defense against external antigens and microbial pathogens.  
MUC4 is a transmembrane mucin expressed on the stratified squamous epithelium of the 
esophagus which provides lubrication and protection to the lumen.  Previous studies suggest 
that increases in mucin 4 (MUC4) gene expression are associated with EoE.  The objective of 
this study was to examine MUC4 expression in vivo and in vitro. We hypothesized MUC4 
would be increased in active EoE subjects and that MUC expression would correlate with 
eosinophilic inflammation in vivo.  We further hypothesized that IL-13 would induce MUC4 
expression in vitro. 
 
METHODS 
Matched esophageal biopsies and Cytosponge specimens collected during a previously 
conducted prospective study were stained with hematoxylin and eosin (H&E) and by 
immunohistochemistry for eosinophil peroxidase (EPX) and MUC4.  EPX and MUC4 stains 
were digitized and analyzed using semi-automated image analysis.  Immunohistochemical 
staining was quantified by the percentage of pixels staining positive in the biopsies and 
Cytosponges.  Subjects were grouped according to peak eosinophil counts and their disease 
classified as inactive (< 5 eos/hpf), partially active (5-14 eos/hpf), and active (≥ 15 eos/hpf).  
Correlations between EPX and MUC4 positivity (biopsy and Cytosponge) were assessed.  Air 
liquid interface culture of an immortalized esophageal cell line (EPC2-hTERT) was employed 
to investigate the effects of IL-13 expression in vitro.  MUC4 expression was evaluated by RT-
PCR and immunohistochemistry. 
 
RESULTS 
Esophageal biopsies and matched Cytosponges (n = 90) were analyzed from 73 EoE subjects 
(inactive – n = 16, partially active – n = 34, active – n = 40).  MUC4 expression was increased 
in active EoE relative to inactive EoE for the esophageal biopsies (p = 0.02) and Cytosponge 
specimens (p < 0.0001).  MUC4 positivity correlated with EPX expression (biopsy r = 0.3, p = 
0.002, Cytosponge r = 0.28, p = 0.007).  IL-13 induced MUC4 gene and protein expression in 
the air liquid interface cultures. 
 
CONCLUSIONS 
EoE is associated with increased MUC4 expression even in the absence of eosinophilic 
inflammation.  MUC4 expression may be induced by IL-13. Additional studies are needed to 
define the role of MUC4 in EoE. 
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In the intestine, epithelial cells are separated from commensal and pathogenic bacteria by a 
protective layer of secreted and transmembrane mucins. The transmembrane mucins harbor 
a highly O-glycosylated extracellular domain, transmembrane domain, and cytoplasmic tail 
that can contribute to intracellular signaling. Some transmembrane mucins are used by 
bacteria as receptors for invasion. For example, the enteropathogen Salmonella enterica 
requires MUC1 to trigger its invasion into enterocytes. Recently, Salmonella was reported to 
also invade cells via a zipper mechanism, in which the outer membrane protein Rck binds to 
EGFR, and initiates receptor-mediated endocytosis. Multiple transmembrane mucins, 
including MUC1 and MUC13, have EGF-like domains and/or have been shown to interact with 
signaling receptors of the EGFR family. Therefore, we want to investigate the role of MUC1 
and MUC13 in Rck/EGFR mediated invasion. 
 
To specifically study bacterial invasion via Rck, we constructed Rck-expressing E. coli. As a 
control, a strain expressing truncated Rck (Rck�) that lacks the essential domain for invasion 
was generated. The human colon cell line HT29-MTX expresses high levels of both MUC1 
and MUC13. Therefore, we selected these cells to generate MUC1 and MUC13 knockout lines 
using CRISPR-Cas9. Rck-mediated invasion into these cells was evaluated via a gentamicin 
protection assay. This showed that the amount of intracellular bacteria was dramatically 
decreased in MUC13 KO HT29-MTX cells, but not in MUC1 KO HT29-MTX cells, compared 
to wild type. Next, immunofluorescence was performed to visualize the location of bacteria. 
GFP-expressing E. coli-Rck localized below the WGA-stained membranes in WT cells and 
MUC1 KO HT29-MTX cells, whereas they attached to the cell membrane in MUC13 KO cells 
Also, the control E. coli-Rck� was not internalized. In conclusion, MUC13, not MUC1, 
promotes Rck-mediated invasion on HT29-MTX cells. 
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Apical native mucus is a self-healing gel that lubricates the moist epithelium and provides 
protection against viruses. The proposed mechanism is that it intercepts smaller viruses than 
its mesh size and removes them from the mucosal surface by active mucus turnover. As the 
primary nonaqueous components of mucus (~0.2% to 5%, wt/v), mucins are critical to this 
function because the dense arrangement of mucin glycans allows multivalence of binding. 
Following nature’s example, we assembled bovine submaxillary mucins (BSMs) into ‘mucus-
like’ gels (5%, wt/v) by dynamic covalent crosslinking reactions. The gels exhibited transient 
liquefaction under high shear strain and immediate self-healing behavior. We showed that 
these material properties were essential to provide lubricity. The gels efficiently reduced 
human immunodeficiency virus type 1 (HIV-1) and genital herpes virus type 2 (HSV-2) 
infectivity for various types of cells. In contrast, simple mucin solutions, which lacked the 
structural makeup, inhibited HIV-1 significantly less and did not inhibit HSV-2. Mechanistically, 
the prophylaxis of HIV-1 infection by BSM gels was found to be that the gels trapped HIV-1 
by binding to the envelope glycoprotein gp120 and suppressed cytokine production during 
viral exposure. Therefore, we believe our gels are promising for further development as 
personal lubricants that can limit viral transmission. 
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Cholangiocarcinoma (CCA) is a rare but highly malignant tumor. The diagnosis is difficult due 
to its silent clinical character and the inefficiency of currently available diagnostic markers. An 
enhanced understanding of the epigenomic information involved in CCA carcinogenesis would 
herald targeted, individualized therapies, as well as new early diagnostic tools to improve 
patient survival. Mucins (MUC) play crucial roles in carcinogenesis and tumor invasion in CCA. 
MUC1 and MUC4 expression are related to the aggressive behavior of human neoplasms and 
poor patient outcomes. On the other hand, we have previously reported that the expression 
of MUC2 is related to the non-invasive proliferation of tumors and/or a favorable outcome.  
This study investigates whether the methylation status of three mucin genes and others from 
postoperative tissue specimens from patients with bile duct neoplasms could serve as a 
predictive biomarker for outcomes after surgery. 
We evaluated the methylation status of 17 genes containing MUC1, MUC2, and MUC4 
promoter regions in bile duct tissue samples from 200 patients with various bile duct lesions 
using bisulfite amplicon sequencing-based NGS. Then, integrating these results and 
clinicopathological features, we used several machine learning methods to develop a 
prognostic classifier. 
Significant differences were identified between the positive- and negative-prediction classifiers 
of patients in 5-year overall survival (OS) in the cross-validation test. Multivariate analysis 
revealed that these prognostic classifiers were independent prognostic factors analyzed by 
not only neoplastic tissues but also non-neoplastic tissues. These classifiers had higher 
predictive accuracy for OS than tumor size, lymph node metastasis, distant metastasis, and 
age and can complement the prognostic value of the TNM staging system. Analysis of 
epigenetic changes may be of diagnostic utility and one of the prognostic predictors for 
patients with CCA. 
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