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Welcome letter

Dear Colleagues and Friends, 

On behalf of the Organising Committee, it is a pleasure to welcome you to the International Glycomeeting “Glycans & Proteoglycans: The Sweet & Smart Molecules of the 21th Century”, in Nancy (France), organised by the International Associated Laboratory (IAL) SFGEN Nancy-Dundee, the FR3209 BMCT and the Unit 7365 CNRS-University of Lorraine (IMoPA). This event follows a previous successful IAL SFGEN Nancy-Dundee Meeting held in 2011.

Glycosciences are a fast growing field with significant impact in all areas of Biosciences.  However, due to their structural complexity and intricate biological roles, glycans and proteoglycans are still ignored by the majority of “mainstream” science.

A major aim of this event is to promote this extraordinary field. We have designed original formats, an introductory Glyco-Talk by Anne Imberty (Silver Medal at CNRS) with the format of a TEDx-Talk, and seven flash communications by junior scientists called  “My glycans in 300s”, in which they will present their favorite glycans in the most pedagogic way. These presentations will be recorded and broadcasted on the web.

The program is divided in five sessions with eleven plenary lectures by leading senior glycobiologists and six selected short talks by junior scientists. The first session will present our current view of proteoglycan biosynthesis. The two following sessions will address the role of glycans and proteoglycans in physiopathological conditions with a focus on rare genetic diseases, inflammation and cancer. The two last sessions emphasize the potential of glyco-drugs and present most recent technological advances in glycobiology.

The aim of this conference is an open exchange of ideas between all participants belonging or not to the community, promoting new research directions to advance recognition and development of the field. If you are not so familiar with glycans and proteoglycans, our best wish is to make you know and, even better, love these fascinating molecules.

We are delighted to welcome you in Lorraine in a most friendly atmosphere, thanks to the fantastic implication of the MolCelTEG team and of the staff of FR3209 BMCT and IMoPA.
Finally, we thank you very warmly for joining and contributing to this exciting Glycomeeting. 


The chairs 

Sylvie Fournel-Gigleux, Jean-Christophe Bourdon, Didier Mainard, Jean-Yves Jouzeau

Organising committee: MolCelTEG group (UMR 7365 CNRS Lorraine University, IMoPA),  IMoPA & FR3209 BMCT
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Glycans & Proteoglycans : The Sweet & Smart Molecules of the 21st century

2017 Joint Workshop of the International Associated Laboratory Nancy-Dundee (SulFo- & Glycosyltransferase ENzymes, SFGEN), the Fédération de Recherche 3209 (Biologie Moléculaire Cellulaire et Thérapeutique, BMCT) and the CNRS-UL unit 7365 (Ingénierie Moléculaire & Physiopathologie Articulaire, IMoPA)
Wednesday 18th October 2017

12:00

Welcome Buffet 

13:30 

Welcome reception 

Sylvie Fournel-Gigleux & Jean-Christophe Bourdon (LIA coordinators), Didier Mainard (FR3209 BMCT Director), Jean-Yves Jouzeau (IMoPA Director), Marc Braun (Dean of Faculty of Medicine) Hugues Lortat-Jacob (CNRS Deputy Scientific Director) 

13:45-14:15 
Glyco Talk (Recorded)  


Anne Imberty (Grenoble, France), Sweet-talk between pathogens and hosts

14:15-15:00 
Session 1: Glycosaminoglycan & proteoglycan synthesis

14:15-14:45
Lecture 1: Kristian Prydz (Oslo, Norway) 

 

Glycosaminoglycan and proteoglycan synthesis

14:45-15:00
Short communication 1: Maxime Delos (Lille, France) 

Insights into the molecular trafficking of Heparan sulfate 3-O-sulfotransferase 2 and 3B

15:00-15:30
Presentations of “My Glycans in 300s”: By 4 selected PhD students (recorded) 


Flash presentation 1: Elodie Lebredonchel (Lille, France)



Novel role of the cation antiporter TMEM165 in cellular Golgi

Flash presentation 2: Benjamin Jolivet (Nancy, France)
How β1,3-Galactosyltransferase 6 defect produces the Ehlers-Danlos Syndrome? A functional and molecular investigation
Flash presentation 3 : Alexandre Kriznik (Nancy, France)
pCARGHO:  A new method, based on a lectinic activity, for purification of recombinant proteins

Flash presentation 4: Xianqing Mao (Luxembourg)
Hypoxia promotes breast cancer cell invasion through a new invadopodial actin bundling protein CSRP2
15:30-16:00 
PAUSE (30 min) – Poster session

16:00-18:00 
Session 2: Glycans, proteoglycans & rare genetic diseases

16:00-16:30
Lecture 2: Daan Van Aalten (Dundee, UK)  


Mutations in O-GlcNAc transferase and X-linked intellectual disability

16:30-16:45
Short communication 2: Sarah Delbaere (Gent, Belgium)



Zebrafish modeling of the β4GalT7-deficient type of Ehlers-Danlos syndrome

16:45-17:15
Lecture 3:  Andrea Vortkamp (Essen, Germany)  
Heparan sulphate in chondrocytes: Friend or Foe?
17:15-17:45
Lecture 4: François Foulquier (Lille, France)  
Insights into the complexity of Congenital Disorders of Glycosylation 

17:45-18:00
Short Communication 3: Marine Houdou (Lille, France)


Mn2+ and D-Gal: the miracle molecules to rescue glycosylation defects in TMEM165-CDG
20:00 

RECEPTION DINNER (Grand Café Foy, Stanislas Place, Nancy)
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Barré Lydia lydia.barre@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Berri-Bennai Yasmine by_yasmine79@hotmail.fr LCPA2MC, Université de Lorraine

Bertin-Jung Isabelle isabelle.bertin-jung@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Bezai Nadia UMR 7365 CNRS Université de Lorraine

Bourdon jean-christophe j.bourdon@dundee.ac.uk

University of Dundee, Medical School, 

Dundee Cancer Centre Dundee, UK

Brezillon Stephane stephane.brezillon@univ-reims.fr

UMR 7369 CNRS Université de Reims 

Champagne-Ardenne Reims, France

Bui Catherine catherine.bui@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Charpentier  Ghislaine UMR 7365 CNRS Université de Lorraine

Chauvot de Beauchene Isaure isaure@debeauchene.fr LORIA Nancy, France

Delbaere Sarah Sarah.Delbaere@UGent.be

Center for Medical Genetics Ghent, Ghent 

University Gent, Belgium

Delos Maxime maxime.delos@hotmail.fr UMR 8576 CNRS USTL Lille, France

Dussaulx Jean-Marc jean-marc.dussaulx@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Ferreras Laura laura.ferreras@ncl.ac.uk

Faculty of Medical Sciences, Newcastle 

University Newcastle, UK

Foulquier François francois.foulquier@univ-lille1.fr UMR 8576 CNRS Université Lille, UGSF Lille, France

Fournel-Gigleux Sylvie Sylvie.Fournel-Gigleux@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Ghannoum Dima dima.ghannoum@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Gobert Valérie UMR 7365 CNRS Université de Lorraine

Goette Martin mgotte@uni-muenster.de Munster University Hospital Munster, Germany

Gulberti Sandrine sandrine.gulberti@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Haupt Karsten karsten.haupt@utc.fr Université de Technologie de Compiègne Compiègne, France

Houdou Marine marine.houdou@gmx.fr UMR 8576 CNRS Université Lille, UGSF Lille, France

Huselstein Céline celine.huselstein@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Imberty Anne anne.imberty@cermav.cnrs.fr CERMAV Grenoble, France

Jolivet Benjamin benjamin.jolivet@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Jouzeau Jean-Yves jean-yves.jouzeau@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Khan Sajida sajida.khan@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Kriznik Alexandre alexandre.kriznik@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Le Narvor christine christine.le-narvor@u-psud.fr

UMR 8182 (CNRS-UPS), LabEx LERMIT, Univ. 

Paris-Sud Orsay, France

Lebredonchel Elodie eidole@sfr.fr UMR 8576 CNRS Université Lille, UGSF Lille, France

Lorcin Karine UMR 7365 CNRS Université de Lorraine

Lortat-Jacob Hugues Hugues.Lortat-Jacob@ibs.fr

Institut de Biologie Structurale, Univ. 

Grenoble Alpes, CNRS, CEA Grenoble, France

Mahesh Velusamy Mahesh.Velusamy@univ-nantes.fr UMR CNRS 6286 Université de Nantes Nantes, France

Mainard Didier didier.mainard@univ-lorraine.f FR 3209 BMCT Nancy, France

Mao Xianqing xianqing.mao@gmail.com Luxembourg Institute of Health  Luxembourg

Medina Rangel Paulina Ximena paulina.rangel@utc.fr Université de Technologie de Compiègne Compiègne, France

Neybecker Paul paul.neybecker@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Ouzzine Mohamed mohamed.ouzzine@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Passi Alberto alberto.passi@uninsubria.it University of Insubria Varese, Italy

Prydz Kristian kristian.prydz@ibv.uio.no

Department of Biosciences, University of 

Oslo Oslo, Norway

Rahuel-Clermont Sophie sophie.rahuel@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Robert Anne anne.robert@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Shaukat Irfan irfan.shaukat@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Taieb Mahdia mahdia.taieb@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Turnbull Jeremy j.turnbull@liverpool.ac.uk

Institute of Integrative Biology, University 

of Liverpool Liverpool, UK

Uchimura Kenji Kenji.Uchimura@univ-lille1.fr

Nagoya University Graduate School of 

Medicine & UMR 8576 CNRS USTL Lille, France

Van Aalten Daan dmfvanaalten@dundee.ac.uk

School of Life Sciences, University of 

Dundee Dundee, UK

Velot Emilie emilie.velot@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Vincourt jean-baptiste jean-baptiste.vincourt@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France

Vortkamp Andrea andrea.vortkamp@uni-due.de

Department of Developmental Biology, 

University of Duisburg-Essen Essen, Germany

Wilhelm Dafne dafne.wilhelm@univ-lorraine.fr UMR 7365 CNRS Université de Lorraine Nancy, France



Thursday 19th October 2017

9:00-11:00 
Session 3: Glycosaminoglycans, inflammation & Cancer

9:00-9:30
Lecture 5: Martin Götte (Münster, Germany)
Heparan Sulfate proteoglycans as regulators of cancer stem cell functions 
9:30-10:00
Lecture 6: Jean-Christophe Bourdon (Dundee, UK): p53: a system of protein isoform orchestrating tissue regeneration in response to extracellular matrix ?

10:00-10:15
Short Communication 4: Laura Ferreras (Newcastle, UK)



Modulation of Heparan Sulfate sulfation in renal fibrosis
10:15-10:45
Lecture 7: Alberto Passi (Varese, Italy)  
Mechanistic and epigenetic aspects of hyaluronan synthesis 

10:45-11:00
Short Communication 5: Kenji Uchimura (Nagoya, Japan-Lille, France)

Deficiency of a sulfotransferase for keratan sulfate in microglia mitigates Alzheimer’s pathology
11:00-11:20 
PAUSE (20 min) – poster session

11:20-11:40
Presentations of “My Glycans in 300s”



Flash presentation 5: Isaure Chauvot de Beauchène (Nancy, France)



Fragment-based modeling of protein-bound GAGs of various lengths



Flash presentation 6: Paulina Ximena Medina-Rangel (Compiègne, France)

Molecularly imprinted polymers as synthetic glycan receptors for cell targeting and imaging



Flash presentation 7: Anne Robert (Nancy, France)




Fluorescent screening of glyco-active compounds with GlycoFluo technology


11:40-13:00 
Session 4: Glycosaminoglycan-based Drugs 

11:40-12:10
Lecture 8: Jeremy Turnbull (Liverpool, UK)  
Chemical biology tools to explore heparan sulfate biology and develop novel biotherapeutics

12:10-12:25
Short Communication 6: Céline Huselstein (Nancy, France)

Influence of hydrogels microenvironment on mesenchymal stem cell behavior: from viability to immune properties
12:30-13:00
Lecture 9: Hugues Lortat-Jacob (Grenoble, France)  
A peptide and a GAG combine to block HIV-entry: from structure-function studies to in vivo analysis 

13:00 

BUFFET – poster session
14:00-15:30 
Session 5: Advances in Glycotechnologies 

14:00-14:30
Lecture 10: Karsten Haupt (Compiègne, France)   

Biomimicry at the molecular level: Molecularly imprinted polymers as synthetic antibodies for bioimaging of cell surface glycans 

14:30-15:00
Lecture 11: Stéphane Brézillon (Reims, France)  
Glycosaminoglycan analysis by biophotonic approaches 

15:00-15:30 
Conclusions, Communication prizes & Glycomeeting Closure 


Sylvie Fournel-Gigleux, Jean-Christophe Bourdon, Jean-Yves Jouzeau 
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Invited speaker Lectures
	Lecture
	Title/Speaker/City, Country
	Page

	Glycotalk
	Glyco Talk (Recorded): Anne Imberty (Grenoble, France)

Sweet-talk between pathogens and hosts
	1

	1
	Kristian Prydz (Oslo, Norway)

Glycosaminoglycan and proteoglycan synthesis
	2

	2
	Daan Van Aalten (Dundee, UK)
Mutations in O-GlcNAc transferase and X-linked intellectual disability
	3

	3
	Andrea Vortkamp (Essen, Germany)
Heparan sulfate in chondrocytes: Friend or Foe?
	4

	4
	François Foulquier (Lille, France)

Insights into the complexity of Congenital Disorders of Glycosylation
	5

	5
	Martin Götte (Münster, Germany)

Heparan Sulfate proteoglycans as regulators of cancer stem cell functions
	6

	6
	Jean-Christophe Bourdon (Dundee, UK)

p53: a system of protein isoform orchestrating tissue regeneration in response to extracellular matrix?
	7

	7
	Alberto Passi (Varese, Italy)

Mechanistic and epigenetic aspects of hyaluronan synthesis
	8

	8
	Jeremy Turnbull (Liverpool, UK)

Chemical biology tools to explore heparan sulfate biology and develop novel biotherapeutics
	9

	9
	Hugues Lortat-Jacob (Grenoble, France)

A peptide and a GAG combine to block HIV-entry: from structure-function studies to in vivo analysis
	10

	10
	Karsten Haupt (Compiègne, France)

Biomimicry at the molecular level: Molecularly imprinted polymers as synthetic antibodies for bioimaging of cell surface glycans
	11

	11
	Stéphane Brézillon (Reims, France)

Glycosaminoglycan analysis by biophotonic approaches
	12


Glyco Talk

Sweet-talk between pathogens and hosts

Anne Imberty

Centre de Recherches sur les Macromolecules Végétales (CERMAV) – Grenoble – France

e-mail : anne.imberty@cermav.cnrs.fr

A large number of pathogenic microorganisms display receptors for specific recognition and adhesion to the glycoconjugates present on human tissues.  In addition to membrane-bound adhesins, soluble lectins are involved in infections caused by the bacteria Pseudomonas aeruginosa and Burkholderia cepacia and by the fungus Aspergillus fumigatus that are responsible for hospital-acquired diseases. The specificities of the lectins towards human histo-blood group oligosaccharides find their origin in the co-evolution between hosts and pathogens. The multivalency of lectin is proposed to play a role in their strong avidity for glycosylated cell surfaces and also in their ability to affect membrane dynamics by clustering glycosphingolipids. Bacterial lectins are able to bind to glycoconjugates on human tissues and are therefore thought to be involved in the first step of infection

Accumulated knowledge about the structures of the lectins and the interactions with host glycoconjugates has lead to the design of powerful glyco-derived inhibitors that can serve as antimicrobial therapeutic agents, as a complement to or an alternative to antibiotic therapy. Design of glycosylated chips, liposomes, fullerenes and other nanoglycoparticles have provided information on multivalent interaction between receptors and cell surfaces. This also result in development of nanomaterials that can be used in diagnostic applications.
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Lecture 1

Glycosaminoglycan and proteoglycan synthesis
Kristian Prydz
Department of Biosciences, University of Oslo, Norway 
When one or more glycosaminoglycan (GAG) chains are synthesized on a protein core, the molecule becomes a proteoglycan (PG). The synthesis is intimately linked to the secretory pathway in metazoans, where the GAG chains are polymerized in the Golgi apparatus. Most PGs are after synthesis either exported to the extracellular matrix or remain attached to the plasma membrane. The most common classes of PGs, heparan sulfate/heparin and chondroitin/dermatan sulfate are synthesized onto serine residues followed by glycines in the protein core, via a linker of four common sugar units (xylose-galactose-galactose-glucuronic acid). The fifth sugar added - and onwards, including modification reactions by epimerases and sulfatases - determines what kind of GAG chain a given site will carry, and thus also its biological potential. Proteoglycans engage in cellular and physiological processes by binding of water, cations, and proteins with patches of positively charged amino acids, often involved in signaling processes. A number of well-known PGs are members of the syndecan, glypican, and lectican families, while others have only more distant relatives. Since the GAG attachment requirement has not been extended beyond the ser-gly residues in the protein core with a signal sequence for ER import, a number of novel PGs and PG binding proteins are expected to be discovered in the future.

References:

Prydz, K. and Dalen, K.T. 2000 Synthesis and sorting of proteoglycans. J. Cell Sci. 113: 193-205.

Prydz, K. 2015. Determinants of glycosaminoglycan (GAG) structure. Biomolecules 5(3): 2003-22.
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Lecture 2

Mutations in O-GlcNAc transferase and X-linked intellectual disability

Daan Van Aalten
School of Life Sciences, University of Dundee, Dundee, UK
Glycosylation of serines/threonines with O-linked N-acetylglucosamine (O-GlcNAc) on nucleocytoplasmic proteins in higher eukaryotes is an abundant and dynamic intracellular post-translational modification that is essential for metazoan life. O-GlcNAcylation has been implicated in a wide range of cellular processes and its dysregulation has been linked to neurodegeneration, diabetes and cancer. Work in the van Aalten lab is aimed at understanding how only two single metazoan proteins, O-GlcNAc transferase (OGT) and O-GlcNAcase (OGA), together build the cellular O-GlcNAc proteome and which O-GlcNAcylated proteins are linked to the severe developmental phenotypes of the ogt gene disruption mutants in mice, zebrafish, Xenopus and Drosophila. Very excitingly, working together with clinicians we have recently discovered point mutations in the OGT gene that segregate with a neurodevelopmental disorder. Patients suffer from severe intellectual disability, behavioural problems and musculoskeletal deformities. I will describe out progress towards uncovering the mechanistic biology underlying this disease, using CRISPR/Cas9 to generate these disease mutations in animal model systems.


Lecture 3

Heparan sulfate in chondrocytes: Friend or Foe?

Andrea Vortkamp

Department of Developmental Biology, University of Duisburg-Essen, Essen, Germany

Multiple osteochondroma (MO) syndrome is an autosomal inherited human disorder characterized by short stature and the development of benign bone tumors, osteochondromas, during childhood and adolescence. MO is caused by heterozygous mutations in EXT1 or EXT2, two glycosyltransferases required for the synthesis of heparan sulfate (HS). To investigate the molecular basis of osteochondroma differentiation we have previously established a mouse model in which clonal inactivation of Ext1 in chondrocytes can be induced by Doxycycline treatment, postnatally. Using this mouse model, we demonstrated that osteochondromas originate in a clonal, homozygous deletion of Ext1 in chondrocytes indicating that loss of heterozygosity and not haploinsufficiency is the likely cause for tumor development in human patients. We furthermore investigate how the severity of the disease is influenced by Fgf, Wnt and Ihh signaling.

While clonal loss of HS in the growth plate leads to osteochondromas, alterations in the HS structure in the articular cartilage seems to have a protective role against osteoarthrosis (OA). Using a mouse model for OA we found that clonal loss of Ext1 or deletion of Ndst1, one of the sulfotransferases that determine the HS sulfation pattern, show reduced OA scores, likely due to reduced metalloprotease activity.

 

Lecture 4

Insights into the complexity of Congenital Disorders of Glycosylation

François Foulquier
UMR 8576 CNRS Université Lille, UGSF, Unité de Glycobiologie Structurale et Fonctionnelle, F-59000 Lille, France

Congenital Disorders of Glycosylation (CDG) are a rapidly growing disease family due to genetic defects of protein and lipid glycosylation. In protein N-glycosylation, two different CDG groups can be distinguished. In CDG-I, the molecular defects affect the oligosaccharidic precursor assembly pathway in the endoplasmic reticulum, leading to the presence of unoccupied N-glycosylation sites. CDG-II are due to defects in the glycan processing in the Golgi, giving rise to the presence of abnormal glycan structures on glycoproteins. To date, the CDG family comprises nearly hundred disorders. Most are due to defects in the specific glycosylation machinery, such as SLC35A1 [MIM 605634], B4GALT1 [MIM 137060] and MGAT2 [MIM 602616]). However, in the CDG-II group, defects have lately been discovered in proteins that are not only involved in glycosylation but also in other cellular functions. The topic of this talk will be to go insights the complexity of Congenital Disorders of Glycosylation by summarizing the current knowledge on novel deficiencies that have recently emerged.


Lecture 5

Heparan Sulfate proteoglycans as regulators of cancer stem cell functions
Martin Götte1, Sampath Kumar Katakam1, Rolland R. Reinbold2, Eslam A. El-Ghomaimy1,3, Ileana Zucchi2, Sherif A. Ibrahim2, Ludwig Kiesel1, Burkhard Greve4
1 Department of Gynecology and Obstetrics and 4 Radiotherapy, Münster University Hospital, D-48149 Münster, Germany; 2 Istituto di Technologie Biomediche Consiglio Nazionale dell Ricerche, ITB-CNR, Segrate-Milano 20090, Italy; 3 Department of Zoology, Faculty of Science, Cairo University, Giza 12613, Egypt

INTRODUCTION 

The heparan sulfate proteoglycan Syndecan-1 binds growth factors, morphogens, chemokines and extracellular matrix components, thereby regulating cancer cell proliferation, motility and invasiveness. In colon cancer pathogenesis, complex changes occur in the expression pattern of Syndecan-1 during progression from well-differentiated to undifferentiated tumors. Loss of Syndecan-1 is associated with a change in phenotypic plasticity with an increase in invasiveness, metastasis and dedifferentiation. This change in phenotypic plasticity allows cells to dynamically enter into a stem-cell-like-state. 

OBJECTIVES 

We investigated the role of Syndecan-1 in a potential colon cancer stem cell-function employing an siRNA approach in the human colon cancer cell lines Caco2 and HT-29 and in a xenograft model. 

RESULTS 

siRNA-depletion of Syndecan-1 increased the colon cancer stem cell phenotype based on sphere formation assays, xenografting studies and phenotypic marker analysis (Side-population, ALDH activity, CD133 FACS). Syndecan-1 depletion increased invasiveness of Caco2 cells in vitro. Mechanistically, decreased expression of Syndecan-1 was associated in an upregulation of the activated form of beta-integrin, and to increased activation of focal adhesion kinase (FAK), suggesting that Syndecan-1 was implicated in integrin-mediated actin remodeling. Importantly, Wnt signaling was increased upon Syndecan-1 depletion as revealed by TOP Flash assays and qPCR, resulting in upregulation of the transcription factor TCF4 and a strengthening of FAK:WNT signaling. Notably, the heparan sulfate-degrading enzyme heparanase (HPSE) was upregulated in Syndecan-1 depleted cells. This increase could be linked to an upregulation of the transcription factor Egr1, which regulated HPSE at the promoter level. The enhanced stem cell phenotype in Syndecan-1-depleted cells could be blocked by pharmacological inhibitors of FAK and HPSE, suggesting a functional interplay of these molecular pathways.

CONCLUSIONS 

We conclude that reduced Syndecan-1 expression cooperatively enhances activation of integrins and FAK, which then generates signals for increased invasiveness and cancer stem cell properties.

Our findings may provide a novel concept to target a stemness-associated signaling axis as a therapeutic strategy to reduce metastatic spread and cancer recurrence.


Lecture 6

p53: a system of protein isoform orchestrating tissue regeneration in response to extracellular matrix?

Sebastien Joruiz1, Alexandra Diot1, Kenneth Fernandes1, Sylvanie Surget1, Sylvie Fournel-Gigleux2 and Jean-Christophe Bourdon1
1University of Dundee, Medical School, Dundee Cancer Centre, James Arrott drive, Dundee, DD1 9SY, UK, 2UMR 7365 CNRS-Université de Lorraine  (IMoPA)- Biopôle de l'Université de Lorraine - 54505 Vandoeuvre-lès-Nancy, France.
Over the last decade, new findings about TP53 including the discovery of p53 splice variants (p53 isoforms) have dynamically reformed the p53 field and have broadened the roles of p53 beyond cancer to ageing and tissue regeneration. 

The regulation of p53 by extracellular signals and extracellular matrix (ECM) and its effect on genome remodelling and reprogramming will be presented. Deciphering the interplay p53 and ECM offers exciting perspectives in wound healing and the treatment of degenerative diseases such as cancer, neurodegeneration and other age-associated pathologies.



Lecture 7

MECHANISTIC AND EPIGENETIC ASPECTS OF HYALURONAN SYNTHESIS

Alberto Passi, D. Vigetti, M. Viola, E Karousou, I. Caon, E, Caravà, G. De Luca,

Department of Medicine and Surgery,  University of Insubria, via J.H. Dunant 5, 21100 Varese, Italy
Epigenetic has emerged as a critical point in the control of gene expression and the hyaluronan (HA) synthase 2 shows some epigenetic aspects. The synthesis of hyaluronan (HA) is controlled by gene expression of hyaluronan synthases 1,2 and 3 and the HAS2 shows an intriguing and complex regulation with epigenetic relevance. Hyaluronan represents a perfect environment in which cells can migrate and proliferate as we described for human aortic smooth muscle cells (SMC). Smooth muscle cells (SMC) in the presence of different stimuli, as inflammation, oxLDL, mechanical stress, produced an altered ECM where HA is abundant as demonstrated in areas of atherosclerotic lesions. The control of the HA synthesis is critical not only in ECM assembly but also in various pathologies. In contrast with other glycosaminoglycans, which are synthesized in the Golgi apparatus, HA is produced on the plasma membrane by HA synthases (HAS1-3), using UDPGlcUA acid and UDPGlcNAc as substrates. UDP-sugar availability as well as the cellular energy are critical for the synthesis of HA and for HAS2 activity. The AMP activated protein kinase, a sensor of the energy status of the cell, leads to HAS2 T110 phosphorylation, which specifically inhibits HA secretion. However, the most general sensor of cellular nutritional status is the UDPGlcNAc produced by hexosamine biosynthetic pathway. This metabolic pathway is influenced by protein, fatty acid, nucleotide and glucose metabolisms and when activated leads to intracellular protein glycosylation (O-GlcNAcylation). We described that O-GlcNAcylation of serine 221 residue of HAS2 induces a dramatic stabilization of the enzyme on the membranes and an increase of HA production. Eventually we found a long non-coding RNA (NAT) positively controls in cis the HAS2 expression involving p65 and NFkB pathway. This HAS antisense is also involved in the miRNA regulation acting as a sponge modulating the availability of some miRNA. Beside the antisense effect, another epigenetic control has been tested for P300 and histone acetylation. In fact transfection of P300 increased the HAS2 expression and HA synthesis whereas transfection of HDAC1 has opposite effects, indicating that this epigenetic control plays a role in this context. The sirtuins are also another part of the complex echanisms involved in HAS 2 expression. The data produced in our laboratory indicate that epigenetic area is a key point of the hyaluronan metabolism and therefore of ECM composition.
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Chemical biology tools to explore heparan sulfate biology and develop novel biotherapeutics
Jeremy E. Turnbull

Dept. of Biochemistry, Centre for Glycobiology, Institute of Integrative Biology, University of Liverpool, L69 7ZB. Email: j.turnbull@liverpool.ac.uk
Heparan sulfates contain variant sulfation patterns which represent a molecular code that is a subset of the glycome called the ‘heparanome’. They confer the ability to interact selectively with a wide interactome of proteins, especially growth factors and matrix proteins, acting as “master regulators” which co-ordinate many cellular processes that are also relevant to disease processes.  We have been using chemical biology tools and glycomics approaches to decode the molecular basis of the functional diversity of HS in specific disease contexts. This has yielded new insights into the pathophysiological functions of HS in neurodegeneration (AD), cancer matastasis and regulation of cancer stem cells. The work has also provided new synthetic chemistry and glycomimetic routes to novel heparin-based compounds which are undergoing translational development as novel drug discovery leads for Alzheimers disease and cancer. We have promising preclinical data on efficacy in mouse models, along with favourable data on safety, pharmacokinetics and oral delivery of these compounds. Data on these studies will be presented in the context of their potential as part of the next generation of heparin therapeutics. 


Lecture 9

A peptide and a GAG combine to block HIV-entry: from structure-function studies to in vivo analysis
Hugues Lortat-Jacob
Institut de Biologie Structurale, Univ. Grenoble Alpes, CNRS, CEA, Grenoble, France

Human immunodeficiency virus (HIV) entry into host cells is a multi-step process. It involves interaction of the viral envelope (gp120) with a primary receptor (CD4), a step that triggers major structural changes in gp120 and exposes a four-stranded β-sheet. This newly available domain (known as the CD4-induced epitope or CD4i) is then recognized by a chemokine receptor (either CCR5 or CXCR4), which further modifies the gp120 structure and induces the viral and cell membranes fusion. It has been well established that gp120 also binds to cell associated heparan sulfate (HS), a glycosaminoglycan (GAG) whose wide interactive properties are exploited by many pathogens for cell attachment.
We identified three HS binding sites on gp120 that, interestingly, were found in domains of the protein that undergo structural changes upon binding to CD4 and are involved in co-receptor recognition. This includes the V2 loop, the V3 loop and the CD4i epitope. Based on these observations, we hypothesized that a molecule composed of CD4 linked to HS would bind to gp120 through its CD4 moiety and expose the coreceptor binding domain, which would then become available to be targeted by HS. To validate this ‘CD4-linked HS concept’ and turn it into a potentially druggable compound, we developed a chemical approach to synthesize a CD4-mimetic peptide linked to a HS dodecasaccharide (mCD4.1-HS12). This chemically defined molecule, whose size is 6000 Da, binds to gp120 with low nM affinity, blocks the CD4 binding site and simultaneously renders the cryptic co-receptor binding domain accessible to HS-mediated blockade. The linkage between the CD4 mimetic and the HS derivative provides strong cooperative effects, resulting in a molecule that combines both attachment and entry inhibition and displays strong antiviral activity toward several HIV-1 strains.
Developing further such compound, however, requires the HS structure recognized by gp120 to be defined and produced in large quantity. To overcome the difficulty this would represent, a series of anionic compounds, including HS mimetic sulfopeptides (PS1), the synthesis of which is more amenable to large-scale production and structure-function analysis, was prepared and coupled to mCD4, giving rise to mCD4.1-PS1. This new compound inhibits gp120 binding to HS, CD4, and CCR5/CXCR4 co-receptors, similarly to mCD4.1-HS12. It neutralizes CCR5- and CXCR4- tropic HIV-1 of various clades with low nM IC50 in the absence of cellular toxicity. We have assessed the ability of this compound at blocking infection in cynomolgus macaques, and report that it protected 83% (5/6) of the animals challenged vaginally with a single high dose of SHIV162P3.



Lecture 10

Biomimicry at the molecular level: Molecularly imprinted polymers as synthetic antibodies for bioimaging of cell surface glycans
K. Haupt

Sorbonne Universités, Université de Technologie de Compiègne, CS60319, 60203 Compiègne, France. karsten.haupt@utc.fr

Biomimicry is the general term covering any approach aimed at reproducing artificially essential properties of one or more biological systems. At the molecular level, molecularly imprinted polymers (MIPs) are an example mimicking molecular recognition phenomena. MIPs are synthetic antibody mimics that specifically recognize molecular targets. They are highly cross-linked polymers that are synthesized through the polymerization of monomers bearing suitable functional groups, in the presence of the target molecule acting as a molecular template. This templating induces three-dimensional binding sites in the cross-linked polymer network that are complementary to the template in terms of size, shape and chemical functionality. Thus, these so-called 'plastic antibodies' can recognize and bind their targets with an affinity and selectivity similar to biological antibodies. 

We present approaches using controlled and localized photopolymerization allowing for the synthesis of MIPs specific for biomolecules, with special emphasis on sugars. This allows for example to obtain protein-size, soluble MIP nanogels showing specific binding of their targets, small organic molecules or proteins, with a good affinity and selectivity. The use of these functional nanomaterials for bioimaging and other applications will be discussed.
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Implementation of Infrared and Raman modalities for glycosaminoglycan characterization in complex systems

Hossam Taha Mohamed 1,2,3, Valérie Untereiner 2,3,4, Ganesh D. Sockalingum 2,3 
and Stéphane Brézillon 2,5
1 Department of Zoology, Faculty of Science, Cairo University, Egypt. 2 CNRS UMR7369, Matrice Extracellulaire et Dynamique Cellulaire (MEDyC), Reims, France. 3 MéDIAN- Biophotonique et Technologies pour la Santé, UFR de Pharmacie, Reims, France. 4 Plateforme d’imagerie Cellulaire et Tissulaire (PICT), Université de Reims Champagne-Ardenne, Reims, France. 5Université de Reims Champagne-Ardenne, Laboratoire de Biochimie Médicale et Biologie Moléculaire, UFR de Médecine, Reims, France.
Glycosaminoglycans (GAGs) are natural, linear and negatively charged heteropolysaccharides which are incident in every mammalian tissues. They consist of repeating disaccharide units which are composed of either sulfated or non-sulfated monosaccharides. Depending on tissue types, GAGs exhibit structural heterogeneity such as the position and degree of sulfation or within their disaccharide units composition being heparin, heparan sulfate, chondroitine sulfate, dermatan sulfate, keratan sulfate, and hyaluronic acid. They are covalently linked to a core protein (proteoglycans) or as free chains (hyaluronan). GAGs affect cell properties and functions either by direct interaction with cell receptors or by sequestration of growth factors. These evidences of divert biological roles of GAGs make their characterization at cell and tissue levels of importance. Thus, non-invasive techniques are interesting to investigate, to qualitatively and quantitatively characterize GAGs in vitro in order to use them as diagnostic biomarkers and/or as therapeutic targets in several human diseases including cancer. Infrared and Raman microspectroscopies and imaging are sensitive enough to differentiate and classify GAG types and subtypes in spite of their close molecular structures. Spectroscopic markers characteristic of reference GAG molecules were identified. Beyond these investigations of the standard GAG spectral signature, infrared and Raman spectral signatures of GAG were searched in complex biological systems like cells. The aim of the present review is to describe the implementation of these complementary vibrational spectroscopy techniques, and to discuss their potentials, advantages and disadvantages for GAG analysis. In addition, this review presents new data as we show for the first time GAG infrared and Raman spectral signatures from conditioned media and live cells, respectively. 
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Short communication 1
Insights into the molecular trafficking of Heparan sulfate 3-O-sulfotransferase 2 and 3B

Maxime Delos, François Foulquier, Charles Hellec, Dorothée Vicogne, Mathieu Carpentier, Fabrice Allain and Agnès Denys

Structural and Functional Glycobiology unit, UGSF, UMR8576 CNRS/USTL, 59655 Villeneuve d’Ascq
The reaction of 3-O-sulfation within heparan sulfate (HS) can be catalysed by seven 3-O-sulfotransferases (HS3STs) in human, still it is the rarest modification occurring in HS and its biological function is yet largely misunderstood. HS3ST2 and HS3ST3B exhibit the same substrate specificity in vitro. They are however differently expressed depending on cell type and tissue environment, which suggests that they may be involved in distinct cellular processes. In the general scheme of HS biosynthesis, HS sulfotransferases were considered as resident enzymes of the Golgi apparatus. However, such a subcellular localization for HS3STs has not been yet confirmed by experimental approaches. In this context, we decided to explore the localization of HS3ST2 and HS3ST3B by using confocal microscopy. For each enzyme, we constructed fluorescent probes, which correspond to the red fluorescent protein (RFP) fused to either the full-length enzymes or to the enzymes deprived of their catalytic domains. Overexpression in HeLa cells revealed that H3ST3B was only localized in the Golgi apparatus and no difference between full-length and truncated form depleted of catalytic domain was observed. In contrast, HS3ST2 was clearly visualized at the plasma membrane, while the truncated form remained in the Golgi. We next analysed possible association with proteoglycans of the syndecan family, and we found a partial co-localization of HS3ST2 with syndecan-2. Finally, we used primary macrophages to confirm that endogenously expressed HS3ST2 co-localized with syndecan-2 to the plasma membrane. Collectively, our results suggest that HS3ST3B is a Golgi-resident isozyme involved in the reaction of 3-O-sulfation, while HS3ST2 is addressed to the plasma membrane with syndecan-2, where it may participate in discrete processes that occur at the cell surface.
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Zebrafish modeling of the β4GalT7-deficient type of Ehlers-Danlos syndrome
S. Delbaere1, T. Van Damme1, P. Coucke1, S. Symoens1, D. Syx1, A. Willaert1 & F. Malfait1
1Center for Medical Genetics Ghent, Ghent University, De Pintelaan 185, 9000 Ghent, Belgium

INTRODUCTION: Proteoglycans consist of glycosaminoglycan (GAG) side chains attached to a core protein through a tetrasaccharide linker region. Biallelic mutations in B4GALT7, the gene encoding galactosyltransferase I (β4GalT7) which is an essential enzyme for the biosynthesis of the linker region, are the cause of the rare autosomal recessive variant of the Ehlers-Danlos syndrome (EDS). This disorder is mainly characterized by short stature, hypotonia and skeletal abnormalities, in addition to the typical features of EDS such as joint hypermobility and skin hyperextensibility.
OBJECTIVES: Our current knowledge about this severe and disabling disease is very limited, in part due to the lack of a relevant in vivo model. The aim of this study was to create a zebrafish model for the β4GalT7-deficient type of EDS as there is a need for thorough, functional research of this disorder.

RESULTS: We developed and characterized a knockdown (KD) zebrafish model for the β4GalT7-deficient type of EDS by using morpholino injections targeting the b4galt7 gene, as this model mimics the hypomorphic effects patients are suffering from. Embryos injected with a standard control morpholino were used as negative control.

Morphant embryos showed morphological abnormalities such as a small, round head, withdrawn jaw, more front-facing eyes, short stature and mild developmental delay compared to wild-type and control morpholino injected embryos. The total amount of sulfated GAGs, using the Blyscan assay, was severely reduced in morphant embryos and whole-mount immunohistochemistry showed that heparan and chondroitin sulfate proteoglycans were severely diminished in the heads of b4galt7 morphants. In addition, alcian blue staining demonstrated that cartilage structure in the heads of morphant embryos are absent or strongly misshapen and alizarin red staining indicated a lack of head bone structures. The Tg(Col2a1aBAC:mcherry) reporter line, which is cartilage specific, confirmed the impaired cartilage pattern and showed an impaired chondrocyte organization in b4galt7 KD embryos. Furthermore, morphant embryos suffered from a lack of muscle tone and immunohistochemical staining revealed a disturbed filamentous actin pattern in head and tail. The specificity of these results was confirmed by injection of a different morpholino targeting b4galt7 and by F0 b4galt7 CRISPR/Cas9 injected embryos.
CONCLUSION: To conclude, a b4galt7 morphant zebrafish model has been developed, which partly phenocopies the human phenotype of patients suffering from β4GalT7-deficient EDS. This model enables the in vivo investigation of the pathogenesis of this condition.

KEYWORDS: B4GALT7, spondylodysplastic, Ehlers-Danlos syndrome, zebrafish model.
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Mn2+ and D-galactose: 
The miracle molecules to rescue the glycosylation defects in TMEM165-CDG

M. Houdou, E. Lebredonchel, S. Potelle, F. Foulquier

Université de Lille, CNRS, UMR8576 – Structural and Functional Unit of Glycobiology, France

INTRODUCTION: Congenital Disorders of Glycosylation known as CDG are severe inherited diseases in which the glycosylation process is affected, resulting in less or aberrant protein/lipid glycosylation. TMEM165 is aGolgitransmembraneproteininvolved in a type II CDG. Although its biological function is not clearly known, some evidences have shown that the Golgi glycosylation defects characterizing TMEM165-CDG, resulted from a disrupted Golgi manganese(Mn2+) homeostasis.More precisely, an increase of agalactosylated glycan structures have been observed in TMEM165-deficient cells, leading to the hypothesis that TMEM165 may impair the function of galactosyltransferases, well known to be Mn2+ Golgi-dependent glycosyltransferases.

OBJECTIVES: On the one hand, the scope of this study wasto demonstrate that Mn2+ supplementation could completely rescue the observed glycosylation defect in HEK293 TMEM165 KO cells as well as to decipher the cellular pathway by which extracellular Mn2+ rescues N-glycosylation in HEK293 TMEM165 KO cells. On the other hand, we also characterized the effects of D-galactose supplementation on Golgi glycosylation defects in both HEK293 TMEM165 KO cells and patients with TMEM165-CDG.

RESULTS: By means of mass spectrometry, we analyzed N-linked glycans in TMEM165-deficientcells, revealing severe hypogalactosylation and GalNAc transfer defects. Even though these defects were completely corrected by Mn2+ supplementation, it was also the case by the addition of exogenous D-galactose to the culture medium. Western blotting analyses of the hyperglycosylated LAMP2 (Lysosomal-Associated Membrane Protein)protein also confirmed the impact of Mn2+ and/or D-galactose supplementation on the Golgi glycosylation rescue. As such, LAMP2 was then chosen as a glycosylation marker in order to better understand how Mn2+ could reach the Golgi lumen in the absence of TMEM165. First, we showed that after extracellular exposure, Mn2+ uptake by HEK293 cells at the plasma membrane did not rely on endocytosis but was likely done by plasma membrane transporters. Then, we demonstrated that the secretory-pathway Ca2+-ATPase 1 (SPCA1), also known to mediate the influx of cytosolic Mn2+ to the lumen of the Golgi apparatus, was not crucial for the Mn2+induced glycosylation rescue of LAMP2. Instead, we found that the import of cytosolic Mn2+ into the ER by cyclopiazonic (CPA) and thapsigargin (TG) sensitive pumps, probably sarco/endoplasmic reticulum Ca2+-ATPase (SERCA) pumps, is required to rescue the glycosylation defects. We thus hypothesize that Mn2+ reaches the Golgi apparatus from the ER via the secretory pathway.

CONCLUSIONS: In this study, we showed that abnormal glycosylation defects in TMEM165-CDG could be rescued by addition of Mn2+ and/or D-galactose. The mechanism by which extracellular Mn2+ leads to the restoration of glycosylation defects in TMEM165-deficient cellsisstill unclear. However, we highlighted that SERCA pumps might be involved in the uptake of cytosolic Mn2+ into the ER and then, its redistribution to the Golgi lumen. As regard to the effect of D-galactose,we recommend its oral use as a treatment for patients with TMEM165-CDG. In parallel, an ongoing clinical trial proposes D-galactose combined to Mn2+ to patients lacking TMEM165. Interestingly, some biochemical parameters were improved and abnormal glycan structures decreased.

KEYWORDS: CDG, D-galactose, Mn2+, TMEM165
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Modulation of Heparan Sulfate sulfation in renal fibrosis

Laura Ferreras1, Anna Moles1, Rana el Masri2, Romain  Vivès2, Katie Cooke1, Neil S. Sheerin1, Simi Ali1
1 Institute of Cellular Medicine, 3rd floor William Leech Building, Faculty of Medical Sciences, Newcastle University, NE2 4HH, UK. 2 Université Grenoble-Alpes, Institut de Biologie Structurale, Grenoble, France
Chronic kidney disease is a worldwide health problem affecting 8-16% of the world’s population. For patients with end stage renal disease, transplantation is generally accepted as the best option to improve their quality of life. However, ten years after kidney transplantation, over 50% of patients show progressive chronic graft dysfunction. Heparan Sulfate (HS) and its sulfation are implicated in several growth factors binding implicated in the development of fibrosis, one of the processes responsible for renal failure.

We aim to understand the changes in Heparan Sulfate sulfation and HS sulfotransferases in the development of renal fibrosis and hypothesised that the level of fibrosis could be related to some changes in HS sulfation. We studied how HS sulfations as well as the enzymes responsible for it are modulated in an in vivo model of kidney fibrosis.

Following Unilateral Ureteral Obstruction (UUO) in C57BL/6 mice, structural analysis of HS disaccharides showed an increase in the total HS-O sulfation by 13.7% at 5 days and by 6.5% at 10 days. The total 2-O sulfation was increased by 45.3% at D5 and by 19.2% at D10, which was mirrored by a significant increase in HS2ST1 expression at D10 (p<0.05). There was a noticeable change in HS-6-O sulfation for the disaccharides ΔUA-GlcNac.6S with a decrease of 28.8% at D10. The trisulfated disaccharides ΔUA.2S-GlcNS.6S was increased by 23.3% at D5 and by 17.4% at D10. Regarding the expression of sulfatases, Sulf1 expression was increased at D5 and D10 but only significantly at D5 (p<0.05) while Sulf2 expression was stable in all conditions. Additionally HS3ST1 expression was correlated with the days of UUO (Pearson r=0.59, p<0.001) and HS3ST3A downregulated at D5 (p<0.05).

In conclusion, HS sulfation is modulated in renal fibrosis with most noticeable increase in HS 2-O sulfation and in the expression of HS3ST1, HS2ST1 and Sulf1. Furthermore, HS3ST1 expression was correlated with the days of disease progression. These changes could lead to an alteration in cytokine binding and cell signalling. Future work on patient samples should highlight the significance of these changes in graft dysfunction and potentially differentiate graft rejection versus tolerant patients.
Keywords: Heparan Sulfate, sulfation, sulfotransferases, renal fibrosis.
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Deficiency of a sulfotransferase for keratan sulfate in microglia mitigates Alzheimer’s pathology
Kenji Uchimura

Department of Biochemistry, Nagoya University Graduate School of Medicine, Nagoya, Japan & Unité de Glycobiologie Structurale et Fonctionnelle, UMR 8576 CNRS, Université des Sciences et Technologies de Lille 1, France.
Keratan sulfate is an extracellular sulfated glycan expressed in the central nervous tissues. We previously showed that keratan sulfate was induced in microglia, the primary immune cells of the central nervous tissues, in amyotrophic lateral sclerosis. However, the functional roles of the glycan and its synthetic enzyme in neurodegenerative diseases, such as Alzheimer’s disease (AD), a progressive disorder, are unclear. In our study, keratan sulfate modified with sialic acids having a molecular mass of 125-220 kDa and N-acetylglucosamine-6-O-sulfotransferase 1 (GlcNAc6ST1), previously known as a sulfotransferase for ligands of L-selectin, were upregulated in the brains of two transgenic mouse models (J20 and Tg2576) and the brains of patients with AD. GlcNAc6ST1-deficient J20 (J20/GlcNAc6ST1−/−) mice demonstrated a complete absence of the microglial sialylated keratan sulfate. J20/GlcNAc6ST1−/− primary microglia showed an increased level of amyloid ß phagocytosis and were hyper-responsive to interleukin-4, a potent anti-inflammatory cytokine. Moreover, J20/GlcNAc6ST1−/− mice manifested reduced cerebral amyloid ß deposition and attenuation of spontaneous alternation deficits. GlcNAc6ST1-synthesizing sialylated keratan sulfate thus modulates AD pathology. Inhibition of keratan sulfate synthesis by targeting GlcNAc6ST1 may therefore be beneficial for controlling AD pathogenesis.
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Influence of hydrogels microenvironment on mesenchymal stem cell behavior: from viability to immune properties

Hao Yu a,b, Ghislaine Cauchois a,b, Franck Demeurie c, Pascal Thomann c, Jean-François Schmitt c, Nicolas Louvet c, Dominique Dumas d, Yun Chen e, Rachid Rahouadj c, Céline Huselstein a,b,*
a UMR 7365 CNRS, Ingénierie Moléculaire et Physiopathologie Articulaire (IMoPA), Biopôle, Université de Lorraine, 54500, Vandoeuvre-lès-Nancy, France

b Fédération de Recherche 3209, Bioingénierie Moléculaire Cellulaire et Thérapeutique, 54500 Vandoeuvre-lès-Nancy, France

c UMR 7563 CNRS, Group of Biomechanics and Bioengineering, Université de Lorraine, 54500 Vandoeuvre-lès-Nancy, France

d UMR 7365 CNRS - Plateforme d'Imagerie Cellulaire et Tissulaire. Université de Lorraine, 54500 Vandoeuvre-lès-Nancy, France

e Department of Biomedical Engineering, School of Basic Medical Science, Wuhan University, Wuhan 430071, China

Sodium alginate (Alg) is a polysaccharide composed of repeating units of β-D-mannuronic acid (M) and α-L-guluronic acid (G). It forms a hydrogel by ionic crosslinking of the G residues in the presence of divalent cations. The mesh-like structure, with pores sizes ranging from 5 to 200 nm, allows obtaining the diffusion of proteins and hormones essential for cell and tissue growth and permits to Alg to be a good candidate for regenerative medicine.  

In the field of cartilage engineering, Alg-based hydrogels supplemented with mesenchymal stem cells (MSC) are widely used as biomaterials. Although Alg is not a natural component of the cartilage extracellular matrix, it has a similar structure to that of cartilage glycosaminoglycan [1]. Several studies have already shown that alginate hydrogels constitute three-dimensional culture models relevant for inducing chondrogenesis of MSC [2, 3]. However, to mimic the zonal organization of articular cartilage, a stratified scaffold is necessary. In order to guide the differentiation of MSC in different strata of the biomaterials, without input of growth factors, natural cartilage components (hyaluronic acid, HA) or bone matrix (hydroxyapatite, Hap) can be added into alginate hydrogel.

The aim of this work is to analyze the impact of the composition of alginate enriched either in HA or in Hap on MSC behavior. For that, we evaluated if there is a correlation between mechanical properties of 3D scaffold composition and the biological properties of Wharton’s jelly MSC (WJ-MSC) seeded on Alg-based hydrogels. 

The mainly results showed that : (i) Hap successfully improved mechanical properties of alginate hydrogel, which decreased swelling ratio and changed cell behavior (cytoskeleton and cell proliferation) as compared with Alg/Ha hydrogel; (ii) interestingly, the mechanical strengths of Alg-based hydrogel have decreased during culture time; (iii) Alg/Ha hydrogel scaffolds showed strong upregulation of cartilage-specific transcript expression, meanwhile, Alg/Hap hydrogel scaffolds presented slightly upregulation of bone-specific transcript expression from 10 to 30 days; (iv) both of hydrogel-laden cells did not express the costimulatory surface antigens (CD40, 80 and CD86) ; (v) for the secretion of immune-related soluble molecules, there was significantly difference between Alg/Ha and Alg/Hap hydrogel at 30 days. 
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Flash communication 1
Novel role of the cation antiporter TMEM165 in cellular Golgi, N-glycosylation process
E. Lebredonchel, M. Houdou, S. Potelle, A. Klein, F. Foulquier

Univ. Lille, CNRS UMR 8576 – Structural and Functional Glycobiology Unit – F-59000 Lille, France – Glycobiology section, Biochemistry department, Biopathology center, Lille Public Hospital
CDG, Congenital Disorders of Glycosylation, are rare inherited diseases with aberrant protein glycosylation. The prevalence is estimated between 1/50 000 and 1/100 000 births and there is a broad range of clinical phenotypes, that cannot be predicted. They result mostly from genetic defects in glycosylation enzymes or nucleotide sugar transporters. CDG patients present neurological defects such as psychomotor retardation, cerebellar hypoplasia, hypotonia, inverted nipples, strabismus, and multisystem defects. They have been initially described by Jaeken et al. in 1980 and are now a rapidly expanding group. To date, more than 100 different CDG have been described; the CDG-II TMEM165 subtype has been discovered in 2012 in our lab.

Patients harboring TMEM165 mutations have a peculiar clinical phenotype with major skeletal dysplasia, joint laxity and dwarfism with a spine curvature. TMEM165, a transmembrane protein, mostly localized in the Golgi apparatus, belongs to an uncharacterized but highly conserved protein family (UPF0016). The biological and cellular functions of TMEM165 and its yeast ortholog gdt1p are not known so far.

HEK293 and HeLa TMEM165 knock out cell lines have been generated and showed a drastic defect in galactosylation and subsequently in sialylation of N-glycoproteins. We wanted to establish a link between this glycosylation defect and the TMEM165 functionality. By sequence alignment, it turned out that TMEM165 presents several conserved amino acids patches through species. In order to know if some of these highly conserved amino-acids would play a specific role in the “glycosylation” activity of TMEM165, different mutated forms of TMEM165 in specific regions have been created.

Very interestingly, while most of the mutated TMEM165 proteins could rescue the abnormal LAMP2 (Lysosomal-Associated Membrane Protein 2) N-glycosylation profile, only specific mutations were unable to rescue this glycosylation defect. These mutants highlight specific regions of the protein involved functionally in “glycosylation”.

Moreover by means of Western Blot and confocal microscopy methods we brought to light that all the mutated proteins were stable, localized in the Golgi apparatus and sensitive to manganese exposure.

These observations led to a better understanding of TMEM165 structure and function in the Golgi glycosylation process. This protein is now proposed to be a cation exchanger Mn2+/Ca2+.
Keywords: CDG-type II, TMEM165, glycosylation, manganese
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Introduction: Proteoglycans (PGs) are major components of cell plasma membranes and extracellular matrix. These heteropolysaccharidic macromolecules play an important role in matrix organization of connective tissues and in cell signaling, embryonic and post-natal development. PGs are composed of glycosaminoglycan (GAG) chains covalently attached to a core protein through a tetrasaccharide linkage [Glucuronic acid-b1,3-Galactose-b1,3-Galactose-b1,4-Xylose-b1-O-]. The addition of the third residue (galactose) is catalyzed by the b1,3-Galactosyltransferase 6 (b3GalT6), a key glycosyltransferase in GAG initiation. Our laboratories and others discovered that mutations of b3GalT6 are associated to a pleiotropic form of Ehlers-Danlos Syndrome (EDS), a severe connective tissue disorder characterized by skin and bone fragility, musculoskeletal malformations, delayed wound healing, joint hyperlaxity and intellectual disabilities [1; 2].

Objectives: The objectives of this work is to understand the consequence of new b3GalT6 mutations (Asp207His, Gly217Ser and Ala108Glyfs*163) in the development of EDS clinical symptoms, starting with evaluation of GAG anabolism and cell migration in patient dermal fibroblasts. In parallel, the molecular characterization of the human b3GalT6 is being carried out producing a purified truncated soluble form of the enzyme in a bacterial expression system.
Results: We show that b3GalT6 defective fibroblasts exhibited a marked reduction in GAG anabolism and a delay in wound healing in comparison to control cells. Immunofluorescence analysis also showed an alteration HS chains staining in patient cells, confirming that GAG defect is due to b3GalT6 loss of function. These results could explain some phenotypic aspects of the disease, such as defective wound closure in relation to GAG defect. To determine the impact of the b3GalT6 mutations on the enzymatic function, the production and purification of wild-type (and mutated) recombinant human b3GalT6 are in progress towards detailed kinetic b3GalT6 analyses.

Conclusions: This work shows the crucial role of β3GalT6 in EDS pathogeny. b3GalT6 mutations are responsible for a unique combination of severe generalized symptoms, characterized by important connective tissue disorders. We hope from the molecular part of this work to provide better insight into the relationships between b3GalT6 loss of function and the severity of clinical symptoms. 
References: [1] F. Malfait, et al., 2013, Am. J. Hum. Genet., 92, 935-945 ; [2] M. Nakajima et al., 2013, Am. J. Hum. Genet., 92, 927-934
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Hypoxia promotes breast cancer cell invasion through a new invadopodial actin bundling protein CSRP2
Xianqing Mao*, Céline Hoffmann*, Joshua Brown-Clay, Flora Moreau, Antoun Al Absi, Hannah Wurzer, Guy Berchem, Bassam Janji and Clément Thomas

Laboratory of Experimental Cancer Research, Department of Oncology, Luxembourg Institute of Health, 84 Val, Fleuri, Luxembourg, Luxembourg 

Introduction: Hypoxia is a common feature of solid tumors leading to cancer progression. Recently, hypoxia was reported to induce the formation of actin-rich membrane protrusions, termed invadopodia, which direct extracellular matrix proteolysis and facilitate tumor cell invasion. Recently, we reported the identification of a new cytoskeletal component of breast cancer cell invadopodia, namely cysteine-rich protein 2 (CSRP2) which critically promotes breast cancer cell invasion and metastasis. 

Objectives: Here, we aim to investigate the involvement of CSRP2 in hypoxia-to-invadopodia axis and CSRP2-mediated cell invasion in breast cancer cells induced by hypoxia as well as the underlying molecular mechanisms.

Results: Our data showed that hypoxia up-regulates the invadopodial, and pro-invasion and -metastasis, actin bundling protein CSRP2 in breast cancer cells. Knocking down the oxygen-regulated subunit of hypoxia-inducible factor-1 (HIF-1α) abrogated hypoxia-promoted CSRP2 upregulation. We experimentally validated two hypoxia responsive elements within the proximal promoter of CSRP2 gene which are targeted by HIF-1 and required for promoter transactivation in response to hypoxia. In keeping with this, CSRP2 was strongly upregulated in hypoxic and HIF-1α positive regions of both MCF-7 and MDA-MB-231 human breast cancer xenografts. Moreover, CSRP2 and HIF-1α protein levels were significantly correlated in tumor sections from breast cancer patients. Remarkably, CSRP2 knockdown prevented hypoxia-stimulated invadopodium formation and invasion in MDA-MB-231 cells. Conversely, CSRP2 forced expression compensated for HIF-1α depletion and restored a highly invasive cell phenotype in hypoxia. Consistent with their lack of MT1-MMP expression, epithelial MCF-7 cells failed to promote ECM degradation under both normoxia and hypoxia. Nevertheless, hypoxia induced the formation of actin/cortactin co-stained immature invadopodia in a process requiring CSRP2 upregulation. Ectopic expression of MT1-MMP conferred matrix degrading activity to MCF-7 cells. Such activity was markedly increased under hypoxia in control, but not in CSRP2-depleted, cells. 

Conclusions: Collectively, our data support that CSRP2 is a novel cytoskeletal target of HIF-1, and a key mediator of hypoxia-stimulated invadopodium formation in breast cancer. 

Key words: Breast cancer, cysteine-rich protein 2, hypoxia, invadopodia, invasion, matrix metalloproteinases.
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pCARGHO:  A new method, based on a lectinic activity, for purification of recombinant proteins
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Even today, the purification of recombinant proteins remains a bottleneck for downstream research. In order to carry out fundamental studies on the Carbohydrates Recognition Domain (CRD) of a human galectin, we were forced to optimize its purification, allowing us at the same time to demonstrate the usefulness and easiness of a new purification method based on its lectinic activity, that we decided to patent as the pCARGHO method.

An expression vector has been created: pCARGHO, allowing the cloning of a protein of interest fused to the optimized CRD, used as a new purification tag. Compare to already known lectinic affinity based tag such as MBP, the CRD tag is smaller (19 kDa) and very stable (full beta sheet structure). Furthermore, it allows an easy and very specific purification on Lactose Sepharose column with lactose as an eluent (cheap and safe). In addition, it favors a better solubilization of proteins that are often recovered in inclusion bodies. Finally, because the CRD tag is very basic, it can be eliminated by cation exchange chromatography after TEV protease cleavage for example. 

Overall, pCARGHO could be an ideal tool allowing scientists to easily overexpress and purify their recombinant proteins of interest.

The method is available under license from SATT Grand Est (aude.hyardin@sattge.fr).



Flash communication 5

Fragment-based modeling of protein-bound GAGs of various lengths
Sergey Samsonov1, Martin Zacharia2, Isaure Chauvot de Beauchene3
1 Lab. of Molecular Modeling, Dept. of Theoretical Chemistry, Faculty of Chemistry, University of Gdańsk. 2 Physics Dept., Technical University of Munich, Garching, Germany. 3CNRS, LORIA, Vandoeuvre-les-Nancy, France
Useful biological and therapeutical insights can be obtained from the 3D structure of complexes between GAGs and their target proteins. However the experimental resolution as well as the modeling of their structure is highly challenging. The reasons are both GAG intrinsic properties, such as the high flexibility and conformational diversity of glycans, and the lack for computational tools particularly designed for protein-GAG systems. This currently limits the success of GAG docking to very short fragments [Samsonov and Pisabarro, Glycobiology 2016].

We present here a new fragment-based method to dock GAGs on a coarsly known protein binding site. We combine flexible docking of trimeric GAG fragments with Autodock and combinatorial assembly of the compatible poses into GAGs chains, followed by fully flexible refinement. Tested on a benchmark of 13 complexes with various GAG types (heparin, chondroitin sulfate and hyaluronic acids), the method could model 5-mers to 7-mers with the accuracy of 5 Å RMSD to the experimental structure for all of them, and 3 Å RMSD for half of them. This is the first reported automatized fragment-based docking method to successfully dock such diverse en GAGs. In principle, the independence of this approach on the ligand's length allows to dock very long GAG chains, which has been a bottleneck for previously applied docking approaches for these systems. The results of this work contribute to enrich the sparse pool of computational tools specifically developed for protein-GAG complexes.
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Molecularly imprinted polymers as synthetic glycan receptors for cell targeting and imaging
Paulina Ximena Medina-Rangel, Maria Panagiotopoulou, Stephanie Kunath, Bernadette Tse Sum Bui, Karsten Haupt*  
*e-mail: karsten.haupt@utc.fr
Sorbonne Universités, Université de Technologie de Compiègne, CNRS Enzyme and Cell Engineering Laboratory, Rue Roger Couttolenc, Compiègne Cedex, France 

Advanced tools for cell imaging are of particular interest as they can detect, localize and quantify molecular targets like abnormal glycosylation sites that are biomarkers of cancer and infection. Targeting these biomarkers is often challenging due to a lack of receptor materials. Molecularly imprinted polymers (MIPs) are tailor-made synthetic receptors that are able to specifically recognize target molecules. They are synthesized by co-polymerizing functional and cross-linking monomers in the presence of a molecular template, thus resulting in the formation of binding sites with affinities and specificities comparable to those of natural antibodies [1].

We applied fluorescently-labeled MIP particles for molecular imaging of fixed and living human keratinocytes in order to localize and quantify hyaluronan and sialylation sites [2,3]. Hyaluronan is composed of alternating units of D-glucuronic acid (GlcA) and N-acetyl-D-glucosamine while sialic acid refers to N and O-derivatives of neuraminic acid, of which the most common member is N-acetylneuraminic acid (NANA). Thus, MIPs were prepared with the monosaccharides GlcA and NANA as templates. The organic dye rhodamine and two InP/ZnS quantum dots (QDs), one emitting in the green and the other in the red region were used as fluorescent probes. Rhodamine-MIPGlcA and rhodamine-MIPNANA were synthesized as monodispersed 400 nm sized particles and were found to bind selectively their target located in the extracellular region, as imaged by epifluorescence and confocal microscopy. In contrast, when MIP-GlcA and MIP-NANA with a smaller size (125 nm), prepared in the form of thin shells around green-QDs and red-QDs respectively, were used, staining of the intracellular and pericellular regions were rendered possible as well. The simultaneous multiplexed labeling and imaging of human keratinocytes with green QDs conjugated with MIP-GlcA and red QDs conjugated with MIP-NANA was also demonstrated. The specificity of binding was verified with a non-imprinted control polymer and by enzymatically cleaving off the terminal GlcA and NANA moieties.
This work was supported by the European Regional Development Fund, the Region of Picardy (CPER 2007-2013), the European Commission (FP7 marie Curie Actions, projects SAMOSS, PITN-2013-607590 and NANODRUG, MCITN-2011-289554).

References : [1] K. Haupt, A. V. Linares, M. Bompart, B. Tse Sum Bui, Top. Curr. Chem. 325, 1 (2012).

[2] S. Kunath, M. Panagiotopoulou, J. Maximilien, N. Marchyk, J. Sänger, and K. Haupt. Adv. Healthc. Mater. 4, 1322 (2015) ; M. Panagiotopoulou, Y. Salinas, S. Beyazit, S. Kunath, A. G. Mayes, L. Duma, E. Prost, M. Resmini, B. Tse Sum Bui, and K. Haupt. Angew. Chem. Int. Ed. 55, 8244 (2016)

[3] M. Panagiotopoulou, S. Kunath, P.X. Medina-Rangel, K. Haupt, B. Tse Sum Bui, Biosens. Bioelectron. 88, 85 (2017).
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Fluorescent screening of glyco-active compounds with GlycoFluo technology
Anne Robert1, Isabelle Bertin-Jung1, Sandrine Gulberti1, Chrystel Lopin-Bon2, Jean-Claude Jacquinet2, Sylvie Fournel-Gigleux1
1 UMR 7365 CNRS-Université de Lorraine  (IMoPA)- Biopôle de l'Université de Lorraine - 54505 Vandoeuvre-lès-Nancy, France. 2 UMR CNRS 7311 CNRS - Université d’Orléans - ICOA - Rue de Chartres - 45067 Orléans

GlycoFluo is a new generation of fluorescence-based screening technology for the identification of bioactive compounds targeting interactions between proteins and carbohydrates. The involvement of protein-carbohydrate interactions has been indeed described in many pathophysiological situations, like tumor cell adhesion, cell migration or host-pathogen recognition. The development of therapeutics targeting these interactions has lagged behind due, at least in part, to the lack of convenient screening technologies. The GlycoFluo technology uses a fluorescent probe (a carbohydrate labeled with N-methylanthranilate, N-MANT) which specifically interacts with the target protein (Figure 1). This interaction leads to a modification in the probe fluorescence spectrum properties, which can be measured by direct fluorescence, anisotropy or FRET (Förster / fluorescence Resonance Energy Transfer). 

GlycoFluo represents a low cost, rapid and effective technology, proposing an original alternative for identifying bioactive molecules targeting carbohydrate-protein interactions. 


Figure 1 : Principle of GlycoFluo technology
This work has been supported by Région Lorraine, Fédération de Recherche FR3209 BMCT-CNRS Université de Lorraine and SATT Grand Est. Patent: Fournel-Gigleux S, Gulberti S, Bertin-Jung I, Ramalanjaona N, Lopin-Bon C, Jacquinet JC, Ouzzine M. Conjugués glucidiques fluorescents, leur procédé de préparation et leurs utilisations. Pat2503562fr00. 2014
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Chemical synthesis and functionalization of Heparan sulfate fragments: Current status in Orsay
Jérôme Hénault, Maryline Macé, Aurélien Alix, Christine Le Narvor and David Bonnaffé

Groupe Glycosaminoglycanes et Diversité Moléculaire, Equipe Méthodologie, Synthèse et Molécules Thérapeutiques, ICMMO, UMR 8182 (CNRS-UPS), LabEx LERMIT, Univ. Paris-Sud, Université Paris-Saclay, 91405 Orsay Cedex, France.

e-mail: christine.le-narvor@u-psud.fr
The access to pure heparan sulfate (HS) fragments, and specially those larger than a tetrasaccharide is essential to perform structure-function relationships studies in the HS-protein interactome field.

Since several years, our group devoted itself to turn the challenging total synthesis of HS fragments into an customary chemistry.

To reach this goal, we:

- optimized on a large scale, the synthesis of the disaccharide building blocks needed not only to prepare heparan repeating region (HRR) fragments but also to access to the huge molecular diversity of HS chains.

- identified and optimized the critical parameters for all the chemical steps (glycosylation, functionalization, deprotection).

- developed methods to functionalize at will the synthetic HS fragments either the reducing, the non reducing end or both.

- developed a method for the quantification of final compounds.

With this knowledge, we are now able to synthesize within predictible delays numerous fragments from tetrasaccharide to dodecasaccharide on scale compatible with biochemical to in vivo studies.
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How b1,3-Galactosyltransferase 6 defect produces a rare genetic disease, 
The Ehlers-Danlos Syndrome: a functional and molecular investigation
Benjamin JOLIVET1, Xiaomeng PANG1, Fransiska MALFAIT2, Tim VAN DAMME2, Sandrine

GULBERTI1, Sylvie FOURNEL GIGLEUX1
1 UMR 7365 CNRS-Université de Lorraine – Biopôle de l’Université de Lorraine –
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Introduction: Proteoglycans (PGs) are major components of cell plasma membranes and extracellular matrix. These heteropolysaccharidic macromolecules play an important role in matrix organization of connective tissues and in cell signaling, embryonic and post-natal development. PGs are composed of glycosaminoglycan (GAG) chains covalently attached to a core protein through a tetrasaccharide linkage [Glucuronic acid-b1,3-Galactose-b1,3-Galactose-b1,4-Xylose-b1-O-]. The addition of the third residue (galactose) is catalyzed by the b1,3-Galactosyltransferase 6 (b3GalT6), a key glycosyltransferase in GAG initiation. Our laboratories and others discovered that mutations of b3GalT6 are associated to a pleiotropic form of Ehlers-Danlos Syndrome (EDS), a severe connective tissue disorder characterized by skin and bone fragility, musculoskeletal malformations, delayed wound healing, joint hyperlaxity and intellectual disabilities [1; 2].

Objectives: The objectives of this work is to understand the consequence of new b3GalT6 mutations (Asp207His, Gly217Ser and Ala108Glyfs*163) in the development of EDS clinical symptoms, starting with evaluation of GAG anabolism and cell migration in patient dermal fibroblasts. In parallel, the molecular characterization of the human b3GalT6 is being carried out producing a purified truncated soluble form of the enzyme in a bacterial expression system.
Results: We show that b3GalT6 defective fibroblasts exhibited a marked reduction in GAG anabolism and a delay in wound healing in comparison to control cells. Immunofluorescence analysis also showed an alteration HS chains staining in patient cells, confirming that GAG defect is due to b3GalT6 loss of function. These results could explain some phenotypic aspects of the disease, such as defective wound closure in relation to GAG defect. To determine the impact of the b3GalT6 mutations on the enzymatic function, the production and purification of wild-type (and mutated) recombinant human b3GalT6 are in progress towards detailed kinetic b3GalT6 analyses.

Conclusions: This work shows the crucial role of β3GalT6 in EDS pathogeny. b3GalT6 mutations are responsible for a unique combination of severe generalized symptoms, characterized by important connective tissue disorders. We hope from the molecular part of this work to provide better insight into the relationships between b3GalT6 loss of function and the severity of clinical symptoms. 
References: [1] F. Malfait, et al., 2013, Am. J. Hum. Genet., 92, 935-945 ; [2] M. Nakajima et al., 2013, Am. J. Hum. Genet., 92, 927-934
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GlycoFluo is a new generation of fluorescence-based screening technology for the identification of bioactive compounds targeting interactions between proteins and carbohydrates. The involvement of protein-carbohydrate interactions has been indeed described in many pathophysiological situations, like tumor cell adhesion, cell migration or host-pathogen recognition. The development of therapeutics targeting these interactions has lagged behind due, at least in part, to the lack of convenient screening technologies. The GlycoFluo technology uses a fluorescent probe (a carbohydrate labeled with N-methylanthranilate, N-MANT) which specifically interacts with the target protein (Figure 1). This interaction leads to a modification in the probe fluorescence spectrum properties, which can be measured by direct fluorescence, anisotropy or FRET (Förster / fluorescence Resonance Energy Transfer). 

GlycoFluo represents a low cost, rapid and effective technology, proposing an original alternative for identifying bioactive molecules targeting carbohydrate-protein interactions. 

Figure 1 : Principle of GlycoFluo technology
This work has been supported by Région Lorraine, Fédération de Recherche FR3209 BMCT-CNRS Université de Lorraine and SATT Grand Est. Patent: Fournel-Gigleux S, Gulberti S, Bertin-Jung I, Ramalanjaona N, Lopin-Bon C, Jacquinet JC, Ouzzine M. Conjugués glucidiques fluorescents, leur procédé de préparation et leurs utilisations. Pat2503562fr00. 2014
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IDENTIFICATION OF XYLT1 MUTATIONS IN DESBUQUOIS DYSPLASIA TYPE 2 AND FUNCTIONAL CONSEQUENCES ON PROTEOGLYCAN SYNTHESIS

C. Bui1, C. Huber2, Y. Alanay3, B. Tuysuz4, C. Bole-Feysot5, J. Leroy6, G. Mortier7, P. Nitschke8, S. Fournel-Gigleux1 and V. Cormier-Daire2
1 UMR 7365 CNRS-Université de Lorraine (IMoPA), MolCelTEG Team and Glyco-Fluo platform, Biopôle, Campus Biologie-Santé, Faculté de Médecine, Université de Lorraine, Vandoeuvre-les-Nancy, France.

2 Department of Genetics, INSERM U1163, Université Paris Descartes - Sorbonne Paris Cité, Institut Imagine, Hôpital Necker-Enfants Malades (AP-HP), Paris, France.

3 Pediatric Genetics Unit, Department of Pediatrics, School of Medicine, Acibadem University, Istanbul 34457, Turkey.

4 Department of Pediatric Genetics, Cerrahpasa Medical Faculty, Istanbul University, Istanbul 34098, Turkey.

5 Plateforme de Génomique, Fondation IMAGINE, Paris 75015, France.

6 Greenwood Genetic Center, Greenwood, SC 29646, USA.

7 Department of Medical Genetics, Antwerp University Hospital and University of Antwerp, Edegem 2650, Belgium.

8 Plateforme de Bioinformatique, Université Paris Descartes, Paris 75015, France.

INTRODUCTION: Desbuquois dysplasia (DBQD [MIM 251450]) belongs to the multiple dislocation group of disorders and is a severe condition characterized by short stature, joint laxity and advanced carpal ossification. 

OBJECTIVES: (i) Identify the molecular basis of DBQD type 2 by studying a group of 20 subjects clinically well characterized, (ii) Assess the functional consequences of gene mutations on the proteoglycan metabolism, (iii) Establish a 3D cellular model to study the pathophysiology of chondrodysplasias

RESULTS: To identify the DBQD type 2 gene, we first selected 2 siblings from consanguineous parents for whole-exome sequencing analysis and eventually identified 5 homozygous mutations in 7 individuals from 6 consanguineous families in the xylosyltransferase 1 gene (XYLT1). Among the 5 mutations, 4 were expected to result in loss of function and a drastic reduction of XYLT1 cDNA level was demonstrated in 2 cultured individual fibroblasts. Given the major role of xylosyltransferase 1 (XT-I) in proteoglycan (PG) initiation, we studied PG metabolism and showed a significant reduction of cellular PG content in the 2 individual fibroblasts. To further understand the implication of PG machinery during bone/cartilage development, we performed cell differentiation using the mouse chondrogenic cell line ATDC5. Cells were cultured with chondrogenic culture medium during 14 days to promote cell differentiation into chondrocytes1. Our preliminary data show a net increase of mRNA expression level of cartilage-specific genes including type 2 collagen and the large PG aggrecan by semiquantitative RT-PCR.

CONCLUSIONS: Our findings shed light on the pivotal and specific role of XT-I during the ossification process2. For the future, it would be of great interest to use the 3D cellular model to study deeply the functional consequences of PG machinery impairment in chondrodysplasias.

BIBLIOGRAPHY : 1 Swingler TE et al., Arthritis Rheum. 2012; 2 Bui C et al., Am J Hum Genet. 2014
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Is the heparan-sulfate sulfotransferase isoform 3-OST3A (HS3ST3A) a “good” or a “bad” guy in breast cancer?
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1UMR 7365 CNRS-Université de Lorraine (IMoPA), MolCelTEG Team, Biopôle, Campus Biologie-Santé, Faculté de Médecine, Université de Lorraine, Vandoeuvre-les-Nancy, France ; 2Laboratory of Experimental Cancer Research, Luxembourg Institute of Health (LIH), Luxembourg ; 3INSERM U1019E11, Lille, France ; 4Faculty of Pharmaceutical Sciences, University of British Columbia, Vancouver, BC, Canada ; 5Division of Cancer Research, Medical Research, Institute, University of Dundee, Dundee, UK

Heparan sulfates (HS) are key components of the tumor microenvironment that critically control the behavior of cancer cells. HS function is controlled by the coordinated action of a network of glycosyltransferases and sulfotransferases. The pathophysiological significance for the 3-OST3A (HS3ST3A, heparan-sulfate sulfotransferase 3-OST3A) isoform, one of the seven human 3-OSTs isoforms, catalyzing 3-O-sulfation of HS, a rare and terminal modification, in cancer is still controversial. 
In this work, we will show that the clinical relevance of 3-OST3A expression in breast cancer, depends on the cell and tumor molecular signature. Analysis of 3-OST3A gene regulation in a panel of breast cancer cell lines revealed epigenetic mechanisms involving DNA methylation and histone modifications, which produced different repressive chromatin environments, depending on the cell line subtype. Gain and loss of function experiments by siRNA and cDNA transfection, revealed profound effects of 3-OST3A on cell behavior including apoptosis, proliferation, response to anticancer drugs in vitro and tumor growth in xenografted mice in vivo. Importantly, these effects were not oncogenic or tumor-suppressive per se, but strictly depended on the cell surrounding.  Mechanistically, the effects of 3-OST3A in tumor cells were mediated by altered interactions between HS and fibroblast growth factor-7 (FGF-7) and the interplay between HS and FGF-7 modulated downstream ERK, AKT and p38 signaling cascades. A clinical study conducted in a cohort of breast cancer patients uncovered that higher level of expression of 3-OST3A in breast tumors was associated with reduced relapse-free survival in HER2-positive patients. 
Our findings define 3-OST3A as a novel regulator of breast cancer pathogenicity, exerting tumor suppressive or oncogenic properties in a cell-dependent context, and demonstrate the clinical value of the HS-sulfotransferase 3-OST3A as a prognostic marker in HER2-positive patients. Identifying the HER2 breast cancer patients, who might benefit from extended adjuvant therapy, has presented a long-standing clinical conundrum, emphasizing the clinical relevance of our results. In this presentation, we will discuss that the 3-OST3A isoform cannot be tagged as not a “good” or a “bad” guy in breast cancer, but that its physiopathological role depends on its surrounding.

Key words : heparan sulfates, 3-OST3A, HER2-positive patients

This work was carried out under auspices of the International Associated Laboratory (LIA SFGEN) funded between CNRS-University of Lorraine (SF-G) and University of Dundee (J-CB and MWHC).
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Useful biological and therapeutical insights can be obtained from the 3D structure of complexes between GAGs and their target proteins. However the experimental resolution as well as the modeling of their structure is highly challenging. The reasons are both GAG intrinsic properties, such as the high flexibility and conformational diversity of glycans, and the lack for computational tools particularly designed for protein-GAG systems. This currently limits the success of GAG docking to very short fragments [Samsonov and Pisabarro, Glycobiology 2016].

We present here a new fragment-based method to dock GAGs on a coarsly known protein binding site. We combine flexible docking of trimeric GAG fragments with Autodock and combinatorial assembly of the compatible poses into GAGs chains, followed by fully flexible refinement. Tested on a benchmark of 13 complexes with various GAG types (heparin, chondroitin sulfate and hyaluronic acids), the method could model 5-mers to 7-mers with the accuracy of 5 Å RMSD to the experimental structure for all of them, and 3 Å RMSD for half of them. This is the first reported automatized fragment-based docking method to successfully dock such diverse en GAGs. In principle, the independence of this approach on the ligand's length allows to dock very long GAG chains, which has been a bottleneck for previously applied docking approaches for these systems. The results of this work contribute to enrich the sparse pool of computational tools specifically developed for protein-GAG complexes.
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Modulation of Heparan Sulfate sulfation in renal fibrosis

Laura Ferreras1, Anna Moles1, Rana el Masri2, Romain  Vivès2, Katie Cooke1, Neil S. Sheerin1, Simi Ali1
1 Institute of Cellular Medicine, 3rd floor William Leech Building, Faculty of Medical Sciences, Newcastle University, NE2 4HH, UK. 2 Université Grenoble-Alpes, Institut de Biologie Structurale, Grenoble, France
Chronic kidney disease is a worldwide health problem affecting 8-16% of the world’s population. For patients with end stage renal disease, transplantation is generally accepted as the best option to improve their quality of life. However, ten years after kidney transplantation, over 50% of patients show progressive chronic graft dysfunction. Heparan Sulfate (HS) and its sulfation are implicated in several growth factors binding implicated in the development of fibrosis, one of the processes responsible for renal failure.

We aim to understand the changes in Heparan Sulfate sulfation and HS sulfotransferases in the development of renal fibrosis and hypothesised that the level of fibrosis could be related to some changes in HS sulfation. We studied how HS sulfations as well as the enzymes responsible for it are modulated in an in vivo model of kidney fibrosis.

Following Unilateral Ureteral Obstruction (UUO) in C57BL/6 mice, structural analysis of HS disaccharides showed an increase in the total HS-O sulfation by 13.7% at 5 days and by 6.5% at 10 days. The total 2-O sulfation was increased by 45.3% at D5 and by 19.2% at D10, which was mirrored by a significant increase in HS2ST1 expression at D10 (p<0.05). There was a noticeable change in HS-6-O sulfation for the disaccharides ΔUA-GlcNac.6S with a decrease of 28.8% at D10. The trisulfated disaccharides ΔUA.2S-GlcNS.6S was increased by 23.3% at D5 and by 17.4% at D10. Regarding the expression of sulfatases, Sulf1 expression was increased at D5 and D10 but only significantly at D5 (p<0.05) while Sulf2 expression was stable in all conditions. Additionally HS3ST1 expression was correlated with the days of UUO (Pearson r=0.59, p<0.001) and HS3ST3A downregulated at D5 (p<0.05).

In conclusion, HS sulfation is modulated in renal fibrosis with most noticeable increase in HS 2-O sulfation and in the expression of HS3ST1, HS2ST1 and Sulf1. Furthermore, HS3ST1 expression was correlated with the days of disease progression. These changes could lead to an alteration in cytokine binding and cell signalling. Future work on patient samples should highlight the significance of these changes in graft dysfunction and potentially differentiate graft rejection versus tolerant patients.
Keywords: Heparan Sulfate, sulfation, sulfotransferases, renal fibrosis.
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Inhibition of proteoglycan synthesis counteract TGF-β1 induced lung fibrosis 
Irfan Shaukat1, Lydia Barré1, Narayanan Venkatesan1, Dong Li1, Jean-Claude Jaquinet2,  Sylvie Fournel-Gigleux1, Mohamed Ouzzine1 

1 UMR 7365 CNRS-UL, University of Lorraine, Faculty of Medicine, Vandoeuvre-les-Nancy, France, 2 UMR 7311 CNRS-Institut de Chimie Organique et Analytique, Université d'Orléans-Pôle de Chimie, Orléans, France

Transforming growth factor-β1 (TGF-β1) is a major cytokine associated with fibrosis and induces excessive deposition of proteoglycans (PGs) and collagens in the extracellular matrix (ECM) and transdifferentiation of fibroblast into myofibroblasts. PGs plays an important role in cytokines and growth factors signaling, therefore a strategy based on the inhibition of PG synthesis might attenuate profibrotic effects of TGF-β1 in fibroblasts.

Here, we showed that 4-MU4-deoxy-β-D-xylopyranoside, a competitive inhibitor of β4-galactosyltransferase7, inhibited PG synthesis and secretion in a dose-dependent manner by decreasing the level of both chondroitin/dermatan- and heparin-sulfate PG in primary lung fibroblasts. Importantly, 4-MU4-deoxy-xyloside was able to counteract TGF-β1-induced synthesis of PGs, activation of fibroblast proliferation and fibroblast-myofibroblast differentiation. Mechanistically, 4-MU4-deoxy-xyloside treatment inhibited TGF-β1-induced activation of canonical Smads2/3 signaling pathway in lung primary fibroblasts. RNA interference against β4-galactosyltransferase7 mimicked 4-MU4-deoxy-xyloside effects, indicating selective inhibition of β4-galactosyltransferase7 by this compound. Collectively, this study reveals the anti-fibrotic activity of 4-MU4-deoxy-xyloside and indicates that inhibition of PG synthesis represents a novel strategy that may serve to resolve lung fibrosis.
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Novel role of the cation antiporter TMEM165 in cellular Golgi, N-glycosylation process
E. Lebredonchel, M. Houdou, S. Potelle, A. Klein, F. Foulquier

Univ. Lille, CNRS UMR 8576 – Structural and Functional Glycobiology Unit – F-59000 Lille, France – Glycobiology section, Biochemistry department, Biopathology center, Lille Public Hospital
CDG, Congenital Disorders of Glycosylation, are rare inherited diseases with aberrant protein glycosylation. The prevalence is estimated between 1/50 000 and 1/100 000 births and there is a broad range of clinical phenotypes, that cannot be predicted. They result mostly from genetic defects in glycosylation enzymes or nucleotide sugar transporters. CDG patients present neurological defects such as psychomotor retardation, cerebellar hypoplasia, hypotonia, inverted nipples, strabismus, and multisystem defects. They have been initially described by Jaeken et al. in 1980 and are now a rapidly expanding group. To date, more than 100 different CDG have been described; the CDG-II TMEM165 subtype has been discovered in 2012 in our lab.

Patients harboring TMEM165 mutations have a peculiar clinical phenotype with major skeletal dysplasia, joint laxity and dwarfism with a spine curvature. TMEM165, a transmembrane protein, mostly localized in the Golgi apparatus, belongs to an uncharacterized but highly conserved protein family (UPF0016). The biological and cellular functions of TMEM165 and its yeast ortholog gdt1p are not known so far.

HEK293 and HeLa TMEM165 knock out cell lines have been generated and showed a drastic defect in galactosylation and subsequently in sialylation of N-glycoproteins. We wanted to establish a link between this glycosylation defect and the TMEM165 functionality. By sequence alignment, it turned out that TMEM165 presents several conserved amino acids patches through species. In order to know if some of these highly conserved amino-acids would play a specific role in the “glycosylation” activity of TMEM165, different mutated forms of TMEM165 in specific regions have been created.

Very interestingly, while most of the mutated TMEM165 proteins could rescue the abnormal LAMP2 (Lysosomal-Associated Membrane Protein 2) N-glycosylation profile, only specific mutations were unable to rescue this glycosylation defect. These mutants highlight specific regions of the protein involved functionally in “glycosylation”.

Moreover by means of Western Blot and confocal microscopy methods we brought to light that all the mutated proteins were stable, localized in the Golgi apparatus and sensitive to manganese exposure.

These observations led to a better understanding of TMEM165 structure and function in the Golgi glycosylation process. This protein is now proposed to be a cation exchanger Mn2+/Ca2+.
Keywords: CDG-type II, TMEM165, glycosylation, manganese
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Hypoxia promotes breast cancer cell invasion through a new invadopodial actin bundling protein CSRP2
Xianqing Mao*, Céline Hoffmann*, Joshua Brown-Clay, Flora Moreau, Antoun Al Absi, Hannah Wurzer, Guy Berchem, Bassam Janji and Clément Thomas

Laboratory of Experimental Cancer Research, Department of Oncology, Luxembourg Institute of Health, 84 Val, Fleuri, Luxembourg, Luxembourg 

Introduction: Hypoxia is a common feature of solid tumors leading to cancer progression. Recently, hypoxia was reported to induce the formation of actin-rich membrane protrusions, termed invadopodia, which direct extracellular matrix proteolysis and facilitate tumor cell invasion. Recently, we reported the identification of a new cytoskeletal component of breast cancer cell invadopodia, namely cysteine-rich protein 2 (CSRP2) which critically promotes breast cancer cell invasion and metastasis. 

Objectives: Here, we aim to investigate the involvement of CSRP2 in hypoxia-to-invadopodia axis and CSRP2-mediated cell invasion in breast cancer cells induced by hypoxia as well as the underlying molecular mechanisms.

Results: Our data showed that hypoxia up-regulates the invadopodial, and pro-invasion and -metastasis, actin bundling protein CSRP2 in breast cancer cells. Knocking down the oxygen-regulated subunit of hypoxia-inducible factor-1 (HIF-1α) abrogated hypoxia-promoted CSRP2 upregulation. We experimentally validated two hypoxia responsive elements within the proximal promoter of CSRP2 gene which are targeted by HIF-1 and required for promoter transactivation in response to hypoxia. In keeping with this, CSRP2 was strongly upregulated in hypoxic and HIF-1α positive regions of both MCF-7 and MDA-MB-231 human breast cancer xenografts. Moreover, CSRP2 and HIF-1α protein levels were significantly correlated in tumor sections from breast cancer patients. Remarkably, CSRP2 knockdown prevented hypoxia-stimulated invadopodium formation and invasion in MDA-MB-231 cells. Conversely, CSRP2 forced expression compensated for HIF-1α depletion and restored a highly invasive cell phenotype in hypoxia. Consistent with their lack of MT1-MMP expression, epithelial MCF-7 cells failed to promote ECM degradation under both normoxia and hypoxia. Nevertheless, hypoxia induced the formation of actin/cortactin co-stained immature invadopodia in a process requiring CSRP2 upregulation. Ectopic expression of MT1-MMP conferred matrix degrading activity to MCF-7 cells. Such activity was markedly increased under hypoxia in control, but not in CSRP2-depleted, cells. 

Conclusions: Collectively, our data support that CSRP2 is a novel cytoskeletal target of HIF-1, and a key mediator of hypoxia-stimulated invadopodium formation in breast cancer. 

Key words: Breast cancer, cysteine-rich protein 2, hypoxia, invadopodia, invasion, matrix metalloproteinases.
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