


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Front cover image by Nofima, submitted with abstract on page 24. 3D-scaffolds 
consisting of collagen extracted from by-products from the food industry has great 
potential for use in human tissue regeneration. 
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DEAR  PARTICIPANT 
 
Welcome to the Nordic Proteoglycan Meeting 2018 in Oslo city 15th – 16th of May 
2018! 
 
The Nordic PG meeting is an annual event that attracts around 30-50 participants 
and aims to bring together researches with a common interest in proteoglycans in 
health and disease. This year’s meeting will take place at Hotel Thon Opera situated 
in Oslo city centre. 
 
In 2008 a small group of researchers working on serglycin had their first meeting in 
Oslo. The group consisted of researchers from Tromsø (Uhlin-Hansen and Winberg), 
Uppsala (Pejler), Copenhagen (Borregaard) and Oslo (Kolset, Prydz) and their 
research groups. After that several Nordic serglycin meetings were organized before 
the group was extended with researchers working on other proteoglycan projects, 
coming from Bergen (Kusche-Gullberg), Lund (Malmstrøm, Aspberg, Belting), 
Copenhagen (Couchman, Multhaupt), Uppsala (Kjellén, Ping), Oslo (Christensen, 
Carlson), and Ås (Pedersen, Rønning). Annual Nordic PG meetings have after that 
taken place in Bergen, Uppsala, Oslo, Lund and Oxford. 
 
We acknowledge the generous support from British Society for Matrix Biology, 
NORHEART, Oslo University Hospital and University of Oslo. 
 
The organizing committee welcomes you to the Nordic PG meeting 2018 in Oslo ! 
We look forward to two days of high quality science, fruitful interactions and to meet 
old and new friends. 
 
Mona, Sabrina, Sissel, Cathrine and Svein 
 
 
 
Organizing Committee: 
 
“The syndecan girls”                                                                                            “pater familias”                        
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PRACTICAL INFORMATION 

 
 Hotel Thon Opera (venue) 

 
This year’s meeting will take place at 
Hotel Thon Opera situated in Oslo City 
centre: https://www.thonhotels.com/our-
hotels/norway/oslo/thon-hotel-opera/ 
 
The hotel is just in 3 min walking distance 
from the Airport Express Train (Flytoget) 
terminal at Oslo S, Oslo Central Train 
Station. 
 
Address: Dronning Eufemias gate 4, 
Oslo 
Phone: 24 10 30 00 

 
 

 
 
STOCK restaurant (conference dinner) 

 
The conference dinner will take place at 
Stock restaurant in Oslo city centre: 
https://www.stockoslo.no/ 
 
You find the Stock restaurant in the heart 
of Bjørvika Barcode, facing the Oslo Fjord. 
The restaurant is just in 5 min walking 
distance from Hotel Thon Opera. 
 
Address: Dronning Eufemias gate 14, 
Oslo 
Phone: +47 21 09 03 09 
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PROGRAMME SCHEDULE 
 
Tuesday 15th May – Thon Hotel Opera, room “Kvinten” 
 
1000-1130: Registration 
 
1130-1230:  Free lunch at Thon Hotel Opera 
 
1230-1240:  Welcome (Cathrine Rein Carlson, Institute for Experimental Medical 

Research (IEMR), Oslo University Hospital, NO) 
 
1240-1430: Session 1 – Heparan sulfate proteoglycans in health and disease, 
part I 

Chair: Kate Herum (University of Copenhagen, DK) 
 
1240-1315:  John Couchman (University of Copenhagen, DK) 

Syndecan regulation of calcium channels - what lies downstream? 
 

1315-1350:  Ann Canfield (University of Manchester, UK) 
Regulation of vascular smooth muscle cell calcification by syndecan-
4/FGF-2/PKCα signalling and cross-talk with TGF 
 

1350-1410:  Andreas Romaine (IEMR, Oslo University Hospital, NO) 
Proteoglycan-integrin synergy in heart disease 

 
1410-1430:  Sabrina Bech Mathiesen (IEMR, Oslo University Hospital, NO) 

The syndecan interactomes – what can be learned about syndecan-2 
and -4 in the heart?   

 
1430-1500:  Coffee, mineral water, sweets and fruits  
 
1500-1650: Session 2 – Heparan sulfate proteoglycans in health and disease, 
part II  

Chairs: Sissel Rønning & Mona Pedersen (Nofima, NO) 
 
1500-1535: James Whiteford (Queen Mary University of London, UK)  

A major role for Syndecan-4 in pathological angiogenesis 
 

1535-1610:  Dada Pisconti (University of Liverpool, UK) 
Syndecan-3 in muscle stem cells: a tale of many functions 

 
1610-1630:  Katalin Dobra (Karolinska Institutet, SE) 

Molecular targets and signaling pathways regulated by nuclear 
translocation of syndecan-1 

 
1630-1650:  Jacob van den Born (University of Groningen, NL) 

Heparan sulfate proteoglycans modulate renal inflammation and fibrosis 
 
1900:  Conference dinner at Stock Spiseri & Drikkeri, Barcode (5 minutes’ walk)
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Wednesday  16th May – Thon Hotel Opera, room “Kvinten” 
 
0830-1045: Session 3 – Biosynthesis, turnover and regulation 

Chair: Svein Olav Kolset (Institute of Basic Medical Sciences, Oslo 
University) 
 

0830-0905: Yoshi Itoh (University of Oxford, UK) 
MT1-MMP: an enzyme modulating and being modulated by cellular 
microenvironment 
 

0905-0925: Marie Kveiborg (University of Copenhagen, DK) 
Loss of ADAM9 expression impairs b1 integrin endocytosis, focal 
adhesion formation and cancer cell migration 

 
0925-0945: Anders Aspberg (Lund University, SE) 

Identifying interactions of disease-linked aggrecan variants 
 

0945-1005:   Gunnar Dick (University of Oslo, NO)  
Aggrecan in neuronal plasiticity  
 

1005-1025: Gunnar Pejler (Uppsala University, SE) 
Mitogen-activated protein kinase signaling regulates proteoglycan 
composition of mast cell secretory granules 

 
1025-1045:  Oskar Rosmark (Lund University, SE)  

Time-resolved proteomic characterization of ECM remodelling in human 
lung scaffold  

 
1045-1115:  Coffee, mineral water, sweets and fruits  
 
1115-1300: Session 4 – New technologies and therapeutic strategies 

Chairs: Sabrina Bech Mathiesen & Cathrine Rein Carlson (IEMR, Oslo 
University Hospital) 
 

1115-1150:  Manuel Mayr (Kings College London, UK) 
The Extracellular Matrix Revisited: A Proteomics Approach 

 
1150-1210:  Mona Pedersen (Nofima, NO)  

Biomaterial and the use in tissue regeneration 
 
1210-1230: Hellyeh Hamidi (University of Turku, FI) 

Cell-derived matrices - complex 3D microenvironments to study cellular 
processes 

 
1230-1250: Simon Glerup (Aarhus University, DK) 

Heparan sulfate proteoglycans present PCSK9 to the LDL receptor 
 
1250:  Close of Nordic Proteoglycan Meeting 2018 (Mona Pedersen, NOFIMA, 

NO)  
 
1300-1400:  Free lunch at Thon Hotel Opera and departure
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INVITED SPEAKERS 
 

 
John Couchman, PhD, CBiol, FRSB 
University of Copenhagen, DK 
 
John Couchman is an Emeritus Professor at the 
University of Copenhagen, Denmark. He is affiliated with 
the Biotech Research & Innovation Center. He has been 
in Copenhagen since 2007 when he took up an 
appointment as a Danish Research Foundation 
Professor. Prior to that, he was Professor and Head of 
Biomedical Sciences at Imperial College London (2001-

7) after a 15-year stint at the University of Alabama at Birmingham in the Department 
of Cell Biology (1985-2001). 
 
He has maintained a long-standing interest in cell adhesion and migration, focusing 
mainly on the cell surface proteoglycans of the syndecan family. Recent work has 
involved detailed studies of syndecan signaling and its relevance to cytoskeletal 
organisation and the behaviour of normal and tumour cells.  
 
 

Professor Ann Canfield, University of 
Manchester, UK 
 
Ann graduated with a degree in Biochemistry from 
Manchester and then completed a PhD under the 
supervision of Professor Michael Grant at the University. Her 
post-doctoral studies took her to the Paterson Institute for 
Cancer Research where she worked on the role of pericytes 
in angiogenesis. She was subsequently awarded a 
Wellcome Trust Junior Research Fellowship and joined the 
Wellcome Trust Centre for Cell-Matrix Research at the 
University of Manchester in 1993. Ann was appointed a 

Lecturer in the Faculty of Medical and Human Sciences in 1996 and is currently a 
Professor of Vascular Cell Biology in the Division of Cardiovascular Sciences at the 
University.   
 
Ann runs a research lab which focusses on elucidating the molecular and cellular 
mechanisms underpinning vascular calcification. Her research is currently supported 
by grants from the British Heart Foundation. She has published over 50 scientific 
papers, trained 20 PhD students and 11 Masters students and has examined over 28 
PhD and Masters theses. She also regularly reviews manuscripts and grants for 
many journals and funding agencies. As a member of staff at one of the largest 
Universities in Europe, Ann also teaches on several undergraduate and post-
graduate programmes and is the Director for Progression on the MB ChB 
programme.  
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James Whiteford, Queen Mary University of 
London, UK 

James Whiteford graduated in Applied Biology from King’s 
College London in 1994 and obtained his PhD from King’s 
College London in 1998. Following post-doctoral research 
at Imperial College London and Copenhagen University 
(Denmark) he joined the Centre for Microvascular 
Research and was awarded an Arthritis Research UK 
career development fellowship in 2009. He obtained his 
Lectureship at the William Harvey Research Institute in 
2014 and obtained his Senior Lectureship in 2016. His 
teams’ research focuses on angiogenesis, which is the 

process by which new blood vessels are formed from existing ones. Angiogenesis is 
a critical process in numerous diseases including cancer, diseases of the eye and 
inflammatory disorders such as Rheumatoid Arthritis. For some years he has been 
studying the role of the syndecan family of cell surface receptors in new blood vessel 
formation and inflammation with the aim of discovering therapeutic innovations which 
can modify this process to improve disease outcomes. We are currently developing a 
novel therapy for Wet-Age Related macular Degeneration and are also investigating 
the potential of our reagents as therapies for both arthritis and cancer 

 

 

 

Dada Pisconti, University of Liverpool, UK 

Dada Pisconti was born and raised in Italy where she 
completed her academic curriculum receiving her Laurea 
degree (BS + MRes) in Biological Sciences in 1999 from 
the University of Perugia with an honours thesis in 
Electrophysiology, and her Ph.D. in Cell Biology in 2003 
from the University of Bari, with a dissertation in Immuno-
senescence. She then moved to San Raffaele Scientific 
Research Institute in Milan where she carried out a short 
postdoc in Pharmacology and Cell Signalling. Here she 
became interested in muscle stem cell biology and 

muscular dystrophy. In 2005 she moved to the University of Colorado at Boulder 
where she continued working on muscle stem cells and focussed mostly on the role 
of syndecan-3 in myogenesis. In 2011 she was awarded a Marie Curie Fellowship 
that she took to the University of Liverpool where in 2012 she received a Tenure 
Track Fellowship from the Institute of Integrative Biology, to start an independent 
research group in the Department of Biochemistry. In 2016 she became Lecturer and 
in 2017 Senior Lecturer, still in the Department of Biochemistry at the University of 
Liverpool. 
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Yoshi Itoh, University of Oxford, UK 
 
Y. Itoh is Associate Professor in the Kennedy Institute of 
Rheumatology, University of Oxford. After receiving his Msc in 
Pharmaceutical Sciences from Tokyo College of Pharmacy in 
Japan, in 1991 Itoh moved to the University of Kansas 
Medical Center, USA to work for Prof Hideaki Nagase. Using 
his research outcomes, he received a PhD from Tokyo 
University of Pharmacy and Life Sciences, Japan in 1996. In 
1997 he became an Assistant Professor in Prof Motoharu 

Seiki's department at the Institute of Medical Sciences, University of Tokyo. In 2001 
he then moved to the Kennedy Institute of Rheumatology, Imperial College London 
(UK) to run his own lab and relocated to Oxford when the Kennedy Institute joined 
the University of Oxford. His major scientific interests have been centred on 
mechanisms of cellular invasion and tissue destruction, especially in the aspects of 
arthritis and cancer as they share common mechanisms and pathways. 
 
 
 
 
 
 

 
 
Manuel Mayr, Kings College London, UK 
 
Manuel Mayr qualified in Medicine from the 
University of Innsbruck (Austria) in 1999.  He then 
moved to London to undertake a PhD. Upon 
completion of his PhD, he achieved promotion to 
Professor in 2011. He has been awarded a 
prestigious British Heart Foundation Personal 
Chair in 2017. His academic achievements have 
been recognised by the inaugural Michael Davies 
Early Career Award of the British Cardiovascular 

Society (2007), the inaugural Bernard and Joan Marshall Research Excellence Prize 
of the British Society for Cardiovascular Research (2010), and the Outstanding 
Achievement Award by the European Society of Cardiology Council for Basic 
Cardiovascular Science (2013). 
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ABSTRACTS 
 
Syndecan regulation of ion channels – what lies downstream?  
John R. Couchman  
 
Biotech Research & Innovation Center, University of Copenhagen, 2200 
Copenhagen N, Denmark 
 
Evidence from mammalian and invertebrate systems suggests that a conserved 
function of syndecans is the regulation of calcium channels. Syndecan-4 in 
fibroblasts, for example, regulates the TRPC7 channel. In C. elegans, the single 
syndecan regulates the TRP1 and 2 orthologues. In both cases, the impact is on 
adhesion and migration. In fibroblasts there is a significant influence of syndecan-
4/calcium on the actin cytoskeleton, adherens junctions and focal adhesions. 
Attention now turns to the molecular underpinning of the calcium impact on 
cytoskeleton and junctions. It may be that TRPC7 is not alone as a focal adhesion ion 
channel, and we have been examining a calcium-regulated monovalent ion channel, 
TRPM4. This is a complex issue, since a single antibody against this protein does 
label focal adhesions, but others do not. This will be discussed in detail, along with 
other calcium-regulated pathways that lead to microfilament bundle assembly. 
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Regulation of vascular smooth muscle cell calcification by 
syndecan-4/FGF-2/PKCα signalling and cross-talk with TGFβ 
Canfield AE1, Borland SJ1, Morris TG1, Borland SC1, Morgan MR2, Francis SE3 and 
Merry CLR4,5 

1Division of Cardiovascular Sciences, School of Medical Sciences, Faculty of Biology 
Medicine and Health, University of Manchester, Manchester, UK. 2Department of 
Cellular & Molecular Physiology, Institute of Translational Medicine, University of 
Liverpool, Liverpool, UK. 3Department of Infection, Immunity & Cardiovascular 
Disease, University of Sheffield, Sheffield, UK. 4Stem Cell Glycobiology Group, 
School of Materials, University of Manchester, UK and 5 Wolfson Centre for Stem 
Cells, Tissue Engineering & Modelling, Centre for Biomolecular Sciences, University 
of Nottingham, Nottingham, UK.  
Vascular calcification, the formation of mineralised tissue, bone and/or cartilage 
within the blood vessel wall, is a major contributor to the increased cardiovascular 
morbidity and mortality experienced by patients with atherosclerosis, chronic kidney 
disease and diabetes.  However, viable treatment options are limited. This study 
aimed to identify the role of FGF-2/syndecan-4 signalling in regulating this process 
and the mechanism by which it exerts its effects.  

Vascular smooth muscle cells (VSMCs) were cultured with β-glycerophosphate (β-
GP) to induce osteogenic differentiation and mineralisation; VSMCs incubated 
without β-GP were controls. FGF-2 mRNA and protein expression, as well as 
syndecan 4 mRNA expression, were increased during the later stages of VSMC 
osteogenic differentiation and mineralisation.  FGF-2 and syndecan-4 were also 
localized to sites of calcification within human atherosclerotic plaques. Exogenous 
FGF-2 inhibited VSMC mineralisation, and this ability was lost when syndecan-4 
expression was knocked-down using siRNA, suggesting that syndecan-4 is required 
for the inhibitory effect of FGF-2 on VSMC mineralisation.  Biochemical inhibition of 
FGFR signalling using a pan FGFR inhibitor (BGJ398) or knocking-down syndecan-4 
expression increased VSMC mineralisation.  These efffects were both prevented by 
inhibiting transforming growth factor-β (TGFβ) signalling with SB431542, suggesting 
cross-talk between FGF-2/syndecan-4 and TGFβ signalling is required for the 
regulation of VSMC mineralisation.  Syndecan-4 can also regulate FGF-2 signalling 
directly via protein kinase Cα (PKCα) activation.  Biochemical inhibition of PKCα 
activity using Gö6976, or siRNA-mediated suppression of PKCα expression 
increased VSMC mineralisation; this increase was also prevented by inhibiting TGFβ 
signalling with SB431542.  The ability of FGF-2 to inhibit VSMC mineralisation was 
also reduced when PKCα expression was knocked-down.  To further investigate the 
involvement of PKCα in regulating calcification associated with atherosclerosis in 
vivo, we generated mice lacking both PKCα and ApoE (PKCα-/-ApoE-/- mice) and 
have now shown for the first time that, in comparison with their ApoE-/- littermates, 
the development and progression of atherosclerosis and calcification are both 
enhanced when these mice are fed a high-fat diet. 

Together, these results demonstrate that syndecan-4/FGF-2/PKCα/TGFβ signalling 
regulates VSMC mineralisation. Syndecan-4 may act to prevent excessive 
mineralisation by interacting as a co-receptor for FGF-2 and inducing down-stream 
signalling via FGFR and/or via interaction with PKCα; these pathways may then 
coalesce to suppress mineralisation induced by TGFβ. These studies also highlight 
PKCα signalling as a potential new therapeutic target for both atherosclerosis and 
vascular calcification.  
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Proteoglycan-integrin synergy in heart disease 
Romaine A1,2, Melleby AO1,2, Sjaastad I1,2, Herum KM1,2,3 , Gullberg D4 and 
Christensen G.1,2 
 

1 Institute for Experimental Medical Research, Oslo University Hospital and University 
of Oslo, Norway. 2Center for Heart Failure Research & K.G. Jebsen Centre for 
Cardiac Research, Oslo University Hospital, Oslo, Norway. 3 Biotech Research & 
Innovation Centre, University of Copenhagen, Copenhagen, Denmark. 4 Department 
of Biomedicine, University of Bergen, Bergen, Norway. 
 
Proteoglycans and integrins represent novel members of the mechanosensing 
apparatus of the heart, crucial to detecting alterations in the mechanical stress the 
heart is exposed to. Hypertension, or high blood pressure, is a leading cause of heart 
disease and the understanding of how alterations in pressure at the organ and 
cellular level can result in mal-adaptive remodeling of the heart is poorly understood.  

We targeted both syndecan-4 (SDC4), a proteoglycan critical to pathological cardiac 
remodeling, and integrin α11β1 (Itgα11), an integrin that has been recently implicated 
as important in the same pathological response. Knocking out these receptors in 
genetically modified mice, revealed SDC4-/- and Itgα11-/- mice still developed 
cardiac hypertrophy and fibrosis following surgical induced pressure overload 
comparable to wild type (WT) mice at the 2 week time-point, however SDC4-/-Itgα11-
/- double knock-out mice showed reduced pathological 
remodelling. We attribute this protective phenotype to 
a functional overlap between SDC4 and Itgα11 
receptors. Through in vitro experiments, we 
determined a reciprocal pattern of expression between 
these receptors under different stimulations, gene 
silencing and overexpression assays, suggesting 
single targeting of these receptors is ineffective. 

Together our results indicate that the dual targeting of 
these receptors may be of therapeutic benefit to 
patients at risk of developing pressure overload 
induced heart failure. 
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The syndecan interactomes - what can be learned about syndecan-2 
and -4 in the heart? 
Mathiesen, S.B., Lunde, M., Christensen, G., and Carlson, C.R. 
 
Institute for Experimental Medical Research, Oslo University Hospital and 
University of Oslo, Norway. 
 
Cardiac remodeling is the process where the heart undergoes changes in form and 
function in response to various physiological and pathological stimuli. In this 
process, communication between the extracellular matrix and the cell is crucial and 
the transmembrane proteoglycan syndecan-4 has been identified to play a 
significant role, however which molecular interactions responsible for this are less 
well known. This project aims to investigate syndecan-4 interaction partners in the 
heart through a proteomics approach to learn more about the biological role of 
syndecan-4 in cardiac remodeling. 
We fished for syndecan-4 partners via peptides covering the cytoplasmic domain 

and precipitation of endogenous syndecan-4 in regular and aortic banded 
hearts, an in vivo model of heart failure, and subsequently identified partners by 
mass spectrometry. We found 21 putative syndecan-4 interaction partners, whereof 
10 are regulated in and 4 exclusively interact with syndecan-4 in aortic banded 
hearts. Further binding analysis revealed two of the partners to bind directly to 
syndecan-4. Both of these partners and syndecan-4 localize to the costameres, 
the anchoring place of the sarcomere to the sarcolemma and known signaling hub 
for remodeling. A similar approach was used to investigate syndecan-2 partners and 
a comparison between these and the syndecan-4 interactome revealed one common 
binder.  
We are gradually unraveling the signaling network through which syndecan-4 

exert its cardiac effect. Our data indicate a signaling role of syndecan-4 at the 
mechanosensing sites of costameres. 
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A major role for Syndecan-4 in pathological angiogenesis  
Giulia De Rossi1, Maria Vähätupa2, Enrico Cristante3, Sidath E. Liyanage3, Ulrike 
May2, Laura Pellinen2, Hannele Uusitalo-Järvinen2, James W. Bainbridge3, Tero A.H. 
Järvinen2 and James R. Whiteford1*. 
 

1William Harvey Research Institute, Barts and The London School of Medicine and 
Dentistry, Queen Mary University of London, Charterhouse Square, London EC1M 
6BQ, United Kingdom.2Faculty of Medicine & Life Sciences, University of Tampere, 
33014 Tampere, Finland & Departments of Ophthalmology and Orthopedics & 
Traumatology, Tampere University Hospital, 33521 Tampere, Finland 3National 
Institute for Health Research Biomedical Research Centre for Ophthalmology at 
Moorfields Eye Hospital and UCL Institute of Ophthalmology, 11-43 Bath Street, 
London, EC1V 9EL, United Kingdom. 
 
Angiogenesis is a key feature and exacerbating factor in cancer and neovascular 
age-related macular degeneration1, 2. Significant efforts have been made to control 
this process for therapeutic benefit, most notably by targeting VEGFA and its 
receptor VEGFR2. Anti-VEGFA/VEGFR2 drugs have been used with some success 
for treating diseases in which angiogenesis is a feature however, there are issues of 
patient non-response and side effects, highlighting the need to better understand 
their biological mechanisms. There is considerable evidence to suggest a role for 
heparan sulphate proteoglycans (HSPGs) in VEGFA signalling but the identity of a 
specific protein has remained elusive.  Syndecan-4 (SDC4) is a single pass 
transmembrane HSPG with roles in cell adhesion, growth factor signalling and 
receptor trafficking. Here, we describe a new fundamental role for SDC4 in VEGFA-
driven pathological neovascularisation. The syndecan-4 null mouse (Sdc4-/-) 
exhibited reduced tumorigenesis and delayed wound healing in the eye due to 
impaired angiogenesis. We establish that this results from a failure to respond to 
VEGFA, and demonstrate that SDC4 is indeed required for VEGFR2 signalling. We 
further show that blockade of VEGFA-driven neovascularisation can be achieved 
using a soluble form of SDC4. These findings establish a molecular framework 
coupling SDC4 with pathological angiogenesis, which may prove significant for the 
development of future anti-angiogenic therapeutic applications. 
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Phosphoproteomic analysis indicates syndecan-3 as a molecular 
switch in myoblast response to Insulin  
Fiona K. Jones and Addolorata Pisconti. 
 
Department of Biochemistry, University of Liverpool, Crown St, Liverpool L69 7ZB, 
UK. 
 
Long-term maintenance of skeletal muscle integrity is important for tissue health and 
function and for the regenerative response to injury. Muscle stem cells, also termed 
satellite cells, are quiescent muscle progenitors residing within the muscle tissue and 
indispensable for postnatal muscle growth and regeneration. Once activated by 
injury, satellite cells convert to proliferating myoblasts, which eventually differentiate 
and fuse to generate muscle fibres (Mashinchian et al., 2017). Heparan sulphate 
proteoglycans, such as the syndecans, are expressed in satellite cells and contribute 
to regulation of several signalling pathways in addition to regulating cell-cell and cell-
matrix adhesion (Pisconti et al., 2012; Ghadiali et al., 2016). We have previously 
shown that syndecan-3 regulates Notch signalling, and that its genetic ablation in 
mice dramatically improves muscle regenerative potential in ageing and in muscular 
dystrophy (Pisconti et al., 2010; Pisconti et al., 2016). More recently we have used an 
unbiased approach based on phospho-proteomics and bioinformatics to study 
syndecan-3-regulated signalling pathways in myoblasts. We have identified 
insulin/PI3K/mTOR as a key pathway regulated by syndecan-3. It has been shown 
that insulin signalling promotes both myoblast proliferation and differentiation. 
However, proliferation and terminal differentiation are two mutually exclusive 
biological processes and it is not clear what molecular mechanism determines 
whether the myoblast response to insulin will be pro-proliferative or pro-
differentiative. We found that syndecan-3 inhibits AKT in response to insulin and that 
AKT inhibition by syndecan-3 leads to differentiation inhibition. Since syndecan-3 
levels dramatically decrease upon differentiation induction, we propose that one of 
the important roles played by syndecan-3 in myoblast biology is to act as a molecular 
switch that shifts myoblast response to insulin from pro-proliferative to pro-
differentiative.  
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Signaling pathways regulated by nuclear translocation of syndecan-
1 
Szatmári T1, Mundt F1, Kumar-Singh A1, Hjerpe A1 and Dobra K.1 
 
1 Karolinska Institutet, Department of Laboratory Medicine, Division of Pathology, 
Stockholm, Sweden. 
 
Syndecan-1 the type-1 transmembrane heparan sulfate proteoglycan translocates to 
the cell nucleus in a regulated manner and it might influence various molecular 
functions. To test the hypothesis that the nuclear syndecan-1 governs various cellular 
functions we used a fibrosarcoma model where we transfected the cells with two 
different full-length syndecan-1 constructs; one containing the RMKKK nuclear 
localization signal and one lacking it. In this way we could dissect the functions of 
syndecan-1 related to the nucleus and separate them from functions related to the 
cell-surface.  
 

Nuclear translocation of syndecan-1 hampered the proliferation of fibrosarcoma cells 
compared to the mutant lacking nuclear localization signal. The growth inhibitory 
effect of nuclear syndecan-1 was accompanied by significant accumulation of cells in 
the G0/G1 phase, which indicated a possible G1/S phase arrest. We implemented 
multiple, unsupervised global transcriptome and proteome profiling approaches and 
combined them with functional assays to disclose the molecular mechanisms that 
governed nuclear translocation and its related functions. We identified genes and 
pathways related to the nuclear compartment with network enrichment analysis of the 
transcriptome and proteome. The TGF-β pathway was activated by nuclear 
syndecan-1, and three genes were significantly altered with the deletion of nuclear 
localization signal: EGR-1 (early growth response 1), NEK11 (never-in-mitosis gene 
a-related kinase 11), and DOCK8 (dedicator of cytokinesis 8). These candidate 
genes were coupled to growth and cell-cycle regulation. Nuclear translocation of 
syndecan-1 influenced the activity of several other transcription factors, including 
E2F, NFκβ, and OCT-1. The transcripts and proteins affected by syndecan-1 showed 
a striking overlap in their corresponding biological processes. These processes were 
dominated by protein phosphorylation and post-translation modifications, indicative of 
alterations in intracellular signaling. In addition, we identified molecules involved in 
the known functions of syndecan-1, including extracellular matrix organization and 
transmembrane transport. 
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Heparan sulfate proteoglycans modulate renal inflammation and 
fibrosis 
Jacob van den Born.  
 
Dept. Nephrology, Univ. Med. Center Groningen, The Netherlands 
j.van.den.born@umcg.nl  
 
Irrespective of the underlying disease, both acute and chronic kidney injury are 
associated by various tissue remodeling programs, such as inflammation, fibrosis, 
repair responses and (lymph-)angiogenesis aiming at renal recovery, however which 
upon chronicity lead to loss of renal function. Such tissue damage pathways are 
driven by a plethora of mediators produced mainly by activated endothelial and 
epithelial cells and recruited inflammatory cells. The biological activity of many of 
these mediators, including growth factors, chemokines, complement factors and 
adhesion molecules is dependent on the binding with heparan sulfate proteoglycans 
(HSPGs). A number of renal insults such as ischemia/reperfusion, proteinuria, kidney 
transplantation and even high dietary salt intake convert the polysaccharide side 
chains of HSPGs from low-binding glycans into efficient docking platforms for 
aforementioned mediators and boost their biological responses. Upon injury, the 
kidney thus not only induces a number of mediators, but also starts up the HSPG 
turbo to accelerate tissue responses. In this presentation I highlight this paradigm by 
illustrating the amplifying role of renal HSPGs in inflammation, fibrosis, and tubular 
regeneration upon various forms of renal injury. Since the mediator – HSPG 
interaction can be interrupted by heparan sulfate glycomimetica, the opportunities 
and difficulties of therapeutic intervention using oligosaccharide molecules will be 
discussed. We envision a market for a new class of glycan-based renoprotective 
drugs, aiming at reduced inflammation and fibrosis and promoting repair in order to 
maintain kidney function on the long run. 
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MT1-MMP: a microenvironment modifier that is modulated by 
cellular microenvironment 
Yoshifumi Itoh. 
 
Kennedy Institute of Rheumatology, University of Oxford, Oxford, UK 
 
Extracellular matrix (ECM) provides functions to organs and tissues by giving 
architecture, separating tissue/cellular compartments, filling the gaps between the 
cells, acting as a scaffolding for the cells to migrate, acting as a reservoir for growth 
factors, and providing signals to cells directly. Upon pathophysiological tissue 
destructive events, ECM is degraded by proteolytic enzymes, and this needs to be 
alerted as feedback to cells to keep tissue homeostasis. A major group of enzymes 
that degrade ECM components is matrix metalloproteinases (MMPs). Among MMPs, 
MT1-MMP (MMP-14) is a type I transmembrane proteinase and is the first 
membrane-bound MMP to be discovered. MT1-MMP is the only collagenolytic 
enzyme that promotes cellular invasion by degrading pericellular ECM and shedding 
cell surface molecules. In healthy adult tissue, cells do not express MT1-MMP, or 
MT1-MMP is not functionally active. However, upon disease or events that require 
cells to migrate, MT1-MMP expression and function are elevated. Although depth of 
knowledge is accumulating on the role of MT1-MMP, how MT1-MMP is upregulated 
and activated for its function are not understood. Here I will discuss our finding of 
microenvironment-dependent MT1-MMP regulation. We found that partially damaged 
ECM provides cells signalling for  MT1-MMP activation, which is a novel spatial and 
temporal regulatory mechanism of MT1-MMP-dependent cellular migration and 
invasion. This may be a part of physiological event but may also involved in disease 
progression such as rheumatoid arthritis and cancer. 
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Loss of ADAM9 expression impairs β1 integrin endocytosis, focal 
adhesion formation and cancer cell migration  
Kasper J. Mygind1, Jeanette Schwarz1, Pranshu Sahgal2, Johanna Ivaska2,3, Marie 
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The transmembrane protease ADAM9 is frequently upregulated in human cancers 
and it promotes tumour progression in mice. In vitro, ADAM9 regulates cancer cell 
adhesion and migration by interacting with integrins. Yet, how ADAM9 modulates 
integrin functions is not known. We showed that ADAM9 knockdown increases β1 
integrin levels through mechanisms independent of its protease activity. In ADAM9-
silenced cells, adhesion to collagen and fibronectin is reduced, suggesting an altered 
function of the accumulated integrins. Mechanistically, ADAM9 co-
immunoprecipitates with β1 integrin, and both internalization and subsequent 
degradation of β1 integrin are significantly decreased in ADAM9-silenced cells, with 
no effect on β1 integrin recycling. Accordingly, the formation of focal adhesions and 
actin stress fibres in ADAM9-silenced cells is altered, possibly explaining the 
reduction in cell adhesion and migration in these cells. Together, our data provide 
mechanistic insight into the ADAM9-integrin interaction, demonstrating that ADAM9 
regulates β1 integrin endocytosis. Moreover, our findings indicate that the reduced 
migration of ADAM9-silenced cells is, at least in part caused by the accumulation and 
altered activity of β1 integrin at the cell surface.   
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Identifying interactions of disease-linked aggrecan variants 
Karin Lindblom1, Patrik Önnerfjord1, Eva-Lena Stattin2 and Anders Aspberg.1 
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University, Sweden, and 2Department of Immunology, Genetics and Pathology, 
Science for Life Laboratory, Uppsala University, Sweden. 
 
The proteoglycan aggrecan is a key structural component in cartilage. It contains 
three globular domains mediating interactions important for organizing the forming 
cartilage matrix [1]. Missense mutations in the G3 globular domain result in hereditary 
skeletal disorders, as shown by us for familial osteochondritis dissecans (OCD) [2], 
and others for SEMD-ACAN, a severe skeletal dysplasia [3].  
In an earlier study on chondrocytes derived from familial OCD patient mesenchymal 
stromal cells, we found decreased aggrecan secretion and changed matrix 
composition, but also detected signs of ER stress [4].  
We have now identified several additional pathogenic missense variants of aggrecan 
in families with hereditary OCD and early onset OA. The variant amino acids were all 
clustered in the G3 lectin repeat. In cell culture experiments, secretion of recombinant 
aggrecan G3 domains with the novel pathogenic variants from cells in culture was 
decreased. 
Targeted mass spectrometry proteomics on cartilage from familial OCD patients 
revealed changes in matrix composition. Studies on familial OCD patient cartilage 
explant cultures showed decreased levels of variant aggrecan protein in the tissue 
explant as well as the medium. Using quantitative discovery proteomics on cartilage 
from normal healthy donors and familial OCD patients, we found changed levels of 
proteins involved in ER stress pathways in the OCD patients. 
To clarify interactions and intracellular pathways affected by different pathogenic 
aggrecan variants, we have now turned to proximity labeling proteomics. We have 
produced aggrecan expression constructs tagged with APEX2 peroxidase for 
biotinylation of interacting and nearby proteins in the living cell. Preliminary 
experiments gave reproducible expression of the APEX2-tagged aggrecan lectin 
variants and robust biotinylation patterns and revealed difference in subcellular 
localization of the different variants. The biotinylated proteomes of wild-type and 
variant aggrecan transfected cells are now analyzed by quantitative mass 
spectrometry. 
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Aggrecan in neuronal plasiticity 
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In the adult brain, the extracellular matrix (ECM) influences recovery after injury, 
susceptibility to mental disorders, and is in general a strong regulator of neuronal 
plasticity. The proteoglycan aggrecan is a core component of the condensed ECM 
structures termed perineuronal nets (PNNs), and the specific role of PNNs on neural 
plasticity remains elusive. A novel animal model targeting the Acan gene encoding 
for aggrecan, allowed conditional and targeted loss of aggrecan in vivo. This ablated 
the PNN structure and caused a shift in the population of parvalbumin (PV) 
expressing inhibitory interneurons towards a high plasticity state. Selective deletion of 
the Acan gene in the visual cortex of adult mice reinstated juvenile ocular dominance 
(OD) plasticity, which was mechanistically identical to critical period plasticity. Pan-
neuronal targeting improved object recognition memory. 

 
Figure. Perineuronal net (PNN) wrapping a 
parvalbumin positive (PV+) neuron in the rat cortex. 
The netlike appearance of the matrix structure allows 
selective synaptic contacts. PNNs staining by WFA-
lectin (green) and histochemistry of PV (red), scale bar 
10 µm.  
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Mitogen-activated protein kinase signaling regulates proteoglycan 
composition of mast cell secretory granules 
Jun Mei Hu Frisk1, Lena Kjellén1, Sultan Alanazi1, Fabio R. Melo1, Helena Öhrvik1, 
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Mast cells are characterized by an abundance of secretory granules filled with 
immunomodulatory compounds including histamine, cytokines, lysosomal 
hydrolases, mast cell-restricted proteases and serglycin proteoglycans. The latter are 
essential for promoting the storage of other granule compounds and are built up of 
the serglycin core protein to which highly sulfated and thereby negatively charged 
glycosaminoglycan side chains of heparin or chondroitin sulfate type are attached. In 
the search for mechanisms operating in regulating mast cell granule homeostasis we 
here investigated the role of mitogen-activated protein kinase (MAPK) signaling. We 
show that inhibition of MEK1/2 (a MAPK kinase) leads to increased metachromatic 
staining of mast cell granules, indicative of increased proteoglycan content. Indeed, 
MEK1/2 inhibition caused a profound increase in the expression of the gene coding 
for the serglycin core protein and of genes coding for various enzymes involved in the 
biosynthesis/sulfation of the glycosaminoglycans attached to the serglycin core 
protein. This was accompanied by corresponding increases in the levels and sulfation 
extent of the respective glycosaminoglycans. Deletion of the serglycin core protein 
abrogated the induction of enzymes operative in proteoglycan synthesis, indicating 
that availability of the serglycin proteoglycan core protein has a regulatory function 
impacting on the expression of the various serglycin-modifying enzymes. MEK1/2 
inhibition also caused a substantial increase in the expression of granule-localized, 
proteoglycan-binding proteases. Altogether, this study identifies a novel role for 
MAPK signaling in regulating the content of secretory granules in mast cells.  
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Current understanding of the mechanisms governing physiological and pathological 
ECM turnover in the lung tissue is limited by the incomplete information of the 
balance between ECM production and degradation at a proteome-wide scale. In 
particular, the inability to distinguish the production of newly cell synthesized matrix 
macromolecules from the turnover of pre-existing macromolecules in a time-
dependent manner directly in ex vivo lung scaffolds is a limiting factor. In this work, 
we applied stable isotope labelling with amino acids for mass spectrometry to a novel 
ex vivo lung slice model to follow ECM remodelling in decellularized human lung 
ECM repopulated with primary human lung fibroblasts. We show a temporally defined 
turnover of key ECM constituents by repopulating fibroblasts. In addition, we show 
important quantitative and qualitative effects of the biological scaffold on protein 
production compared to traditional monolayer cultures on plastic surfaces, 
demonstrating the importance and regulatory effect of a pre-existing matrix. The most 
striking difference induced by scaffold culture is a prominent increase in the 
accumulation of proteoglycans, particularly for decorin, biglycan and lumican. These 
proteoglycans can all be expected to play a role in the remodeling of lung ECM, for 
example by participating in collagen fiber assembly and organization. The presented 
technique is readily applicable to other experimental systems utilizing decellularized 
biological scaffolds and will be a valuable tool for increasing our understanding of 
remodelling of lung tissue.  
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Extracellular matrix remodelling is a hallmark of many cardiovascular diseases. 
Proteomic techniques using mass spectrometry provide a platform for the 
comprehensive analysis of extracellular matrix proteins without a priori assumptions. 
Proteomics overcomes various constraints inherent to conventional antibody 
detection. My group has established proteomics approaches for studying the 
cardiovascular extracellular matrix (www.cardiovascularproteomics.eu). 
 
We focus on a family of metalloproteases known as ADAMTSs (a disintegrin and 
metalloprotease with thrombospondin motifs) and their role in cardiovascular 
extracellular matrix turnover. ADAMTS-1, -4 and -5 are the main enzymes 
responsible for large aggregating proteoglycan cleavage. We have previously 
demonstrated that ADAMTS-5 is reduced in aortas of apolipoprotein E-null mice, and 
that ADAMTS-5 activity affects proteoglycan-mediated lipoprotein retention 
(Didangelos et al, J Biol Chem 2012). We have also shown that upon stent-induced 
vascular injury a reduction in ADAMTS-1 and ADAMTS-5 contributes to an increase 
of large-aggregating proteoglycans, notably aggrecan and versican in stented 
coronary arteries (Suna et al, Circulation 2018).  
 
We now adopted a model of aortic dilatation by angiotensin II (AngII) infusion in mice 
lacking the catalytic domain of ADAMTS-5 (Adamts5∆cat). Adamts5∆cat mice 
showed an attenuated rise in blood pressure whilst displaying increased dilatation of 
the ascending aorta. Interestingly, a comparison of the aortic ECM from AngII-treated 
wildtype and Adamts5∆cat mice revealed versican as the most up-regulated ECM 
protein in Adamts5∆cat mice. This was accompanied by a marked reduction of 
ADAMTS-specific versican cleavage products (versikine) and a decrease of low-
density lipoprotein-related protein 1 (LRP1). Silencing LRP1 expression in human 
aortic smooth muscle cells reduced the expression of ADAMTS5, attenuated the 
generation of versikine but increased soluble ADAMTS-1. A similar increase in 
ADAMTS-1 was observed in aortas of AngII-treated Adamts5∆cat mice, but was not 
sufficient to maintain versican processing and prevent aortic dilatation. Our results 
support the emerging role of ADAMTS proteases in aortic aneurysm formation. 
ADAMTS-5 rather than ADAMTS-1 is the key protease for versican regulation in 
murine aortas. 
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Hayward R, Molenaar C, White SJ, Roleder T, Milewski KP, Gasior P, Buszman PP, Buszman P, 
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Bi-products from the food industry could have a great potential for use in human 
tissue regeneration. Eggshell membrane (ESM), which is an equivalence to the 
extracellular matrix (ECM), is primarily composed of fibrous proteins and 
glycosaminoglycans, in addition to other sulfated glycoproteins. It has been used as 
a natural bandage on burned and cut skin injuries for more than four hundred years 
in Asian countries. The purpose of this study was to investigate the effect of 
industrially produced ESM powder (PEP) on MMP regulation and wound healing in 
cultured dermal fibroblasts and animal experiments, aiming to use PEP as an 
ingredient in a low cost wound healing product. We also aimed to characterize 
possible functional properties of this material for further use in 3D-scaffolds. PEP was 
characterized using SEM, histology and HPLC techniques. The in vitro effect of PEP 
was examined in primary dermal fibroblast cultures using zymography, ELISA and 
immunofluorescence staining. Mice with excisional wounds (n=3-4) were used to 
examine the effect of PEP in vivo, by in situ zymography and immunohistochemistry. 
SEM analysis and histological collagen staining of PEP shows a fibrous protein 
structure reflecting its collagen content. Glycosaminoglycan (GAG) analysis revealed 
a high content of hyaluronic acid (81%) in addition to chondroitin-sulfate GAGs. In 
vitro, incubating dermal fibroblasts with PEP for three days led to increased active 
matrix metalloproteinase (MMP)-2, although the protein expression was unchanged. 
Also, PEP reduced vinculin staining and rearranged the cytoskeleton, suggestion 
increased cell migration. In vivo experiments demonstrated that when PEP was 
applied onto excisional wounds in mice, the wound closure was significantly 
improved at 3, 7, and 10 days, as compared to the non-treated wound. In situ 
zymography assessment of MMP activity in sections from the PEP-treated and non-
treated wounds demonstrated a significantly higher MMP activity at the wound edges 
of the treated wound at day 3. Moreover, an increased expression of MMP-2 and 
MMP-9 was observed at wound edges in PEP-treated wound. Our data 
demonstrated that PEP promotes wound healing in mice and influence the MMP 
activity both in vitro and in vivo. The increased MMP activity at early phase (day 3) 
might be of important for matrix degradation and cell migration into wound site. 
Producing 3D-scaffolds consisting of collagen and ESM powder (PEP) revealed a 
good structural property by scanning electron microscopy (SEM), and live-dead 
assay and microscopy revealed viable fibroblast cells migrating into the scaffolds. In 
conclusion: ESM is a promising biomaterial for use in both 2D and 3D-tissue 
regeneration products.  
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Cell-derived matrices - complex 3D microenvironments to study 
cellular processes  
Kaukonen R1, Jacquemet G1, Hamidi H1, Ivaska J.1,2.  
 
1Turku Centre for Biotechnology, University of Turku and Åbo Akademi University, 
Turku, Finland. 2Department of Biochemistry, University of Turku, Turku, Finland.  
 
Although 2D surfaces offer simple analysis of cells in culture, these often yield 
different cell morphologies and responses than those observed in vivo. Cell-derived 
matrices (CDMs) offer a more physiologically relevant, reductionist model for 
studying in vivo-like cell behaviour in vitro. In this system fibroblasts are cultured on 
gelatin-coated surfaces in the presence of ascorbic acid and allowed to deposit a 
fibrillar matrix over 1-3 weeks. After removal of the fibroblast monolayer, other cells 
can then be cultured on the CDM to monitor a diverse set of cellular processes. We 
have used CDMs to analyse cell proliferation and cell migration in response to 
different conditions (e.g. genetic manipulations) and to study how matrices produced 
from patient tumours differ from normal patient CDMs in order to understand 
mechanisms of tumour progression. In my previous laboratory, we used CDMs to 
dissect the role of the proteoglycan syndecan-4 in directional cell migration, a 
property that cannot be explored in 2D culture. 
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Coronary artery disease (CAD) is the main cause of death worldwide and accelerated 
by increased levels of cholesterol-rich low-density lipoprotein particles (LDL) in the 
blood. Circulating PCSK9 potently induces lysosomal degradation of the LDL 
receptor (LDLR) in the liver following their encounter at the hepatocyte surface. 
Recently, humanized antibodies blocking the PCSK9:LDLR interaction have passed 
clinical trials and received final approval for treating CAD patients. However, the 
affinity of PCSK9 for LDLR is low and it is an enigma why PCSK9 targets LDLR in the 
liver but not in other tissues, e.g. the adrenal gland. Hence, several lines of evidence 
suggest that LDLR is not the primary PCSK9 receptor and that unknown receptors 
may capture circulating PCSK9 and present it to LDLR. We here identify heparan 
sulfate proteoglycans (HSPG) as PCSK9 receptors and show that they are required 
for efficient PCSK9-induced degradation of LDLR. We find that the structure of 
PCSK9 encompasses a binding site for heparan sulfate formed by surface exposed 
basic residues whose side chains interact with a distinct heparan sulfate disaccharide 
repeat. Substitution of these residues obstructs both HSPG binding and PCSK9-
induced LDLR degradation. Furthermore, enzymatic removal of liver heparan sulfate 
or inhibition of PCSK9 binding to HSPG using heparin mimetics or monoclonal 
antibodies prevents PCSK9:LDLR complex formation and results in a marked 
increase in LDLR protein levels in vitro and in vivo. Liver HSPG are known to have 
unique biochemical properties and may therefore mediate the tissue-specific activity 
of PCSK9. Thus, we propose that HSPG lining the surface of hepatocytes capture 
PCSK9 and allow PCSK9:LDLR complex formation. Our findings provide new 
insights into LDL biology and show that targeting PCSK9 using heparin mimetics is a 
potential therapeutic strategy in CAD.  
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